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WD 2005/ 121318 PCT/ GB2005/ 002289 NEURAL STEM CELLS

The present invention relates to neural stemcells and

to culture conditions and 5 methods of culturing
emcells (NS cells or NSCs) in ord

v%‘%ﬂgl)tuﬁ'I symretrical division and self rene\?é 11’%?20?5(1032289

sten1ce||s Conpositions, cell popul ations, cel

lines and single neural stemcells are al so provided.

Wil e neural stemcells have been purported to be

isolated in vitro froma variety of 10 sources it has

not, to date, been possible to expand the cells in

| arge-scal e cul ture NEURAISSTERM CEERK V- di vi ding,

undi fferentiated state. The | ong-term expansi on of the

cells in this state would be highly desirable, both

TR EHRBRIATE Ridtos 30 el ABR IS arioltuiBle Yoriffions and
raetheds &d cultifing neotal stérn rcallst(NSt ballst dur usasemb otdepete @bmote

e R e N T Y

popaiations caelpinse mndisingle nberbbstegresie Uie RRPUWrBliHeM of
cells, is the neurosphere system This systeminvolves

t he serlal passagi ng of aggregates of heterogeneous

Whild Aeuraf stehi s v baek bﬂ?bort@ﬂ@& b MhIAEE i wﬁs fraRYA %nety of

stemcells. The mpjority I's in neurospheres ar

sshreeshasnst tg ﬁa@% bPepPessittn do exnand the agllsia tﬁmwcaﬂe culture in
ésﬂ@nrﬁ@ﬁrﬁé Iﬁﬂ&i@ﬁi‘tﬂ@’ uﬁ@ﬁefé?ﬂ?iéféka Qtétbyﬂ‘?é loﬂ§ Lﬂél‘?x‘f’%ga%’ngﬁn offhd celis

Hei r erate neu
"I\/B’ﬂ% ﬁ@éféi \A@ulchbe hlgmme)swamp paﬂ'eiroral an exmmmiaiamddherapeuuc

@ﬁ a@nr@eb@%d %19{1% %t:?ﬁ}n%gﬁ 4 n%ﬂﬁﬁg 3#?0@51 fna%lﬁsdlrected

dlffmanhaf_tfoonnmnge tiarae oslptypeesf :ﬁnﬂrom @strdegesend ohgodfendrocyies

significant characterization of the stemcells

. any, wthin neurospheres. Suslov et at 2002. provide

@rieclatowtamattidtedt M@nuﬁ?ﬁétﬂémém%ew SAISSR &S atiifor component in a
e neani ngful characterizati on of

B ero eneous IO en
&ﬁ%{oi}ff Ushapyigfiop ﬁe'fsméhe @@Jrﬁapl@ﬁre@aﬂ@nug hisrfystginvolves
tﬁ@@értéloéaééﬁbh‘ag' f§f é@eﬁa@@t&%@%g&ﬁ ouM f,élisn of which only a tiny

neurosp eres xhibit intr Oonal neur
fiagfion jare deee n&!-'@r%@lﬂywiSe Thehewpjesiniodiaglisiin nevespheres are

cbﬁhml ggﬁ,,#[? and gl | al progenitors in different
‘Sstates of erent| ation" - but also WD -2005/121318

PCTI GB2005/ 002289
There are many reports of the heterogeneity and instability of neurospheres, and

their Iimitgd capacity to generate neurons (e.g. Morshead et al., 2002). Rappa et al.
Neuroscience 2003 report a method for transfecting neurosphere cells by plating
them on fibronectin for 1-7 days then reforming neurospheres but provides no
significant characterization of the stem cells, if any, within neurospheres.

Suslov et al 2002, provide clear data that the neurosphere system is too
heterogeneous to enable meaningful characterization of any stem cells within. The
major conclusions are that not only is there heterogeneity within neurospheres —
“that exhibit intra-clonal neural cell-tineage diversify i.e. they contain, in-addition to
NSCs, neuronal and glial progenitors in different states of differéntiation" ~ but also



10

i5

20

25

30

-2 that large differences exist in gene expression
profiles between different clonal neurosphere I|ines.
Susl ov's gene expression profiling does hot constitute

avdeddspiigon of stemcells within neurospher
explicitly confirmed in the paper. "the nol eI?(SqIQI?zoosmezzsg

phenotypes that were obtained indicate that clonogenic
NSCs in our 5 system are het e50geneous, wi th subsets
reflecting distinct neural deVel opnent al

a/sn ture in.this d. descrj bes
Chariat 5% Alforencés st h UebE biproSsicn) platles boiwgen cifewnt clona
d @é’é‘?%’@r%'masuﬁésl 065 gglhe G*pl‘e%gbﬁ ptdtﬁmﬁg SR SoiFiffle 2afinition
and nestin - note
xtggeﬁigaw'% ﬁé‘éﬁ? 'é%’?éoaﬁ FXPiEa coglimed H’l \?he/@aper— “the
REwar pbaRtypeihthyat WHD@ rdbtdiRed

. P Xtﬁ the haI rk oI néﬁ(p%ggr}ﬁgi bl%ngg WQNSCS in our
%ﬁf% Gt ﬁ Sterogg 8‘2@%9} refigeting N@}Iﬂé&mmbdmlopmental
cohmmitmagtsal gl i a rrar kers. They had het er ogeneous

cultures and carried out no clonal analyses. 15
O heraccounts of radial glia in vitro consider them as

A {,S.
hchoLaRLS b 0 S BeA LR 52 oot ol St o
é@ﬁi Agsen lth‘?— @iturescofrgliabedlisdhateSpredd ﬁFﬂPaarﬁi étémri%my for RC2
R raous- e e 165oei PR 5 98P isThseestin T3 obain v (Rekic,
2003 Tbepipoyt fﬂf':thflrl;?ells égﬂ hbf @f;.‘vli‘iéé; Iaél—xlasr)?%% géé}lrgark of neurogenic
%@%Wéﬁ%ﬁéﬁ s@%&ﬂl gﬁ%) ?aéﬂfi they qaming @omtbsnemmal glia
mﬂmarﬁmlmmtenag@ﬂ@o@%l?ﬂﬁéééné g#’r%dtohu%o c?o%a%nalyses

glia are dlfferentlatlon products neur ospher es,;
concl udi ng that "These results suggest that neura

St 5138 1141 e 5 e 500 B Pt o
éﬁgmgg Riqdusts. %ﬂgs Bibei @%@I Nal Newwpsui, é@li)ﬂ)srapb&tthe@héi'at;on of
gdcel
P bone HamORs ols v BuhsienrbleR by cet, b8 Crandanenddiss
INetose!, gBi 11587601 2008 aasumtemnpmnam tczﬁbaﬁofosmm‘ ) @&8cribe
S 1IN IS i el
R sRor o aiRGonihaipdled et gha Haren et ol gbewsiol, 2001)

sbowibat edial glidacs preBest iAPRArdspABFds, Pr opagat i on of
mul tipotent rat cells "as spherical W 20051121318

- PCT/ GB20051002289
Gregg and Weiss found that radial glia are differentiation products of neurospheres,

concluding that “These resuits suggest that neural stem cells can give rise to RGCs
[radial glia cells] and that RGC-guided migration can be recapitulated in the adult

CNS", The prevailing view is that radial glia are one of the dlﬁerenﬂated cell types
arising from neurospheres.

Liour and Yu (Glia, 2003) show that radial glia cell differentiation can be obtamed

from ES cells, but as with other’ reports in this field do not report expansion of
neurogenic radial glia,

Gobbel et af, Brain Res 2003 report propagation of multipotent rat cells “as spherical
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-3 clusters_ of cells that grew | oosely attached to
the substrate”, i.e. not as uniform nonol ayers.

Further, the abstract of this paper concludes "these

uce post- mitotic cells in approxi Ly 1

ﬁhdoﬁirléé&gl vi sions, thus making expansion dl@{/%?SI&QZSQ
There is extensive gliogenic di fferentl ation in their
cultures, but the authors find 5 "relatively few

(<3% neurons. They provide "o nol ecul ar phenotype of

d b tu f cel |

A f¥irs SR that icirioBtely MaRRSS 1o e Slbardidh Lounetas Gniform

W@lﬁwm Furthelrdhe BBgiRchofthRgRipen mmm&emb Refk ﬁ&%dgce past-
npure, m xe

I 1. nd | at |
RS Bt a B Rl s Seri ot fubeneiing signion diffout
Thees iig le&teneivblghagerﬂh Qﬁffé?éﬁﬂldtl@ﬂ”‘ﬁ%éw cﬁﬁmﬁkcﬁﬁlsﬁ]e éﬁh@:‘é find

ortthorl wl 0 em cel I bi ol og nown
VR (53 BWFE%J@GY%‘{MB l'lﬁ m@em&ﬁ@fml'@neg‘%t@maelr cells.
cells constitute only a snmall fraction of the total

el | s anon progenitors, blast cells and i nmature

V&‘Pf $HRESET g?ﬁfﬁlbﬁﬁ GYures of tells a‘gﬁgrm?ailffmnhﬂte istomeueshs. But
e USRS pOIR B FAR AN rRefthyat® e iped & Effodipl celis and are

am@hyelanmpnte meyest papdilationhe |iterature of deriving

honogenous popul ati ons of neural stemcells fromES
cells, only of deriving neuroepithelial precursor

| Tbelcbﬂce(btahatrmem belis r%@uuﬁe(mvﬂﬁﬂzéllbﬁﬁm&ﬁéﬁ\){rohlﬁfé?&seor niches, is

gﬁg I|aI !f@@wt? ﬁﬁ% Brustle et a
DrBAEERy Moy ool BinboayAin ihewn, ough et abweysackopwiedged, that
it ieurespheréd st@nﬁ cé!l@@@hétﬂu@‘%ﬂiﬁ%"sﬁ'%ﬂ ?rab of thE! 'tdtal cell% Fmongst

cul tniir es . are heterogeneous. has not been
PRJSHEETS: miash calb aph @F@agygtcbfmrﬁntwtaﬁ preganyl ah@eamm;aﬂon of

nikdd é@lﬁﬁrp% nﬁb%}’éo%gu%t 50 c@%‘fbﬁﬂ{é&rﬁan properiion of cells within that

symmetrical 'y-"divi undi tferen

mayHe %Hﬁ@#%ﬁs to culture | arge nunbers of neural

stem cell s have not succeeded beyond 5-20 passages,

and have al so been hindered by a high tendency of the
There aretnp ®pods irf the diteratateof mm(bgﬁhous pbﬁﬂﬂéu@;ﬁb of heural

t, Ils
SRSl i B RO T e e eurdeniBihes pEEcisdt sl that may be
exfidndeidetransient)) LAGIe/bkdmiiy PRA&RANRE/ (B2 BR%stie et al., Science
1099),

Hence 2 number of problems exist in the art.

All reports acknowledge that their cuitures are heterogeneous. It has not been

~ possible to use the neurosphere system to maintain farge scale cultures of neural
- stem cells in a symmetrically-dividing and undifferentiated state. Other attempts to

culture large numbers of neural stem cells have not succeeded beyond 5-20
passages, and have also been hindered by a high tendency of the cells to

differentiate. An exception is work on adult rat hippocampal stem cells, but these are
| ‘-karyotyplcaily abnormal and form neurons at low efficiency.



-4 Wil st transient neural devel opnental precursors
are known, permanent or near- permanent self-renew ng
stemcell s have not been isolated and purified. It is
desired to derive neural stemcells fromES cells, and

whemsmaisng ai n t hese neural stemcells in
pure-cultures, but this is hitherto not possF%T’ng‘i"F""m"
is also desired to derive neural stemcells fromES
cells for transplantation bul_the persistence of ES
\ggﬁm ot her non-neural cells in known ES-derived cell
|teetristams ngling Sielels F%}dﬂ ' LRI ent
Fj%?’l”gﬁl S el S FUTE he?mggtsa? Pe t%f%%{%%ﬁg%ﬁ,réem}e&t orF near-
S DRI RR DB stenm cells bave natkerdisolateat and FhSHedd
conpl ete understandi ng of the nol ecul ar and cel |l ul ar
nts controlling the behaviour of neural stemcells

ev A
'Eﬂi@@éﬁéﬂpid&m Rexrabstem cells fromolBS ecly and Bt b itese neural
] .as..,a framework upon i ch ]
S ol paR: CultuRs, oB A S Rintigld RlpOSbisalt draisn dasirect o derve
newid stem ealls tomf BS wolls foreraRSENItEIRPRk t'ﬁétﬂe?é@tenw%ﬁ ES and
n the

ural stemcells known i

othidk hHﬁ-in’ gga(! @ﬁ%ﬁ%ﬂ@%ﬁ@@m%c@wp&aﬁom givesaisedo fumnours in

art are
regipientranimals. iy @9ith I Vs PES 1PO6Ea | :
foafé?l hgat igﬁns. #& is therefore gﬂlglffr@gﬁﬁgél%gergé)\?gp%mns from
et RodPoshnetebeNS: i ons for cul turi ng large quantities
of neural stemcells that allow the cells to be
Amai nrﬁgti ned in a symmetrical |l y-di-viding, self- renew ng
SPHRete) indegstgadingcodl thel motiesiaradmd: celilbieeoeRB! tdiRblling the

ove requlrenents as-

: . t
- o o B pUE il o [ Sopulily g i e Tonuaderstanding
enyegenasis, dut tdisw as BN adiewalio R WRICR ibutl M8f 8% Bbn be

problens. In a first

isdied ?’g"%@? %%ﬁ‘é%ﬂf,gmg Fihufa-eoapepii appligationsighecuturing

aspec
metbods formistgaistertills kslA th BRP 8Hrb Oy asons descrined above,

-di,vi ding neural stemce

tgicall A g I
""%W? @1’ H§e "{%Bch'ﬂ‘éﬁfﬁlﬂ‘é@nafylmecaﬂdwc applicationsnsisrthetefore

desi i ' id ...
e teiop BB s oy g oot s

stegy cells ihat ailow dhe rmells 40 beamainidined engynametricaliy-dividing, self-
cells to neural

j ' i ati.on, of .the
| :he”gge“ BRSO bRty Bbyihis o siave ooy ulure s srhine meot
e sopve requirenmentk as the usder Glfheat ioRRIGa: -
seﬂﬁg ected cells are’ sgrmet rical Ir;‘égﬁ\?;% gllgﬁgl %%ﬁagr&gtaeﬁqmcal

cells and wherein no nore than

The disclosure herein solves one or more of the above-mentioned problems.

