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LINEAGE SPECIFIC CELLS AND PROGENITOR CELLS

‘This invention relates to lineage specific cells and progeﬁi’tor"cells, methods of
o_b’taining them and their uses. Pluripbtent embryonic stem (ES) cells can be
induced to differenti_ante in vitro into a mixture of cell types, comprising
extraembryonic yolk sac and derivatives of all three embryonic germ layers.
However, the disorganised and hexer_ogeneous nature of the differentiation impedes
manipulation and analysis of individual lineages. In particular, the invention provides
a fineage-specific genetic selection technique to establish purified populations of

neural precursors from differentiating ES cells.

Embryonic stem {ES) cells are non-transformed 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, 1997; Thomson et al, 1998;
Shamblott et al, 1998). ES cells can be p'répagated and extensively genetically
manipulated whilst retaining the capacity for mutitilineage differentiation, both in
vivo and in vitro ( Robe}tson, 1987). The di'fférenﬁation of ES cells.in culture closety
reflects differentiative events in the embryo. In principal, therefore, ES cells provide
in vitro access to the instructive and selectivé processes by which cellular

diversification is generated in the mammalian embryo (Smith, 1992).

N

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 ;:;eri- and -
early post-implantation mouse embryogenesis (Martin et al., .1 977; Doetschmanet :
al., 1985}, A diverse array of cell types are subsequently found in outgrowths from
embryoid bOdlES (Weiss and Orkin, 1996). Although representation of particular
I:neages can be diminished or enhanced by treatment with dimethyl sulphoxide or _
retinoic acid (RA},_ the d:fferentlated products always consist of a mixture of cell.
typss. This intrinsic disorganisation and cbmplexity have limited the ex;ﬁloita_tioﬁ of

in vitro ES -cell differentiation for assignment of gene functions in developmental
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Several reports have documented the presence of neuronal ceHs .and glia (Bam

1995; Fraichard et al., 1995; Suubing et al., 1995; Okabe et al.,, 1996} in
embryoid body outgrowths. This could be expfotted to detect, characterise and
manipulate factors that regulate neucogenes:s ahd neuronal and glial differeatiation.

ES cells could also be used as a saurce afnormal or genet:cally mamputated neurat
celis for biochemical and functional studies or for transp}aﬂtatxon The problem is
ttiat these abjectives, however are severely compromised by the abundance of

non-rieural-cells in the cultures and because it is not curréntly possible to establish

or mamtain a culture predominantly containing neural cell progenitors.

The art thus fails to provide a reliable method of- obtaining a substaatially pure
populatron of a cell of any selected lineage, arid prégenitor cells of a selected
fineage in particular. The art also fails to provide assdys for developmental and

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

fineage.

The presentinvention aims to provide progenitor cells aad/or differentiated cells of
| a selected lineage, assays for the effect of factérs oA such cells and uses of these.
cells, such as in transplantation.- The present inveation further aims to provide a
genetic selection technique ta eliminate non-neural cells from cultures ;':ihd to <_mablé

purification from embryoid bodies of differentiation. competent neural precursors.

In ane embodiment, there may be provided a method for obtaining a culture of celis
of a selected lineagé having a combination of two steps. One step is to select fbr bells
that express a gene characteristic of cells of that lineage. The other is to so culture
ge‘lls that they tend to differentiate into or profiferate as cells of that lineage. The
effect is to yield a more highty purified culture of the selected-ineage cells than is

otherwise possibie.

t way of example, one step of the combination is to sefect for cells that éxpress
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a gene known to be expressed uniquely in haematopoietic progenitor cells, and the

other is to culture cells in medium containing a nufrient known to promote

differentiation of cells into haematopoietic progenitors.

Accordingly, the invention provides a method for generating a culture that is purified

or enriched in respect of cells of a selected lineage, comprising:

(i} introducing into a multipotential cell a selectable marker that is
differentially expressed in cells of the selected lineage compared
with its expression in other cells, wherein cells of the selected
linage constitute a sub-set of the cells obtainable from the
multipétentiai cell;

(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; and

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

wherein said multipotential cell is not of human embryonic origin.

The method is suitable for obtaining cells, optionally progeni’coré., of the selected
lineage at high purity. Whilst following the art method for inducing differentiation of
ES cells 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 (i) results in a pure population of cells or a mixed culture at least slightly purified
or enriched 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
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or potentially biologically active molecule.

B The multipotential cell may be selected from embryonic stem (ES) cells embryomc
germ {EG} cells, embryonal carcinoma (EC) cells, a pnmary culture ‘of foetal cells,
a pnmary cuifture of po-st—natel celis and a primary culture of aduit cells. The
method may further comprise genetically modifyin.g- cells to de:iete, mutate,

' ‘su.bstitute or ad.d genes in order to assay gene function in progenitor cells of the
selected lineage or adapt a cell phenotype to render it more suitable for
transplantation. The cells may thus be ohtai_ned by intraducing a selectable marker
into a mu!tipotential cell line or a primary cdltu're centaining the celle-of,ih,terest and
then selecting- out the cells of interest. The seiecteble marker is optionally
introduced by transfection ar viral infection via a _transgenie animal from which the
primary cultures are .then established, suitably using the methods described-in WO-

| A-94724274.

The invention thus advantageously enables a highly enciched poputation of cells
and in particular all lineages of progenitors of a chosen lineage ta be obtained. In
an exampie below the population obtained is substantially 100% puré making it
possible to isoldte a single cell of known progenii‘.or lineage. The invention is of
.. application to ali lineages of cells, particufarly progemtor cel!s A selectable marker '
: expressed in celis that express a Sox gene leads to neural pmgemtor ‘calls; the :
CDS4, CD44 and SCL genes are suitable for obtatnmg haematopoaetlc p_rogemtors,
and the Nkx 2.5 ar GATA-4 gene for cardiac progenitors. Forgenerating myogenic
progenitors, MyoQ or myES are suitable. Using retinoic acid ind-l.-lces differentiation
of ES cells into neural cells, DMSO induces differentiation into ha'emétop'eietic cells
and absence of retinoic acid induces a populatién enriched in cardiac progenitors.

' The method Opnonal!y further compr:ses -
" {iv mtroducnng into the multlpotentxal ce[l a second selectable marker that

is d:fferent:ally expressed in progenttor cells or bther cells of a selected sub-
lineage compared with its express;on in other cells, wherein celis of the

seiect_ed subirieage are formed by differentiation of cells of the selected
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progenitor lineage; and. _
{vi when a cu!ture of progenitor cells of the selected lineage has been
. .obtained, allowing or inducing differentiation of the cel]s and selecting for
cells that express the second selectable marker
_ This aspect of the invention further enhances the purity of the obtamed culture of
cells, and is of advantage in cases that cells of the selected lmeage dlfferent:ally o

express a gene but only at a level slightly different from non-desired cells.

_In a preferred emquiment of the invention, described in more detail below, the
selectable marker is a gene that codes for antibiotic resistance and selecting for
those celis that express the selectable marker comprises introducing antibiotic into
the culture. In use, application of the antibiotic selectively kills or ablates cells that
do not express the marker, leawng behind a population of cells purified or enriched
in respect of those expressing. the antibiotic resistance, i.e. viable cells of selected

'lineage-. At least two ways of introducing the sefectable marker are known and
suitable for the mventron The selectable marker may be mtroduced into the
rmultipotential ceil by targeted integration or gene trapping into a gene that is
differentially expressed in progemtor cells of the selected lineage. Expression of
the selectable' markeris thereby operatively linked to a gene differentially expressed

n a desxred pattern. The selectable marker may also be introduced . into the

N

multipotential cell via random integration as a transgene wherem it is expressed
under control of the regulatory elements of a gene that is differentially expressed

in progenitor cells of the selected ltneage

The selectable marker may more generally be a marker that when expressed results
in preferentia! survival of cells expressmg the marker, with antabmtlc 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 kalhng of cells expressmg the marker. In this instance the-

marker is- expressed -in cells other than those of the selected lineage.
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-ebtainable accarding to the invention, wherein the selectable marker is differentially
expressed- in the neural progenitor cells and the second selectabile marker is
Qifferenﬁaﬂv expressed in dorsal pfbgé‘rtitorcells. The second select'abié marker for

this is- suitably differentially expressed in cells that express Pax 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 fo whether any chosen
cell was a progenitor cell. With culture according to the invention that can give risé to

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

m?a further embodiment, there may be provided a composition comprising a plurality
of cglls, wherein a majority of the cells are prc_)genitbr_cells of a selected lineage.
Preferable, at least 60% of the cels are progenitor, cells of the seiecter! indage. More

preferably, at least 60% of the cells are netiral progenitor cells. In addition,

there
‘be provided may



ES cells could al so be used as a source of normal or genetically
mani pul ated neural cells for biochem cal and functional studies or for
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a culture predom nantly containing neural cell progenitors. The art thus
fails to provide a reliable nethod of- obtaining a substantially pure
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B culturing the thereby obtained 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
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in a specific enbodi nent descrj bed q§%om1the purity is substantially 100%
Step (ii) °f agarticular geng, m’@fﬁb% facr st Qfipolieplidepidior profeln RaWE 9F e at

| east sl i ginhil molletlel beRtepdssenriched in respect of desired cells and can
suitably be carried out by culturing the nultipotential cell in the
presence of a factor that induces differentiation of the cell into a
progenitor cell of the selected |ineage. By way of exanple, a mtogen
specific for neural progenitors is fibroblast growh factor. Reference
herein to the ternfactor"is not intended to be [imted to protein or

pol ypeptide factors but is intended to enconpass any biologically active
nol ecul e 29 Decenber 2005 29 WD 99153022 -4- 4- or potentially

bi ol ogically active nolecule. The nuttipotential cell may be sel ected
fromenbryonic stem (ES) cells, enbryonic germ (EG cells, enbryonal
carcinoma (EC) cells, a primary culture of foetal cells, a prinmary culture
of post-natal cells and a primary culture of adult cells. The nethod may
further conprise genetically nodifying cells to delete, nutate, substitute
or add genes, in order to assay gene function in progenitor cells of the
sel ected |I'i neage or adapt a cell phenotype to render it nore suitable for
v transplantation.” The cells may thus be .obtained by introducing a

* sel ectable marker into a nmultipotential cell line or a primary culture
containing the cells of interest and then selecting out the cells of
interest. The selectable marker is optionally introduced by transfection
or viral infection via a transgenic animal fromwhich the primary cultures
are then established, suitably using the nethods described in

