ELLA CHEONG SPRUSON: FERGUSONEC SF PATENT, DESI GN AND TRADE MARK
AGENTSELLA CHEONG SPRUSON & FERGUSON S| NGAPORE 8c MALAYSI A( S| NGAPORE) PTE

LTD (REG No. 200100515C) -~ OUR REF : 16095SGr7/ KJW Q%gé?@ EACH ROAD
#30- 00 GATEWAY EAST YOUR REF: 2000057497/101108/ TM i PORE

189721 DATE: 25 Novenber 2010TEL: +65 6333 7200 FAX: +65 6333 7222

MAI L@ECSE- ASI A. COM WAV EC5F- ASIA. The Regi stry of PatentsDl RECTORS
Intellectual Property O fice of SingaporeELLA CHEONG * - CHAI RVAN ADM TTED
AS SoLiciTOE it, SG HK UK & AU DAVID GRI FFI TH 031, M E(HoNs) FIPTA Attn:

Ms. Huang Qi nyi SOH KAR LI ANG . 0. +** LLB(HoNs) MBI Ana Msc (COVES 0) ANDREW
BLATI''MAN . 2. *@Nﬁmmm&mmnmmmmﬁﬁceus

‘This invention relates to lineage specific cells and progeﬁi’tor"cells, methods of
'o_b'taining them and their uses. Pluripotent embryonic stem (ES) cells can be
induced to differenti_ante in vitro into a mixture of cell types, comprising
extraembryonic yolk sac and deri_vatives 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, 1.998;
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 cell-ular

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 bedies, differentiation of which mirrors aspects of ;:;eri- and -
early post-implantation mouse embryogenesis (M-artin 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 celi.-
typss. This intrinsic disorganisation and cbmplexity have limited the ex;ﬁloitatioﬁ of

in vitro ES -cell differentiation for assignment of gene functions in developmental
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| O&de jeRhNRY, @&F\Eﬁ% gﬂé el éhle presence of neuronal cells and glia (Bain, -

matt er .
1995; Fralchard 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 dxfferentiat:on
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

. that these abjectives, however are severely compromised by the abundance of
non-rieural cells in the cultures and because it is not currently possible to- establish

or mamtain a culture predominantly containing neural cell progenitors.

The art thus fails to prowde a reltable method of- obtazmng a substaatially pire
populatron of a cell of any selected lineage, arid prégenitor cells of a selected -
tineage in particutar. The art also fails to provide assdys for developmental and

ather effects of factors on’pragenitor cells or differentiated 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
eﬁed is to yield a more highly purified culture of the selected-lineage cells than is

otherwise possible.

s way of exarple, one stép of the combination is o select for cells that éxpress
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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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3 a gene known to be expressed uniquely in haematopoietic progenitor
cells, .and the -other is to culture cells in mediumcontaining a nutrient .
known to pronote differentiation of cells into haenatopoietic ,@{Ioge’ni tors.
Accordingly, the invention provides.a method for gedPereaemMRgT 8%¢l ture that
is purified or enriched in respect of cells of a selected 1ineage, .
conprising: (i) introducing into a nultipotential cell a sel ectable marker
that is differentially expressed in cells of the selected |ineage conpared
with its expression in other cells, wherein cells of the selected Iinage -
constitute a sub-set of the cells obfainable fromthe multipotential cell;
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sel ected sub-1lineage 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 |ineage has been obtai ned,
allowing or inducing differentiation of the cells and selecting for cells
that express the second selectable mgrker. 4. This aspect of the invention
further enhances the purity of the obtained culture of cells, and is of
advantage in cases that cells of the selected lineage differentially
express an geltechndurairdrogamitoacdlievel slightly different from non-desired
cells. In a preferred enbodi nrent of the invention, described in nore
detail bel ow, the sel| ectab marker i s a gene, that codes, for antjbiotic
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in progenitor cells of the selected |jneage. Expression of the selectable
marker is t hePaBgssieimtotoR elis nierreino the gslsstalisr MearksTt SaloPGali¥glY essed i n
a desired pat{&ied thhfe PRIRGEAS £ 8RS ek id\BifeRhBPeficésRb P dures that 0 the
mul tipotential cell via random jntegration as a transger]e wherein it is
expressed undededemhtiNsroer aphewhergin Rregepiten Srlnid B selgere 15aeei s

di fferential | YorR%RAELS SAELsEILIMOSEBIchinatRd frémahe fbRipsehedicel | i neage. The
sel ectabl e marker may nore generally be a marker that when expressed
results in preferential survival of cells expressing the marker, with

anti bi otic redi suliwing the myltpatendalcpelbimmiyioelo induesdiffgrerdiation ©f tthe nar ker

| 5 _expressed ilif8lehfial ol i £ EoP6F G L4IBRATnedfiCon R hfialeeoEIK el MY
al so be a marker ose expression results in preterential killing of cells
expressi ng t hiaciwdingenells phthehsalegted tingrae eHie idHdRTelesentiRhbsurddddina cel | s
other than th j 29 Decenber 20'05 - 6 - In a
specific enbo@?%%?lt%'?%tf%@‘fﬁ&ﬁﬁ%ﬁ&%g&aﬁebed in an exanpl e below, the
mul tipotential cell is an ES, EC or EG cell and the nethod conpri ses

i nduci ng Gigi Bélectngt fat pogeoitort hellsmof t thposelettedflineet¢ accoriinandy is to
rorni an enbr 4oL & pAdYoldaRh bhfeEhldtanie AR IMBaGA h BRpl (|are! | 5
Trypsin is uséd in one exanple. "It 1s an advantage that 1 ndividual cells
are thereby obtained. These are all exposed to the culture nmedi um and not
bei ng at Bacheculiueing eiegihbrabiyiahtpicel tals af seleried linéageeinlthe presehde ofithé uences

t hat rrigtht af fect the pattern of growth and / or differentiation of the
cell's, aRd%inder forrnati On of progenitor cells -according to the
‘invention. A culture that is purified or enriched in respect of ventral

progeni t pre 684dySmicthoalit arstakibly RERESN BY tHeDeffdte of AVRBIoE @R, a BhiRIreiol t he
sel ectabl e Marker is differentiall ex%rgésg:ﬁ |a£h1neurgl .gg@g%m t.(ﬂr cells
and the RIEEBNErcefieof apleteReligape i YNePI FEr sriTqRe Nk BUEIeM R Went r al
progeni t &iprélelisn thbae peiennsh etk aréfakinee tRaastorfinthd ddsay/is irterideahby
differentially expressed in cella tha}t _elx I 855 Fax 6.

be a reterence to any actual or potential bio oglca y 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



culture that is purified on enriched in respect of dorsal progenitor cells
is -Obtainable according to the invention, wherein the sel ectable marker
is differentially Expressed- in the neural progenlgﬁi cells 2H$ t he second
sel ectable marker is differentially expressed in d Bf !ﬁﬁ Ror cells.
The second sel ectable marker for this- is suitably differentially
expressed in cells that express Pax,3. In anot her enbodi nent, there may

be provide cel refer r or, of a selected I|neage

obt ai nabl 89388‘6%4%6%“ %‘P?%%’ﬁsﬁ %5%0 Iypeatids gior prateia facgors of

prepar at i gisil afoldiRY 8 inicpdse Were too inpure for certainty as to whether
any chosen cell was a progenitor cell. Wth culture according to the
invention that can give rise to substantially 100% pure preparations of
progenitors,-isolation of a single progenitor is achieved. tit a further
enbodi nent, .there may be provided a conposition conprising a plurality of
cells, wherein a majority of the cells are progenitor cells of a sel ected
| i neage. Preferable, at |east 60% of the cells are progenitoccells of the
selected lineage. More preferably, at |east 60% of the cells are neural
progenitor cells. In addition, there may be provided 7 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 invention still further provides an assay of

the effect of a factor on a culture of progenitor cells of a selected

| i neage, conprising: A(i) introducing into a nultipotential cell a

sel ectable marker that is differentially expressed in progenitor cells of
w the selected |ineage conpared with its .expression in other cells, wherein
“ the selectable marker is operatively coupled to the pronoter of a gene
that is differently expresses in cells of the selected |ineage, and
wherein progenitor cells of the selected |ineage constitute a sub-set of
the cells obtainable fromthe multipotential cell; ~(ii) culturing the

mul ti potential cell in vitro to induce differentiation of the

mul tipotential cell into a cell of the selected |ineage or into m xture of
cells including cells of the selected |ineage or to induce preferential
survival, in a mxed culture of cells of the selected lineage; (iii)
selecting for progenitor cells of the selected |ineage according to
differential expression of the selectable marker introduced in step (i),
and Bculturing the thereby obtained cells of selected |ineage in the
presence of the factor. The assay nethod is preferably for assay of the
effect. of a factor on a culture of progenitor cells of selected |ineage,
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 nolecule that may
be introduced into culture of cells of the selected |lineage, and is thus
not intended to be |imted to protein and pol ypepti.de factors. The termis
al so intended to enconpass a gene introduced or nodified in a

mul ti potential cell fromwhich cells of the selected |ineage 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

pol ypeptide and/or protein factors or small nolecules of interest.