In a first aspect, there is provided a method of obtaining and maintaining a
transfected population ‘of symmetrically-dividing neural stem cells, the method
comprising: (a) transfecting ES cells with a construct encoding a selectable marker A,
wherein said selectable marker A is expressib[é under the control of a neutral stem
. cell-specific promoter; (b) promoting differentiation of the ES cells to neural stem
cells; (c) selecting for cells that express the selectable marker A, wherein at least
80% of the selected cells are symmetrically-dividing neural stem celis and wherein no

more than



da 1% of the selected cells are positive for the
expression of markers for pgrture astrocytes, neurons
or oligodendrocytes; and (d) culturing the sel ected
cells attached to a substrate in a nmedium

1%cohtre Béleged ddll} a8 ;aﬁitivuaiborth@fexgre%hgﬁaéfi Reriead hc\xvamature

ownst ream arec am |
astEHR R O b SRR on " (et odbaneetied Frks aiachec
to ansd%@?al hseme@tm?dludnnc@wtslﬁmgnd(l)alsﬁeﬁilvatbh@ & B@nﬁlﬁr@v ba@day
tion o ells ai na
dofhsPRR Girh Shretnfa? S Sie. BEf et ond O Sncectiaios B sosigngling
patbeby downstreayminerh Bh B H seceploni di ng neural stemcells
and wherein no nore than 1% of the cells are positive

for the expression markers for mature astrocytes,
In angenvod sisped, tbbregedmmhamca/bemlaﬂdh o rfehrdl @te&ﬁ@ﬁﬁtobtélhﬁﬂ@ by

a min 84 8l B el o o HO% i Foli pi. SHTOMaIRgY-
dividiegrresurag tstemm  cellsl andawherathertice mrd) thaiorse of tHWéII%%r@bo&uh@ for
expressi on

f
the £5beB 0% R ford ot R eSS mr e GBd MR ey resdles:
fourth aspect, there is provided a nethod of prepar| ng
in PSS Bectoh BT FravosEe BoABlPE e Rl Spfouneroin s feBst
90% ok said ycetih bie symrgeﬁncalw-dlnddmgofeumut@h céltseél’ltdtwhér%u} Adehore
r { .
tha 1% B sty 3R pBh% BTIFE srelshoh mtkste Teh biEe pplfochtes
neundrisaantiadtipeddndradydeset hod as defined above. In a sixth
aspect, there is provided a neural stemcell

obt ai nabl e by the nethod as defined above, wherein
In aﬂeurtfelabpé(x, thiess #C peovideelda i methbatofi grep&ingosi ndural §tem cell,

corl BB B B e 5 B e i v,

thereby abianmrig agulajraexﬂnahrasstem aatib| and ibSlI8lngC ABGas e cell from

saaoogdlt%@' ng a single neural stemcell, culturing the
neural” stemcell according to step (d) of the nethod
of the first aspect, and thereby obt ai ni ng a

of neural stemc aspe
in AR a8t Iple BaRiooecd bl et el el by e Fintees
defioéd abave. sevent h aspect, wherein the cells are
characterised in that they are positive for the
In a sixth aspect, there is provided a neural stem cell obtainable by the method as

defined above, wherein the cell is characterised in that it is positive for the expression
of the markers RC2, 3CB2 and BLBP.

In a seventh aspect, there is provided a method of establishing a neural stem cell
line, comprising: obtaining a single neural stem cell, culturing the neural stem cell
according to step (d) of the method of the first aspect, and thereby obtaining a
population of neural stem cells.

In an eighth aspect, there is provided a cell line obtainable by the method of the
seventh aspect, wherein the cells are characterised in that they are positive for the
- expression of the markers RC2, 3CB2, Sox-2 and BLBP.



expression of the markers RC2, 3CB2, Sox-2 and BLBP
4b In a ninth aspect, theyg is provided the use of
neural stemcells as present in the populations as
defined in the second aspect, the cell lines as
In slefritnedpéat, thees Bi gotibled aspass of aeural §’d'eﬁg|:§|Isn@éJFr@seﬁtt iANthe
T the fifth o% siﬁth aspect
f OF

ol def.i
poriiation§ 2 SEINST Tl Seiapd epbar Ines @k lediied By the eighth
aspreet) TGDC‘EESBQ!ErMUrMestémSMSﬁ defited iBrtaé mifth rbrtérktﬁsaspbét for the

ect vi de
mab TR OE3 T Ruenraion ot TushrBaiedt a€nogpdssrerative cippases and
brapnpjuheﬁ.l ons as defined in the second aspect, the cell
lines as defined in the eighth aspect, or a single
neural stemcell as defined in the fifth or sixth

In adqre taspedotierd & prg)vidtadaanﬁfeﬂﬁ:tdi rsrgtrér’rsleedﬁﬁgrg%brastsﬁm cells as
sel ect abl e

prefhtf FL b BaBRF Sbideibed PiRFosPiar &5heEt i paLieg s defined

in tioen elig hthtehaeec’roort 4 singlefnediral ste®s vEll SPETINEd th Wacﬂﬁﬁtd? Gixthedebect,

e YR Aol el HEH b el FonsThBacophg esslectable
maykeo B, céerain saidr selecthilen merker BsisxprRBibld Onddrethe control of a

. o]y def i ne n the sec spect, the cell
tssHERHe A, Ml fieoBd "Feeth JAF U tel Bl anel Ryrss the
selentabiamagktee®. cel | as defined in the f| fth or sixth
aspect, further conprising a selectable marker B. In
a twelfth aspect, there is provided a nethod of

In amodles.@ntrr appendr trane rig, prmﬁieécEian nedrBE sthpm Qdell NAKE Ipgtent Sn the
ned. i.n the

] fifth .
ookl HE g AR P FElseEb i A5l LbE Ry s B bl pcl sfonin
asp’ebteofrar smglefrmmralrstem ctiventiéfiregpieche fifth @& dikthrdspest further

confiiigla setlg]??@e lgq{%\rll ded a nmethod of nucl ear

repr gra i sing: obtaining a donor cell;
obtaining a recipient cell; transferring t he nucl eus
I Nt ent wherein the

of the cell he reci

in SP aURe0I 0B 5 ArdNided dimdhd BL BNy Sepingr iR, pherein
the doeorf idctdus ds freimxd heaapste, caliras(ddfhed |rf:l$1|e|hfifm1k:ﬁr%nﬂle dspect or

ing t n the first
°bt?""§%°? £ Hofind B bR retBddet i by i et REPdcti | s as

reprogram the donor cell nucl eus t her eby
ning p r anmed urt ent h aspect,

n *? L‘?ﬂse“tﬂ PR GRS T R sl R fep R arming
conmpuisiogi sbtaigingpr dsnaticefl; ebtaihingd r@@rplﬁnabelb raféfefflgl thé nucleus
of tllre SJ)n%tr ﬁ"rnft(; # rtegr?)rerq cgﬁl \Afr)'r% elilrlr ﬁrteI c?or;ror cell is (i) a neural stem cell
as defined in the fifth or sixth aspect, or (i) a cell obtained according to the method
as defined in the first, fourth or seventh aspect; and culturing the cell so as to
reprogram the donor cell nucleus, thereby obtaining a reprogrammed cell.

In a fourteenth aspect, there is provided a method of reprogramming a cell,
comprising: providing a mixed population of cells; isolating from the mixed population
a cell as defined in the fifth or sixth aspect; and transferring the nucleus of the
isolated cell to a recipient cell.

In a fifteenth aspect, there is provided a method of cloning a non-human animal,

comprising: (i} obtaining a neural stem cell from the non-human animal; (i) obtaining



a cell as defined in the flfth or sixth aspect; and

transferring the nucleus of 4G he isolated cell to a

reci p| ent cell. In a fifteenth aspect there is

a nethod of c on|n a _non

AP L TGS FSURE PR GO B B k) e e s

of frenrduraste@néaithto the |o)ac;ﬂét(ar)nmlpgmﬁﬁg tmc@b@tycéuaeoﬁn tilheinto a

ferpala @e"'esa“ hels H‘&‘ anj qaly éu Qe ten. cell as

epgls (e SPRE THES'SSuY g s NqUlal Sigt o7 5 R APYEl perhed

defitid Dothyt fifth OF gixth agdeattdrng celhebtaindd adoadingdo ithe (ridithgd as
peci es, wherein the neural

deﬁrtx tcﬁ{"g'%effrs o%tq%f%rlﬁteggn @tagﬂs?cgell as defined in the

fifth or sixth aspect, or a cell obtained according to
t I Vv
in 'ér@ﬂg?ﬁtn%pgﬁts t@eﬁé el%?ﬁ)v’iadsédeéj%éth cﬁ)fe oB@Hﬁr‘@nQucrogg &J?ﬁ;n'lsmg (a)
culmfmduatmal shemielis ngth@emesﬁrs:e @‘cﬂrrpaqmls’cgaf (aa) FGE uggaptarrapnd in the
3 Sg&:ﬁ&' Ad‘san' Eeﬁf}éc%&s a9 fihe?ébf%goéun%hngfth%eus in the
receptor énce an agoni st
abgencerad cepaaaist af @n(GF rensptoafandrin toe Bbsﬁnoﬁg)ftameagmnat@f an EGF
Lot _
redeﬁtdr{:\gh%rggéﬁgg%ggi gﬁéﬂ%g%%r%rté oo;?élné”tf‘ Eé@?dlﬁg%e giegr?t’ef'mg as defined
in thiadirsti fourth er pexentl aspegin cel | s are obt ai ned accordi ng
to the nmethod as defined in the first, fourth or
sevent h aspect. Disclosed herein is a nmethod of
Disglosad thierein tida mgﬁmétolf ipcanhotigigvthe| symnodtrices udiasiors oé meural stem

(NRSRhs et sir R S Sl i BIrGSigR' Srfiing's 1oy T g

pat hway dovvnstreamfrom a receptor of the EG- famly;

32\%@? reamfr o‘) %Y‘glr??éégna@ﬁé B?ﬂ?"l"‘la%@%t hvva%%T@ receptor of the

PCT/ GB2005EbFaadg; arnd pref erred enbodi nents, cells are
cultured in the absence of serum e.g. in nediumthat
is free of serumand free of serumextract It is
furtblr mredetivetn of Asignalligd hathVsy dowdsttEss) firh 8 Pk deBeptor.
a substrate, otherwise referred to-as in an adherent
culture. It is also preferred that culture nmedi um
~contains insulin oranother agonist of an insulin
receptor on the cells. In the context of the
invention, it will be appreciated that the term
“pronoting” includes the mai ntenance of the neural
stemcells in a symetrically-dividing state.