WO A- 94/ 24274. The invention thus advant ageously enables a highly
~enriched population of cells and in particular all |ineages of progenitors
of a chosen lineage to be obtained. In an exanple bel ow the popul ation
obtained is substantially 100% pure naking it possible to isolate a single
cell of known progenitor |ineage. The invention is of application to all

| i neages of cells, particularly progenitor cells. A selectable marker
expressed in cells that express a Sox gene | eads to neural progenitor
cells; the CO84, CD44 and SCL genes are suitable for obtaining -

haer nat opoi etic progenitors, and the Nkx 2.501 GATA-4 gene for cardi ac
progenitors. For generating nyogeni c progenitors. 1sAyo0 or nyE5 are
suitable. Using retinoic acid induces differentiation of ES cells into
neural cells, DAASO i nduces differentiation into haematopoietic cells and
absence of retinoic acid induces a population enriched in cardi ac
progenitors. The nmethod optionally further conprises:- (iv) introducing

into the nultipotential cell a second selettable nmarker that - is '
differentially expressed in progenitor cells or other cells of a selected
sub- lineage conmpared with its expression in other cells, Werein cells of

t he



sel ected sub-lineage are fornmed by differentiation of cells of the
sel ected 29 Decenber 2005 29 -5- 5- progenitor lineage; and (v) when a

culture of progenitor cells of the selected Ii neage c?rﬁ %}éb%ai ned,
allowing or inducing differentiation of the cells and sel'ecting for cells

that express the second selectable ker. 4. This aspect of the invention
further enhances the purity of the obtained culture of cells, and is. of

advant age gses that cell e f

expr e@g “'tfgﬁ b o‘?ﬁf%‘?‘:‘ é’l %’p ﬁ%ﬁ% %glf dea;?gﬁ?' Togmeélﬂ %'%y red
cel |-Smgtication 886 roe@:rst@aﬁlm@ffbcoeﬁn phegerijoentells wf tdeseled:ted lineagey er
detail below, the selectable marker i's _a gene that 991 r.antipiotic
r esi w&w@ef@@%@ﬂw&ﬁgO'Ffﬂ’a¥‘Hﬁs'é‘a€€IaF'§“t ﬁ)ﬁ“@%ﬁ‘é’s@ 7 H’é'og T SBpet

mar ker Coeg%a f;?f%é:m&roggﬁ!; g Y- Idthet H?ffé:%?iaté@%&&l o¥tSiacdn flfdwing

appl iFET antiblotic selecfively kills or ablates cells that do

not QyRhAESWAINST ¥eled@dn anelbuiffgehthtion of thequrbgendarsf cel ls purified or
enriched in respect of those expressing the antibiotic resistance, i.e.
vi abl e cells of sel ect ed | i neage. At |east, two ways of introducing the

sel egtt-ab;n ag@g %@Wi’etﬁ%ﬁﬁm & bRinlEhe baﬁ\iﬁrﬁdcﬁﬂof“fbﬁnﬁel[;ect abl e

mar k ucedlntothermtlpotentlal targeted

i Nt egirpdreatated musmﬂydmewhmmsﬁ v genbtained ang wiq¢d é‘P‘éﬁ'ﬂ?’éW?a% essed
i n progeni tor cells of the selected |lineage. Expression of the selectable
mar kagng a0 KEHE KIS G KTTECPS1 i nked to a gene differentially expressed in
a desired pattern. The sel ectable nmarker May al so be introduced into the

mul ti pot enti aI cell via randomi ntegratlo as a trans erein |t i's
exprigai@ fither ehindingentofthergdnag i B'EOcYﬂ? ef &ied sl)r%?g'é{%ée?\,\?@ Phét i

di ff&ﬁtﬁﬁé WgYs:ﬁ P4 ess6dy! & Ré&ﬁ%kégymtaﬁlcbﬂss obr tiaaspiaheioad 1 i |ameage The

sel ecta may noie generally be a marker that when ex ressed
r esubagie, helaf.en errdral pmemtomce&fofcmq veplip 8as neh SUTERRREWY wi t h

ant i:0L004Cad, rﬁ%’ ?é‘d t?]?é %B% SHSNaEXAPh&ural Eithiby dpishancse the marker

S expresse sel ected |ineage. The sel ectabl’'e marker may
al smeheormlmalik!ea glmi@s& 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.

-This transplantation can alse be cacried out using neurdnal cells obtaiaed fromy
neural prdggnitors of the inveation. A suitable method of genecating purified
_neurons comprises obtaining a culture purified in respect of neural progenitors,
-usiag the methad af the invention wherein the-sglectaﬁle aarker is dffferential!y'
expressed in cells that express a Sax geae, and culturing the-progenitors obtained

- jn the presence of medium suitable- foe differentiation af -the progen‘itors irito
neurons A suitable method of generating a purified glial cells comprtses obtainiag

" a culture purified inrespect of neural progemtors using tire method of the inveation
wherein the selectable marker is differentially exgressed incells that exﬁress a Sax

: gene, and culturmg the progemtors abtaitied in the presences of medwm suitable

. for diffetentiation_of the pr@ggamtors into glial cells.

ln"‘sﬁ!l a further embodiment, there may be provided a neural progenitor cell for
transplantatlon to treat neurodegenerafive disease or neuronal/brain injury, a neural
" progenitor cells for transplantation, obtainable-from a celi sélected 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



29 Decenber 20'05 - 6 - In a specific enbodinent of the invention
. described in an exanple below, the nultipotential cell is an ES, EC or EG

cell and the nmethod conprises inducing -differe a
nul ti potentiaf cell - one way is to forni an enbryoﬁibﬁﬁ'd\?’ %@W’%the -cel |
- and -di ssociating the cells_ Tryps®Hn-is used in one exanple. It is an

advant age that individual cells are t her eby obtatned. These are all
expasansplantiteorc o teae aeedpdagandratbte JEeRgea A Rele@nad/hreiyF wquemg

cells-gre free of cell-fo-cell,infl JAGES ernof
grO\KPﬁg} fe FG%W§r8{1t'l‘%‘fr°61r?goePe e"gege i%ggg%:nqél‘gﬂ'l'%‘%lgr ea?}ggr(%natl

pr O%thﬂémgat'rin%plﬁﬁﬁﬁbﬂlma nRurBepicyemittarared!, afdcalrhetteod hﬁtpﬂe@aﬁugl f i ed
or enriched in respect of ventral progénitor cel fiol S_obt ai nabl e _aceordi ng

to arrewfﬁ&émgmmrm&oé@rﬁ'tff%eg@%% aiteeNeiiEEPol P rerEncraRYSng
SN PopEaEing B R BLAEEPLESLAELS ADhIIRIPSAE froliag AblRMRUker 1
dif ren'%q y expresse I'n ventral progenitor cell e second

sel gegsdice oPs keyogratedtang, saels st a@B@dﬁn&ﬂaﬂmﬂfﬁaﬂdy expressed in cella

that express Fax 6. culture that is purified on enriched in respect of
dorsal progenitor cells is -Cbtainable according to the invention, wherein

t N§LSE| 8GR rfnfe e ijﬁéegﬁgﬁ.e%%fé&ioldr@@f %rpe Aded h@aﬁ%‘féﬁrated

progeni tor ce e second sel ect abl I's dlfferentlally
ex meﬁsad:wgb@bf@ah]mmg@ﬁ iatr theekdx? gEhve, wddonds sxpeessasl wnifardbrinf or

this- is suitably |fferet| IIyepres din c thate Pax 3.
| nPagGvIROr e bR nov oS HEGH dulrs SepricofPly BHET @

Pr Q690¢ defRlatin fcﬂuﬁ% %?ts%q(i-tmsax <t deBakbe iaGker difigeh© «Msuaﬁbhod of

the T nventio erto, -preparations of progenitors were t0o0 inpure for
ceviadilat fges-positivecchtis. difesshosdls expresges aﬂpﬂ@f{{énﬁﬁ‘ oﬂee'épﬁpﬂwltalﬁ
culture according to the an f.hat_-ca e I’IS ubs IIy
Oottutirer shlpa Py P CoraR i polte oo dekd bR SRR 2
achi &itdedtd fa tg%@fh@%rmﬁ&itmm&&t  ThGET $h VRS sREBMIRA gedi@add t i on
corrprlsmgap ality of |1 V\,herelnarrajorlty of the cells are
progievular disddcsioof of mehenatdnl nnga@edtfﬁrfr@nmaar@me s gpravdded Byodtst t he

cells are geni toccel I's of. the e at

| SA¥ENERGY 8?8 Eﬁé" @eTq‘geaé’é Wéeupé? g%n?t‘l(’)(r’%cégﬁ ¢ d\@;ﬁs {"ig'f)‘ﬁgd %/"her e may

PG eictitallf thodified neural precutsorcs and neurons for functional stud(esmcludmg -
transplaatation. Furthermore, the lineage se(ecuon approach of the invention is

applicable to the isolation of ather precursor populations from differentiating ES cell

_ (;ul_tufes.

In still yet a further embodiment, there is provided a method of amplifying a purified
population of progenitor cells of a selected lineage, comprising -

main.ta-ining the cells in cufture in the, presence of
i a mitogén.; and

a grawth factor.

.The .pragenitor cells preferab{y -cormprise a gene codmg for a sele.ctab!e marker,
Whlch geae is differentially expressed in the progenitor cells compared with its
- expression in. other cells, and ﬂm wrethed furih&r comprises: selecting for cells that |
éxpress the selectable marker. Itis an optien to matntam the. cultureover a plura!tty .

.of generatxons and pedodically selest for cells that-express the selectable mafksf .



Mo

J

an isolated neural progenitor cell. A significant application of the
invention is in the field of assaying factors for the effects they may
have on a sel ected progenitor. Accordingly, the inv ion still further
provi des an assay of the effect of a factor on a CUEQE?EQBWN6$8@enitor
cells of a selected |ineage, conprising: A(i) introducing into a
nulti@,gﬁg%iil cell a selectable marker that is differentially expressed
in pr § %t cells of the selected |ineage conpared with'its expression
in-other cells, wherein the selep? hl e marker is operatively coupled to
the pronmoter of a gene that  is differently expresses in cells of the
selected |y n a}f(‘ikt%" £ RePEQBRR 606r aeplfalty bhejeretairedahd neage
cod§??é%ﬂ%£h§ﬁ§g§§§%igl ‘ :

of the cells obtainable fromthe nultipotential cell;

(i idorftithiousiyngetdua for tipotwati express Ithenseleptable orpHwRie SVBETS &Penti at i on

of the nmultipgtential .cell i.nto a |_Of 41 o ARG oQE 1 NLO

i telnsable rafes S AbiaRAge TR S Fistfiod i s R itied AREAGals | 0 °
pref : sV of kAtiBidgtiosed culture of .cells of the -sel ected

i r?eug{g‘fg;g%?#lei?#égslel ec?i ng for progenitor cells of the selected |ineage
according to differential expression of the selectable marker introduced
in_:step (i); and Bcultur.ing.the th Qi ai g-n‘r‘;fé' i Hrsginaetigd | i neage
in-"t’hfé“"b’f-"gggﬂdﬁ W Qf'hsaovﬂﬁfﬁgﬁé§€%§8?r%?ﬁ%§ I'S p;/zl?ge)rabl ‘y‘gfor assay of
t hg fihect of a-factor on a culture of progenitor cells of selected

| i neage, wherein the selectable marker is differentially expressed in
those progenitor cells. Reference to a"factor"in the assay, is intended to

be a referelnlgﬁ?% dﬁ@}éﬁzﬂgglaﬂcmﬁmz@uohia!‘mr@ablamdagna' medayol ecul e

that may9e fure of cells of the selected |ineage, and

“is thusgpfurésit ended to be limted to protein and pol ypeptide factors. The

termis also intended to enconpass a gene introduced or nodified in a

mul tipotential cell fromwhich cells of the selected |ineage are obt ai ned.

The ass L SR QN BBRERE! widiarelsedal @ asnay 24 or4 hoerefdlieoting 29
Decenbe?i\é2%§hé§go?ﬁﬁg%grticulgr gene, as well as for the effect of

pol y peppiatingindhdr Sgx diasitivoidycsteining {28k Praledrarcis| ¥ TYFrANit er est .