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 whet heﬁ i‘)et:&ﬁ%- >038s @
proliferative, maturation, cytotoxic or glial prot EC?IVE eftfect -on neural
progenitor cells or on other differentiated cells "obtained follow ng

Wt hdrawal of Selection and differenfiation of- the progenitors. It is an

advant age of_ the assay nethod that it Qpul @t i i nal ly
di ffeTB%t mgttaed G }%fu'%%$e% éx S%’Y n‘é"’é‘%w 6%§%ag§:3§# nlgzrioé % 'ft?é%%ra??grg‘ such
aSS aYHAGHRNE e o pedtdlithedy eyt 66 paryailoricelly elf thefseledted levebgdj oent ,
there may beé provided a neural progenitor cell, or a lture co ising a
8] ordvhap e el b o genittesatiue MESRPn: FRIRBIG gt Proric Oy BISRhI o
bel ow;: a nheur al agenit o | ] . Qfes LSy L hag LersinTdC teralingl Y

i sol ﬁ'&d’ea“rﬁr fa’f’%%s‘g%’arn %@gi(?\fcént %feﬂ] ?gilﬂg&%?wgt?gt. The neural cell ?ay
opt | YPahlaws of Fecanlaneeliffaentaton alf theldrogeitoss.t r anspl ant ati on can
al so be carried out using neurenall cells obtained from neural progenitors
O the invention. A sititabie nmethod- of generating purified neurons
‘conpy.ise Wall abthbli e BS G pohulRITabf peaaRally or S,
usi ngt Fre® %%%%9g%ﬁl?%%%ﬁti onb\t/{htgl?fa:‘tnne‘?ﬁg gelgc{,abl e marker is ¥

di f f gIrenehdadey cattspriesliediddiinsidesta bapbeiped oadaugek fefedch F88¥AT uri ng
t hepeQOgenitors ohtained in the presence of medi um suitable- for :
di f fegesenrd s BFceREY FSEERTt ors into Pet:irons, A suitable method of
generating a purified glial ONconprises obtaining a culture purified in

res-pect of neural progenitors. using the -Mthod of the -invention
wherlgi yetiah Surther embosinaenty ere may figr Pravidded; %meyrai)pg?%%rg@a N A s that

expr&&ﬁr@o@%gﬁg% nfdjskitG Ubet HEArAD phdRenRtbo @eid) -fot ahsplahtzaionedn iam t he

presences msuirtable for differentiation. die Pragenitqore into
gl i axaowile delaw,l a reurall pepgesitoheell ofolhig FvaDlion hae LRy FeceRBWded a

neuri@éial%ﬁozgﬁqfrérgﬁg%?%d ink®the&Epldit 38 Bl AN Ald RELrbOcdil RaY dﬂfﬂéﬁé’lﬁfegf%er ative

di sease Or neuro rain injury, a neural progenitor cells

t r ameyprad aell ona giddcell.nabl e froma cell selected froman ES. cell, an EC
cell, an EG aell .a primary culture of foetal cells and a primary culture
of. post-natal cells, for 29 Decenber 2005 - 9 - transplantation to treat
neur odegenerati ve di Seases or neuronal/brain injuries, a nethod of

t r egliFeRingilafedbadege asattie eadiakase uring awuwoas! bels mbtafaad, f@8Hpri si ng
transpl antation of a neural progenitqr cell, an nmet hod_.of O‘F&lgﬁee}{.i ng a
newreairalp peagaiitass afekie gRvEagons e?‘e?ﬂ‘f‘ﬁ’t‘%d“ﬁ?‘b‘b%ﬁ? FEELBI HULHDT age,
conpri si ng obtaini the cell _ alaf - j tckon and
Fr Beuray ERDAEer qifaififanf e hRIRESh BEGRIL B8 bl Brogaratinon and.

31 LERIg e Aldhddr o the! in @RI AMoTERL tHe! sdlbeiabtennailon, isadifferentially’
sel’'ection/reporter gene;/3geo, was integrated by honol ogdus recorésbl nation
i Npgpidited dx Selietiot exticelssizSex geeies add ouilfusing @&:ﬁf%%'gﬁ SHDEN8YG i d the

| plat d | tube. licati f. 418 1,0 differentiatd
Cuin Gve raFoncs. BF megitied Sudiebls 1os e tRtoRs S FIE R9ge Raraih o

i abl e Thep-positive cells. These. cel] s: ot e obtain
PR HRFIGDE rESH T o aefREReg 8 P B B TP os Bbme
e §@{rt§.% %rﬂ%?@éﬁé&@a?ﬁbh%lbh@éeﬁmfs?ﬁsm the/aetipoy affthesuvenigia

s, an In vitro systemfor genetic and nol ecul ar di sgection of
maRTBtdiathe seleatabde arertis differenitalipeopresspdin eolts thateXREET 8% and

al so, a route for the.productiopn of pure popul ationgg i3bte
gatic, e lfasing taibreaiton eptHGsd It Inh RErAIGE po MelRidlRuiabte
st udi.esi di Lk ans tat i Eyiat Befeor eg. t he |ineage sel ection

: ] 1 . . .
arfo 8&@%#‘%@%@%%@%@@%@}?@&?&&?%% e to the isolation of other
precursor populations fromdifferentiating ES cell cultures. In still yet
2 1 el RO ShBB ik ke | Bap it pRAIS EBhded! plogambi i Tor a pur i i ed
popul'ation of progenitor cells of a selected |ineage, conprising : i
. fransplantation to treat neurodegenerafive disease or neuronal/braitt injury, a neuwral = -
péegenitor 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



mai ntaining the cells in culture in the presence of a. mtogen; and a
growth factor. The -progenitor cells ptefeiably -conprise a gene codi ng

fola selactable market, which gene is differenti al res in the
progenitor cells conpar.ed with its - expression m@lpﬁﬁ%‘ 3(5&5 and the
met hod | maher col TIfiris4slselectig@for cells that G cpress the
selectable marker'. It is- an option- to maintain thetaouittir.eo.ver a
pl urmdam‘sglanm‘tlcgemattlaiartmradegpeﬁtaim@cdﬁe?%%I%C‘l‘em@ﬂ‘&!@rﬂa@ l"fiiafﬂeexpr ess

h | b k 29
oot FoRtTad (o e of e rea R dEpade Pa0 Reucanatbaaid TR |

CONloPHBHSIY B£RHanthBbn Y & hdual pegeéas delﬂe asel ecnam@d wd rge@padiger e
the Sel ectable marker is antibiotic resistance the nmethod may thys
conprogerad praganivasel o t&ﬁ@quﬁ“F'HE‘bPMe{}m‘eﬁFl?‘i"b??ﬂr Fge- Wﬁéﬁ“%%nt i on
' S ngﬁéi‘;ﬁ% gegl tH & nr%e&EfoeaggﬁgjiE th M e FAFHRAN YA Tl AMG RES ddif it e -

ogy an aracCteri zation of neurons and glia in day 4

ﬂ&t&ﬁlcéd)ga o?y@d&@%@cuaha,smcl@r:isra@% picoetnd sfifakigéo cells (2a - 4 hours
followi ng plating), and Soxl antibody staining (2b) - scale bar is 50
mcrons; fig. 3 shows a schematic diagram of |ineage sel ection_according

to l%bﬁl\ﬁ%ﬁﬁ e of IJThQ mé%ﬁﬁﬁo M5 5 Gl dotiod /& dridiRie fﬁe&%ﬁsﬂ@@érhﬁé@ cel | S

selec |on , ws expression of region-specific neural
pr eﬁuhsﬁfal@@cﬁ(kﬁdzmﬁu:gau@n $htonth éSex2? pesit inhdcls & expprssdad enfpeniydayitro

In response to FGF-2; fi 7, showS ES cel | -deri d.ne ons, d tlated
f oPFBAHRP SBHE. %Itb'éti‘%%‘ga’fP@tesagﬂoﬂ%U %ts 0 %53 g0,pte qu% Bf sonic

he&ﬂ‘?@%t&%@e&ﬁtﬁ}reg%@%%@dﬁ-?ézﬁet@@d:efﬂbQesgltécﬁ'QMQh@neEﬁnéﬁi ksqlgtibed neuron

after transplfantation in -uteco In nore detail, fig 1 shows nprphol ogy
andxeﬂiﬁarﬁ@@mxatweonemi Midwrsen scedisd egpiressed markers of neuroepithelial

precursor cells. They differentiated efficienty { into networks of neuron-ike cells mat
expressed a variety of neuronal markers. Thus, anin vitra system for genetic and
molecular dissection of mammaltan neural dszerentxanon is prowded by the
" invention, and also. a route for the product(on of pure populations Qf nermal or
. genetically modified neucal precursors and neurons for functional stud(esmcludmg -
transplantatien. 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 slill 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 .