Di scl osed herein is the culture nmedia that . supports

and preferably pronotes the self- renewal and

symretrical division of neural stemcells in an
wzobs/ement i at ed state for many passages. Ther/aeeiodoo22s9
substantially.prevents the asymmetrical division and
differentiation of neural stemcells. Further

di scl osed herein are nmethodssaf obtaining neural stem
cells, and specifically as set out in the protocols
herein, and additionally provides cells obtained by

uch meé)ho s..Disclosed herein are neural cell
BbBEﬁfﬁ‘E'? FENboginenis; eelsnare ewiured iimdke absencgefiserur| le.g. in
hicaRfn t ' i GF L
e ds Fo88f SerdRHARd frsh }‘%/‘;[Psgﬁhﬁ st ¢ RPHRE pidterred that

sg‘f-renevvl ng, symmetrica I'vi di ng neudr
cells &re qulvred attaghed tooa subsirateneihkodse feferred torasiimgntduherent

\fk&r is8 : cells, and.
e 168 P B0l ol iR 8bh@ing ool Sppther Regpistor
hingulierecepios ppdhengellssymmet ri cal | y- di vi di ng,
substantially undifferentiated state. Definition

Section "Neural stemcells" W 2005/121318

IPANECRINOS/ QR Sveribe, itetinbeappratiatice that thé “terd *promoting”
descri bes a ceIP

. tn the present ecification

't@ﬁ?e‘? @edaﬂafénanm of thb eyl stprypellsie prsyanetocally-diiding state.
di vi sions whil st maintaining.the potency to generate

both neurons and glia. Preferably, said cells are

capabl e of 5 undergoing greater than 40, nore

&r eferably greater than 50, nost preferably wunlimted
isipsagehareinily thej apitare media dhatstupportehhd preferaligpedietesftne self-
b M4l i - ' L or asymmetrical |y.

e g rmiical YRR ol st h B I nffereffered stae for

R Bassagesf bhenmedia dubsjhantilly [Féverdsitid asyrametithal Sivigion and

- ditiRenRRB Bfﬁéilrglrs?&ﬁgieﬁsor s, though unl ess ot herw se
specified symetrical division refers herein to

symmetrical self renewal; when dividing

FRsRENEL L) ot | stemcell divjdes to form

one daug %eur]j]érfglﬂr g s?%grﬁasc%tfcfb, am'ﬁﬂ(ﬁ‘eaﬁéstemrﬁ?l{st apd specifically
aprsey et trothe(otgeoleiheresim, anchedditionatly providldsadells obtained by such
" niieegnitor). 15 Neural stemcells of the present

I nvention can be described as radial glia, and have

been shown to express at |east one (and preferably
D?gcic)seefhef'é?ﬁ aFeaI‘#élﬁJal c%lll'p%pl']%{icl)(ﬁsr, SE:ompositions, cell lines, clonogenic cell

lines, and single neural stem cells, which comprise self-renewing, symmetrically-
dividing neural stem cells. ' '

_Further disclosed are methods for promoting the differentiatibn of ES cells to neural

stem cells, and methods for maintaining the neural stem cells obtained in a seli-
renewing, symmetrically—dividing, substantially undifferentiated state.

. Definition Section

“Neural stem cells” _
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RC2, 3CB2, G.AST, BLBP and Pax6. Preferably, the
neural stemcells of the invention express RC2, 3CB2
and GLAST. More preferably, the cells express RC2,
3CB2, GLAST, and at | east one of BLBP or Pax-6. Neural
WQERVERIBs of the invention 20 can al so be PCT/GB2005/002289
characterized in that they are positive for the
expression of at |least one (preferably all) of the
neural precursor markers nesfttn or vimentin, the
Lewi sX antigen, Miusashi-1 or prom nin, and negative
for the expression of at |east one (preferably both)

e 6 | - 5 The .
T PR oty SERREICARE B R PRECRL Mol Hpeerngs 2 oot
thatlis capabdamof uridea;oimg“@plawr ﬂra} npabtelt difisidns vbiistrhaiatainigg the

neural cel/l 1

T N AT NN S ———

ustierpolre) beoated thanedd, aeos Preterdbly gfé%téfeﬂﬁﬁd&,gﬁ'lostt Peeferably

ipvention r in their potency and are able t

uaﬁ?’ﬁﬁﬁsé‘i'@?ﬁ?elfe&i‘"ﬁt%‘sall expected cell types. 30

"Sources of neural stemcells"” WO 2005/121318

PCT/ GB2005/ 002289 -7 It is possible to derive neural -
siem eelip fare gapatle of dividing eithersymirgetrioally, or pspmmetrically.

W51 SRS FB, 18l ST i, B e

nedesd giem cells ordwoaommitied pregesito(sEB)ough urntessaithdraiise specified
o EA VI T-IN VPN ically.mdified ES cells). .

sPinifeieduRbiondeRah, el il Sl eriebiah wbgn ogiding

afyrdmetwmzﬂ' iczdly f the nﬁnml stafm celhfiimes Fffdtﬂd I\cliénh daflrgh@ér&m&&éi!:svad cell,
,Qm nopuse, or, hunar etal, cells, ural stemcells

3B ROV EAR PSSR (50 RIMET 8 dFeHiaR AT 4 @Hal Progenior).

humans, primates, rodents, and birds. Preferably, the
l\@gural stemcells are derived frommmmuals, 10

RISt ellspidee pragest iaventiomrmande descrbebarmdial glia, and have

n n : n ; |
oS DS ok AL TALS ki o By 588yl s
'&8@&&‘%’3,3 LASTaBLBPhand diaxBr Preforabh tthe awiunairstem cells of the

N Bk RS ) OB B iy 1 i v
3CB2, GLAST, and at least one of BLBP or Pax-6. Neuraj stem cells of the invention
can also be characterized in that they are positive for the expression of at least one
(preferably all} of the neural precursor markers nestin or vimentin, the LewisX
antigen, I_\A_usashi-*l or prominin, and negative for the expression of at least one
(preferably both) of Oct-4 or Nanog (see also Example 1-3).

The neural stem cells of the invention are by definition multipotent, i.e. they are
capable of differentiatihg into a number of neural cell types (e.g. neurons/glia).
Examples below confirms that neural stem cells cultured according to the methods of
the invention retain their potency and are able to differentiate into all expected cell

types.

“Sources of neural stem ceolls”
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famly of four highly honol ogous transnenbrane .
gl ycoproteins: ErbB-1 (also known as EG--R), ErbB-2,
ErbB-3 and ErbB-4. 20 Reference to an "EG- receptor”

[ ny nononeric or dineric receptor conplex of
t%io%?ﬁi?gceptor fanmily. Each receptor has afCT/GB2005/002289
extracel lular ligand binding donain, a single

hydr ophobi ¢ nmenbr ane- spanni ng donain and a-

cytoplasm c tyrosine Ki nase”fdomain that is 25

responsi bl e for signal transduction through Type-1 )
It i epesible tto rdnriveanauralasiemaealisvofithe tnvedion THom @ mife wariety of

o ARl 18R oS o G P RO b, from
ariulidisauevieom ifetaldissug, or fromsmbryoris stane 406 heplls (either wild-type or
e Ol LA S Byef Pty F b ar LA oty R eRbertn are
datved from ogaa os haman t8kcatls ponare derfesd fibmahouss or lnedn foetal
as 30 W radiation. Each dinmeric receptor initiates a

H §ti nct signalling pathway by recruiting different

SH2- cont ai ni ng effector proteins. For exanple, the

G- R di ner n .conpl e ith the adaptor protein Gh,
g%leral samcells 05 NYRARY SPAbE: evwéﬁ@la*gm%% humens, priinates,
%@gﬁt’gtl%ﬂez %?rdlg.cﬁréﬁ?m%/tﬂg%%ﬁ%i stétn (B Gfe datived 3R mammals,

_ > ex can elther bind directly to
PHESiEHY e Iptsand hwvans.n the receptor, or indirectly
through Shc. These protein interactions bring SOS in
close proximty to Ras, allowing for Ras activation.

EGE Radeptoyufamily)/’ acti vates the ERK and JNK

signalling pathway that in turn activate transcription
factors, such as ¢ 5 fos, AP-1 and El k-1, that

Thegtdrat 'E@ﬁr@c@%@m feAslyQ :@s_uﬁbﬂ ifc€he pmem':: %;B:a:iﬂmﬁom,l dascribes a
ctivate the si.gnal lin t hway, "F receptaor.”

iyl Fecatpire apsiall i men, 8 el Himeti o dsPEEaghich can be

SatRaidd 9k ifamily & EGF BRAaRAY fadlBisbeThe fedaptork aiié madef up of a
t ransnenbr ane FGF recept or tyrosine kinases. There ar

Hagﬁimown

fegnily ofioius highit Rqyealogeus trnsmenaliape glyeopratging: ErpB-
4s E@;ﬁh},lﬁug.@'grﬁg_@\gwgm. in close association

w th the heparin and heparan sul phate (HS) systens.
Reference to an FG- receptor includes any nononeric

i@gggéﬂﬁ%r i B ﬂ{zfeg@&h?r REEBS JanylmonBMREE* o limdle: receptor

receptor fam
complex of the EGF receptor family.

Each receptor has an extracellular ligand binding domain, a single hydrophobic
membyrane-spanning domain and a cytoplasmic tyrosine kinase domain that is
responsible for signal transduction through Type-1 receptor tyrosine kinase activity.
Ligand binding to any of the receptors results in receptor dimerisatiqn and
autophosphorylation, followed by phosphorylation of a number of cellular substrates
leading to an array of biological effects. The receptor dimerisation may be triggered
by various stimuli, including receptor ligands and toxic environmental stimufi such as
UV radiation. Each dimeric receptor initiales a distinct signaliing pathway by
recruiting different SH2-containing effector proteins. For example, the EGF-R dimer
can complex with the adaptor protein Grb, coupledtoa guanine nucleotide releasing
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Cel lul ar signalling pathways associated with FGF
receptors include the MAP ki nase pathway, and the

PLCy pathway. 20 " Culture Media" Culture nedia used
wd 20088218isesent i nvention preferably conprisepa

medi El(rjen2 optionally supplenmented with additiona ?ﬁzﬁﬁgmonsg
conponents. 25 Basal nediumis a nmediumthat supplies
essential sources of carbongand/or vitam ns and/or
mnerals for the neural stemcells. The basal nedium

o808 L S0 Bl 08y 1 ARG Sl ot

imlherrﬁt:embe o dredidestly &ﬁoﬁ@leﬁhca‘ﬂhase protetin n&emﬂom\l\gwsos in

n the.invention no onta conponent s

olgbe PIER Flked @1gwredpy A8 At oR LLB PSR ety Brietes the

ER$< érﬂi NI sigRAMey pathwaviiea e tuevaiRate tr@se:ﬁbmmm such asc-
may contaln undefined or varyi rllq1 g@%ors t

fos, &%aﬁécﬁﬁ el gegdniecgansoemiBssidy They Iscep f%aa" also

abivaAdRIPEOEsiBhaltifg Egﬂ.fwgyl y defined nedia, free of

serum and free of erumextracts, is that efficient
and consi stent protocols for culture and subsequent
%ZH fi‘fd"n of neural stemcells can be derived.
['tar'e §urfaces Typi cal surfaces for culture of the
neural stemcells in all aspects of the invention are

The b P OE, FtEPlor o6 Wrad A srBset SfiaRiens fibdtrives any
rriﬁmt?]émﬁ the fmmglof tr@mtammtir@:se FGFCrugéptﬁlolmihe' kinases. fThem are
SucC a a C | Ssue re

Gl i oRPe} ohiges s PO GER M SR HiemiaaSydie known to ac
Wélb@é‘a@soﬁﬁﬁbﬁ Wfth ek &Sin dhﬂe%ﬁﬁn%fulph%@é fr%)%y@te!ﬁfs Reference

hi s tépe of plate can be used much rge
tca APk rrecemar m#gﬂqse@aamqmome@cmr digesigedromm gr heterodimer)

c%i#{giéﬁcﬁtﬁélﬁﬁﬁqgcgagrf%,}Wer conprise a cell adhesion

tein, usually coateo” onto the surface. Receptors
orot her nol ecul es present on the stemcells bind to

g ARy S U T ol Tanco
pathivedy, and theet BOCp pathesayar e particularly preferred. The

present invention is based on the observation that
culturing neural stemcells

& Cultm"e Media” _

Culture media used in the present invention preferably comprise a basal medium,
optionally supplemented with additional components.

Basal medium is a medium that supplies essential sources of carbon and/or vitamins
and/or minerals for the neural stem cells. The basal medium is generally free of
protein and incapable on its own of supporting self-renewal/symmetrical division of
neural stem cells.

Preferably, culture media used in the invention do not contain any components which
are undefined (e.g. serum and/or feeder cells), that is to say components whose
content is unknown or which may contain undefined or varying factors that are




attached to substrates in nmedia conprising agonists of
the EGF receptor, or agonists of both the EG- and

FGF-2 receptors, pronotes the unlimted, symetri cal
wodngiomisof the stemcells, and substanti al pgr/GB2005/002289
prevents their differentiation into neurons/glia. The
enbodi nents of the various aspects of the invention

are now di scussed in detail -9-Disclosed is a nethod of
pronoting the symretrical division of neural stem (NS)

u&*itesr_iﬁe@om ?Waﬁ@gﬁbf:wﬂg{mu? a%ﬁ'\étﬁﬂnle&ia:, lrr_ea orr%éh't mh nd free of
contal Nl ng. . .actlvator o a Sl gna I N pa wa
SRt i 'grlﬂ %ﬁ?'%'afe%ldcﬁ%ﬁlst% protegols foricufureang apbsequent
220pulibd 1o¥ neGikl SBAPEAISARA4Rderivbd. (D) an activator of

a signalling pathway downstream from an FGF receptor.
Anot her nethod of the invention, for obtaining neural

%@@féegbﬁag@gmri ses: (1) obtaining a m xed popul ation
of cells containing a neural stemcell; 5 (2)

replating the cells in nmediumconprising (a) an

s f ' i N t.hwa downstream, from a
et Bthod oPout At Aok B e SR SR B R ey Shgion are
sulbyreisbirfages yeabgnizad idakis ficldeaidafaforcelialitures AR IYSE include

harvesti ng aggregates of

ul tur i the,cells: (4

SSs’?FPé? °§@'§§@S-r %‘ﬁfajn ¢qrgPe )cmqughi wm@enlgfrﬁ SHHBFG Suely as a

icdissae cuMat f IC@RFhéS ﬁgg@a
p?‘&?glm srece to?*aé?’ ?iﬁ@EGF fgﬂ%wy@gn (bﬁ qg%m%'fcﬁ%tes are
oftep; e &e,if%i'@ﬁ@mafw_g Fopaeaiaay, thisdype of plate cambawsed at
infdh leRfPAAhetofPandibhy Fdtat bitfe Gtd Bsed.”) TP aLing
cells as single cetls 1n'nedium containing (a) an
activator of a signalling 15 pathway downstream from

f 1 : tivat of
The' GAERS Blirtéle 1§ fflor Afldrie 06 bitledth BRdteiapBiail coateo
omtecthensuifade. Receptors uqlixplhemole&dlldlmpréﬁrﬁ?h itﬁwstéﬁfcqufbbrﬁ tothe
[ €SS, a eur stem S CiITILC nuarker, or
P8l SR SR RRfe S st She e progiiine adSasreto th swtaoe and
pafnctes gedweth. Sekfincoatddaihtesare b\é&idurér@wé@hgm emcells

conpared to its expression in differentiated progeny
thereof. Preferably the nethod conprises passagi ng the

"Thé présent invention is based on the obsetvation that culturing neural stem cells
attached to substrates in media comprising agonists of the EGF receptor, or agonists

- of both the EGF and FGF-2 receptors, promotes the unlimited, symmetrical division

of the stem cells, and substantially prevents their differentiation into neurons/glia.