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

ir_wention:

fig. 4 shows culture eqrichméht for Soxi-posiﬁve cells by G418 selection-;_
* fig. 5 shows 'é:‘epression of region-specific neural precursor markers;
- fig. 6 shoWs SoxZ positive cells proliferate in vitro in response to FGF-Z;
' ﬁ_g. 7 show’s.ES cell-der.'ived neur‘on.s d‘iﬁefénﬁatéd ffc'r'l_lowing_-Sonfselection;

- fig. Brshow-s results. of assay of effect of senic tiedgehog on neural

.progenitors; and

L.

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

in more det.ail,‘ fig .1 .sh'ows morphology and' ‘characterization 'of neurons and gliain

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



29 Decenber 2005 29 -8- 8- The nethod can be used to assay whether: the
factor has a proliferative, maturation, toxic or protective effect on
progenitor cells of the selected |ineage, or whether 28 pegéhpér 2088 a
proliferative, maturation, cytotoxic or glial protective effect -on neural
progenitor cells or on other differentiated cells "obtained foll ow ng

Wt hdrawal of Selection and differdritiation of the progenitors. It is an
advant age of the assay nethod that it enables-a population of termnally
di f f 8rdays| plated calpody-0f-lysttetdnaidin substrgee irDMEMBT B2 sepblamantecbdriftor such
assays as ,gene and drug discoyery screens. In yet g further enbodi nent,
therézn‘agel%e‘"fﬁrﬁvﬁ’mg aprRH ﬁ\{'vﬁr‘ﬁﬁérﬁﬁlaﬁﬁ"‘é‘@?@ LPPYeR dfter % ‘g"(yﬁpﬂ sing a
M| OLife¥redf THE URRlori 03¢ NP lcel§! dre: néGlorlal-IREPIABIrahkaftic | frodBssaan! e
bel ow, a neural progenitor cell of the invention has been successfully

i sol conmectad intaacpllalar adtworl (ehdbbaagd ichshawratturgs ghafayeed staislad my

optionally. a _neur cell ar.a.glial cell, This transplantation can
al sowﬁ@’ %‘ﬁ"?ﬁ:érd W'&mga'ﬁ%lﬁ'f‘ﬁh%@ﬁﬁtgqs’lpsecg"%ﬁé‘rned from neural progenitors
O the invention. A sititabie nethod- of generating purified neurons

conprises obtaining a-culture purified in respect of neural progenitors,
usi rig fiché. BEwcedd veith alergated insestionnbfarn Mtedthecherd apne wake kiduges

e Blide B BuRS S fadiBune COTPIRR0B A REER, adiBuiey T 10

S

di f flReRNEkpAbSEN toT1 "R PeRESIBI doid ot stfartPer 4 daps, The sugreddtes veeteod of
generating a purified glial ONconprises obtaining. a cul tque, urified in.
7 os-thest diBposiatacangr ealisplaspd oA DT RENS\EAR demitindated dithes: h

wheregin, i : Ls j f i - ihdalylsg t hat
e LGB, Tt Cosaiobla astecged ol 1

express a ' _

pr esphte eithentdi tme finkt 48 eodrerof digighegaet culturen(b, di b, Rragieni2doheudisnt o
glial cells. i In still a further enbodi mnent, there nay be provided a
neuﬁﬁﬁ”ﬁﬂﬁﬁ%ﬁﬂﬂbr cell for E transplantation to treat neurodegenerative

di sease or neuronal/brain injury, a neural progenitor cells for

transpl antation, obtainable froma cell selected froman ES. cell, an EC
cel |, anazEG ad&dxZalipkedifrgalaciosidase ekpfesstion itghbelearail eulprrefhgursul t ur e
of post-natal cell for 29 Decenber 2005 - 9 - transplantation to treat
neurodegeneraF&V%'ﬂ?gﬁgses or neuronal /brain-injuries, a nmethod of

treat nent of neurodegenerative. di sease or neuronal/brain injury conprising
transpl antati on of a neural progenitor cell, and a method of &re ring a
neural pPegenSox2-inkied @roalagiosidasenexniiessiosy vy&il1 §Helestad rumtu age,
conprising obtajning th | in a nethod according to the invention and
freezing the bgppéﬁﬁﬂfﬁgaéﬁésence of a cryoprotectant, such as 10%

di rnet hyl sul f oxi de. :

.
4

e. . Sox2-inked g-galactosidase expression in unselected culture 24 hours

after plating,

d.  Sox2-linked B-galactosidase expression in G418-selected culture 24
hours after plating. .

" e. Immunostaining with anti-Sox2 of unselected culture 3 hours after -

L4

~ plating:

" f:°  linmunostaining with anti-Sox2 of G418-selected.culture 3 hours after

. plating.



“In an enbodi nent of theinven tion, a selection/reporter gene;/3geo, was
I ntegrated by honol ogdus reconbination into the sax2 gene, which is
expreised uniformy in precursor cells id the neuraé Iate g% eur al
tube. Application of G418 to differentiating cul tur 8% §FEIZPA, et ed
cells resulted in the efficient isolation of viable Theo-positive cells.
Thesey, q%bﬁ,gxpressed markers . of neuroepitheliai precursor cells. They-

“differenfrated efficiently i nto networks. f neuron-like cells fhat
expressed a variety of neuronal kers. Thus, an in-vitro systemfor
genetic and nol ecul ar di ssecti on of manmalian neural differentiation is
provi deg‘ by { ol ¥F§i‘£i‘n% ofipdnal 0, a route for the production of pure

popul ations o norna or genetically nodified neural precursors and
‘neurons for functional stud|e3|nclud|ng transplantatlon Furt her noreg.t he

Ilneage sel e c.h of ention is applicable to the isolation
BlAa R BlpGRaRith ot Pagkl

of ot heP “pre romdlfferentlatlng ES cell cultures. In
still yet a further enbodinment, there is provided a nethod of anplifying a

purified popul ation of progenitor cells of a selected |i nprising
mai nt ai hi ng. Oesbislabeling ‘Gﬂhtﬁﬁﬁ'e“‘?ﬂ"t‘lﬂéeefﬂraé‘gé’ﬁé‘eg%ﬁlg ediaER P ry o

growh fact OEM‘@&‘EB{&%&%&%S%Jé aPle? p@z#ﬁ’r@ y -conprise a gene coding

fola selacta ene erentlally expressed in the
progenitor cells conpar.ed with its - expression insither. Cells ~and the

t hod | mah | TI f 4sl sel ect )
S‘Sm&sa@ﬂé‘b%m%&ates: 0o G (et ol 087 A7 ot b B BRI ISC .,

d}r ality .df generations and periodically. select for ceI S that express
‘sel ect abl e market. 29 Decenber 2005

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 presence '
- of Pax6-expressing cells were- detected by staining the cuiture with an anti-Pax6

antibody {8}, culture e was double labelied with DAPI to localize nuclei of all cells

{f}. Scale bar, 100 ym.

.For fig 6 f-bllowing 8 daﬂrs induction of neural differentiation, cells-were dissociated
by trypsinization, plated at low density, and cultured i in DMEM/F12 supplemented
with N2 medium in the presence of 10 nglml of bFGF and- 200 ug/ml of G418. (a)
overmght culture; (b}, 4 day culture. Cell numbers increased around 10 fold aver
the- culxure period. Cells expanded in the presence of hFGF maintained Sax2

expresston -as shown via X-gal stalmng Scale bar: 50 pm,

r

i For fig 7 Sox2—expressmg cells selected by 48 hours exposure to G418 durmg -

'embrymd bOdv culture were plated and grown in the absehce of G418 in N2

‘medsum for 48 hours (a and b} or 96 hours {c-e}, or for 72 hours followed by a

further 72 hours in Neurobasal medium plus B27 supplement and 2% horse serum

.lf-l) (Sca!_e bar, 100 gm):

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



\ .
pee

WD 99/53022 . - 10 - Another Option is to naintai n the culture over, a
plurality of generations and continuously select for cells that express

t he sel ectabl e marker. Were the Sel ectabl e marker .ﬁé %Qé&\@ér%pﬁ
resi stance the nmethod may thus conprise conti nuous cuPture I'n e presence

of antibiotic. .The invention is now described Wth reference to the

acconpanyi ng drawi ngs in which:: f1i .1 shows nor phol ogy and
characterization of neurons and glfi'a in day 4 Cultures; fig. 2 shows phase

anti body o1 ai nnRYY dhfereRuilig BaftdBxarsgslttd et flim 2110, 20

di agram of |inggge sel ection according to the invention; fig. 4 shows
culture enrichment for Sox2-positive cells by 418 selection; fig. 5 shows
expression of region-specific neural precursor markers; fig. 6 shows Sox2

positive cellsyprolifer: | | 0 ! 1! s2 i o ZeshowS ES
cel |l -deri g/'ed ngﬁé‘glﬁggfﬁ@bgtf&ﬁ&é{% Ih%f F%\?\AB %3@6’!&“’5& e% |'%#r'i’?n' H%@S' shows
resul ts of asseyutdersthifriieg shbwiogineunedsfedifigrantiatenr & >pB0denif icells; and
fig. 9 showe an ES cell-derived neuron after transplantation in uteco. -In
more detail, fig 1 shows norphol ogy and aharaCterizédti on of neurons and .

gliain ge pouble immunclabelling for neuronal markers synapsin-l (d) .and

MAP2/Tau {e).
. i Imn:lunosta_ining for GABA
~g. .Phase coh-trést imagerof_ﬁeld in f.
h. 1m#nunéstainipg for glutamate.
i. éhase contrast image of 'f:ielc_i in h.

In fig. 8, CCE-sox2 ES embryoid bedies 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 embryoid
body culture were dissociated, labelled with PKH26-GL {Sigma} ahd injécted into
the forebrain vesicles of E16 rat foetuses in-utero, Pregnancy was.then allowed to
go to term, Pups-were sacrificed on P2. Vibratome 'seqtio'ns were prepared and
examined by flugrescence micmsctspy.' Fhe- figure-shows.-a representative _PKHZES—
i ,Iabe,lled‘cell within the cortex-exhibiting typical immature nauronal marphology.
This study demonstrates that Sox2 selected cells can integrate a‘pd F!iffarentiate-in

the brain.

Materials and Methbds



day 4 cultures. El 4TQa ES cells were induced to differentiate in
aggregates for 29 Decenber 2005 -11- 8 days, plated on
poly-D-lysine/l.am nin substrate in DVEM F12 suppl enented with N2. Cells
wer e phot ographed alive with phase-contrast optics &Pt&cembaagdsn
culture. The majority of the cells are neuronal-like, their-neuritic
processes connected Into a celtlular network. (a), (b) and (c) show

cul t ur ¥ W2 were stained with anti--NFL, anti-MAP2, and anti- GFAP,
respectively. In fig 4, ES cells wi,ith a targeted insertion of flgeo-into
t he Sox2 gene were |nduced to diftdfentiate by culture as aggregates

(" ens ol Gupaes es”). After 4 days they were exposed to 104 Mretinoic acid
for a further 4 days. The aggregates were-then di ssociated -and cells ,

- pl atfER apll Ynsisy uped yisi this antddy awerd:nETOTGIE [Hisdins éﬁaﬁer%‘f qegHRII um
&18 elther for

t t t | ect ed
the MEHE T o ol A €55 S0k 1 dravatve of ORE Bradioviiai2A Fadar o af tor
| ati t | ected -
Ul r 5 hours Biver bl e 2 booi 1B FRRE  PLEREL M ThadbPEfFecc on.

i'n- (A9YNBKatene fAlt 56t eelbliges overe mbirsaingldaini g@at:ﬁwco'i@é@ ,tislsﬂlé%lture
d culture 24 hours after plating,

. EEBE RS0y K AIAE) Bralels TBaghas LoMEN senmlomsaiog et ar e 24
hounsaraﬁmbletlm:a;m 19.% Fetdl BaNUERERR (FESPadl HHRD N B fstnl 193§ Ct ed
cul ture 3 hour s after pl ati ng.

lnducticm pf differentiation.