)G418 self@etle

J

day 4 cultures. El 4TQa ES cells were induced to differentiate |n

aggregates for 29 Decenber 2005 -11- 8 days, plated on
poly-D-lysine/lam nin substrate in DVEM F12 suppl e $ . Cells
wer e phot ographed alive with phase-contrast opti csng eren %52’99 in
culture. The majority of the cells are neuronal-like, their neuritic
proc \?%33;%2 nected Into a cellular network. (a), (b).and (c) show
cultu were stained with anti-NFL, anti-MAP2, and dnti- GFAP,
respectively. In fig 4, ES cells_ ?\bt_h a targeted insertion of flgeo into
t he Sox2 gene were |nduced to differentiate by culture as aggregates

(" IATIEO%IF ?#}ch'l 95 "t rréfiﬁt%" n 4Andayfindreeavare hepliraiagedf iqankfstioMsr ghd.noi ¢ acid

er 4 days he aggregates were then dissociated -and cells

va Qgcﬁﬂuﬂ&uﬁm we[bdtyﬁomeeﬂmotﬁaammrﬁsfédh?eée‘&P‘ﬁmg markesy WPesee&hredi um

t-h N2 I t. Aisikel ther f
{heelastabiafbarie anbials regstes i TRYd Fia S ARG IoE o
pl atd!ﬂﬂegrq)the re% bt Bkadidtic. 9al act osi dase expre55| on in unsel ected
atter

cuI‘i ure hour's plating. b. Sox2-1inked S-gal actosi dase expression
in (418-Selected culture 3 hours after plating. c. Sox2;!inked

/ 32&&%&1&%&833 ?@%g ﬂe%i:?ibsa d’é{ﬂh YARSLAES €6l chY |atcé%ﬁ1é;_za‘shyl‘}%l HEav@ingeninpl at i ng

S€ éxpression in el ected culture 24
hoyigicAfter plating. e. inununostaining with anti-Sox2 of unselected
culture 3 -hours after plating. 29 Decenber 2005 WD 99/53022 - 12 - 9. DAP
counterstalnlng of panel e. -h.DAPI counterstaining-of panel f.

Doubl e- | abe| Il acday & f
R b e o S ange) o

cultures;

: fig. 2 sﬁows p-has-e contrast picture of day 0 cells {2a - 4 hours foliowing

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

“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.-'s shows an ES cell-derived neuron after transplantation in utéro.

. In more detail fig 1 shows morphelogy and charactenzatmn ‘of neurons and glia in

da,y 4 cultures. E‘l 4TGZa ES cells were mduced to dlfferennate in aggregates for



The scale bar indicates 100 pmfor (a,b,c,d), 66.7 pmfor (e, f, g, h) and
50pm for For fig 5, Sox2 expressing cells were selected with G418 for 2
days in EB cultures, cells were dissociated and al | opgthetompérizoh 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

hybridi sation with specific anti-sdrise ri boprobes; the presence of

Pax6- expressing cells were detected by staining the culture. with an

ant i 8idaye, ﬁMé@cdpde-lmMMnm s traite i M ENAT 1 28upplemeDidd with

| ocal i ze nuclei of all cell al.e bar fig,6, follovmng

8 da@'@ i WeSE Rhotoghappe |af"f’ r‘@ﬁg %ﬁs&fd%ﬁ?%gﬂg?ﬁliﬁ%s%a%e

U1 YPSisisdedt TRE, ridjdHi§d oftl tHeD WellS Nt HeudHhIGikE] WheH hbirifd/E¥oEédses
suppl enent ed w‘tﬂr%lj Z&drrgdl um i r? t'he Er esence of 10 ng/m of ‘bEGF and 200

pg/ ntonhededdntq aretvier megork.ubl Ubband k) shpweapltaiips that wer staingtber s

i ncreased arpund 10 ture d. Cells expanded in the
pres‘é’r‘;@’e "@‘ﬂ@ﬂ"ﬁhﬁ&aﬁn@a‘?%i‘%&% glss?l&ggéglépshom via X-gal staining.
Scal e bar: 50 pm For fig 7, Sox2-expressing cells selected by 48 . hours

exposure to (418 during enbry0| d bodﬁ culture were plated and grown in the
abs dindig 8f E8 £elisiwitina targatediingartion ol fgen difostheSand 9Bhe were i (c-e),

o7 R hY LIRS ARG bbbt ofPrP M BobRs R ABRASNaVEHT D 12

2005~eréL3xpo§1aWtd ldj 1 Meretihdiatdoid) f@neh If&r&mpr%dayﬂgThhaaggeegmalwm ker

" fl-tubulin 3 | mai unost ai ni ng, for, neur %& mar.ker fl buljn with
I o chaes

S

pr opgh Gﬂlﬁ\‘ﬁ?‘éﬁ?ﬁ%‘ éﬂdn‘f‘@hs?ﬁﬁtﬁ‘i’ R9 BARWPAYSHE A MHHRTEAE &Snif >90%

i | (d)
and%l&@/ tI: “8‘9?“9# ﬁ" éﬂﬁ %h#ﬁ?élaﬁre@%é%ahsﬁgéﬁirntrastglﬂrar’age of
fi el@4id eithet ifot thmﬁnastlallmmg df mgggegatanatiesrel (bPabe iomnior 24 howsge of
field in h., 1Infig. 8 CCE-sox2 ES enbryoid bodi es undergoing g418"
sel é"(fiqfd?laWéQédbxposed to the indicated concentrations of reconbi nant
soni.c hedgehog protein. Cells were fixed and i munostai ned for the
not or neuron marker islet 1/2 48 hours after -

a. Sox2-finked f-galactosidase expression in unselected culture 3 hours
after plating.
b. Sox2-linked g-galactosidase expression in G418-selected culture 3

hours after plating.

e. . Sox2-inked g-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 culture 3 hours after -

~ plating:

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

. plating.



“dissociation. In fig. 9, sox-2 expressing cells selected by exposure to
018 during enbryoid body culture were dissociated, |abelled wth PIGL26- GL
(Sigma) and injected into the forebrain vesicles of t f uses'in
utero.. Pregnancy was then allowed to go to term Pﬁ% a% 3@@ ificed on
P2, V'bratorne sections were prepared and exam ned by fl uorescence
nlch§6 sz Ne figure shows a representative 151(1426- G. | abel | ed cel

“within e cortex exhi biting typical i mature neurociat nnorph0| ogy. Th| s

-
o

st udy dermnstrat es that Sox2 sel.egt ed cells can integrate arid
differentiate in the brain. Materials and Methods 29 29 Decenber 2005 WO

9915302 140 Ad- cduatcflih ben@nefS® cell lines used in this study were:
4TGZ§ (Hooper cet aF mﬁé% bCGRS (Mountford et -al ., 1994) and

'CCE Sox2, a derivative of CCE (Bradl ey et al., 1984) in which one copy of
t he Sox n be iStu onol ogous reconbi nati-on. Al ES cell
l i nes n&‘ﬁa CH.gﬁEli'Sgal &g%?g'agéizifed tissue culture pastic in d asgow
nodi fi ed Eagl e's nedium (GVEM suppl enented with 104 2- mnercapt oet hanol ,
10% fetal calf serum (FCS)_and 100 Wm LILE (Sm t 9L). .In i on of
di ffer ehti at Q@NNG"WSWWSWWWWI“ 5953?53%‘& a&ﬁ"g‘h)é% ?r&]g)égrlanggg&% Bai n,
1995, ES celdd dterig dd bl § HRIrDIaFeH gidtiy SRl | ¢l umps and al | oved to

aggregat e i n suspensron- cul'%‘r I'n the absence of  LIE. After 4 days
culture, all trans-retinoic aC|d (RA) was added at a concentration of

10-6M After a further 4 days agg a wer I $sQci.at - bati on
ifhetspﬂﬁsbﬁf adirates 4 GPmdRT (@gﬁ éﬁmé&é’%‘é‘e@ég“'it 83@5@%5%(?"1’?@'?%“ i nto
@F di shes (Nunc) coated with poly-D-lysine and lam nin. Culture nedi um
was' ‘ser

umfree DVEM.F12 (50/50) supplenented with N2 and, where specified,
827 (G bco-BRL) ‘plus 2% horse serum Substrate preparation. Tisaue

culture plates were precgated w AVEY Si gma

£ oFontio B Foxe e eruBn Rl rTeorIaRsty Witk fif 2 daylin b dlukes, S o)

W %éf} @iPe AL Rl AELAIRER tol Axeach v . bbltBRSdshes dot Drissuisdiaipes coat | ng
larninin (Sigma) at a concentration of 2-1 i\g} (58 overni ght at

4 fixation.ilivoexypreskion for Pax8ttal rdeltp-f db). dash-1{g) 563 %‘g‘ add WS out on