The embodiments of the various aspects of the invention are now discussed in detail.
Disclosed is a method of promoting the symmetrical division of neural stem (NS)

cells, comprising culturing said cells in a medium containing:-

(a) an activator of a signailing pathway downstream from a receptor of the
EGF family; and '
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at or bel ow 65% confl uence, nore preferably at or

bel ow 55% confl uence, especially bel ow 50%

confluence. 25 Orher preferred features of methods of
tion are as set out in the protocols

|n\%‘<]a°r§)t}|¥1§rqii in Exanple 9. The cul tures of t he § 9?&?%?%’1’%‘%‘?””9

are preferably adherent cultures, i.e. the cells are

30 attached to a substrate. The substrate is typically

a surface |n a culture vesselldr anot her physi caI

suppEH9 11 1318 PCT/ GB20051002289 -11- g a

cul t dragﬁlc &s'gnaliing pathyraysiommstreamifiogr an FG receptor.

Preferably, t he substrate is coated to inprove
fﬁ esion of the cells and suitable coatings include

i methg| ) the pvention, frsioptainingneural stevd cgls eamprisest-
{ }?o]@ﬂaﬁﬁr@é %r%d ?&dlélgfn diRng %ﬁtﬁrrﬁﬁga 958?@1 8fepn ?ell

m)noaer cultu not 1 n suspe
(Bhrqpéat@g the sellsrin mﬁdlw‘n chmprraingf(aharg beirvatta'mfratsrgsrmj!mg pathway

ch
Ririshre RV ol oboPb e PP TaRiarel 67 ap agiieticst « sinaling
naﬂma;agrwastrmﬁomm FGFirbecadyst rate. One or nore
' | ways downstream from a receptor of the
@@ﬂﬁjgﬁaﬁk}@?@ﬁ preferably be activated using an
{apoanvestief aguregnepbdelsf the EG- famly. An agoni st

%g Lgrt rece Qr of the EGF fami|y is suitably a
(RLiepiating he e Seerqu&rmpymﬂsmggahan adivetarod psionafling pathway

doelseBaR ok 'aﬂ‘éée;it@r S heS2GF Famgl,! e{:ﬂd"’lﬁ) Qr‘ri’TEBﬁJét&f ofd Ggnalling

EGF receptor. term "agoni st so’ e
Mﬂ‘é%w"?rttﬂﬂ"bﬁOWraﬂ%GﬁﬁC@iW bodi es to or chineras

(@fculﬁ}ﬁﬁ B cdigm |y of signalling factors, and
frag rren? varfants and derivatives thereof capabl e

(B realahng aallsn@s single pelly i ndditrheoEt@minig(d)lay. acﬁ\'r'ataita‘ a signalling

oA 4SiRnstfipin B ARebleF oL the 2 i e b anppibator ot a

sigreiingqraghvEsiFddwikstredaniom. anliPGE réegpbn can be  defined
by 6 cysteine residues that generate three peptide
| oops through the formation of disul phide bonds. 20

Tfﬁleemﬁli‘rde GcFaa :bglc sea:btplgrmpgérﬁ Sy Qéleérﬁfg o8 cIlN AN pF SAEPAAISI stem

I! specrf ¢ marker, for example b%lz Irnkmg expression of such a marker to a
promoter preferentrally active in neural stem cells compared {o its expression in
differentiated prageny thereof. Preferably the method comprises passaging the celis
at or below 65% oonﬂuenee. more preferably at or below 55% confluence, especially

below 50% confluence,
Other preferred features of methods of the invention are as set out in the protocols of

the invention in Exampls 9,

The cultures of the Invention are preferably adherent cultures, i.e. the cells are
attached to a substrate.

The substrate is typically a surface in a culture vessel or another physical support,
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thus of activating pathways downstream of these

receptors, include EGF, TG--a, anphiregulin, heparin

bi ndi ng- EGF, epiregulin, betaceilulin, neuregulins

1-4, and Cripto-1. Preferably, the agonist is EGF
VORBIS{121336 One or nore si gnal | i ng pat hways OR&RIGBI0EHINR289
froma receptor of FGF can preferably be activated

usi ng an agoni st of a receptor of FG-. An agonist of a
receptor of FGF is suitablytta~menber of the FGF

famly of signalling factors. The term "agonist" is

8% @ ¢ultuendish, tadlaekbadmdmmhezceaméus meemtw dh&substrate is

SI gnaﬁ#}'ﬁﬁo‘% a%%rsg Iraeag?@g?%ﬂ tag@;%:%f&g%m&me taminin, poly-

lyemeymlymstmmambelahﬁam&b latso0prefffddipbt e d@lﬁ%@é QFdwn in a
318 PCT/ (B2005/ 002289 -

BPRPEY e AN B0 KBLHT SurEnSoR ATt S dulle s ustereror gells. At
mghénaﬂerﬁmtresF@Eus haybédin Q@ pie mpesﬁ %tagﬁ dihert bﬁmé/ eﬁf;&as are

|I nal | i ng pathway downstream of a rec&eptor
e%%%?l 'ReNlayeT oF bpgHras mAnolgyese, fachad fothe sdspate.

can al so be effected by 5 constitutively active
receptors, or by downstreameffectors (e.g. MEK or

Bap 2y mere ﬁlﬁealﬂ'@snﬁbwamdmwr@hahmfrcan amammmmfnm BGRfamily can

L A o e R TR

ol re(:ppionaﬁthiee':“eﬁﬁémﬂy miu&amy eanembepdsf the EGH sy df3jynaling

S t t he s I I
ERIE A Heteaiy bcs 15 2o Sffa ¢y somain ohipem Gl recopias. The
mmﬂdcﬁﬁét’f alsd Gmbr@:f%flﬁiﬁfé‘ilc@'fbm&@ pRASIRS, Lﬂn%o&i@@ fbbiehitheras of
ct fﬂﬂy@/ naI | ing pat hvvay downst'r eam of
'i?‘ 5&%9 &? si "'“@fﬁftqfﬁ’rﬁﬂd;ffﬂﬂ‘“%%e@ﬂ@mt§ angdegvatives thereof,
t%b!@@f%lﬁl%tmgT@eeﬁﬁsegﬁr,g@@:s]scmq{ the activators in

t he mai ntenance of neural stem ce cultures of the
present invention is denonstrated in Exanples 1-1 and

e rﬁ@!b&%s "{‘Fnéf miE Kip e %@Fcﬁﬂﬂﬁl ﬂg%ﬁ’%a@ ?$c§?|ﬁgcan he

neural stemcell s are"nmal ntai ne
garaderdzepdr timt they avataibat lpast oag aﬂsﬁm{wdamahsThrs domam canbe

bl e/ ff t
(45 5 b0ile Er B R P Bt T ufoen e
formstincef didulphide boads.al stem cell markers i n the cel |

popul ations tested (see Exanple 1-3), and they retain
their potency and are able to differentiate into all

Spapiiiticdnistd dapabRESE deiRthrough receptors of the EGF receptor family, and
thus of activating pathways downstream of these receptors, include EGF, TGF-q,
amphiregulin, heparin binding-EGF, epiregulin, betacellulin, neuregulins 1-4, and

-1

Cripto-1. Preferably, the agonist is EGF itself.

One or more signalling pathways downstream from a receptor of FGF can preferably
be activated using an agonist of a receptor of FGF. An agonist of a recepior of FGF
is suitably a member of the FGF family of signalling factors. The term “agonist” is
also intended to embrace mimetics, fusion proteins, antibodies to or chimeras of the
FGF family of signalling factors, and fragments, variants and derivatives thereof,
capable of aclivating receptors of FGF. |
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20 Exanple 1-4). Thus, the invention provides an
efficient nethod of maintaining |arge popul ati ons of
neural stemcells, in a self-renew ng,

‘%%@%lig%al | y-dividing, undifferentiated st 2%(?’5‘!%05/002239

I'ons of the invention include conpo
conprising neural stemcells, 25 wherein the neura
stern cells are in an adherent culture and at | east
50% 70% or 80% of the cell'®+n the conposition are

eur stemce|ls. The proportion of neural stem
B 8bly e Ratnist opethP L GPpIar is BGEL2,0u dominin-ECF.
preferably at |east 95% very preferably at |east

97% Further, neural stemcells of the invention can
Hyilt PaapRifrchated ihas aciivatipn of a sighalling patbway dowhsttedniner a recepior
. e | east. 30 3
e O PPk i 5 B 88 FRE bl 5hise Be Shected by
genetitytiealy active reesystorsoor by demenst@ai éffedtorsi{bgr MEK0BCI2) of the

B3RS SEeblplE Ay BBblRyS ) DEah S ol websiimentor
the deverdion, thé signallie bbthvar ébelTﬁEﬁJdt&NBth:@!l-)ﬁb%%?alé/@mall

%‘agé@lzls&s PCT/ GB2005/ 002289 - 13- neural” stemcells.
& Which cah ibypasiissiesaprivaresrpteis- andactivate the signaliing
paltarasidifdcaR oTHIS, WWhe présbrtidvehfat, Lf.'l'if farfif "akﬁ?aéof’ embraces all
i nvention, alope or in conbination Al so provided are
"&‘gﬁﬂg'?ﬁ £3RANe ol getivainangianaling pathwey dawnsiresm ofreteptorsiof the
FBR FaMhO6f 18 | | downstream from a
recept(ﬁofe?‘ﬁg%' ?@%ﬂa%&fgg&%{m an activator of a
signal li ng pathway downstream from an FG- receptor.

' A conprise a basal .nmedi ym
ThRerieelpaizs) bEM3 B ine AaRPiaEEe Soginal tpBical Ryures of
tiem preseot m\rpmi;fn_eitsmmorﬁ&%aw intaggmmjegl @«11d{§ﬁc? g;mélbﬁ. HEP, bulk

osition are s rically-dividing neura
=D Siana B R igs Rl o RIS pra BRI AP P somASING EGF
and fGR-2t arh mayess phicalayfy tinds. Moredler, HaR'iS %{;ﬁbibtefm
d&f?e%lﬁraﬁif er ﬁm y f [’ée f rom exogenous genetic materia

CIUIRIGN FhinedIRtER) elana celifeas SistownInY fheabiguitens presance of the
neuil eehetell MatEPntAt LSRpbAlatitins3b &84 fsee Efample 1-3), and they
retain their potency and are able to differentiate into all expected cell types {see
Example 1-4). ' |

Thus, the invention provides an efficient method of maintaining large populations of
neural stem cells, in a self-renewing, symmetrically-dividing, undifferentiated state.
Compositions of the invention include compositions comprising neural stem cells,
wherein the neural stem cells are in an adherent culture and at least 50%, 70% or
80% of the cells in the composition are neural stem celfs. The proportion of neural
stem cells is further preferably at least 90%, more preferably at least 95%, very
preferably at least 97%. Further, neural stem cells of the invention can be passaged
extensively. It is preferred that the neural stem cells have been passaged at least 30
times, more preferably at least 60 times, very preferably at least 90 times. Still
further, in a population of neural cells of the invention at least 80%, preferably at
least 90%, more preferably at least 95%, of said cells are symmetrically-dividing
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20 specific enbodi nents, the neural stemcells of the
popul ati ons/ conpositions are characterized in that
they are positive for the expression of at |east one

v%: he neural precursor markers nestin or vinentin;

Y2 e radial glia cell specific mar KEGTEGHEE5/002289

3CB2, GLAST, BLBP or Pax-6; the Lewi sX antigen; 30
Musashi -1; and WO 2005/ 1213]13 PCT/ G82005/ 002289 - 14-
Promi nin; and are negative™f'8r the expression of at
| east, one of ;.. 5 t4, .and Nanog. Preferably, the

nglifH stelp ge%os.i”i’?' egfsf'%fsh'% sRMBesHaRGaANndie Wrtheceharacenzagay any

abt A Featbfes dﬂh@ﬁﬁ%ﬁti&ﬂ%é@ﬂb%ﬁ%ﬂoﬂna' ly in

addition to the preceding marker profile) the cells
are positive for the expression of at |east one of

ARleEhto - .. markers nestin or
Vi rren%,iia%zgat(i gBL &E@%%nlwth?%rgﬁ%ﬁﬁgseashi -1 or promnin.