. The basic protocal is based on that described (Bain, 1995). ES cells were lightly
trypsinized into small 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 c!a.w,-fs aggre_gates were dissociated by
incubation with trypsin and trituration. Celis-were seeded at 3 x 10° celis/well into
4-well dishes {Nunc) coated with poly-D-lysine and laminin. Culture medium was
ser_um-frec DMEM/F12 (50/50} supplementad with N2 and, whére specified, B27
{Gibco-8BRL} plus 2% horse serum.

" Substrate preparation.

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

. ‘
L
e

for 20 min at a concentration of 10 pglmt in PBS. Excess PDL was w:thdrawn and
the plates were rinsed with PBS three times before coating with laminin (Sigma) at

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

Imfnunocyfochemiétry
- Staining for Sox1 and Sox2 was carried aut or ~cultures’ fixed in MEMFA- (4%
"“formaldehyde, 100 mM MOPS pH- 7.4, 20 mM EGTA 1 mM MgSO,} for 1 hour.
Tc stain cell§ with antibodies against GABA and glutamate, cells were fixed with |
1% glutara!dehyde in PBS (Turher, Neurochemistry). For detection of ~other
intracetlulaf antigens, cultures were fixed in 4% paraformalidehyde’in PBS for 15 |
‘ " min. Fixed cells were rinsed with PBS, incubated with blocking buffer: {PBS, 1
- ‘mgfml BSA,-0.1% Triton X-100, and 1% goat serum} for 30 min followed by



29 Decenber 2005 WD 99/53022 - 12 - 9. DAPI counterstaining of panel e.

h. DAPI counterstai ning of panel f. Double-labelling with a nti-nestin
(green) and anti-Sox2 (red/orange) of (418-selected culture 3 hours after -
plating. The scale bar indicates 100 pmfor (a,b,c, &P De&smpepdior (e, f,

g, h) and 50pmfor 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 hodbs before fixation. The expression for
Pax3 (a), delta-1 (b), Mash-1 (c) and Math-4a (d) were detected by in situ
hy binctibegionosithiptimasy eatibiogiesin; blegkig buftss gvskaight @k or-dlscwerst -

"Paxg- expressin |.s re 2cl-ed aLnl net t : 1 W\ an

ot PP BB et T Wi SRt F Bt M iR ok BRI

| ocgibickhg bedrRir fob BIHr. CELitErdsf JwerBcadashdhrwithOthrem ehéwged i BBS.f ol | owi ng
8. days i nduction of neural differentiatiogn,- cells were dissociated by

t r ymounitedit Virh, Visctashieldt Monptng dnegia 5\256@& tﬁi‘r"écf”ﬁﬁ"”ﬁ%EHPEi@ a

suppl e . ] mediumin the presence of .10 ng/m  of bFG- and 200
pg/ O:rgqg%ﬁggﬁr%’gf%'er night culture; (b), 4 day culture. Cell nunbers

I ncreased around 10 fold over the culture period. Cells expanded in the

presence of hFGF mmi ntai ned Sox2. eXpiessi.-on.es shayn. Vi - gal ai ni ng.
Sc dPeublgrabelfing grperiments, were 8sLioried By dmyitaneptis y\@gl‘\éé" g? ed 8%;;1 li hour s

X NASbBribfs o indthat rpttiue) dnbiseiic Ve

.- medium for 4-8 hours (a and b) or 96 hours (c-e),
or- drogs-t@atuive sedavidaoyvaehtippdies. Untsoare parsneats, eullslies M¥ersl COHeUm pl. us

0
62731:2#1%%' \?vrljt‘la‘nném%g lur%.t/?oh légeorsﬁhWat concentrations of ing/ml and 5 pg;’ml

“) respectively.

. The foliowing dilutions were used for primary and secondary antibodies: rabbit anti-
Sox1 and anti-Gox2 (1:500), rabbit ant-GABA (1:2000, Sigma), rabbit anti- -
glutamate. {1:4000, Sigma}, .rﬁou_se anti-g-tubulin 3 (1:200, Sigmal; mouse anti-
NE68 {1:400, Sigmaj; 'fabbit anti-MAPS, which reacts with MAP2 and Tau {1:400,
Sigma); mouse anti-GFAP (1:400, Sigma], mouseanti-—synapsin-l {1:50, C'hemicqn},
mouse anti-nestin (1:50, DSHB), mouse anti-Pax6 {1:10, -—}. Cy3-conjugated goat
anti~m6use 19G (1/50, Jackson immunoResearch), FITC-conjugated goat anti-mouse
1gG {1:100, Sigma), FITC-conjugated goat anti-rabbit lg (1 :1@0, Sigrna), TRITC-

) . conjugated goat anti-rabbit 1g (1:50, Sigma).

" in situ hybridization of cuftured cells. _
The protocol is based on that of (Rosen and Beddington, 1993) adapted for
cultured cells. Briefly, cultures were fixed in fl% pax:aformaidehyde and
permeabilized at -20°C in 100% methanol. The cells were then r'ehyd‘_r'aied mro_ug_h.
. a éé;ies of methanol and finally putinto PBS with 0.1% Tween-20. Prehybridiztatipn‘
W:;lsf perfarfr:ed for 1-4 hr in m-(bridizaxi_on buffer _(59% ultrapure fqrma-mide, & x
. 88C, pH 4.5, 50 mg/mt heparin, 100 gg/mil h.él.'ring' sperim’ DNA and t_RNA, 0.1%
Tweéh-ZO), the digoxigenin {D1G}-labéfed probes were‘,a&de'd at T pg/rl overnight
- at 70 °C. Washes the following -day were three times for 30 min at 650C in wash-
butfer (50% formarmide, 2 x SSC, 0.1% Twaen-20), thrge 5 min washes in TBST



(f-i) (Scale bar, 100 pm): 29 Decenber 2005 - 13 - newy. d|fferent|at|ng
cells expressing the neuronal marker fl-tubulin 3 (b).

c. | mai unost ai ni ng. for neuronal marker fl8-tubulin with propidi umiodide
count er st ai ni ng showi ng neuronal differentiation of 29d0®eeaibecddldss. de.
Doubl e i munol abel I'ing for neuronal markers synapsin-1 (d) and MAP2/ Tau

'(e) m% Lainostai ning for GAGA g. Phase contrast inmge of field in f.
r P%i ni ng for glutanmate. |.Phase contrast inmage of field in h.

In fig. 8; CCE-sox2-ES enbryoid_pqups under goi ng g418 sel ection were
exposed to the indicated concentrations of reconbinant soni c hedgehog

PLOLES o apy 7 ol Y oHTTHACS AR 1 o B 0D A0 T ke
" block in 10% serum/TBST. Cells were then. incubated overnight at 4°C with alkaline
phosphatase-coupled ant:-DlG 'antlbody {1:2000, Boehringer-Mannheim}. The
following day cells were washed three times 1 hr with TBST and three times for. 10
i with alkaline phosphatase buffer {APB; 100.mM NaCl, 100 mM Tris pH 9.5,

-56 mM MgCl, , 0.1% Tween-20). The alkaline phosphatase staining reaction was

_aliowed to -proceed for 3 hr to overnight with 4.5 uliml NBT an 3.5 g/ml BCIP in-

APB (Boehringer).

DliG-labeled RNA probes | _
The murine cDNAs used as templates for riboprobes were a 519 bp Pax3 fragment

{provided by Dr Rosa Beddington), 2 700 bp Deita-1 clone {provided by Dr
Dominéos Henrique), a 670 bp Mash-1 _.fragment and a 1.5 kb Math-4A cDNA (both
Were-hmvid'ed by Dr Francois Gu-illembt). DNAS were linearized and RNA synthesis
was directed using T7, T3 or SP6 RNA polymerase, including DIG-labeled
nucleotide rmx as recommended by the syppliers (Boehrmger) Products were “
analyzed on a 0_.8% agarose gel and approximately 1 pg/ml of the DIG-abeled

antisense RNA was used for hybridization of cells.

.. Detaction of B-galactosidase
. Cells were fixed in fix buffer (0.2% glutaraidehyde 0.1 M: phosphate buffer pH

7.2, 2 mM MgCt2, 5 mM EGTA] for 10 min at 4°C and washed three tlmes with- ,
wash bufter (0.1 M phosphate buffer pH 7.2, -2 M MgCl,). The cells were then
incubated at 37°C overmght with 1" mg/mi 5-bromo- Ztachlero-a-mdolyl -p-D-

- galactoslde (X-gal) 4 mM potasszum fericyanide; 4 mM potass:um ferrocyamde in

B wash buffer (Beddmgton et al., 1989} .

- Results ’

'Efﬁcuent genefatmn of Reurons “and gl{a fmm ES cells

Induction of neural dlfferenttatlon was. based an published methods (Bain,-1995; -
- Fraichard et al., 1995} in which ES cells are aggregated in suspension to form

embryoid bodies, expcsed 1o retinoic acid, and then. allowed to- reattach and_



di ssociation. In fig. 9, sox-2 expressing cells selected by exposure to
018 during enbryoid body culture were dissociated, |abelled with Pl GL26- GL

- (Sigma) and injected into the forebrain vesicles of rat f ses in
utero.. Pregnancy was then allowed to go to term PUps Weég@{’#ficed on
P2. Vi bratorne sections were prepared and exam ned by fl uorescence

- mcroscopy: The figure shows a representative 151(1426- G. | abell'ed cell,
within the cortex exhibiting typicallZmmture neurociat nnorphoiogy. This

study denonstrates that Sox2 selected cells can integrate arid
di f f ePUIITOXY €0 Arsubssrae HRdeniess Fanditions naurnoddikezolle bebenenddde005 VO

99153 [ L.n used- jn.this study were:

o o horddanraree sy gl Sy SaaetnRBhind b § Va8 of Suris spiGiged.