.cultures,fixed. L VIEMEA (4% 20 mM

E(ﬁﬁec}ewwéﬁﬂ bdFFiathod{JY"ehl%Ségg% %ﬂ?é%%as?jr\%% ant'i b ggeg%eal nst GABA

angk phis20PFEssiagicefls Wée dereetedvblistaibiagtin auuunbemﬂvean ra >( ur ner,

. Neur ochem stry For detection of :other tracel lul ar cuI tures
vveanatlbddée(ﬁh sultyse arves datblrelapel eﬂﬂ"‘ﬁB@‘g}'ﬂ to eS¢ ‘#‘?’%Q%* ® wer e

e e RS Lt U Lo S T oy B A
.For fig 6 followmg 8 days 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,

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
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- 15 - incubation with primary anti bodies in blocking buffer overnight at
4C. Cells were then rinsed wth PBS, and incubated wth a species specific
secondary anti body in blocking buffer for 1 hr. shed with
t hree Changes of PBS, nmounted with Vectashield rmun%#?%g?re%@érez ector) and
exam ned under a -fluorescent m croscope. Double | abelling experinents
were performed by simultaneously | cjlfjbati ng cells in appropriate

conbi nations of. primary anti bodi e, Yol |l owed by i ncubati on with .
noncr oss-reactive,s nda 0 onE ex |t U es were
counter st ai neBSWY ﬁ‘%ﬁ‘?sg ‘f‘" Ef’@%llg’éérsess"ﬁA © E'éﬂ eé?q gft;;bhh;ff 1 ng/ i
and 5 pg/nl regpectively. The follow ng diluti ons were used-for primary
and secondary anti bodies: rabbit anti Soxl and anti-5o0x2 (1:500), rabbit
anti - GABA (1: 2000 Sigma), rabbit anti-glutamate (1:4000, Signa), nouse.

anti-/3-t buI| 0 bbi t
ant i -MAPSH whi c H éégfa%}n ?hp%f F{aglgﬁ ’%%I}Eglg "]‘éitﬁrémﬂ%rjr%ﬁgd z'ic!]‘:’fll : GFAP
(1: 400, Si gmm)cotimiestaiiing SHioafisg meluréﬂa!&ﬂffeﬁhﬁmtmrbf >n$09{e ofieells.nest i n
(1:50f DSHB), nouse anti-Pax6 (1:10, --). Cya;conjugated goat anti-nouse
1 gG (1/50, Jackson | munoResearch), FITC conjugated ‘goat anti-nouse IgG
(1: 100, m)

TR TCcoan%%at ‘3"‘5%'% ﬁgﬁi’t@?gﬁ"@%r a‘?é%rg "%pﬁg%r%l”% (s#n%?;gm Eybrl di zation .
of cul tured ceMAP2/Tae {pr.ot ocol is based on that of (Rosen and Beddi ngton,
1993) adapted for cultured cells. Briefly, cultures were fixed in 4%

par af or mal dehyde and perneabilized at -20C in 100% net hanol . "The cells
ver e t herg r ehyigd{aLiREstalHify 3 &2a84i es of nethanol and finally put into-
PBS with 0.1% Tween-20. Prehybridization Was perfornmed for 1-4.hr in
hybri di zati on buffer (50% ultrapure formam de, 5 x SSC, pH 4.5, 50 ng/m
hepari n, 100 /M herri nd tRNA, 0.1% Tween-20), the

di goxi gerﬂ‘- SRR gqg}a(g%e@t“%@gp\agded at 1-figtm- overnight at 70C.
Washes t he foIIovm ng-day were three tines for 30 mn at-650C i n wash
buffer (50% formarnide, 2 x SSC, 0.1% Tween- -20), three 5 nin washes in
TBST WOh99153wenunasaining for glutamate. . 16-(137 M
NaCl, 25'nM Tris-HCI, pH 7.6, 3 mMKCl, 0.1% Tween-20) and 1 hr block in
10% s'er um TBST. Cell s' wer e then . ncubat ed oVernight at 4C with al kal i'ne

- phosphat ase- c Pipke dtomidst inagandfi fiélddiy i.1: 2000, Boehri nger - Mannhei m. The

\ .
pee

Sowi ng day cells were washed three times 1 hr with TBST and three tines
for 10 min with al kaline phosphatase buffer (APB; 100 m VI NaCl, 100 nM
i oC FEV f%:%d %6 THaRRa ARY g AT s Abkabh NoephBRpaREAS e

sta?nm ﬁggr eacflsgggwas %{P éﬂao pr oceg% ng =’r‘ to overnight with 4.5
pl / o MRTinaicated cohcahtrBGbRs nﬁ:mpnmnmmgemdgduo@mam aiigaversr obes’

The ,nuri ne, cDNAs used S Iatesfor rlbo 1 3-

fragmtartdpf'amtawtwe%rf% BAIRrng aﬁk%tﬁ%tpwffﬁ 48 HorRhafie

prﬁ&EA DNA ¥,. Dr Domi'ngos Henrique), a 670 bp Mash-1 fragnent and a 1.5 kb
C

(bat'h were provided by Dr Francois Guillenot). DNAs were
| i neari zed and RNA synthesis was.directed using T7, T3 -or- SP6 RNA

Coih Tior 3. moehraaggeying el e BV ok driien 4 d SRETIT R BI e,y

apph&ey Eaitaly m?erﬁ%n@é&cwﬁeé hendilde LWatle W%HLWaR%Memdwoor

hybridi zation of cells. Defection of /3-gal actosidase Cells were fixed in
fi xtlimﬁoiehra@rﬁ)vé&&c@éaﬂfa& 16 dlabfcsdyuses in- M@QW@C&M&@ﬁhEH aflogvesbtayy
M2, 5 mvi for and washed 't hr eg! Wash
puf9eto (tﬁ"i‘ AU Qﬁﬁ%ﬁ@cﬁgﬁﬁéﬂfbﬁ%«%b@tq&‘ﬁ PEEYNS WRE %5%?srev‘@ﬂ\/eér'i‘%'l t hen

| ntbal & QRier tative PKH26-

5- br or no- gqgcyhﬁo‘%%%é F‘.lalﬁdobleIM-éft{b-yl m gghgectstagﬁvgea s 'egseg ,a 4 M pot assi um
f: erﬂib@mﬂdd cell wiithjoothessireen £xhibitiyg typieal immatire wﬂf@ﬂa’(!B@mﬁ\‘Pi‘Qgﬁn et

‘théL gtst?c}y de&%%l{sltrates that Sox2 selected cells can integrate and dtfferentsate in

the brain.

Materials and Methbds '



- bodifes .cell

-Effidient generation of neurons and gliac fram.ES cells Induction of
neural differentiation was based on published. nethods (Bain, 1995;
Fraichard at al., 199%) in which ES cells are aggre%at ed in suspension to
form enbryoi d bodi es, exposed to retinoic acid, and<PiRasemaer 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 WOAH2days acconpanied by a variety of other cell types. W -

i ntroduced two variations into the_grotocol which enhanced the final
representation of neuronal cell s.” B rst, the ernbryoid bodies were

di sspsicaliedidaed ore plating. This results in a honogeneous di spersion and
i mredi atel% term nates inductive and selective effects within the enbryoid

( I ysﬁélihsttums&udtt/atv?ﬁbzi EM{‘théQEi nﬁ]bwrép%ﬂ pg@ﬂgr@%ﬁﬁdi um

S ns rates coated w ol y- sine‘and Taminin

mD:ngs‘E"g)‘g% detay; ;@ﬂf@ rﬁ"dgag%g?ﬁ?-owﬁﬂmﬁmef 66H (Beetitey, etic 9841t hese

pr oéedvubash hatk ajpplddit | (o e Jarapatti.on of ural, cells inthe

cul tures.  \Wen coﬁngdfwﬁoﬁifh%%‘%g&%%ofb%\?ﬁa Fsterhg{e]?ﬂosbﬁ%mglogﬂ’@r o

pl afeeRTRKALER: AUES eelblines secranuiaidteined inngelatisaviitye titueNRpeal

mar . (N i g nd heav ins, MAP2/tau, or ji tubulin III

(7 brsticTh SR Rt Baale's medihn {3R8Nih sveplomesmedenith. 10 dund 20%

exprressaptoEtinml] 109§ \@:dIakeSe it HPhnd MO UmPLANShARTLIGE 1 S
we

observation is not cell line specific as conparable resu re" obt ai ned
with three i ndependent ES cell lines and several subcl ones. - Non-neur al

cel fnduRBa JrediBeP&ttiddh . hese cul tures, however, often identifiable as

3 ar_?e, bf | at- non-retractile cells. If, at any point, D VIEM F12 plus 142
pb

- \Was

- colYRSIEed Sipstps

1
platin ter overnig

. ‘
. ;
e

T SR cBlls R s

tve ppbicrrrntachlvis thasedrommiegt desaiirs(E4RF1399]. B3 ERUROLRTRIH, | Nese
neural ,cells e@Elanded rapi dly and progressively becane the predom nant