In particularly preferred enbodi nents (and optionally
in additi e preceding marker profiles) the
cells areﬁér}]e%g?tlg&eceggr the expression of at |east one
of Cct4 or 15 Nanog. In further enbodi nments

(optionally in addition to the above marker profiles),
Lhe cel | s aRVafiof & sGRaliag pRvwaOWESYRaR i Siscepiorof the
and negatEGEfé@my;tgpﬁ expression of Sox-1. In certain

composi tions/ popul ati ons conpri sing nouse-derived NS
cells, no nore than 20 1% of the cells are positive

for the expa@Aatdrorfbighh ge%’%tlhg:ag Pgﬁﬂ%érﬁfroﬁ%%rﬂyregppton

confirmng that there“is n erentiation
the cells to astrocytes or neurons. In other

b L ons, e than 1: 9% of -
TESERRLASHE B i S B, b Eepipnr
leagt 60%., @S@fgmiw 86%, meare qrefeoublyp 19590 & tils asyiab sten® 2ol the

AR5 S AR Pt el = °°11>

in both the neural cell populations and compositions described above, the neural
stem cel}s are preferabiy free from exogenous genetic material encoding an
oncogene, i.e. that they have not been subjected to immortalisation strategies. In
specific embodiments, the neural stem cells of the populations/compositions are

- characterized in that they are positive for the expression of at least one of:-

the neural precursor markers nestin or vimentin;

Sox-2;

the radial glia cell specific markers RC2, 3CB2, GLAST, BLBP or Pax-6;
the LewisX antigen;

Musashi-t; and
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the rat CNS and using the nethods of the invention
obtained a culture of rat neural stemcells having
the properties of (1) high purity, typically in excess
of 80%or 90% rat neural stemcells, and (iu%rbein
VERPIOSIZ3H gh proportion (a m ni num of 509 JRCT/GBROAFP02289
after many doublings, in excess of 50, in excess of
100, even in excess of 200 30 doublings, retained the
ability to form neurons and1§PTa. In the art cells
fromthe rat were clearly highly heterogenous and

onl yfMNMe adult hi ppocampus. W have not obt ai ned
cells fromthis-source, but instead fromrat CNS. It
Is notable in this respect WO 2005/121718
gdrresegptyoty stspexprassiemat attlerstiomerafd of t he

i nvention has worked across all three species - rat,
nouse, human. It is generally seen that if a single
cel | Qat4,landor m a neural stemcell colony follow ng
the nmethods of the invention then neurons can be
obtained fromcells in that colony. This is neasured
for &emopl e by staining separately for (i) nucle

(i.e. staining all cells) and (ii) neurons (i.e. only
neurons). By conparing the relative nunbers of

 Pybforatsly, eldefis bF@P@éiwroP itﬁme:&frefﬁbh of Rt 3%%%"&’ GLAST. In

neurons can be calculated, D'sclosed Is a

QUi emmkadimanisofongipnallyia addition tahequecsding markeripnofiig) the cells
| . | i t

oAy TR S reRIGTRE PR D AR Pl T M8l Brecursor

e - peslin ¢l Yimentimdthel LewisXobatigery Rlusashial ostpgominin. In

o) ' | ture. Preferabl f he . i sol at ed )
reficuidty SeRdttel) eftbotiicins (hid ShRnave b Suricn % e prepeding
noérkenigrofiles ptheycuiie tare nedativerfocthe ekpfeiieT ofdt 1641 bRE Bf Ofct4 or
_r%g]lls can be used fromwhich to derive neural stern

5. In one nethod, cells are obtained from nervous

tissue of an aninmal and cultured according to the
fo obtain a culture of symmetrically

taflifhar sORdTRants pdipnaltydn pdditiamto theiabeve marker peofites), the colls
agéé Qt?élﬂ‘@!’ot' the exbR&isRIn di S%%?ZFPQ; Hgﬁgé’tlﬁfg%metéxéfééﬁoﬁ%? Sgx-1.In

rom CNS, and symmetric I'ng pop ons
caeainacmpositionsipppulatiensrompising meudsé-deriverkiNS aelis; noahmrs than

TV b S R ST o AR, ert

coolfEnmi Tg thaﬁ}ime lsa‘le:gligb? r:ﬁf&déﬁﬂiaﬁo?df ﬁiehdiéllg lftgbstﬁﬁ:yté‘s% neurons.
ex e cel|s having this phengtype have been o
FRBR rimaeeichsTaSuidlians. fo BT fancioe e iia chie dreiposiive for the

~ expiession dP Gidtars Thinglire BBEGSASY, nsUdArOIGBAS R boytes.

The invention has also been cartied out with rat cells. Thus, we have taken cells from
the rat CNS and using the methods of the invention obtained a culture of rat neural
stem cells having the properties of (i} high purity, typically in excess of 80% or 90%
rat neural stem cells, and (if) being cells a high proportion (a minimum of 50%) of
which after many doublings, in excess of 50, in excess of 100, even in excess of 200 |
doublings, retained the ability to form neurons and glia. In the art cells from the rat

- were clearly highly heterogenous and only from the adult hippocampus. We have not

obtained cells from this source, but instead from rat CNS. It is notable in this respect




stemcells can be obtai ned

sources of cells. Neural
useful for nodeling

from di seased nervous ti ssue,
cells can be obtained frombrain tunours

ase,
g‘L‘fzt\f’ﬂfE"'lspurpose An option is to use the i FCEMEH2005/002289
to derive neural stemcells froma diseased
i ndi vidual then (1) use those cells for assays, or
(ii) carry out genetic nodifil&ation prior to

{BQ? | antation of cells back into that individual.
Mgthadnf dheiavention hesiwbrkedh acasssi dlithrecdspticiod L Ratdmouse,

z hE?ﬁZ"f@%’@%{}” St PR3] 005G 8 e i stem st solony

g P phap g e AL o mGAE 88 be Ao colls
b3 THE ‘S%Eéﬁ%?imr e %LN@&*@HQ S§p@mt@}:e for (i) nuclei (l e.

obtali nimg a nu

saiping all cklls)idntiefip nbineh I
pren: ;’;";;l rirtio ShY, urd B GGG o rlate
non- p %ﬁ?{é g ¥ emﬁ‘?rﬂ%‘@@?ﬁm@&ﬂt@ﬁ@wdm can be calculated,
presence of (a) an agoni st of a signalling pathway

Mr r tor of the EGF fam |y and (b) an
a oni stgggrﬁétgg%r{% ?'?“13&"%‘3{ OHé\/\P\%lt"P'eéﬁ?m oell,acomprising (i)
qut peurel stehe cBI- dbediding. td el SKethHil ﬁ@&érfﬂehya%pve thereby

|s are rempved by this
OS% st B&Lfg%g Eglérﬁgﬂ;?ma?quﬁ AR ise'ating muneeal stegn \faethyom said
°£}’f£,;”@‘“§$e¥f“"‘“ﬂ“?iPif“ﬁé‘?“*-’?ﬂ’é‘sts@s%“%@ﬂsr?%% Hisonea 1o
d EIS? i L?I?F]SBP%FN stemcell, especially an ES or

uita
EG cell. The net hod preferably corrpri ses cul turing
the cell in the presence of an agonist of 15 the EG-

Aot of sourdesof GHls B beQsohifont Whicha6 BHgE p?@%&g@ Gl In

have ob al ne

ceII the i nvention,
. 0'?% @_%ﬂ a’ﬁrﬂpt@@ddfﬂmmﬂww ssuenvioan Biitdal ¥Rd cultured

adb@wﬁn@&; HeNRFENBEH, B'SbiN 4 &ht'y Blas[}irNrHelﬁg@{f(y @H’gﬂ]ﬂt lge%(l}%gstem

ej}wa FGF after "an interv
Cel'fie! Reneryouptissielcanibe froramdulter fautsl tebidi THthervous tissue can
th EGF and  FGF.

e ORISR 03 byl St el ca

obiained fro! axtmetsrtakerstambuh bduleBhd RIBIIONS GFath ipsth ' Aoman and
m&}g I?'ﬁé %}\EP f dff$re%}|at|n the neural stem 'P
n us ssue preierably comprises cells identified as having a radisl
gllal phenotyp_e, for example cells hawng this phenotype have been identified in
extracts from the cerebellum and retina, both of which represent suitable further
sources of cells. Nettral stem cells can be obtained from diseased nervous tissue,
useful for modeling disease, e.g. cells can be obtained from brain tumours for this
purpose.

An option is to use the invention to derive neural stem cells from a dlseased
individual then (r) use those cells for assays, or (i) carry out genetic modification prior
to transplantation of cells back into that individual, Cells may thus be obtained from

_an individual with a neurodegenerative disorder, examples including Alzheimer’s and
Parkinson's diseases; or with a brain tumour.
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neuron, an astrocyte or an oligodendrocyte, and then
further optionally using the neuron, astrocyte or
ol i godendrocyte e.g. in an assay, for transplantation
% 25 ot herwi se. Once a neural stemcell culture has
éMPE8t%at ed, it can then be used to est abf¢EpEBA05/002289
neural stem ceII line. The establishnent of such a
cell line preferably includes the steps of: 30 (a)
obt ai ni ng_a singl e neural stlémrcel I, (b) culturing the
t%'m cell according to any of the nethods WO
?*’1"2& P9 gbeplaippg e4eum stan ceffcopdees:bed
I I
LAl S RS P AR ik i BpEbAA arfifght iy o o

%ﬁl’fﬁﬁlsé‘i'ﬁéiﬁﬂal stemcell used to est ablish the cell
neural . stemce

i, d
(i) it s SR ih fifelom Wi s Ao TR ReNGI BRbEGpotent e
aﬂ‘*""dhe Pmsﬂﬂs@' ofieet) ancgonisboh: signBliag patiway, ddvhﬁstr%bﬁgd:ffa

'RERD! ohE R Broty) g B) 3 aggn el Ea Piandung peifuiam dowftream

dia recefter oEfedT®OGiMBNt S, the neural stemcell line
obt ai ned by the above nethod is a clonal popul ation
of neural stemcells, i.e. wherein all the cells are

IaLeestefalie coﬁtd?r%@h% %1!@5(%%&%:%:! bﬁﬁpﬁ"uﬁ‘&h& or at least

neural stem.cells and I nes (op
sybeiantially redyged ingwreherogivingdepoer mdtsuralaod @neaemdlmmtmgwe

ri%@rdn tﬂ’-fnsgpa‘?ﬂétib e@tt%{%&%mééw a first enbodinent, cell

['ines ar provi erein the cells are maintained
in the presence of an activator of a signalling

[ f th
T StpE e R SR bRt SBRL S, Brme P GBI Col. The
roethod preefe{ably ct:mnprﬁi@E cultaeRy he. cell{in ﬂia’}ﬁbl ls&@ce %f e:nhagomst of
nen e sin ur stemcells an e
t@g&?% f&PePfﬁ’EaE&aP qgioﬂggogt?ng R é%ﬁ?cgﬁ%ﬂ zed in that
they are positlve for the expression of at |east one

Lj)f.: hge ? precursor markers nestin or vinentin;
sing of the invention, we have obtained astrocytes by removing EGF

and FGF and adding serum or BMP4, we have obtained neurons by taking away
EGF, then taking away FGF after an interval of about a week and plating the celis
on laminin and we have obfained oligodendrocytes by taking away both EGF and
FGF. Generally, all methods of the invention used fo generate a neural stem cell
optionally comprise a further step of differentiating the neural stem cell into a
neuron, an astrocyte or an oligedendrocyte, and then further optionally using the
neuron, astrocyte or oligodendrocyte e. g in an assay, for transplantation or
otherwise.