CCE- S¥¥@ , introdeced atiee vefia@ls (iBtadthey mbtadol, whidht) erdtianeledc hkhengngopy of
honpl ogous reconbi nation. Al ES cel

‘the Sox2 gene..has been di.srupted b . r or
1 nes SHEPEETHATAR 21 REHT R R GelS it harsabpold hedies warp dissasited efaas gow
nodi f predénEadites | WEMoer it hy 2 reant. anol ,
Tooh focar Jeal e onat Bl RRMocn R0 EBE R i oGl FABRn o
di f f dpdHETYe |a@1q{ selghtivp adfectpvatiioothd erimgeid boadiehaSedesd) cbitel vidai n,
1995) el | s were |ight rypsinized. jniLo |l clunps and allowed to
aggr g&e% ?‘n‘l’ sdsl? glf)-'éa Hs‘?%%%ﬁ‘ {'[lﬂﬁ“ér\él 'Herf}ﬁﬂ"g%\@%@é‘?gf PiyENZAarepuUbsgates :

cul t WomtedMitt paSDAREHB g Ia@idin (Wkh WD patiadadHmen CHF M Bl RBOf
10-6M After a further 4 days aggregates were di ssociated by incubation
wi t h aeieRatrelisd Epeh of these proaesiures adears sddisive atffe@ ol 0% pedpatioal | i nto

s el bR CORES, Yo BBIbied SRS 6 oWl Viahle el i e
/827 @aybalteBRlgtimy hisd axtendiedpro C6sHBs ar el @ IrnRh SR RhiedBr neuronal

markers neurofilament light and heavy chains, MAP2/tau, or £ tubulin I {Figure 1

an_d data not shown). A smaller-proportion of cells, around 20%, e-x'pressed the
astrocyte marker GFAP {not shown)}. Significantly this observation is not cell line
specific as comparable results were obtained with three in_dependént. £S cell lines

.and several subclones.

Non-neural ceil types remained in these. cultures, however, often id-entifiaﬁ!e 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 pred’ominant cell type.

Dete_sctiqn'of Sox1/Sex2 expressing neural pragénitors.

. The generation of a large proportion of differenfiatéd ueur-_bns and glia suggested
that neural precurser cells might be dete_qtable at an earlier time point in the
differentiation prctp_coL Figure 2a shows a. répresentafive cuiture 4 hours following |
plating. At tfhis s.tage;, beﬂs appear to be morphologically undifferentiated. The sama
of the majority of cells are small, elongated or oval shaped..Some cells have short

_ processes similar in length te their cell bodies. Tﬁe‘se morpho!‘ogi'cal' fedtures are
similat’.to’ primary rieural 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 popuiation \;vere positive for either bf these



Ti saue culture plates were precoated with poly-D-lysine (PIM 30-70 kOa,
Sigma) for 20 mn at a concentration of 10 fighni in PBS. Excess PDL was
wi thdrawn and the plates were rinsed with PBS three tjmes before coating
with larninin (Signm) at a concentration of 2-10 7g/#PeemMEEs28%%r ni ght at
4 C. | mnunocytochem stry Staining for Soxl and So-x2 was carried out on
cultures fixed in | VIEMFA (4% fornmal dehyde, 100 mM MOPS pH 7.4, 20 nmM :
EGTA, Wom4s3804) for 1 hour. To stain cellar with antibodi es agai nst GABA
and glutamate, cells were fixed with 1% gl ntaraidehyde-in PBS (Turner,
Neur ochem stry). ‘For. det'ection of-18t-her intracellular antigens, cultures
were fixed in 4% paraf ornmal dehyde in PBS for 15 Mn. Fixed cells were
ri nsedownatkeP8S, i ncubated with bl ocking buffer (PBS, 1 ng/m BSA, 0.1%
Triton X-100,. and 1% goat serum for 30 mm fol | owed by . 29 Decenmber 2005 -
.15 - incubation with primary antibodies in blocking buffer overnight at

4C. ekl sumes when ekhﬂi\ﬁfééi Yoit PrédRficeast the Gnahediate tilathente diessn speci fic
. secondary anti bo1é n bl ocking buffer for 1 hr.: -Cultures were washed with

t hr eti-eodahbetabi vnlvghv%axmqsm%ems'mw@eha}m’lsﬂg‘\ et leglet or) and
exant ”Edpggﬁﬁ &:o%ltwfe H8 %8?3& &%USQQHPF;FSJ&QRJA S QRS LIENt S

wer e st nmul't ané atln I'n appropriate
CO”bst!ﬂ!%UV(?BStriEfte@m mmepnheﬂuuﬂliﬂspkﬂeldl, 6\36«5 A868]1n Wi therefore sought

noncr oss-reactjve a bodi es. .4 ment.s ultures were
courR 81078 SR HFn ﬁfff %%Yu%\ar%ﬁ faaswp |a°5?fq§f§ﬁ12@rﬁqfﬁﬂ egig g 1 ng/ mi
and e h $ forgS@dtHeObady | Mary
and 'geet@gn a?éﬁgﬁm% |Jéés[urair Eabt};t?é rlad;)[éﬁlzggm%' aﬁ%ﬂagﬁt?%xz (1: %00) aﬂp{ abbi t

)ant imEABA efribr206 {Pe v Sy ompublishbt idatant Thegtaltaddax ] geae 0D e Q}ﬁat)( N nouse

anti=-/3-tuybulin 3 120 nouse anti NFG8.11: 4 abbi t

O naretlonging Pyt Dok Al P ass, Fobk Mate, 1y SRy i drest 2 ap
(1408, Shgﬂa%osﬁnﬂﬁg%amaesﬁwame@cbué Wik anGh6dies AaisedayfseSEk + nest i n

(1: 50, DSHB), nouse anti - Pax6 : -). Cya;conjugated goat anti-nouse

| gGa(nl:’/ §0x2 Javkaled thahdBdiR%ee: thrﬁ; 061-‘4 Teereomsidg gt aahfig-niflse 1gG
RTC- bbit | 1:100, S
TRI %&e&ﬁj‘t‘?glnﬁ%%ﬁgﬁrg% ‘p?%g‘%“?“q%“’ggﬁkﬁf aSI Igma)g I(n situ hlygp?zjl zation

of cultured cells. The protocol is based on that of (Rosen and " Beddi ngt on,
1993) adapted for_cultured cells. Briefly, cultures were fixed in 4%
par Selrafidrdang garifieatipe ofiaxd-preres&ing 29@%‘ RrAgRIviaetsiinol . The cell s

PBS%\RII %ﬁ%éetagfi{megféﬁld%%)@ég E %oflgfé %eﬁfEﬁkﬁ?ﬂpl\MﬁEﬂ ﬁbrﬁlfudctmﬁal I nto-

bridi zati on perforned f 1-4 hr in
hybéeﬁbﬁahlmarmfrfaﬂbrtéﬁg%]alﬁgeaphae Heennategtatedbinio SHE, prﬁzges\e ®O ny/nt.

heparin, .100 pg/ M  herri t he
di gegmmwmcem x%@@ﬁeﬁrﬁﬂww@f@ea&agu‘@ n aﬁﬁaﬁs\%@’gﬂﬁﬁ ghE” at 70C.
Vas tal lsons, L8 [SEsthineRerdriES at Wsidiseddthvaty Faglicel Damfish
" buf 5% grmary @%Zx SSC, 0.1% Tween-20), three 5 mn washes in
) TBSI'abIe 1}, consistent with the proportion of cells that express Sox2 protein. We
applied G418 to the differentiating cultures to eliminate Sox2-negative non-neural

celis {Figure 3}.

G41 8.{200ug/ml) was added after retinaic acid induction, éither during embryoid
body culture er upon plating. In both conditions appreciable cell killing was evident.
Cmcnally, however large numbers of cells survived that exhibited typical

. neuroeptmellai morpholagy. Over 20% of these gells gave prominent f-
.‘galaetosadase s_-.taamng {Figure 4}. Ccncocdance with Sox2 protetn expressm_n was
conf' rmed by immunostaining !Figﬁre 4, Tablé 1). The related HMG-box factor
Sox‘l an excluswe marker of plunpotent:al neural plate stage cells and of CNS-

restricted precursors in the neural tube, was detectable iri the great ma}onty of

_cells. A_lmost all viable cells expressed nest_m



WD 99153022 - 16- : 16- (137 mM NadCl,
25" MM Tris-HCl, pH 7.6, 3 mMKClI, 0.1% Tween-20) and 1 hr block in 10%
serum TBST. Cells were then incubated oVer ni ght at with al kaline
phosphat ase- coupl ed anti-DI G anti bildy (1:2000, BoeHPiRffEFbREAMRI ). The
Sowi ng day cells were washed three tines 1 hr with TBST and three tines
for 10 mn with al kal i ne phosphatase buffer (APB; 100 m VI NaCl, ‘100 nM
Iri-s pH 9.5, e -50 MM MyC12, 0. 1% H@een-20). The al kal i ne phosphat ase
staining reaction was allowed to proceed for 3 hr to overnight with 4.5

pl / MED-seledtenl éelsndxpB&Priark&RBof( daatl pragnitor feciahaiad RNA. probes
ri bogprobes were a 519 bp Pax3

The I ne ed as tenpl at.es for,
{1 et S Ghmant Byt A a8 RHHBISAN. ofaﬂwwrﬁpalmwaua sybtEmR i

( pr o] nd. a, 1.5 kb
o e FhifiePby RRELAA0STaNSAY bael paehlilgoR MRS Dok L ABNTRbndihge |
I i nedesa’du wﬁﬁ)RNAosjmtthmtmevm diwam:tyedf usmnag ditferehdia®iondtiat Bb&d

pol y cI udi nucI e e m x as,recommended by the
supng ' r’?‘ﬂﬁ% '& g& ﬁ%‘?‘éeg 88“6%1%‘“6’@%&@3966@’&3@ and

appr mswa&gb:y t&ex%mel eﬂs‘rewen B Rel fackefinanid, Pal E@Wﬁe&@g n cﬂ ced in

hybridi zati.on of cel Det ecti on -of / 3-gal act osi

fix bULHeﬁfa'('ﬁﬁfg%Oglfﬂcmfaldehyde 0.1 M phosphate buffer pH 7.2, 2 nV
MCt2, 5 mvi EGIA) for 10 mn -at 4C and washed three' ti.nes with Wash
buffer (0.1 M phosphate buffer pH 7.2, 2 nM MC1l2). The cells were then

I nt ubleé pairatl BobCrranetdpwdit fadtohs Pary/ atid Pax6 are found in dividing neural
5-brorno-4-chlorof-3,indobil-fi-D . galactoside (X-gal), 4 M _potassium

f er | FPSHISPES thfcmfm'ﬁ dbsilengtepf abwmréwnw Regfal Hubﬁerf’aeﬁeﬁdﬂnngﬂiqn et
Aal .  exbresaed inRAS Yelifal plate and subsequently becomes confined to the dorsal half

of the neural tube (Liem et al., 1995). Pax6 is expressed predominantly in the
ventral region of the neural tube (Walther ahd Gruss, 1991; Tanabe and Jessell,

1996). Widespread expression of both pax genes was found in soxz -2 selected celis-
ana!ysed‘ on the day of plating {Figure 5 and Table 2). This suggests that ES celi-

derived neural precursors can acquire hoth dorsal and ventral identities.