. UorpsseRd Al weskioragatpaaterio suabepsioganiltue i thEhe
gendisahtb® b AfiF AAlrAI 98 J25 QRN AN aﬂfqﬁé-ﬁe%ﬁo?%@%g{f%gf“f Onsgggg ﬁ%ar i er

suggested that neural precursor’cells myg ElR

t i wengantration afhbOTM.1 erfent a duithr pf abps Aggréiaids Svafs aQMRiated by

re ceiﬁ)%ifo?it\}v}i culture 4 hours following plating. At this stage, ‘cells
ar

app S R ST YN AR At AT FellsivwiaKe sgasdted ah@ xstdfcelfs/wiellinmmj or i ty of
cekbwellidistsamiNund| Htal 8JiA" _;m > _cel | s have . short processes
simlar in length to thei r'tgeqtﬁvg%)ll ('as. g@ﬁé?@%? ?ﬁ%ﬁ"{gﬁir@%‘uﬁﬁaﬁr es are
si APIuAR-fies BMEMIR 2 E80M0) munpiemonted eyiti Nedamd ewhers kijetifiatlyaay et al .,
Thco-RRINES I hot express detectable NF-L or GFAF 3 hours after
Rid;cg.eﬂ}?eiﬁﬁscﬁs ﬁogﬁtseéﬂﬂ‘ur e, less than 1% of the popul ation were
positive for either of these 29 Decenber 2005 WD 99/53022 '18 - two
n9§f ers. The cultures were exam ned for presence of the internedi ate
fi 'g?ﬂﬂ:ﬂt,e HEBRT4tqN-endahl et al., 1990), which is expressed in
nepsQRPEGIRGHE ' Al L. cells were ngstin-positive,_ however,
pr.esunabl 5@" t?le@zéltj%gln{%g @égﬁéeéf‘é’#“ °'HZ[%#Y¥+"PQSE?& 5&?5&%‘$-ﬁwﬂi cted to

ndar @6pninkat @ vonéseaktibalt. 10 985miRBARS. Eﬁcg&eb%%ss %%‘gﬂ:{ﬂfamﬁm oRie

SRECi E}C mar ker. The SRY-related transcription factor SoxI i's E0onfined to
t f2® RIS X EREISeGnvith RBR theas times beforeapoatiy dthipriain iSigpradgeni t ars in

t BeciflenYratinS St gnpéy%‘(a‘:?%rﬁga% ?g?ﬁ%hg??gﬁ %t a). The related Sox2 gene is

expressed in an overl enconpasses fl oor plate and
early neural crest cells. Immunostaining of freshly plated cells wth

.\:w%‘i bodi Pe’% rai sed agai nst Soxl and Sox2 reveal ed that 40-50% of the cells
munesYte

Shemistyy 2b and Fig.  3e). These cells 1ikely corréspond to.

_ : ' : ' purification of Spx2- i |
. pRtnGPI S0k Hrid SRE af Sailte il ot GibiRs e se MR AR S oo s
| formaldghydee 100 anfet MDRS #6174} XOMIRATEGTAT QPRING NigSene fJP@q?cQﬂ.SV@ee n
rer)-. en

.ated.i nto thﬁ'{qseﬁxz gene g%y honol ogous reconbi hation (r \ E
qQaiee a3 SGAPHeandigiviamatep cells veerd fix8dWidf t hese

- Cpl- kAl 1] Tt a6t osi i 2 and Tapl ,
o PLTaRIBETY G0 . PR PRGN Rich dishon” B Stedlion aF et ve

dpisacdliblaiatigans heuliifdsewent ifbidd i 4% Darsforkfal@iylid'# PBSOIgrAegat i ve

R TP e Pt

s 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



(418. (200pg/ nL) was added after retinoic acid induction, either during
enbryoi d body culture or upon plating. In both conditions appreciable cell
killing was evident. ; Cru0| ally, however, |arge nurrbers of cells survived:
that exhibited 'typical 'neuroepithelial morphol ogy 29QREMBEEYS t hese
CelI's gave prominent fl.gal actosi dase staining (Figure 4). Concordance

W th Sox2 protein expression was "confirnmed by i nmunost ai ning (Figure 4,
Table 1). The related | TIIVIG box1Bact or gox. 1, an excl usive marker of

pluripotential neural plate stage cells and o Jestricted
pr eingubationi with pemasyi laalltlbﬂﬁil!ﬁ'as QC’@BQ buften Ioe’eﬁ"'ghﬁé‘tdr &atColls weret y of

‘bel I bl e | - -
ngti‘se&\”'é%‘? W‘tgeéqf% X 'tn&' jf‘éd ers &ﬂee%ra%ézﬂ?:oseéﬁlntggﬁggﬁgmﬁocat|019

Thepid@ kg DR alor OT gD Salti:kes &nﬂ‘esmslhad Sivith treehehaeges af PBS.vous

systemis under i nned_by the tenporal tial, patternin e
expmestsll‘t%ﬁh Withn Eétwlgewﬂt'“g 7968, ¢ r\??lct}éa)dé“q FGmigEd; ?f@g \%‘er5| ty of

. %R@m} é)n that could betachievable fromES cells in the -
abs %3 5 ryonl c axi al organi sation, we have begun to exam ne
expression of key determ nants, Pax genes and neur ogeni ¢ bHLH

t t f act Th t f P d Pax6
L+ Bochinnbeios srosimenca riars prEEiray SGHRBLER e bR B, pt P

' b4 fier veithi abn-pl at d
sub?gﬁBE afl;'eb'%l%blrfa‘ﬂi*&ﬁs &@fl negy bﬁtzbbai‘eb)/f&%pﬁ&!iﬁ dné abnpl ate an

ecol nes con to the dorsal half of the neural tube (Liem
et. cﬁbss~ré9&5~)e s&mondiarg m@o@mdngpmﬁxmmepta.mtﬂmevmrﬁﬁom on of

h | Yal ther. .and
W Geaieean ey B OB, e e PRR o THodAR 388 8 (ARC co ) <

anaw?g&“m the day of plating (Fi gure 5 and Table 2). This suggests t hat
[“derived neural precursors can acquire both dorsal and ventral
identities. The bHLFI genes, mashl and nat h4A (neurogenin) show a nore

i cted.l ocal j.sat | f
ot faUSPad AR wafalSef fR0Smell aff et Plrg SifinaRfcs: chbBR SRS, D7 1
f ey 1C&lrdS ahfidgoid q1p8B0nHe rebliit cahtbGABAT (guzeoa Sigoha, 2pbbit ap- | kel y
S Linlptopenta HeAG0ST Sprrpabrmasiss st Aoty o FriAnd coiagion thbuse g

%&%‘é Hjhgg) SigEL R Enbf %%ﬁy FRidHHSRYEs Wi PR, LRI RAL pn300.C adwoh

rs of- neuronal differentiation were al so
ex Shigmadt mabse EIM-GFAFP garmcuaxgmal, mmh&‘@:aﬂﬂl‘SYf\@Qﬂ@ - {1 :BOnhemigpdel i s

di at el to diff f |
| atise st restinkia s Bl e eRt N 1: 38, (i Oy YRR FEREaSREL, | 0 ol
t hanﬁ%bés@rges PO50Y ShckSATIhiffoRR sbaech), T C-dbrjh gaeat g atizomi- :@se& aI S0

Di scussi on).” Expression of the UM homeodamai n protein 1slet- r?lé:ﬁ -early
mald@H 1010@ SigmaintAlEC-oonjolaterd goalkantioadbinkg (G Sl T%

(Ericson.e 199 .ned.in Sox2-sel ected cultures 48 29
DeEefisgat ?%@awgglaé%ﬁzegaﬁ%a% G9Bs after pl ati ng. Reproducibly 1-2% of
cells were inrnunoreactive at this stage (not shown).:.Sox2-sel ected cells

proliferate in response to FGF-2.. Several studies have present ed evi dence
t hiat shasﬁytbﬂdl:ta‘ti:m a{sbuy:uwaﬂlmeilact or | FGF-2) can support proliferation of

_EI'TEEr%ro%Séé 364 o Bietrek (B0n il RERSREY 198aF Sxdented Rt (oS

Al SkdjiEy Ph@ﬁ Cel:b e | C\ﬂ:,frat ifad Fhous Garafsvenaldelpieabnd
g stal ne tur foI ow ng addition of FG~-2. It can be seen that all

cepésneatitized ae+m°0ne| 100P@ imdthrent. Thecepllsow graothayy redrateAteprghy xg al

f;glgg}lggg\e SucEgn& z}nbgfemaﬁ\(() Blug mto%‘égwct?q RRvEEN . ll:yreﬂ?ﬁﬁaﬂﬁﬁoﬁ or- at

was perfarmed for 1-4 hr in hybridization buffer (50% ultrapure formamtde, & x
. 88C, pH 4. 5, 50 mg/mt heparin, 100 gg/mil hemng sperin ‘DNA and tRNA 01%
Tween-20), the digoxigenin {DIG}-labéfed probes were,added at 1 pg[m‘l overnight