Once a neural stem cell culture has been isolated, it can then be used to
establish a neural stem cell line. The establishment of-éuch a cell line preferably
includes the steps of:-

(a) obtain?ng__a single neural stem cell,

(b}  culturing the neural stem cell according fo any of the methods
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25 Sox-2; the radial cell specific markers RC2, 3CB2,
GLAST, BLBP or Pax-6; the Lewi sX antigen; 30
I\/Usashi 1; and WD 2005/121318 PCT/ GB2005/ 002289 - 18-
gm ni n' and they are negative for the expression of
“é? QY185 e of : - Cct 4, and Nanog.  Pref er aBCHGB2#5/002289
cells are positive for the expression of RC2, 3CB2 and
GLAST. In other enbodi rrents (optionally in additi on
to the preceding nmarker pro 7I—e) the cells are
positive for the expression of at |east one of BLBP,
Pax- 6, -t héescabedPreyiaiish sor narkers nestin or
vinmentin, the Lewi sX antigen, Misashi-1 or promn nin.
In partlcularly referred enbodi nents, (and
apg ihesaby phtaininga tlanebpopuationeofmeaca dterg cetls.ker
profiles) the cells are negative for the expression
of at least one of Oct4 or Nanog In other specific

resgrnificambaditepts, thmeduhgle neurabistein ol Used thestabmtethe cellline is

i et forthe
<R eRE-beg, ol sl Bl pC & Peimel flbra ol dias bes been

cohditiGimed tb divitie ire 8 syminte il SRmAek. m#es%w ﬂ':é aﬁgle ri¥ral stem

nE han | % of the cells are positive
cglisoblalnegacoordipgo the methed dessrbed aboweﬁomrﬁaanr(g@ npural stem
cBiyman) ceII lines, no nore than 1 %of the cells are
positive forthe expression of markers for nature
astrocytes, neurons or oligodendrocytes.

e R Ry ek SR Be s 5%%&3@% gdiod’s
agionsl pepulatien ﬂiahewabstdn’r@llan e nvageinall theeelis bas progsyy of a
sﬁg ‘ﬁeu’?&]t Qﬁ%gusubj ected to immortalisation

egi es is also preferable that the cell [ines
descri bed are neur al st emcell lines. Disclosed is a

SFe e, 98 T G oo BB S methocs
desdribed abova)raisy foem part of the invention. In a first embodiment, cell lines are
provided wherein the cells are maintained in the prasence of an activator of a
signalling pathway downsftream of a receptor of the EGF receptor family, and an
activator of a signalling pathway downstream of an FGF recepior. In other
embodiments, the single neural stem cells and the celis of the cell lines are
characterized in that they are positive for the expression of at least one of:-

the neural precursor markers nestin or vimentin:

Sox-2;

the radial cell specific markers RC2, 3CB2, GLAST, BLBP or Pax-6;
the LewisX antigen;

Musashi-1; and



(a) transfecting ES cells with a construct encoding a
sel ectable marker A, wherein in use said sel ectable
gﬂﬁgﬁ{/%é expressed under the control of a WD

P393 pCT/ GB2005/ 002289 - 19 neural pr eRCKEB005/002289
cell-specific pronmoter; (b) pronoting the
differentiation of the ES cells into neural precursor
cells; 5 (c) selecting for nédal precursor cells that
expregs the selectable marker A; and (d) culturing
the s&I¥BMWY cells according to any of the nethods

previously déscribed. 10 The sel ectabl e marker A may
enagde anti biotic resistance, a cell surface marker or
216ty arcunagative fur the expiessiondé st tdabboheol i n

EP- A-0695351. The neural precursor cell-specific
pronoter nmay be selected fromthe group consisting of
Sox- 10ckh@ng, Sox-3, BLBP and nestin neural enhancer.
Further details of this selection strategy 15 are
provided in Exanple 1-1. The neural stemcells of the
i nvenhNaonog.(i S e. "single neural stemcells, and neura
stem cells present in the conpositions, cell lines
and popul ations of the invention) can be genetically

L T C e ' t f

e e S 61 AT Y o L.

ot l?'é?\’i“ Bﬁ'"&ﬂ%r@gﬂm@ily repddiicmiefthe pret@dtﬂggnamr pio{ﬁ)ﬂﬁBﬁ cells
i a craple. nar r

8 ot i e SAESACAT r STRRE) B BB P b el prévuror

BeRkerRestin o iterdinpthed ewid)CartileAPMBSAShI-TRI sRimiRin, In Pafticularly

orelesel ker B may encode anti bi
or eNeR Z%l'g%[ﬂﬁ 'Pr 5@2(‘1@3@%@52‘@3}1 gdﬁﬂstyh gé?r{e:éeéqiﬁg tagrrﬁ profiles)
thie B6ks aret ngative $61tR6 eRBICBSIRATII K RasBbihd 8Ppei or Nanog.

transfection nethods are known ones, Inc
el ectroporation, |ipofection, necleofection and 30

LT Eog it Southerms Ry it @iion Rape Hhpve fker prottes),
the clisargposiive fantke wxprassion vP382.2, AET HERANRTH6ARB 2]BProssion of
Sox-1. In certain mouse-derived cell lines, no more than 1% of the cells are positive

for the expression of GFAP or 8 M tubulin. In other (e.g. human) cell lines, no more
than 1% of the cells are positive for the expression of markers for mature astrocytes,

‘neurons or oligodendrocytes.,

It is preferable that both the single neural stem cells, and the cells of the cell lines,
are free from exogenous genetic material encoding an oncogene, i.e. thaithey have
‘hot been subjected to immortalisation strategies, It is also preferable that the celf
lines described are neural stem cell fines.

Disclosed is a method of obtaining and maintaining a transfected population of
symmetrically-dividing neural stem cells, comprising:-

(a) transfecting ES cells with a construct encoding a selectable marker A,
wherein in use said selectable marker is expressed under the control of a
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-20 invention therefore provides a single neural stem
cell, or neural stemcells as present in the

conposi tions, populations or cell lines of the
W88 further conprising the construc

be appreci ated that such neural stemcells &:ﬁ;(%z?oggww
conprise selectable marker A, in addition to

sel ectable marker B. 5 As ngém oned previously, the

met hogds of the. invention are”Suitable for use with

neur m, cel | der;ved fromany source. In one
part'?él{fglg‘?ere(é%%? Mg pEompiaient i on provi des a

nmet hod for obtai ning neural stemcells froma source
5@ cel | s%ﬁcco di n% to the nethod, differentiation
) pEAmQtinahe oifarpniibtion sf the-ER oolls into nevEhBrasyrasy cells;
converting ES cells into neural progenitors, e.g. by
culture in a _nonol ayer or enbryoid body
di f 1&) geleriing fonnewabpreaesoc celtsihat expressuihalselectable marker A;
proggpytors in NSA nmedium In addition, it is

contenpl ated that the NSA nedi um may corrpri se
suppl enent al conponents, such as suppl enental gl ucose

mect Gy SO heled i AR 1erBpUES I Ant @b ae mpthdds Previously
al saddseribsdd to pronote this differentiation. In the

presence of NSA and/or glucose and HEPES, the
conditions are such that the propagation of neural

Tiss setectablesmbikef Amymwdnhbbns r&@ﬂﬁﬁc@@c@ﬂ 'sBfEcd Ridfker or

neur al cell present in ture

&Fﬂﬁ?fgﬁ%énéﬁt? ble mprkgras d?ﬁq:rsbade%m ip £H~h-%9§§61&tm¢meural prezarsor
callLsR e ﬂrHﬁt%té?fm%b’é @éfeé 'tllxe°' géﬁ;p%on@ 1%@ ﬁf f:‘.g§q%30x~2

prefera y re pre
hiBF. nE)d‘éﬁ?bﬂ aeqrab eph@waneEumhﬁrtdmémlsdﬂtﬂas Iseleofion birstegy

ar%jj&gﬁed kpggargelgffe{ red enbodi nent, the nethod of

be ‘'used to prepare a popul ation of
synnetrlcally di vi di ng neural stemcells, which are

et A S AN
celié pEega{m;g Irne;hé cBrrpﬁﬁitt@’aSi @e?@ﬁfﬂ peh i Lg?ﬁ:gg ofgﬁerfet;ig@?rﬁ)g?één be
geﬁ‘&ﬂ?% @ﬁ%@eﬁ%{e *qolherg WP RAd dedia Heihed oiiigpeterting the neural

st&ﬁdw‘sbﬁtw;ﬁvé‘mioh%%ﬂmﬁﬁbflg the nethod described in
Exanple 1-5, In the presence of 30 the factor to be

tested. The effect of the factor can be assessed by,

s Ty RanerEnpdRé RoMarih LR L Bondlhitt bhéodiho & Wlectale
marker B and a polypeptide; and '

{b) selecting for neural stem cells that express the selectable marker B.
The selectable marker B may encode antibiotic resistance or a cell surface marker,
and may be the same as or different from selectable marker A. Suitable transfection
methods are known ones, including electroporation, lipofection, necleofection and

retro-and lenti-viral transfection.

The genetically modified neural stem celis alse form part of the invention, and the
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have a simlar marker profile to the cells of the
i nvention, or whether the ES marker WD 2005/121318
PCT/ GB2005/ 002289 -21 profile is maintained. The

fwotzorsg2i3est ed nay be either inductive or blo
factors. There is nuch interest in the use o?éir‘{gg%oo?mnsg

stemcells in the treatnent of neurological and
neur odegener ati ve di seases, apl_brain injuries; in
particular in the treatnent o di seases such as

Pavéntiohahe e tl
sglerosi s ?I]Cga ﬁgdr?;/ otr oﬁ'ﬁ]{;le'ﬂleﬂta? g%?" %%I:T(g rbeﬂo@ stepp gells as present
an‘éé;;] 'l’%ﬁ%m‘l’%%gf Wi;l?ﬁﬂonwtﬂeeg fioes diahé imventiorg firthdre@fprising the
capat e il B abpf Lot R SRR eyl S Pel*sa@am!ﬂeaax comprise
¢aieblemarkerch.un addiioptte B&Bﬁiab[y’ﬁ;aﬂ@[- psuch treat ment.

Partl cul ar neur ol ogi cal / heur odegener ati ve di seases
that can be treated using the invention include:-

P rientomeds privirshe tharpia €
Be ahidh !li_%dr“;‘f?fn ﬁ{éoiﬁ\/?ﬁ%ﬁ aresétfﬂ%lﬁfe for use with

@g 'pésté'?i‘ ?‘%‘Ste ‘ii%s‘}ﬁ efrem @%ése'énca in vae, pait!ﬂ;ulal emuou:ment the
pmpmlhah ipptvidessa '?@étﬁOﬂ‘W@dtﬁig\ﬁgl ﬁe@%@stpﬁf&@%éf' torh A 'Source of ES

deﬁﬁcj ed. . above for cell
e f’%&cP[ﬂ"ég trt mﬁﬁ‘@ﬁaﬂé‘ﬁr&n&:aﬂm of ES ctaﬂeétttmraifstem cells is

P et A i, S o+
ef pEmnbrynist bosty<i lfﬁéren‘liai@hnmd theh clikfe oF ﬁ&ﬁfﬁﬁ_ﬁogemtors in

|Ns‘,r§]4 ﬁ%d@l?ﬁ‘?vlﬁ éiﬁﬂﬁ?\o Fp% {éin e;pg a]q%gllpfé ”tsi;‘i rlnggqqm may comprise

pEentah coafponkatsi, Bueltdsosy Medtal Bfico8s!
|1 S rra'jrprpgl I an, rmrg parng QEP%S As an

%"‘%g\?eb &%?d'? G’eﬂ”%?éwlegé%m?dﬁ) sHepPaented with giaeosmm HEPES

smwsotbe mdsum@ﬁgfgih,sld}ﬁé}gh%mryom c and adul t
CNS and is described in nore detail in Exanple 1-6.

The cells of the invention, and in particular the cell

I d

ch Bl Gek na T acore GRERS b PSS Bl ol PR et
EParoion o newir! stemepiisdsiayowey, witintivel stleted advasthiethatany non-
RAIaPEelS (R lin ﬂfgc I{Eﬁ?}: %%g%lg( %Spﬁl“étr? es%g]}slabsitgnhally

t he conp03|t|ons
RYTR GHBIRAS newrabstem asi (3. vattdast BO%, bRstérably S0 more preferably

SO S0 S0 RS 56l it moto

~suitably assessed by determ ning the marker profile of

el | 0. show whet her the cells
ih%\efé as |dtn‘$}ﬁé?& f{é‘f’e BTE'ZWJ of Exanaple 1@ may ke userbto prepare a
Population of symmetrically-dividing neural stem cells, which are subsequently
maintained using any. of the culturing methods of the invention described ahove,

The method of Example 1-5 can also be used to assay for the effect of factors on the

differentiation of ES cells into neural stem cells. In a preferred assay embodiment

ES cells are cultured using the method described in Example 1-5, in the presence of
the factor to be tested. The effect of the factor can be assessed by, for example,
determining the marker profile of the resultant cells, i.e. to show whether the cells
have a similar marker profile to the cells of the invention, or whether the ES marker




I nvention, or whether these markers have been | ost.

The cells of the invention are WO 2005/121318

PCT/ GB2005/ 002289 -22 al so suitable for assaying
WOaPHHEBIE | cal s. To assess the proportion of pPEBGCB205/002289
that will formneurons or glia, cells are propagated
clonally; cells are plated individually and not all

cells formclonal col onies Jdpt—-of those 5 which do
generally in excess of 50%w ||l nmake neurons (under
prioéiledip praipteinad €T b fateotdstal mg}, b8 eltRerdhductNB &R biddRfg factors,
appropriate protocol). The cells are distinguished
fromthe art as while the art alleges identification

THers irmeveintdarestindaiusebf Abuffsio caBifhe %ﬁﬁaﬁﬁig/ﬁf Heurological

stemcell properties the populations were
ik RewRdeasinerative gjsgapes. and hrpiprnjures; i partiodar iorthafreatment of

di u j ' e 4 i rqQyi,de 10 .
AISRIAD FRA S PeRlitedrt aHTAP Rt 8 IR, Hiifie Soterosis and
amyatiaphicdatesl selerasis. I heinsthads) compbitions, celtispulativnef cell lines

; [ f [1s. Wil h ior.
PRGBS A8 R A 58 AiCraritie BB beeiip suen

treatment; lee well vt iro thee madiugactgrnef Préitat®ing for sucl'} I’treal'tmer'ot.
cell's.