The bHLH genes, mashl and math4A {neurogenin} show a more restricted
localisation to subsets of neurai progenitors. Exbrés—sion of eéch was readily
detected in sox2-selected cuitures, put in signi—ficanﬂy fewer eél:ls than the pax
gene products {Figure 5, Table 2). It is likely that the eXp'ressi%;ﬁ of mash1 and
math4A specifies distinct s(:_b—populatigns of progenitors, as. thé 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 nﬁtch ligénd
deltal, whjch is found in commiﬁed cells imrﬁe'diate!y prior to neuronal
_ -di'fferentfation {ref}, was expressed in only 1-2% of cells immediately after plating, .
. indicating . that the majority of ti;e cells are not yet co.r-.nmitted to terminal
differentiation {see also Diséussior_i-}-. Exbfess;ioh of the LIM homéoddmai-n p'rotein
istet-1/2, an '*earl;y marker of _differentiaﬁdr_z of motor hetfro’r_{s and ventral

interneurons (Ericsan et al., 1992), was eXamined in Soch—seleéted'cuttufES 48



-Effidient generation of neurons and gliac fram.ES cells Induction of
neural differentiation was based on published. methods (Bain, 1995;‘
Fraichard at al., 199%) in which ES cells are aggrsgqahed i.n ensi on to
form enbryoi d bodi es, exposed to retinoic acid, an E‘i’?mboﬂr d t o-
reattach and 29 Decenber 2005 29 -17- .17- outgrow on a substrate. Under
t hese conditions neuronal |ike cells becone evident in the outgrowths

.af t er wev¥eEwd2 days acconpanied by a variety of other cell types. W

i ntroduced two variations into the protocol which enhanced the final
representation of neuronal cells.4§#st, the ernbryoid bodies were

di ssoci ated before plating. This results in a honmogeneous di spersion and

i W@E%Wrbﬁtmg)mdmumhz?é%a:rfateﬂemellmmlaidreec’svmt thisstdge enbryoi d

. bodies. Second, cells were plated in a defined neuronal culture nmedium

- ( DviENPE Ft!QWﬁl’us 142) on substrates coated with poly-D-lysine and |aminin
whi ch support attachment and outgrowth of neuronal cells. Each of these
procedures had.an additive effect on the proportion of neural cells in the

" cul QgEBselbr c&llsmmhﬁbratmnereﬂmnsac%ﬁﬁlzﬂk able cells 4 days after

“plati ng had- ext ended pro and re, i nal

P Al st pF RAVERESSPIER SR  HEtA) benis TRCDRRESF wPaces BRIELANE |
(Fi hesuépaﬁgvrgﬁf@m Oﬁﬁﬂm&y néumi‘é@mﬁf@Eﬁﬂﬁdrﬂibméhmmmemmrund 20%
exp esse

astrocyte marker GFAP (not_shown) n|f|c ntl@\!\é %?do
obs gell dires(Palgencit alel R99|7heﬂs#§é1ll¢ﬂ %F'@oﬁw%(ﬂl“é F’e§‘2|’F F¥%pbt ai ned

with three.i nd.e endent ur al
cel F‘-‘!t&‘[fe{] ﬁH‘(T q{egﬁ’ggéﬁ% ki ures%@eﬁllﬁ&h % t{gﬁk?g§§ta‘| %i:&g})él%g as
~lar &G{tuh-{ P&ndwm rﬁid‘.ﬁs& idfePGRid. 9t cleh, b@hee:myh;walﬁtqall@l retdineBtpRivelvus 142
was- suppl enment eg serum or mtogens,_( BS Ierrentid t hese
c%{'ﬁﬁ" e

- nonundtffaibntjetﬂdsmemimiqgn anshsheyy %mﬁqa?(a@l ‘é%a§"'08r *BHEH%edoni nant
cel| t te wiegsal progenitors The '
. genbﬁaq/’ﬁ’éﬂdga rgaé&pp opo#elﬁg%r(;%fx‘%dﬁ?e%ntla?ed neurons and Ca

suggested t hat neural precursor cells mght be detectable at an earlier
time paint in the. dlfferentlatlon B(ﬁﬁ}locol Fi gure 2a shows a
_repl\leymaitdfff@f%ﬁlaﬁ’ef‘eﬂf4sﬂﬁars§ g3 fig plating. At this stage, cells

.appgar dherseel adtained teg ority of
cel ”so;ﬂ% chﬁE;Hn Wh%rﬁg\%%{?sg%gg@d ?rg celrl S haveas \&gﬁ\ﬁrrocesses

Si nbéﬁécztynfdref@ﬁdmél@jxtfhmntlamm, Gybf eas mm@dm@h@edgp IS es are
0099 Hauy e ol braaa o roRond SPUER frpBe el P BY S Bl £ AR 2t 0
Pl ah ngm@m@ cOEhBa BEmed! Figiie ﬂessQanms%ef adthdtypops last brmer e
' pos‘tlheI :t/*li]on?::( c?fl {t:er}gr (n%ft s%g(ivst?} consistent with the down- regulation of Sox2 in
._ -dlfferentlatmg neurons (ref]. Immunostaining confirmed the disappearance of Sox2
) | protein (Figure 7b} Pan- neuronai ma:kers neuroﬁiament fight and heavy chaln (not
: shown), microtubule associated protems(MAPsltau) B-tubulln Ill {Lee et al., 1990}
and synapsin | were detectable from 48 hours onwards, co-incident with down-
regulation of Sox2. By 96 hours ever 90% of cells had long dendritic processes and
expressed neuronal markers (Flgure 7). Supplementatlon of the culture medlum
_' _with B27 and horse serum ailowed further maturatlon of ‘the meuronal cells,
ev!denced both by mcreased sprouting of dendrites and by production af excntatory

and mh:bltory neurotransmitters GABA and glutamate {Figure 7}

- The mammallan nervous system is derIVed frorn neuroeplthellal cells of the neural

) "tube and its derivative neural crest. During neurogenesls ‘these neural progeéniters

pro!aferate. progresswely lose their multipotentiality and finally ‘differentiate into

varmus type of post mitotic neurons and ghal cel!s [Anderson 1993 #6773, McKay,



29 Decenber 2005 WD 99/53022 '18 - two markers. The cultures were
exam ned for presence of the internediate filanment, nestin (Lendahl et

al ., 1990), which is expressed in neuroepithelial c s. Al all cells
were nestin-positive, however, presumably because tﬁtbﬁ%ﬂﬁgggﬁhﬁ of neStin
I's not strictly restricted to neuroepithelium (Hockfield, 1985 #8681.
We-t heref ore sought a nore specific marker. The SRY-rel ated transcription
factor -Soxl is confined to the new2fepitheliumof the neural plate and

di vidi ng neural progenitors in the early nouse enbryo (Pevny, unpublished

dat a)1. 989 #0572l taredeSundJessed, 1996 Maicyed AN ) hnl lemechapismgs padlasd t hat

| so. f L | | ells. | i ni
of °1 I 3P JRRRERRaporb fhd Bifoen AR SifinkuPf B ShE RpvE pradia <UlAM Gbrn | |
I eveah@pskavedthabiok oThishras Bebf nille?tdPRIidele® KévBver Byofid Eailaivfe) -

These cells_likely correspond to neural progenitors. Selection an
pur i fnagaessibiliy agdizseg mosmelenty eddhamamapdan eorbryel 1A in Titro motlelt e t he

.. neur iL.tar l. e .cells in.whi-ch the bifungtional :
el Bt TRI 8 e Breff indilithh NGT Rl shihelid e et P Mo B2 gene
by hofdeegoplitaatiohiandidifférdritition Weeitidsndpsaeriud tebifthesraaliimdinsrs :
descri bed above, - approxi mately 50% of these cells stained - :
. f or f PRE AXECRYS fasioss they detaymine geres! sraptiicrianang) diftesgatiatient with t he
proportion of cells that express Sex2 protein. W applied 418 to the . .
differentiating cultures to elimnate Soic2-negative non-neural cells
( Fi gES eceldls. haw@ tie capopigy ) devesdopdded aaf tasll tyate asievidenced bgutheiron,
ei ther, durin oi d bady .culture, or. upon platjing. In both conditions
. apprelpafaLe i dades e Bpei (Heddieion it RoRemadar 1 988FgdhRunber s
7 of GiildspestibY iR, %gﬁ;e:@w 8iss86t awabﬁﬁen&a%tﬁwgshﬂ Uftho HR5 Baghogy-

Over 90% of these | s gave prom nent . gal actosi'dase. staining (Figure

4) . fmmomt_artwmemm soxp preoilgyntexontrob iqnndivmzt di¢tmrentiatidnbyin an _
| TSBAAN Fheren BobE R PSP A Bl O
 Isebddtirf PELJUr ST SOftRe fiMed e of fterdstifFEI®), dd@oﬁﬁge@ﬁ\&b{:&d Hodidte gr eat
o B desults demaristrate that viable haural pracursors Gan be tsolated by selection. "
for Sox2 gene activity. The_s'e cells can be induced to proliferate or to differentiate
.inte neurons. Therefore the survival and development of the neucal liﬁeage in vitro
- does nat require continued inte‘réction with cther cell types. Moreover; tﬁfa finding
that significant cellular components can be abia;ted' without causing d‘isinteg.ration.

- of the embryoid bedies, nor apparently perturbing de_velopﬁent of the surviving
‘cells is. both surprising and enco{:ra,g iﬁg for the .app'!?cation of thié gpproac}i t& other
lineages. .l:igiaed i-t'. fs possible that such ablation-may favo‘ur t!jae maint_enance and
.expansion of specific stem cell populations by reﬁoving sources of differentiation.
inducing sign_a!é:, which may be either cells from other lineages m.- more 'tﬁa-ture cells '

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

The heterogenous expression of determination ge_ne§ {Figure 5} ;Nithin the'.Soxz )
. selected cultures appears reflective of the subspecification of prqgenito}s within the

neural tube. Req_uirerﬂents for 'i'nduct'ioﬁ_, gqutﬁ and di.ffereritiatién of individual
- pregenitor types ceuld therefore be investigated, bath by addition of extraceliutar

regulators to th_"e ¢ulture system and by genetic manibuiatign of the ES-cells prior-

- to differentiation. The latter particularly relevant 1o situations where homozygous ,



- 19 - Sox2-selected cells express markers of ‘neural progenitor
specification. The devel opmental organisation and subdi vi sion of t he
central nervous systemis underpinned by the terrporal and spatia

patterning of gene expression (Tanabe and Jessell, QLQQ‘GSmeFr?OQ?der to
gauge the diversity of neural differentiation that coul d bet achi evabl e
fromES cells in the absence of enbryonic axial organisation, we have
begun‘Y‘B UEHR ne expressi on of key determ nants, Pax genes and neurogenic
bHLH transcription factors. The éDaI red box transcri ption factors Pax3 and
Pax6 are found i'n dividing neural“pfecursors throughout the Iength of the

ryoni eural tube. Pax3 i.s initia resse A pl ate and
AR e Pen BEta e e S Pt VR el SXBRGHE b AT Doe (Ll em
et Rk abli®P. prB@&@e'%ﬂﬁ&ﬁ?%ddﬁ@dm%ﬁﬁtibmﬂdﬂy teaefinendigaifichRgi on of
the neural tube (Walther and Gruss, 1991; Tanabe and Jessell, 1996).