- at 70 °C. Washes the following-day were three times for 30 min at 650C in wash-

butfer (50% formamide, 2 x SSC, 0.1% Tweéen-20), three 5 min washes in TBST



Neuronal differentiation of Sox2-selected cells. |In order to determne
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 &3daspmberBfrs a
network of neuron-like cells had formed (Figure 7). fl-gal actosi dase
‘acti V:&‘&%% | ost fromthe majority of cells (not shown) consistent with
-the d 7 glﬁl ation of Sox2 in differentiating neurons (ref). ‘
| mmunost ai ni ng confirnmed the di sapgearance of Sox2 protein (Figure 7b).
Pan- neuronal markers neurofilarnent |ight and heavy chain (not shown),
mcr, bu k- i )/ oEL saént t al.,
199(!)5)é n@@?‘%g:gglf%%ﬁd\@ge%t g?t gﬁe\? fntr“g’fjnkgéli cﬁgu{??qgﬁﬁ?arzgg,ahggfihﬁci dent
Wi f Ip] Skl TOR0 eairh ATBST . GilisAverdyithes itcubated wierright aif4°€alvith alkading ong

dendritic proCesses and, eéxpressed neuyr rkers paure. 7).
'Supphleﬁghﬂéﬁﬁwplﬁd ﬁﬂ'é"@ﬁ tqﬂté’or‘?é'dﬁﬁr#%'h%r'gﬁﬁﬁﬁ%%@ é"éi‘u%h?‘al | ovi ed
fur %@féwﬂ?gt ygéeéng%&fe WGP HHr 88 TmeL Ik Svitle YBSTRIkHeed tinfey fonto eased

spr 1 Nng o ndrites and by production of excitatory and inhjbitory

neuphralthnlkdliee presphatase bifien@ifs P0goMNaCL 100 TRM FasREl $-3n ner-vous

systemis derived fromne el t hel |.al ; ; . r HP&atNd its

' der'ﬁQdF‘M/MQ'éur §r“%’£‘§’f’.en rﬁbﬁ ﬁ%%‘%&e@géép},agéﬁéegé'ﬂggrrg%lm?)r ogg%i tors

pr O%il'é\ﬁlreﬁ%*prgfza&f esSBUR! % ddrBRIHthGIth 418l slibNETt a3l yd/ani BCIPral | y
differentiate into various type of post mtotic neurons and glial cells

( AndPs (Boehti@gdri#673, MKay, 29 Decenber 2005 -21- 1989 #672(Tanabe and
Jesse 1996; MKay, 1997)1. The mechani sns i nvolved in the determ nation

v and differentiation of neural precursor cells are the subject of intense

i NVERGLIgRdie@ RNA pkrsbéas been hitherto hindered, however by the relative
i.naccessi bili t% and tissue conpl exi_tﬁ of the marrgﬂllgu an err%rﬁ_yo. eAn invitro
rodEhe sywrinmeBNAs vusedrasstemplatesdat MBRAPTePSere Aad dpP PR fiegMetd| | s can
be der iy d jehar aki 990aBg Biithor FBAQUpRIVIBsOLydes a
pomﬂ?’f"df&t%ogp ?gngesfjag%epﬁﬁ é{g{'céaggoegﬁri nfsi c fact orus3 t hat dg(tjerm ne
neupahmingesHeRAGhsIa EFGIbpl Mdshr biitagmeniand £3. % kb Matha¥a cONA tgibcity to

d I Int cell ty] ' vid d by their_ c ' N ..all
[ reragopravided Pk aane s RO - DA R pr0anr-SEa8 FRGLLARALSC | ¢
using. & Gpsqel HeupPhORIRAL ablyvrdavey Intladitd GAabeleden

I
frustrat gﬁ?@ﬁo?\/gs/ r,-by an inability to control or direct differentiation.
| n miciesctidelimixnas okcohenemdash biyothal suepliped (RegivingarhePOASCH MR/ Pded a

strategy for sel ecting precuysors of irnga o} ety M -
deRIBKISH "Qrﬂ)%ﬂfg%bl aﬁ%&‘%fs .gglrcﬂ?d raéjﬁf)%gﬁ%@%ﬁsg §{a{ﬁi{aot E@tfg @Fstalglt)g@ﬂqeur al
pr%ﬁms%q{sg AR W8s Lsel abetybridaatieatefosellsor Sox2 gene activity. These
cell's can be.induced to proliferate or to differentiate into neurons. .
Therefore the survival and devel opment of the neural lineage in vitro does
not.re %i re'fc‘gnti#?e% interaction with other. cell types. Mreover,. the

£ Wg. pRAT R ogiRcte¥dR®e cel | ul ar _conponents can be abl ated without
caléff:&gwré ifeBgRh At DRl (Oheveghitndidetpdeco,1 Miphasphatmbutfepelit ur bi ng
devel oprment of the surviving 'cells is both surprisi nﬁﬁan . enc](gizﬁ.‘agl-ng for
t he?.2p[ inddNtgBtZT5 nsEGHA ot A G @in G and ypahed HEge deS MM ossibl e

that such_abl ati _favour it TSI thempeci fic
sté'ﬁ?%%g’l'"f%f)rs&fawgﬁgggb%eéﬁ%v%ﬂéﬁﬁgcgs o¥ ﬁ'Ié)lét;]g'erenti ait%i ‘gﬁr'éi)nduci ng
*Si GR&Batenzeh3 ey Boertibherwatl |5 digdmi oBhsmnio-Heclyose-SrindolyéBridt ur e

" cells of the same |ineage (Muntford and

! A o] | m'@?, in personal . -, .
congalattosidiedXrgallié mivt petagsivey Serdxyanids; grﬁ“ pﬂ@ﬁéﬁ}ﬁ‘%ﬁ’f%ﬁ'ﬂ%%g’s (Figure
"5 i t hpn, t-he_ Sox2 | ect ed flectli f th

S BRHEE (BRIngTon B st L LS TR the neur al ¢ ube. Requi rement s f or

i'nduction,. growmh and differentiation of individual -:progenitor. types.

.eould .therefore be investigated,.. both by addition of extracellular -
reffaisultsrs to the culture system and by genetic manipul ati on of the ES

cefls prior. - to differentyaki go. g -Sa- Ly particularly relevant to
si E&ﬁ?’gﬂﬁgeﬂﬁ'&”é’%%ﬁ‘?&é‘bﬁ aﬂé@%e@%g [i%'gs WO 99/53022 - 22 -
lhduction of neural differentiation was based an-published methods (Bam,-19$5,
- Fraichard et al., 1 9‘9”5}'in which ES cells are aggregated in suspension to form

embryoid bodies, expgds'e'd,:to retinoic acid, and then. allowed to- reattach and_



gene del etion or tranSgene expression in vivo cause enbryonic lethality.
In addition, the ability to produce genetically nDdified neurons is likely

~to find significant applications in neuronal cell nd
bi ochem stry. .. it has recently been reported that %'?%"ﬂ’ﬁf?g?%d ES

cells injected into the developing (brustle etal., 1997) or even adult
- (Deacon at al., 1998) rodent brain can col oni se the-host nervous system,
and give rise to mature neuronal phdot ypes: Such - .transplants al so

cont ai n_non- neuronal .cells, however. These foreign cel | s can give rise to

~ ter at SHEIOYNAN S S URtR; Yadentheae ceRditiongmsuraeal likneplisbpcatrmoevidest f er e
wth g f host ti e to . njected
neur aIH cel Ilﬁs)tgﬂl?’ﬂig% Er%glsg\?%gﬂaé‘?é?ﬁ gﬁ%d’%’f Yaredr 8?3}&35%“ PE¥ t he
i nvenWenntsiodnicadt teot hasenpms)thSthd:LﬂrbhﬁfdeMucH adritiiced ape! kipat i on of
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the nousé ES cells-of an exanpl e abo clinic use
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Hunt tiall | ] | t
T Btincs det a8 Rodhfal Siifiy Pealut PRIBRELY hutchiz b7 a0h e o
st eMazaited WiEOPSIKEDIPEinR BadUsiR vﬂﬂ.chrs%%lalr@é&@éﬂrﬁeﬁfémo&é}%%% and

Rosser, 1995; Rosenthal, 1998). The |ineage-sel ection approach, in

conbitesroadl sallsn Eaphadphese erocestures hiadeart addicive effa:ta)mﬁimatdmamonponent
of s n i on _of fined .c platlon
- From S herei (he SRS Ridf oBRIIEL b8 e SRob il wiable ef g, M
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J. EByidisevédal BubKrifean, and E. Robertson. 1984. Formation of germli ne
chi naeras from enbryo-derived teratocarcinonma cell lines. Nature 309:
255-256. Brook, F. A, and R L. Gardner. 1997. The origi n and ef ficient
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149 28 41. Doetschman, T. C., H Eistetter, M Katz, W Schm dt, and R
1985. The in vitro devel opnent of bI astocyst-deri ved enbryonl C