Lally. pure ul ations fromindi vi dua S..
P%g‘*?‘i?@ D gupotegicaliey angrptive diseasgs thatyean, be freated using the
inlention hedudel- PaRGnstRiR dischbe AMoforatBIrén dRelRW: sf’rbke.'\ﬁultiple
cel | .col gnies. produce 15% or greater, preferably at
SF'&E%SES@B%"W Et""ﬁrcg’ﬁ%’#s@ol y about 20 to 30% TuJ
positive neurons. In higher density cultures we have
counted TuJ positive cells. 35% of LC1 NS cells
acqui red neuronal norphol ogy and expressed beta

Disklosbyu f -Das e onger. t han one year.-
oS AR I, PR FEHBL oL LB ot o ngtral oels and
cwmﬁg_skﬂeﬁgy@eafmet_fdrscat ?lgagpjégndit mrfﬂqetmﬁrqmure of a

HRB Bkt ata indicate tha her e was
PO Y e ER S R b e sBratF cfsPasenaid witimiuries. Such
PIEP@@tiproMaY be ferowuladechiet phosphate blufersatsamib (FEad) s of the

i nvention can be grown wi thout co-culture with

het er ol ogous cells and 25 w thout undefined

et er o | | def i ned :
G0 ot o R B i 94 B
of sinale gl coll Hpes. snmpasttions, los colbipnpelatiorel bbthienigvehiton into a

ooBHE P 1 it Rl A B S

Slﬁhﬁgﬁpﬁﬁ@tmdi_aalbréégimowgrtb bembésstﬁmh l@clnlﬁ %:ﬂﬁbryonic anld aduit
,Nng. M Nl M e e on extrace ular signals
CRS RO 85t ] fipre ARG Exampie T2,

The cells of the invention, and In particular the cell Jines, can be used fo assay the
effect of inductive or blocking factors on the differentiation of neural stem cells. Such
an assay knay comprise contacﬁng a hewral stem cell of the invention (i.e. as present
in the compositions, cell lines, and populations, or a single neural stem cell} with the
factor to be tested. The effect of the factor on the differentiation of the neural stem
, cell can be suitably assessed by determining the marker profile of the resultant cells,
i.e. to show whether the cells have a similar marker profile to the cells of the
invention, or whether these markers have been lost. The cells of the invention are
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30 that essential extrinsic self-renewal signals for
the NSCs can be reduced to EGF and FG- in vitro. WD
20051121318 PCT/ GB2005/ 002289 -23 In further

ReHARNRES 1 lustrated in an exanple in nor %%ai |
substantially every colony, that is at Ieas,?’C 2005/002289

preferably at |east 95% nore preferably at |east 97%

of colonies that devel op fu@n plating single cells
(1) show identical honbgenol expressi on of neural

mar ker.s and absence of differentiation
%?%@{%ﬁ%ﬁ Cliseaying PNaMgeuticals. (i) generate neurons '’

on growh factor withdrawal . In a specific exanple,
perties. This is evidence

ver had t hese 0
B?Séiﬁ-h% Qpgricnpircelis E‘\@éw& fornepeuions mbgka, cells aref propagated
cleh@l é’{%&ﬁ& !
yc i Wﬁta‘fé’d igt@gf@ggﬁ ﬁ’% sfﬁ%'eh? ﬁhég&{n%?céf@@% butofthose
B Bé{q ganerrily kp axerss| of 5Qhovill frealkennéuroes (undanthesappropriate

BREITE ot el B HRIAPESLOEEN) ToB e igpauisnec
fipmnrhe net a9svhitsptieaart altegeﬁodemifba‘tmmf aﬂme\@ﬁmpagammf cells

T AN Y N .
Ttms e an iregoitatdistirption at Qﬁp@:@ popifations lh(ﬂﬁde @eﬂs \,\“ﬁh"”ﬁ provide

b JI ent cell or foetia anl a nei thero
g ’i lﬂf@?éﬁ?‘af’}'{‘q PRSI ce %Whlcb ﬁg@ma’&@ﬁ‘» diffprerdigtion and further
oIy Rk [Sopbrtibe Qﬁ\h%hrdl‘éﬁim *&%Hfr\ﬂﬂ ﬁnélhﬁrt Ih“%thocfs canp

cell cultures. 15 Specif

mpé‘%‘l’ﬁﬂbe@ﬁgﬁpﬁb@dg&@i celiadhe Imlor@m;gnes generatlon of
d
@%ﬁg?gg@?ﬂe\r})gp?or &%?oﬁ?é%féugg n1 agndalr:’?om nin.

Preferably they do not express Sox1l and are negative

ihYarti #P arliMENE M e @(}% gs%@)ee ?in Ig?q{ée eéaélr%an example

plurlp ency markers an
hedgwrall Néecallooalenies pmuwe&%&br gresiar, q&bferéiﬂ?éﬁreb@lf 20%, more

HERERLY Pl 2010 SR 10 st Rpmicisdibarfonaleaiuies we have

Cometeid Tull pusithvbael£:36% /T EPRSIcels #E4uiRkAndTRG oRsith
new, ’ and |nnd| cd;a:lgis theildt)dyand

NS .cell redicted,
b doee Tt Heer 106 PB¥sages IgneRyxthanetip yeabe anatinuous
cuttodu Thisye celfbretained a diploid karyotype at this stage. LC1 is an uncloned

populatlon Therefore the data indicate that there was minimal selective pressure for
ghal—restncted precurscrs or for genetic transformation.

- Cells of the invention can be grown without co-culture with heterofogous cells and

without undefined conditioned media, extracellular matrix fractions or serum, a
feature not previously shown for any stem cell type other than ES cells. Hence
following the invention, neural stem cells are preferably grown in homogenous
culture in defined conditions. Even a single NSC isolated in a microwell can expand,
indicating minimal dependence on extracellular signals other than EGF and FGF and

that essential extrinsic self-renewal signals for the NSCs can be reduced to EGF and

FGF in vitro.
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In further enbodi nents of the invention NS cells,
exenplified by ES cell-derived uncloned (CGR8-NS) and
cloned (NS5) NS |ines and foetal cortex-derived

oo heaesisig Coi | ) and cloned (Coil-3) NS |ine
expression of radial giia mrkers 3CB2, BLB&C@@I’F{GOM”

Nestin, RC2 and Vinentin in culture. Expression of
GFAP is 30 preferably in fev than 10% nore
preferably fewerthan 5% espeéially in fewer than 2%

0 f@r&iér %rﬂHbd?rﬁ%tQ‘;lluEﬂStEﬁ \}\éérln E¥hTRia ih rr]rﬁcgr\gg%?qlh subsiaptistly every

exarrp e expr essSi on
celony, thwe:s Iaékeestaﬂ!@é prhfenablyai !éastf%%ﬂ Wﬁ@%%r%réﬁly éﬁééét 87% of

oAt didn o Z'PPMOOZ > el (showr foasgeal amegsnous

csplessiahtod melif prﬁaﬁﬁﬁfgﬁﬁrkéf&délﬁﬂé?%cbrtﬁﬁihrﬁegs?ﬁr\]é\jﬁgﬁ%érkers in

@@W% fﬂ"ﬁét%géﬁmf@ﬁﬁteg%émngm fachor wathtirawed. Ina@ specific
examples evayiolbnyddihese HRMefih. HEE%\H& oty ngmmetncal self-

expre GEAP and pill-tu assa
5?’8?"@? rhegmgla, QP aé@%ﬁ@l@m@@s&amn aopmkﬂmdam gelbdultares were
o9

oRpaapia 6 QBTG TSNS L Sar oo rpspoai
f'd'@c@[qné'ateﬁrféﬂ@ﬂ%fmm M85ehowd dmt 206 elbn@gérh:é ceW?ar'éaét@m cells

RT- PCR
SR8 I In Sl huPRRl St R iporiS i dhe Nobposiaiare Feamally an
ingeasisp umsherrmmunmemcaﬁ mama tivd nfeRBGh&E: 88n&w deheration or
@G%Iﬁ car chdi Iout metrl x (RTM expression
%ﬁ?ﬁ“ﬂ N WEHIYIRIRES The %%fdﬁﬁlélfftﬁa preriaeell source i.e. a
P'“WBDWB"@' a fbétﬁmﬁg@héit@?@f @ﬁféﬁ'&‘i‘é b@s@ﬁt if ‘PI‘E?‘NchP MEultures

%%&g ession ri and radial glia mar
o PR Y E%ﬁ‘ e ﬁft%ml@E@e @sgingdn theodSatell cultures.
cortex-derived,.and clonal foetal cortex-derived). 15
%ai“}g% ceIIs by differentiation fromES cells -
G %9 % Obfainerty aﬁﬁxnmferbeigdw exwesﬁt?ﬂ F’gfﬁﬁ Emx2, Olig1,
Q INH&BHS e refera
Wi, H BEQP G?_'AtSTC Withldhd, 4 aid ar agiiye o nﬁ{% 3cB2,

a step of a neurosph
SEEA), pad B@rom-rﬂnd?r@farauy ithoay dd noeé*meés 863(13 Bhdafy negatwe for

t I
AR Rk A N okl o
prﬂiﬁﬁméw.e\Neamdte(ndlmamdMWﬁfc%ﬁ cﬁgﬂaeié:\ I.é‘inagkémnng
ave found in exa
éﬁﬁ% 'tdéw-fl?Qm@ﬂp%iq?ﬁﬂ%&glly{fé@ogﬁﬁggg Bxydvo, as is the case \m%h ES cells.
The finding that Sox1 expression was not maintained in the NS cells is new,

unpredicted, and indicates that continuous lineage selection using Sox1 would not be
productive.

In further embodiments of the invention NS cells, exemplified by ES celi—derwed
uncloned (CGR8-NS)and cloned (NS5) NS lines and foeta cortex-derived uncloned
(Cor1} and cloned (Cor1-3) NS lines, show expression of radial gila markers 3CB2,
BLBP, GLAST, Nestin, RC2 and Vimentin in culture. Expression of GFAP is
preferably in fewer than 10%, more preferably fewer than 5% especially in fewer than
2% of calls in any of these cultures. In a specific example GFAP expression was
seen in fewer than 1% of cells. We have also shown uniform expression of nestin
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can be attached to gelatin-coated plastic and NS cells
will then grow out. We determ ned the proportion of
neurons and astrocytes generated at early and late 25
WoSS 19f cells of the invention, specifi cg+

the LC1L NS cells at passages 8 and 115. The é@?é’?g’“mmg
culture represents 12 nonths of expansion with a

- doubling period of 24 hour_ 4There is a nodest

decline In the nunber of nedtons obtained at |ate

TR e Ssalel 1 AR PP BBy Pl cAloetven KIS B ager 15

Qﬁ%ﬁgﬂ; a‘rdutaémglthatf thaeNBOcEE)ll pnérfofweei@t stable O Pretbirk§ IcBIE Yf the

B il gied T Eslaang 6URoRUTHG 10 peasNestin and RC2
driee(2) GbntiNGeaRt toﬁemsa@mpfaaﬂ phPRiba®h bfter J0P4486580 breferably

n vivo dat a, show ext ensi ve
qj‘{]qrﬁgr RASSRGRS, FIPTB PN fﬁ‘b‘h@ﬁ?ro‘r@ pRRpagss Noyexyessien of GFAP
atlet @etaew—tlwahﬁ %’ifn&%}% cﬁr ib @E DRl 4B geﬁgﬁ cHifd, Poferably

LCL NS cel | r own e passages,
fewshthancSe Ofﬁﬁf{fih GFP lentivirus and expanded further
before transplantation. In cbnbination with the
uniformty of radial glia marker expression, the data
We havelsagied dut analysis aia Ri-ROR eviictatorfiienied hbsenw?d»f otent

ragodda ot Sob@ikraR] Spod %F?r?frh@hﬁ&éfacciwa%’é SpeiEs N5<chls. We
havenalsoessridd ot W@me@hx ARTIN ORHERAH phANAG. thAE cORRHAR the

NS cel |5, obtai ne dlfferentlatlon rom
D31 inefck ERpARpEAe ANt b AmdlemansuRIesconsisent &kpression

cﬁweumamracm gl markeRe tethrde WierBRi 199 cBi éI!iuP&&(rEfsdeﬁ\r&? foetal
cel | s, whi woul d give rise to nacroscopic te
Wﬁﬂ?ﬂﬁe"&/@é‘ﬂﬁqw ?Q?éﬂ]rﬁ@dé&demmdir ain. The present

invention. also relates to nuclear reprogranming
net hods and to cells and ani mals obtained via those
NS

: eellspyaliéerentiafiondyra kS magls lpsaferaqubmmlses Mmaintaining
t e | oONn
s L K3 AP 5 rfo BB B oroming
awo@u@md&bweashnbtmanMueum @iﬁamltnamﬁq @rfceals. ﬁ@h-l primary
er .a CQ et

Bl 1503as G Rl 2B B8 antionalic cstmbriges ) st forting
spbpension aygregate brandufcsphéw \Agmf%ﬂggutféﬁug{\%ﬁ?ahﬁﬁﬁﬁ‘tﬁb celis
s St IR Ak oy eaples inBtariar adew das o agoregates
cen babitiaghed!td gelbiiecadtbd PRtk aRaRS Wals' will then grow out.