WM&C@&QHQX@MQM cell bieJorysd bjeshemisiey.f ound i h sox-2 sel ected cell's
anal ysed on. the day of plating (Figure 5 and Table 2). This suggests that
ES cel |l -derived neural precursors can acquire both dorsal and ventral

i dgfyhad f@@itly eenhbhotte daRR HiffommltiateNES BBl Whfectee iHtoghadeyedping a nore
restracted | ocalisation to subsets of neural progenitors. Expression of

eatﬂmm etcaldi 199 eaieavespdult DIsasnaatatys d998) redenisbrain,can fOINSS i cant | y
gﬁr lﬁt%tl ﬁemﬁg I‘)\Fﬁenlaéngeﬂge 'ﬂ&t L(LF & Wl e ﬁa! Ql\gltﬁ:)es Igudns |ikely

: € expi-ession of ma AseC| I es |st
suh—mpﬁdrﬁs |adm)scmitabr oorenetiovs| calis.t thrazvdvat Mhiese iforeigh celiesan give

ot g 10 ted °?an Siothar e o6 G ShLGraRtTs. TRV UPER IS FURTaE: o 2?’2’8“'
~ exmﬁﬁ%gp Hemﬁp aln'd Ha.q@é Eded fromhe bt él%tfe%riﬂiéd‘!eﬁﬂgmélt&ﬂsca is

|or (o} ne ronal differentiation (ref), was expressed in only
1- EPXooisa!ailcbrs of mmdeataépgezafrsms qﬂta)trdlﬂg t0|thd|tn‘a@nmg1 ehainathe thegeority of
e_no omu tted fo .ter differenti al so

by Bratiemen Furihimte; GiRRn o reRBhtkaes S eEhch pline 4880 0 0, 1

- MBEERS caih ﬁefé&r&@&aa& B8Ry OftalBl &f M &/HrONMadiv@tisANkha! haivestdtie irons
(Errcson et al 92), was exam ned in Sox2-selected cultures 48 29

Detranbelaan\D 99/ 53022 - 20 - hours after plating. Reproducibly 1-2% of
cells were inrnunoreactive at this stage (not shown). Sox2-selected cells
proliferate in response to FG--2. Several studies have presented evi dence

t pthe hddritidii Hpend dsd waiOftlr fddvatdprnenFEFhdmnacamuttiatentiapstehi £elisat i on of
pri mary -neur al pr ogenitors and i mmrtal i sed g@)\g%xg tor_cell lines(Pal nmer

.etarmloset.@gfm thagmausenEsr celis-of e &YgMmals o5 clinicah M58 ¢ ur es
H%S@Snfattiémi' CFTel Q%g}argfzﬂi\z’ef eLghiRidns QW @ss hp¥ifsdry Bl Cald
‘Xga

alned cultare ow ng addition of FG-2. It can be seen that all
. cHdistington’ s disdaatks sed potmmlaﬂfymemtabda byl qelinrphicegyertratragagigssandong Xg al

) thglgg:eg (%gc gl%utl;ésuerse orC eve opr?\%nte oF anrde%%\n?a%qe s%r'natl;ély S0 Y qg for at
) productlon of transplantable cells (Svendsen and Rosser, 1995, Rosenthal, 1988).
Thelineage '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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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 medium Wthin 48
hours the cells began to extend neuritic processes &nEeBSMOT A88rs a
network of neuron-like cells had formed (Figure 7). fl-gal actosidase
activity was lost fromthe majority of cells (not shown) consistent with
t he down-regul ati on of Sox2 in di Berentiating neurons (ref).

| mmunost ai ni ng confirmed the di sappearance of Sox2 protein .(Figure 7b).
Panggguingitoh, ar igerB.,nendoFi | hr Robertsoght 1948 Hen\assesament ndt HRown) |

m cr ot ubul e associ ate oteins (MAPs/tau), -/ 3;tublli L (H;Dqlgt al .,
1_996¢veﬂﬂﬂﬂse5fﬁa'p§i°ﬁp'}t'aie$é eﬂﬁ%’gg?%bls eq'rfi%?ﬁg( ﬁgﬁ'r. E"%%é]\%tr%hlsm ool nci dent
w t h down- it @5-Spad-738y 96 hours over 90% of cells had |ong

_ denﬁ‘l’\g‘)t%’%%ggg&es and expressed neuronal markers (Figure 7). .

- Suppl enentatiori of the culture nmedium Wth 827 and horse serum al | ovi ed

furth ti ft . i.de ) o sed
reding. Bt Hentvans. N Aok g 4 £ BpBUdEAC FeaRoFa RedoR R

Neus Ok RS BHitBlasNBM ambrgd-derivad aefdfogarcincia cell mke. Natural3H ner vous
systemis derived fromneureePithelial cells of the neural tube ind its

der p%¥8t2%@. neural crest. During neurogenesis, these neural progenitors
proliferate, progressively lIcise their mUtipotentiality and finally
differentiate into various type of post mtotic neurons and glial cells

( ANBRIIONE. FA9AnH6R3 L. \eHalner. 2990 CBmb erigho@®d- gfficienbderivaBen (9fanabe and

Jesse 1996; MKay, 1997)1. The chani i hVQl.v { &AL 3 i nation
- ancentbfyesieateat ¢alls 'afthﬁéDPa?epE‘E’&ﬁ‘é?}ir%‘é?‘ﬂs&dr g%‘d@"'s:u f?gt e’g?u nt ense
/4 1nvestigation. This has been hitherto hindered, however by the relative
i naccessibility and tissue conplexity of the mamralian enbryl\g. An in vitro
D AiglusthsS CRMAQ C. tdpdrap e dartarin e Rihosdhiary (4hi @kabfe AnskRi Bnél-IMFKRE | s can
be derived and undergo proliferation and diffe JaLLg Vi a
powt99 ¥l Inoditregese@ipd; ﬁ‘Ff“feﬂsPﬁe(é‘f{aegsxtﬂa?héﬁpgliggité]t gbg&ha;{a%deﬁtig?m ne
neug al eci ki gatd nfesh fE6i UEA A4:0mM80%EF48414.s have the capacity to
dev%?%edépﬁ}%gfthﬁ@dé%tﬁt§%ﬂd a%gevi.denced by their col onisation of all
| i neages in chinaeras (Beddi ngton and Robertson, 1989). The prospect .of
using. ES cells to dissect deyel Qp t a Sd1 8. Msidd1asodsen
fr @??ﬁ?%d%‘hdmelé'é'ﬁm%ﬁ' g‘h (?'ngg)lslqlg'g@mf o‘J'cgﬁftﬁ?%\?xﬁ? (gi \r&éé:c% di fferentiation.
1IN @acRIRhGE YRl cbile danveiffdrentides intobddpaiinargia RodeserotpRedidied a
- strategy for selecting precursors of thg‘ éh‘r%ﬁﬁge of interest from
dewedurpna @fterbtrgosalantadioss Ex@uNewel 149 4éRvhkst rate that viabl e neural
precursors can be isolated by selection for Sox2 gene activity. These
cells can be induced to proliferate or to differentiate into neurons. -
ThehgERERMdIE BUCY iH.atistatterd 84.cKatmmdNt Sohmitie amsuRaKemlele dgBFn'Ng tro does

not require continued interactjon with other cell tvnes, t he
f i ridivigotdevelopmant o-f:ahﬁt%\{ﬁtd%ﬂ“ SFIBRETIG -sﬁ%m %31‘ ’ﬁﬁﬁiatfge{gﬁ%@‘ty'ﬁgﬂt '

causi ng di sj,nt.egrat | " HRinR Of iERThrVORExBIarSNSIL B7p@7t ur bi ng
de%?%%ﬁgﬁ?h%ﬁacgﬁgéééag&ﬁq%%}% %%@?%rﬁo???u?pri s?ng afﬁgn encour agi ng for
theg@pplication of this approach to other lineages. Indeed it is possible
that such abl ation may favour the ndintenance and _expansi on of specific
stem cell popul ations by renoving sources of differenti-ation inducing

si gnhal s, i gh eel |1 Y ahiddRaGERDIE stagesur e
celHrCsHN, egslﬁg}{q fhggfé‘g‘g?ﬁl\/-bﬁhﬁt f’ %?%éignrgém S‘Fne{{ﬁma{a% ger sonaﬁm

. COTgR{ALESH hakon ditRrbeisiay enmsied by exquessioofofdemmeeabantdent I§latds (Figure
5) within the Sox2 sel ected cul tures appears reflective of the
sul8cipace 2561t 129090 GR.qgeni tors within the neural tube. Requirenents for
i nduction, growth and differentiation of individual

Evans, M. J., and M. Kaufman. 1981. Establishment in culture of pluripotential

cells from mouse embryos. Nature 292: 154-1 56.

Fraichard, A.. O. Chassaride, G. Bilbaut, C. Dehay, P, Savatier, and J. Samarut.



-.progenitor. types could .therefore be investigated,. both by addition of
~extracellular - regulators to the culture system and by genetic

mani pul ation of the ES cells prior- - to differentiation. The |atter
particularly relevant to situations where honpzygoug® De2oemberad@®8r 2005 WO
99/ 53022 - 22 - gene deletion or tranSgene expression in vivo cause

enbryonic l'ethality. In addition, the ability to produce genetically

nmodi fived 9oredeons is likely to find significant applications in neuronal
cel | biology and biochenmistry. .. it has recently been reported that
differentiated ES cells injected #Ato the devel oping (brustle etal., 1997)
or even adult (Deacon at al., 1998) rodent hrain can col oni se_the host

ner V888. bwttecnﬂtifmegtw/@rr ot embévwlﬁte”h%ﬁ!%m alish eglis ppd dunggienal -
tran I%é%rJs(fael["sg?lcqgtealsqd]ogaggur onal cells; howeyer These foreign cells
i'Se

can'gr eratomas and of her benign or malignant growths. They nmay
also interfere with trophip signalling and gui dance cues from host tissue

L o e Fodrerpicr, Bifmiets 1806 hedtindb Sate o RS-
f0|'J5‘srse g’ta’%ueﬁ"a‘%W‘L‘P{P'Jdté‘ﬁq\%naﬁk%hhgfbdq%driﬂ ;ﬁ%cﬂ?é&fr@'[)é@'é@l can he

at an invitro maturati on and rvested f

T tr e aﬁt!ez4b.n The i nvention opens the way for devel opnment of hunan
mul ti potential stern cells anal ogous to the nouse ES cells of .an exanple
above for clinical use in transplantation. Neurodegenerative conditions

SUGy SSe>MKLNSRN Hardy da HERindySIde)' . HuUARRS8RJANE MIGkIeN1 98Y ] HPRTeat abl e by
cel'l replacenent, strategies and present conpelllng cases for devel opnent
of defioteraniligsehiwimameinouse sembtos geriped diemi esrmdfng calesirationabYe cel | s

vendse ser 9 enthal, 1998). The |ineage-sel ection

Wg%ﬁg qeﬂst 'ﬁ;ﬂ%% Bé/\l?t a‘ppropri ate instructive factors, is a
vaI uabl e conmponent of such a system by enabling the generation of
a.defined cell population froma rnul tII\POt ent_ source.
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B-gaiactosfdase 43.8 + 9.4 91 + 2.6

Sox2 48.4 + 1.1 95.5 £ 1.1

Sox1 | 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 yg/ml. Tﬂo -_days later aggregates were trypsinized and the cell suspénsion

. was plated on__poly-‘D-lys'ineliaminiri coated substrate in -DMEM/F12 plus | N_‘2.
Cuitures were ﬁ)&ed 3 hours aftér plating foﬂbwéd by histochemieal staining fdr B .
galactosidase with X-gal or lmmunocytochemtcal staining for Sox1, Sox2 and
nestin with specific antibodies. Pos:twe!y stained cells were scored Under 4 40x
objective, seven to ten fields were counted for each sample. The result is given as '
an average percentage from two independent exp-erirﬁents {‘*Nestin is expressed

in somitic mesoderm in addition to néuroepithelium).
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Nat| Aced Sci os{ oglis; wherejip cglis of the selected linage constituted a sub-set of the
cells obtainable from the multipotential cell;

(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; and

(iii) selecting for cells of the selected lineage according to differential

expression of the selectable marker introduced in step (i)
wherein said multipotential cell is not of human embryonic origin.