- st e 36%?‘1'0‘? PhEoX 1 §eNAtexresting neural progenitors.
. The generation of a large proportion of differentiated neurons and glia suggested

that neural precurser cells might be dete_qtable at an earlier time point in the

differentiation protocol. 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. Tne‘se morpho!‘ogi'cal' fedtures are
similaf.to’ primary neural precursors reporied previotisly (Kalyani et al., 1997).
-These cells do ot express detectable NF-L or GFAP 3 hburs after plating. After

- overnight culture, less than 1% of the popuiation were pOSItlve for either of these
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87: 27- 45. FEricson, J., S. Thor, T. Edlund, T. M Jessell, and T. Yanada.
1992. Early stages of notor neuron differentiation revealed b expre55| on_
of homeobox gene Islet-1. Science .256: 1550-1560. BraHeceniter2005 3ng M
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enbryos. Nature 292: 154-156. 29 Decenber 2005 WO 99153022 -24- 1995. In
vitro @vopuse i ati on of enbryonic stern cells into glial cells and
functional neurons. J. Cell Sci. 108: 3181-3188. Gradwohl, G, C Fode,
and F. Guillenot. 1996. '‘Restrictedl18xpressi on of a novel nurine

atonal -related bHLH protein in undifferentiated neural precursors. Dev.

Bi ol twa30ark¥®3- 241. Hooper, M L., K Hardy, A - Handyside, S. Hunter, and
M- Monk. 1987. .HPRTdefi ci ent (Lesch Nyhan) nouse enbryos derived from '

_ germ ine colonization by cultured cells. Nature 326: 292-295. Kalyani,
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cells. Immunostaining of freshly plated celis with antibodies raised agamst Sox1
-and Sox2 revealed that 40-50% of the cells were posatlve {Fig. 2b and Fig. 3e)

These celis likely correspond to meural progenitoss.

 Selection and purification of .Se-x2—expt_'essing néural progenitor céllé.

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

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



29 Decenber 2005 - 25 - cells. In "Teratomas and Differentiation' (M 1.
Sherman and D. Salter. Eds.), pp. 169-187. Academ c Press, New York.
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cystic enPryoid bodies in vitro fromclonal teratoc GrERes %‘?ﬁ cells.
Dev.Biol. 61: 230- 244. MKay, R 1997. Stemcells in the central nervous
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465-oftthe Teurabeyubsy {Lieandt 3l., NI9GHs SPAX6 .a%&gsredae\aemmmaﬂpahtmbn in the
deveIoE splnal cord. SC|ence 274: 1115-1123. Thonson, J. A et al. 1998.
Embrkpaiat @'eﬁwféelihe neuraktuRs [\Yalther aRfieriss. BORM: otanabe ardiJessell.282:

111 ,.,(1],939,53 ern
Cel ﬁ%’o@&%%&gg x%m&n‘ﬁi’r t|ﬂbrr(1:')tr I al ge@éévégtfiaﬂﬂdg sgk%g?‘ggi e@
95( 28plyseg 6 tisd 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



-, 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. Wiss,. M
J., and S. H Okin. 1996. In vitro differentiation_of mnurin ryonic
stern cells. J. din. Invest, 97: 591-595. 29 Dece?ﬂ)éF %0850 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 9%wosuSeox2 4.8.4 1.1 955 1.1 Sox1l 46.6 -1. 5.6-88.7 5.1 Westi n*

- 20 -
_hours after plating. Reproducibly 1-2% of cells were ignr'nun-oreactive at this stage

{not shown).

Son—se]ected cel!s prolrferate in respense to FGF-2.

Several studles have presented evid ence that basic flbroblast growth factor (FGF-2)
can support prollferatlon of primary qeural progenitors and immortalised progenitor
- cell !:nes(Paimer et al., 1997). Addition of FGE-2 {10ng/ml) to Sox-2 selected .
cultures likewise stimulated cell profiferation. Figure 6 shows a typlcal Xgal-stdined

' “cutture foﬂowmg addition of FGF-2. It can be seen that all cells retain relatively

‘ _undifferentiated morphology and show strong Xgal stalnlng Such cultwes could

- be expanded and serially passaged for at least two weeks. -

Neuronal differenti'ation of Sox2-selected cells.

in order to determiﬁe whetﬁer the SoxZ-selected prebursor cells retained the
capaczt\/ for neuronal differentiation, G418 was rernoved from the medium. Within
48 hours the cells began to extend neuritic processes and by 96 hours a network

of neuron-hke cells had formed (Figure 7] ﬂ-galactoszdase actwuty was lost from

_ the majority of cells {not shown} 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 light 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,



90 6.5 94 3.2 (418 was applied to ES cultures fromthe 6th day of
I nduction at a concentration of 200fig/m. Two days | ater aggregates were

trypsinized and the cell suspension was plated on p -D- | ysi | am nin
coated substrate in -DVEM F12 pkis HZ Cul tures vvere&# ?’9%‘?{"%‘” gﬁés after

plating foll owed by histochem cal staining kit gal actosidase with X-gal or.
i munocyt ot hemi cal staining for Soxl, Sox2 and nestin Wth specific.

anti bodi es. Positively stained cel-l&t were scored under a 40x objective,
seven to ton fields were counted for each sanple. The result is given en

aver 8P #bd htarpberanshdesaslli 1986¢ Mikay, hsHh].nhe mechdaimainwladr essed
in sonti ' ition.t i theli - 28 CLAINS 1. A

et nd it BB, o AfffeienRatbR A LR A aa Bs Afe ERRABRCT s pect of
cel | snt@hsa ineéanfatidnl | TRRORas GEBRIIGdM hindetdd, REWRIHE b)Yt tehatfve

mul tipotential cell a Selectable marker that is differentially expressed
i n céaacespibilfy agd|tssuecamplexty ofdhp manamalian embryox prewvitie madelt her

. cells; r i sel ect. Lif cpnstituted a sub-set of the
col 1 SvaliiaR e Braeethvaoifor f BEIERPUREEARRA A A B s e
nul t bpdeasd pallifa@atibn and\ditfepsdiatiditeeidis’d poeptiuhtd SitoftutiPentrinsic :
mul tipatential cell into a cell of the selected |i ne_a{ge or, Ilnto'a mxture
. of candextriesigdpaipre dhpkdeterpie sered segcificatiagendadifferentiptiore| ecting for
cells of the selected |ineage according to differential expression of the.
sel ect abl e marker introduced in step (i) wherein said nultipotential cell
is nb$ aHlishiummen thavicapacity tordeyelop Antodanptdeldtyaec es dividenoedChyi theit f or

i ti cylture that is, i ch i fi in _Fe: ~of it
.. 2ot 149gpieBed tliteaasadn higeren HarginBbpc Habesenal gBeo7he wher of
7 the dpdshebPbeisiny ESdils! © 88586t BEvEILBMAIRT YARWays! RIMVitFPhal Yeki:
enbryonic germ (EG cells, enbryonic carcinoma (EC) cells, a prinmary

cul tfoustrated, dwrwiévere by anainabilitar o cohtrol erofirgeisdiffarantibtion! | by aand a
primary culture gf adult.cells. .4 A nmethod accordin oCaim1,2 or 3
ComTEPHn g e fiParsi fsPeibed rePRor SrePar waeed @ SUPIARY, "t at e,
subsielddtiry precl@sbrgadfethd nddFEbS (htkrdst fAGHAYe nfUgablpéidi tbdasQgeni t or
cells of the selected |ineage, and/or (H) to render selected cells nore
sui ( estils demgnsiraiathat yisble noural pepmisonoean be islatghby issteciedor di ng

to agy SQ&Z%%*{%’?&C&?VF&E ThekY rctgﬂggﬁae%ﬁdﬁhgg tﬁ énrrtgftlf\é}?fepésrr go?#l?fe Qntkﬂgo the |

mul t1 pot en secon e nar a erentrally

expireseeuronsCEhefofe theSirobiat dnddevieldiragst soteaiatalMih€add i virpr essi on
in other cells, wherein cells of the selected sub-lineage-are_ fornmed by

di £ fergMatapdigre epniayedinteragiionswitbatber pelbbyans: dvioreqiargthe fpding

that significant cellular components can be ablated without causing disintegration

- 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 ,



(v) when a culture of progenitor cells of the selected |ineage has been
obtai ned, allowing or inducing differentiation of the cells and sel ecting
for cells that express the second Sel ectable marker. 6-method according to
any of Jaims 1 to 5 wherein the sel ectabl e marker f2DPPRIPRRIZOBE into the
mul tipotential cell by targeted integration or random gene trap
integration so as to be operatively coupled to a gene that is

di ff eM¥APYE# expressed in progenitor cells of the selected |ineage. 7. A
met hod according to-any of Clains 1 to 5 wherein the selectable marker is

i ntroduced into 'the nultlpotentréﬁ Cell via randon1|ntegrat|on of a

trans t he sel ectabl e nar % .ed to a gene
{ haterRadehpn pERERSPIRF T ues B eBh S e PTG BTy I AP UE ect oq
| i RRRO8bIitE topidRiube yarrerRaly ﬁﬂoﬂi@wﬂnﬁetﬁfmg gl lm:‘el% toOfifd Wighigicant he
nul-tipotential cell is an ES, EG or EC cell and the nethod conprises
f orapipligations b ingerendl oel biefpgytans: bioskem¥gdnti ng differentiation of the
cells. 9. A nethod according to Claim8 wherein the differentiated cells
are dissoci.ated so as to forma culture substantially-of individual cells.
A Wﬁ@%&ﬁ@?%@ﬁgeémﬂ giatdiferentiathEES colisinfdtes itbahadeselbbingof an

t hbryoi d body are dissociated using a protease, such as trypsin.- 29
Deéamnﬁe edls 50 7ior exepsadib(Raacondt iy t189§hy°%¢nfd>r&im§ar1°9@nm f or
g t h t pheur al
o B b et Bha B it 5 nBtrE SRRl PRORGARAS: o3
: setmtspllmas mmemnmhanod-s:edrddaé celis i i wegverx gihese édrdign cells aan givegeni t or
-cells. 12. A nethod according to.Claim1ll whet in ther?iele zble mar ker

i stiggppdeLIgMas PQ”'GF IH FE&%‘%"’%&%“’@’&W@ [MAY A€Cording to
d au.ﬁa o ﬁt‘?&@hﬁl% Yuidshce E@e$ HOREhESk MSQ;@ é%éete@%u?a@@ds Sox 3.
P ccor |ng o any of Claims 1 to for generation of cardiac

'pngem&ahtlcmabf the mbmaépme@eﬂmdblngrmlekevenisorezbimweﬁ thesecel | s t hat

expr the. Nkx 2.5 or ,GATA- e.. . A nmet hod.accor any of

o Brefemer SutthergiogerSaina e garon < ndRed iitudt PRt e Chua i o

- reé%ctcaﬂf HEEES3BQ1 &L bRy pé@genbi i Svitro mburatiofEbRachacestell igr to C aim
1 erein the sel ectabl e mar i s expressed 'n cells that express CO841

Co#aneplagtation. 17. A nethod according to any of C ainse 1 to 16 wherein
t he sel-ectable marker is an antibiotic resistance gene and t he net hod
conprises culture in the presence of antibiotic.

The lnventlon apens the way for develapment of human multlpotentlal stem cells

. analogeus to the mouse ES cells of an example above for clinical use in
transp!antatlon Neurodegeneratwe conditions such as Parkinson's -and

‘ Huntington's: diseases are potentially treatable by cell replacement strategies and
present compeﬂlng cases for development of a tenewable stem cell resousce for
production of transplantable celis (Svendsen and Rosser, 1998; Rosenthal, 1988).
The iina.age'sele.ctioﬁ 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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18. A nmethod iccording to Claim5, for obtaining a culture that is
purified or enriched in respect O ventral progenitor cells, wherein the
sel ectable marker is differentially expressed in neyral progenltor cells
and the second sel ectable marker is differentially éXpFexserl2085ventra
progenitor cells. 19. A nethod according to Caim12 wherein the
second sel ectable marker is "differentially expressed in cells that
express Pax-6. 31 20. An assay-28 4 he effect of a factor on a culture of
progenitor cells of a selected |ineage, q§é|31ng :- A(i) introducing
i ntgeadmglt@h,pqx esuaj aaul ﬁa Jse:f@b&a@bel rﬁsﬂ r ﬁsrhansaegsmenfe?ferfhﬁalh ly
expressed in progenit ells of.t se e r thits
expde’ssipﬁﬁ"qfﬁabﬁﬁﬁn I‘? embrypRic ns %f i'} tb "Pé? éetr?’ﬁpg opedrgdgtl vel y
ou o] ngﬁt g@7gene that is differently expressed in cells
_ of Eﬁ%ﬂgéTg%ngB |neegzsognd wherein progenitor cells of the selected
- lineage constitute a sub-set of the cells obtainable fromthe

mul ti pot en f n kBnwftro to
i erof Sphy b ko AL RabbREREN 1 0B, Fetiaron 6 (2
Se' 3..1 ol AGRRBrAY frbAt Smbryd-detived abratetdrsinionsa uell iges eNptiref3Q%e

sel cte i neage, or to induce preferential survival, in a mxed culture
of 265F2560f ceI |s of the selected lineage; and (D) selecting for
progenitor cells of the selected |ineage according to differential
expression of the sel ectable marker introduced in step (i), and culturl ng
t heptdi eby AQPtaadnRd LprEgdnict o1t 9851. | Bheforige @@ﬁeaffqimfaQQFIVﬁt'?%é’ presence

of the factor. 21, An assa or di.n accordi ng
. to empropuichsen eqlisin the ma ?515%1-5 LRF %%‘br’g?#ga#g] g%é& %’G} ? 0 assay
.7 whether the factor has a proliferative, maturation, tOXI c or pr otective

ef fect on progenitor cells of the selected |ineage. 2 As Sl?% accordi ng
to shaie, 22, 10 Sy, Whdlareamaks homdhpes S (bkahq |3é}daB: @eﬂnﬁﬁ ¥i on,-

cytotoxic or .glial protective effect r enber-
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d| fé‘ qgéh%g‘ SApRIL IS, ABSd e9di, UBA SarpB09-dagid.si ng obtaining the cell
a

ccording to any of aims 1 to 17 and freezing the cell in
the pr esence of a cryoprotectant. 25. A nethod of .generating purified

neur ons, obt ai, ni Ag re e I 9sfeen. of 99gur al
pr dﬁ@%‘?‘f’br ﬁh‘@‘g?‘}% st h(gd C%ﬁqgﬁémbfd Cﬁ E‘P{frﬁ; gna(r)b 1$§Wner ein the
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Table 1

Exp'ressio-n of rievroepithelial markers following G418 selection

Markers - - G418 +G418

% positive staihing
{mean +/- SEM]

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. Two -_days later aggregates were trypsinized and the cell suspension

. was platéd on poly-D-lysineftaminin ‘coated substrate in DMEM/E12 PIUSIN.?-

.f_::u

Cultures were fixed 3 hours after plating followed by histochemical staining for f-

galactosidase with X-gal of immunocytochemical staining for Sox1, Sox2 and

nestin with specific antibodies. Positively stained cells were scored ander a 40x

objective, seven to ten fields were counted for each sample. The result is given as '

an average percentage from two independent experiments {*Nestin is expressed

in somitic mesoderm in addition to néuroepithelium).

»
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CLAIMS

1. A method for generating a culture thatris purified or enriched in respect of cells of a

selected lineage, comprising:-

(i) infroducing into a multipotential cell a selectable marker that is differentially
expressed in cells of the selected lineage compared with its éxpression in
other ceils; wherein cells 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.
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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.
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1. A method according to any of Claims 1 to 10, for generating a culture that
is purified or enriched in respect of neurat progenitors, camprising introducing into

~the multipotential cell a selectable marker that is differentially expressed in neural

progenitor cells.

12. A method according to Claimi 11 wherein the selectable marker is expressed

in cells that express a Sox gene.

13. A method according to Claim 12 wherein the Sox gene is selected from Sox

1, Sox 2 and Sox 3.

14. A method according to any of Claims 1 'to 10 for generation of cardiac

progenitor cells, wherein the selectable marker is expressed in cells that express

the Nkx 2.5 or GATA-4 gene.

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

is purlfIEd 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 obtdining a culture that js purified or
enriched’in respect of ventral pragenitor cells, wherein the sélecfable 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 Claim 18 wherein the second selectable marker is

‘dszerenttai!y expressed an cells that éxpress Pax 5.
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20. An assay of the effect of a factor on a culture of progenitor cells of a selected

lineage,; comprising :-

A (i) introducing into a multipctential cell a selectable marker that is differentially .
expressed in progenitor cells of the selected lineage compared with its
expression in other cells, wherein the selectable marker is operatively
coupled to the promoter of a gene that is differently expressed in cells of the
selected lineage, and wherein progenitor cells of the selected lineage

constitute a sub-set of the celis cbtainable from the multipotential cel;

(i) culturing the multipotential cell in vifro 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

m’ixéd culture of celis, 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 characteriseéd 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.
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24. A method of preparing a neural progenitor cell or a differentiated progeny
thereof for storage, comprising obtaining the cell in a method accarding to any of
Claims 1 to 17 and freezing the cell in the presence of a“cryop.rotecfant. |

25. A r;wethod of generating purified neuron's-, comprising obtaining. a cuiture
puﬁﬁed in respect of neural progenitors, using the method of any of Claims 1 to 17
wherein the selectable marker is differentially expressed in cells that express a éox

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

differentiation of the prdgenitor into neurons.