2. A method according to Claim 1 for genes’ating a culture that is enriched or purified

in respect of progenitor ceils 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) celis, embryonic carcinoma (EC)
cells, a primary culture of fostal 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 fo delete, mutate, substitute or add genes in order (i) to assay
gene function in progenitor cells of the selected lineage, and/or (i) to render selected

cells more suitable for transplantation.



., Walther, C., and P. Gruss. 1991. Pax-6, a nurine paired boX gene, is
expressed in ) the devel opi ng CNS. Devel opnent 113: 1435-1449. Weiss,. M

J., and S. H Okin. - 1996. In.vitro differentiation e ryonic
stern cells. J. din. Invest, 97: 591-595. 29 Dece?rgble é@' Sgb Tabl.e

1 Expression of rieuroepithelial markers follow ng 418 sel ection
Mar ker s- 0418+(418 % positive staining (nmean +/- SEM /[ 3-gal act osi dase 43.8

9.4 91 2.6 ' .29

5. A method according to ‘any of Claims 1 to 4 further comprising:-

(iv] introducing into the muitipotential cell a second selectable marker that
is differentiaily expressed in 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 progenitor lineage; and

(vl when a cuiture 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 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 anyﬁ 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 coupled to a gene that is differentially

. expressed in progenitor cells of the selected lineage.

8. A methed 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 drfferentrated celis are

-‘dissociated so as to form a culture substantnally of lndmdual cel!s.

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

- erhbryoid body are dissociated using a protease, such as trypsin.



be2 4.8.4 1.1 955 1.1 Sox1 46.6 -1. 5.6 88.7 5.1 Westin*
3.2 (418 was applied to ES cultures fromthe 6th day of

concentration of 200fig/ m

t he cell

90 6.5 94
i nduction at a

. Two days | ater aggregates were trypsinized and
suspensi on was pl ated on pol y-D-1ysi ne/ | anhDacemer @805 ubst r at e

in -DMEM F12 pkis HZ Cultures were fixed 3 hours after plating followed by

hi st ochem cal
staining for Soxl, Sox2 and nestimgNth specific antibodies.

stained cells were scored under a 40x obj ecti ve,

staining kit gal actosidase with X-gal or inmunocyt ot heni cal
Positively
seven to ton fields were

counf£d f QI &RER KAMER mg {Q"Ew %elélﬁnn'@ 19V$8, /i ecgevneerrggﬁﬁ]pf%@?unmgg% e]; :nolmn

t wo |ndependent exper|

IS expr ess

addii$ panfied arearichpd it e¢ spedt.of i2Siral progenitors; comprising introducing into
- the multipotential cell a selectable marker that is differentially expressed in neural

progenitor cells.

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 fram 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 generatmg a culture that

is purlfIEd on enriched in'respect of haematopoietic progenitors.

16.

A method according to Claim 15 wherein the selectabie 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 s purified or

enriched’in respect of ventral pragenitor cells, wherein the selectable marker is

differentially expressed in neural progemtor cells and the second selectabte marker

is differentially expressed i in ventral progenitor cells.

1'9.’

A method according to Cilaim 18 wherein the second selectable marker is

‘dszerenttai!y expressed an cells that éxpress Pax 5.



CLAIMS 1. A nethod for generating a culture that is purified or enriched
in respect of cells of a selected lineage, conprising:- (i) introducing:
into a nultipotential cell a selectable nmarker that is differentially
expressed in cells of the selected |lineage conpared with its expression in
other cells; wherein cells of the se% cted linage constituted a sub-set of
the cells obtalnable fromthe nultlpotentlal cell; (ii) culturing the

mul ti potential cell in vitro to induce differentiation of the

mul ti pot eot ksl of thotefest ofch faddr drhe celrecdfqrogeniteagelisosf a sélectad m xt ur e
of cells.including cells of the selected Iineage; and (iii) selecting for
cells of‘Tﬁ@es%V@%Fgﬁ ‘Tineage according to differential expression of the
sel ectabl e marker introduced in step (i) wherein said nultipotential cell

IS not O hU”ﬁﬂnﬁ‘H@jc‘%@lhfé é)ﬁiugipﬂtenﬂa! oIl BEdeheehbRCHandr Bat fsaifdrantaly. f or
generating a culture that is_enriched or purified in res eﬁé of progenltor

cel I's of a sePE¥eeE®d imamgenitay calls gt MR SSIEEGACINGGIE o°cH MBS wher ei n

the nul tipot e@iﬂré&su&ﬁlnﬂx dtﬁeﬁ%b%t@ﬂer%rrpm&r&remmec nSdrkén GsEﬁbefa@ibélﬁ
enbryonic germ (EG cells, ﬁéonlc car ¢ci nona

C) ce
culture of foedupledloithg Pr%[n?ﬁef 996%Iﬂ“ﬁﬁl‘sed’g?"eﬁéié?"prﬁ%ﬁegl‘" el %‘Jt %\nd a

primary cultus8e@bd afieble, Cgh88whére.rApra@§émﬂ& FEEOIA the beledibdi FAchgd or 3
conpri sing genetical |y nodi mul ti potenti al s, tg delete, nutate,

substitute or CEURRELLAt Qfﬁ%?efksugbf%'%abé%fs’%fp tﬁeeWé'lt'PBWBf‘?l(?ﬁlll n progenitor

cells of the selected |ineage, and/or (H to render selected cells nore

itable f di
To any of & al ke nars 4 bRfe °ie’"%aﬁ§§'?r§? S N & i Lho

nul ti pot ent i amubiigptential wel dite aseglleeitt %lsgieﬁf&ﬂweﬁagma& infasa apixtpes engallal |y
expressed in gefly %ejzéoﬁﬂe%i@&e&mkbadensa@qnm@r@@emat Buri/81, fxgr essi on

in other cells, - reln ce he Sel ected sub I'i neage are formed by
differentiati mwxedfcutt@ﬂemé celfs, pheells&f e sdpirbipeass:eind| i neage; 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. Ah assay according to claim 20 characterised according to any 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. As assay according to claim 22 to assay whether a factor has a profilerative

maturation, cytotoxic or glial protective effect on neural progenitor.



(v) when a culture of progenitor cells of the selected |ineage has been
obt ai ned, allowi ng or inducing differentiation of the ceIIs and sel ecting
for cells that express the second Sel ectabl e marker. 6-method according to
any of aims 1 to 5 wherein the sel ectabl e marker ?gtkﬁ?mBﬂU¥@é into the
mul ti potential cell by targeted integration or random gene trap
integration so as to be operatively coupled to a gene that is
differentially expressed in progenitogzcells of the selected |lineage. 7. A
met hod according to any of Clains 1 to 5 wherein the selectable marker is

i nt paduced mgthed: bepragdringpaaidural pesyénitaracelnod ardifferaetideldopr ddfengt _
transgene in which the selectable marker is operatively coupled to a gene
t hathereodifor staragearpiprisipd 0553RING thy 68 i pdpethad acegrding ta an¥@fed

T ER e T AR RO BB BBl fLesls oyl .

form ng an enbryoi d body, or otherw se IndUCI ng differentiation of the

cells. ‘A et hod accordi ng t? Claim8 wherein the differentiated cells
ar e28i ssb"cmﬁtbgds@f gene@ting PLETied PEHEO S FAmBRFFIRD| QD BENINGaR GUHWEF cel | s.

A %Hﬁﬁgd 1) F%{P?c'%%ftn% 23'5@[;&[1&5 r%sﬁﬁﬁ ¢he nlthb8'c% %Ehrac?]ie@laﬁ'ﬁg |15t00f 7¢ an

ol d yare prot ease,
DeCWﬁié%m&ﬁ@f_seﬁébtahle marker is dlfferentlally expressed in cells that express a Sox

29

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

differentiation of the prdgenitor into neurons.



11. A method according to any of Clains 1 to 10, for generating a culture
that is purified or enriched in respect of neural progenitors, conprising
introducing into the multipotential cell a selectable marker that is
differentially expressed in neural progenitor cells29 Begembenzi08od
according to daim1l wherein the selectable marker is expressed in cells
that express a Sox gene. 13. A nethod according to C aimi2 wherein the
Sox gene is selected from Sox 1, Sox 2 and Sox 3. 14. A nethod according
to any of Cains 1.to 10 for generation of cardiac progenitor cells,
wherein the sel ectable marker isl1fkpressed in cells that express the Nkx
2.5 or GATA-4 gene. 15. A method according to any of Clains 1 to 10 for
generating a culture t@ S RO f ,
" haemat opoi eti ¢ progeni § SERR 15 . wherein
t he- sel ect abl e marker 1 CD44 or
SCL. 17. A met hod ol o RS N t he
sel ectabl e marker is oj . o - R od
conprikses culture in t§ . : : LN od i ccordi ng

to O ai p=g~ or yoptai 1 hed in
respect W@nt fé?r R Mo ker is
differentially express jecond _
sel ectabl e marKer is leni tor cells.
19. A nethod accordi ncg @bl e marker .is
"differentially expredg 0. An assay
of- the effect of -a facﬁg "a sel ected
3)Iineage, conprising : -8

A

: _ cell a

sel ectabl e marker t hatp e kL i it or cells of
the selected |ineage conpared with its expression in other cells, wherein
the sel ectable marker is operatively coupled to the pronoter. of "a gene
that is differently expressed in cells of the selected |ineage, and
wherein progenitor cells of the selected |ineage constitute a sub-set of
the cells obtainable | s Qgi&‘ Tl
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(fi) culturing the nultipotential cell in vitro to induce differentiation
of the multipotential cell into a cell of the selected lineage or into a
m xture of cells including cells of the selected Iineage, or to induce
preferential survival, in a mxed culture of cells, 28fDasember 05 he
selected lineage; and (D) selecting for progenitor cells of the selected
| i neage according to differential expression of the sel ectable marker
introduced in step (i), and culturing the thereby obtained progenitor
cells of selected Iineage in the PIep ence-of the factor. 21. An assay
according to claim20 characterlseJ according to any Cains 2 to 17 22. . An
assay according to claim20 or 21 to assay whether the factor has a
proliferative, maturation, tOXIC or protectlve effect on progenitor cells
of the selected |ineage. 23. ¢§ négﬁfrdlng to claim22 to assay

whet her a factor has a profilerati ation, cytotoxic or glial

pr otective M AT S 1. SIS G a1 1 20 150 P o e s g e P 8 € 94D A R P R ) 24 A met hod

of prepari geny t hereof
for storage ing to any of
Claims 1t opr ot ect ant .
25. A nmeth ning a
culture pu met hod of any
of C ains ally
expressed 3 progenitors
obt ai ried | yn of the

-progenitor
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FIG. 8 NDUCTIVE EFFECT OF SONIC HEDGEHOG
ON ES-DERIVED NEURAL PRECURSORS
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