We determined the proportion of neurons and astrocytes generated at early and late
passages of cells of the invention, specifically for the LC1 NS cells at passages 8
and 115. The latter culture represents 12 months of expansion with a doubling period
of 24 hours. There is a modest decline in the number of neurons obtained at late
passage, but this still totals >35%. The NS5 clonal line, independently derived from
46C ES cells, shows a similar level of neuronal differentiation efficiency at passage
30. Generation of GFAP immunoreactive astrocytes approached 100% at both timé
points for the LC1 NS cells and also for NS5 cells. Furthermore, the in vivo data,
which show extensive differentiation of both neurons and astrocytes, were obtained
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publicized after the invention described in WO

96/ 07732, sonetine referred to as the "Dolly the
sheep".invention. Nuclear transfer can thus be used to
wo 20§17798- human — ani mal's. 25 Nucl ear transf g 5‘%%&2289
have a nunber of problems. Primarily they renaln 0

low efficiency, in that the cells obtained are rarely
reprogrammed so as to be tryly pluripotent. It is

al so desirable to be able i® carry out genetic

bR EHNE iR ot OF mufitic BeSsles et readiipa it GRPentivirus

arld)expamtesll faHhertrefore tr&ns@laméﬂc@l o BorhBinktien dith fth@ uhwmlty of

i,n,oht ai nin ul ati ons of donor 30 nucl

reglpl A ARG sxeieogel B Sla oo siabln diprenyatien IRatatal for the

UREIIRBGERC P NSCRYS rfdffcatd (hak aBREHdht QLIRS FEY N4 B favours stem
cegl qql?fsr@uLaStl ES cells fromsonme species remain

ewal gl suppregses ﬂgmm@neetﬁp@ihahwﬂh gr cewbnalates,
if such were available and reliable, may
WO. 2005/ 121318 PCT/ GB2005/ 002289 -26 offer an
Werfound biS aﬁélsmhiaieed by giffarentiatientfrane ESwceils, aobilebis transplanted

the.discl re.al to
witRSf iGrinatot h Wio G 28 F DR B suvieid. i BolFaidli bt s
cedla avtich wooldi gi\ce ssB ot haaosthsic eratonfgowitith Aokeekstii the mouse
br' vention provi des a nethod of nucl ear reprogranmmi ng,
érein the donor nucleus is obtained froma neural
stemcell of the invention. Neural stemcells of the
i nventi on have tfeen found to be reprogranmable at hig

Tha prespatisyentionplse rriales fe nupisaniepmgrpmeing methads and & eets

arff AhiflafNdbthPRHYH MBS RbthedHod and  also facilitates
production of genetically nodified reprogramed cells,

especially pluripotent stemcell, of many species.

TR mtnd & BERAGE ok PG RIS o1 a,cpat oo
opfienally 8 stamigeilloati termiobiydifferqriiatdcacalip i:srecpfograh-lmecbem as to

ooy 8 L bl i R AL TS84 Bttt

repogsarbhedtmiclets aictsfas the lmualeusbeabmipb&n@cﬂmm rR@rdgramming

s o BrERAE 16 udan, BHPOOHBIG "l M1 Wik do e IR Mathods o

reph@t'amhmg by AlcISdr teatistat 4v8 @véﬁ%ﬁﬁbﬁbﬁ@d hﬂhé%\?leéﬂosbétfame well
pqtlyﬂgr' nv on described herein can omtted,

g a %fé Hventiegessabed WG QﬂlfP?eT&ZL gorpetime ﬁefﬁﬁ%@ as the
"DBWtHe?éHe%B"_lrﬁt_aﬁaon. Nuclear transfer can thus be used fo clone non-human

animals.

Nuclear transfer methods have a number of problems. Primarily they remain of iow
efficiency, in that the cells obtained are rarely reprogrammed so as to be truly
pluripotent. It is also desirable 1o be able to carry out genetic manipulation on the
nucleus as part of the reprogramming. But, at present this manipulation is not
possible or is unreliable due to the difficulty in obtaining clonal populations of donor
nuclei, Even with clonal nuclei the reprogramming methods are compléx procedures
that require many individual steps. Lastly, ES celis from some species remain difficult
to isolate. Using reprogramming techniques, if such were available and refiabie, may



a brain honogenate. A nmethod of nucl ear reprogranmm ng
i s hence provided herein, wherein the donor nucleus
is froma neural stemcell obtained according to any
HBEWPHEAE or aspect of the invention. A parRGHGBHPS002289

met hod of nucl ear reprogranm ng, conprises:- -

obtai ning a donor cell; - obtaining a recipient cell
- transferring the nucl eus %6 the donor cell into the
reci pient cell, wherein the donor cell is (i) a

pler-an altgraativediopte torplyrinofent cells in hpsaFRR@eRccor ding to

a nmethod of the invention; and WD 2005/121318

PCT/ GB2005/ 002289 -27 culturing the cell so as to

Ferihes gmbedinantsiehibe dissiasuraiaimsute, provids altlgrativeaappirsaghas o the

SISVEABEHEME And & hrovilBRoRMEhER&GE, the recipient cell
wi Il generally be renoved at one stage in the 5

process so the resulting cell is diploid, this is done
tional ly prior: to transfer of the donor cell . .

Rlaraliglvedhe Toystiien Bravjea Bpt R gl SHepE P GE B, Wherein the

§&1dr nrdllus IS obiaMRdFforh Behdufdl Btéih Idel 8f MRSiRVetidr. | es

offered by NS cells of the invention is to introduce

genetic lesions e.g. that may induce malignancy. A

ﬁﬁﬁ@h%npe&nsocff thé irfJéHﬁoﬁ gﬁvel Be8f ﬁgfnid%' ddew NrBHinfdtfe at high
t he donor cel nucl eus. I'S can be used to Introduce
efficianty and bengethesnntipn peavidas areefficienregmgsemmingepihod and

i PGS uip s Bl onlBR rUERAR R O bibociay
pravipgientdtemncell, dhmangspecie$. Tise abilityaviadheiisvesntida, toQprepagate
68ieBnC el Sopa vanasDeses Bt HF ogtrue R iation cional
| RUNRIOBE df Wells CAE bdosttainea) All Withrthé lsakfe %mfmhoﬂmaﬁon. and

drug screening, A further option is to obtain an
ufieda rerregram@inggnethodsye derived fromthe
reprogranmed cell and carry out an assay using the
tissue. It is preferred that the cell is reprogrammed
Ihiscitsa possihle tapidestityneusalglern weliniateanding to thespreseneq of specific

: . ) .
] oBR Frerfi R i Ao BTOARETE S S 1S o tatne
" step of culturing according to aspects of the invention described herein can be
omitted, as the neural stem cell can be picked directly from a mixed population, e.g.

a brain homogenate.

A method of nuclear reprogramming is hence provided herein, wherein the donor
nucleus is from a neural stem cell obtained according to any embodiment or aspect

 of the invention.

- A particutar method of nuclear repregramming, comptises:-
- obtaining a donor cell;
- obtaining a recipient cell;
- fransferring the nucleus of the donor cell into the recipient cell, wherein the donor
cell is (i) a neural stem cell, or (ii} a cell obtained according to a method of the

invention; and
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the invention of cell surface nakers in the desired
neural stemcells allows om ssion of cultures steps
ot herwi se needed to isolate a neural stem cell from a

pul ati on. One such reprogramm ng neth
vg%fn(%?/lusg@ providing a mxed population of cPéin%B2"°5’°”2289

i solating a neural stemcell from the m xed popul ati on
based 25 upon its cell surf mar ker profile, and :
transferring the nucl eus of he isolated cell to a

r 264 .Ri with the_ other nethods, th

 Gliuibg Q{ec‘g‘?q‘ &% Sﬁ%% Lenyegran the) fﬂiﬂ%&ﬁ}' auplsuﬁothsmyrotxt@fmng a
reprogsdramedrgdli ts nucl eus to the recipient cell. Also,

the isolated cell can be cultured to 30 obtain a

cl onal popul ation of cells prior to transfer of the

Tl o ne of GRereuiont (olf 89 afiePilabe 2mbsd 68 opg stagg n the
AMACTRS SO %f%ﬁq ltinggelids giplaiditthisris done aptiansily griof totttensfer of the

+ GemOPOH) Rlous sty QoRP AU BAToral W A SRR B2

etc obtained therefromcan be used forthe screening,

L e TS ST -
ganatum iesionse e.g. Gt'tlate m@nugiachcarmgﬁgnarﬁggfgﬁrﬂ%rﬁ%&% fs" $0s 1o
kI matipkibte 35¢ ERier REL clpubo R oo ba Need 1o intraduce
rmtagmmnmés iof frﬁ@@eﬁ‘@ﬁg td §éndiafelbes o?%nﬁx‘?@s ' RE5yd 6 other

lieved t arent to all, but in
{6 AUCSEe WDistein APRGRly otesls acs oltaaor sl wit tersamo aerpuitn,
T‘ﬂiefréﬁgeﬁﬁhlhahl?dla%ﬁ@@ﬂiﬁet bf'r?,ee%m tfs}ftg n#t%u‘i:gga cﬁgease-éausmg

@q resence o
9&89 FROHPREE arR ﬁlﬁ‘@ﬂtﬁ digeaseneatfsing ganetio sequermeliﬂto the dbor cell

nBFI%\E/}? g.bégﬁﬁ \f:a{ﬁ %ésrbgr‘ﬁlgg{ E%Sf#tm q%) q&t%@fg%(ﬁmmal comprising

T'éﬁiﬁaﬁ’&ﬂé'ad fpm the reprograrmed aeiblammarl‘y daanksesy 0% fHeQﬂsue i
di t I

i BeASre ok TS 281 1€ RerTibimrRatirRr B0 eBcts: A ycRuclear

transfar info seoocyer exanpl e, the ceI I's can 15 be

genetically nodified to introduce a nutation in a
gene, or to i.ntroduce a nucleic acid encoding a gene

Irpparticidar émlmdlmﬁaﬂtshﬁ tid Inﬁémciaﬁﬁyéﬂvgﬁtﬁg'%f itﬁ@*rﬁﬂv(é&be from

dlse ally a dj sease of neura

GHEY‘H@PH gf géf rhakersindhadesisdnaural stqm@elisﬁalhwammlssron
ofryiiaires l%téb%not:hlégglt@% Rdded do iSoI9RNE FAYLER BelPFBHE L ixed
poplﬂaﬂon One such reprogramming method comprises providing a mixed
population of cells, isolating a neural stem call from the mixed population based
tipon its cell surface marker profite, and transferring the nucleus of the isolated cell to

a recipient cell.

As with the other me_:thods, the isolated cell can be genetically manipulated prior to
transferring its nucleus to the recipient cell. Also, the isolated cell can be cultured to
obtain a clonai populatlon of cells prior to transfer of the nucieus of one cell in the
population fo the recipient cell.
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in Al zheiner's can be expressed or nutated or have it
expression altered. 20 Cells of the invention are of
use as a source of cells for cell therapy. They offer

Wo 20845 6e of stemcells froma patient whic
potentially can be a source of nuclei for EI[‘JC'H‘}%BZGOSIOORM

transfer. They can be used for delivery of gene
t herapy, inbludinc neuroprojgective gene therapy. In
an exanpl e therapy, a cell of the invention 25 ‘

| t hi f
RN A, S piCeton ot 8 LS P10 REARY  in Pehirguannut orug
JORRAIMNIRG. dipihrr@ugai iséarn l(c:lristt ;gg ﬂﬁ)ln?ahtfﬁgr%rﬂi h@ngrog@' énlg t?tiér :@%tamed
S u
ittt & B8 uss] PP SMind,B.g. B ket iy acing astvant aljeer type
affcedih é‘hgmed!ataﬁpgogemcam Sé;lﬁeghih: @Mcéﬂiss I&g:ﬁ?@e%éé%er ('I:eiis and
(PEOGE benBiaieg i Bdlmous of thabermia Syiber eqerally the ONS
and the heurl é@%@éﬁd@@ﬂfeﬁﬁfﬁrﬁgﬁd ﬂfeuz}?rﬂg&gr%%eﬁ i P&@gﬂ&%ﬁ@amm

re cells are alread commtt
Sprea i 'leVﬁ@&lb@apnamums bagh i mshnmmmses\mammg a

c%ﬁ%ihr% égéfﬁlloﬁgh@ﬁﬁ?gﬁiﬁgg Bﬁ%eng grgeé%ﬁ g%lg;.[r@grﬁ% peelﬁg progeny
iy ther U@?%@ Of antegt facior gnd detesmiriiog anbﬁlect aiting fa@:ﬁirlogrtlaé celf or
ﬂ}@é&ﬁé ! AvE nti%lﬁpg(ﬁ%émﬂgqfﬁggﬁoﬁe gl Fg%%‘%?ﬁgwﬁ chﬁ% ahaﬂlaﬁf the
|ramnﬁgn or qmamedsbgshe( myemmﬂmmcngta@yé@i meHFBY ssbtb io express

r ani obt ai ni ng an oocyte o

hée)@;tr%pgtgp%‘ ‘{.{jétqrﬁggﬁgrfg n ani malg (iii )y '
transferrl ng the nucl eus of the neural stemcell into

I h Il ob d

Theze i B moiaietdre betng Uedn s sete0s Formmample, the callscan
beryepticAly rﬁ@dlﬁéﬁ /] lﬁ#b&fc%%‘ dﬁd{nghu %HEEB fbdlpﬁ'é%ucoc% a nucleic

non- hunan ani mal [ oni ng
apid ancpdinga gene preduct keown tmlbmg" suspededitsbé irhplivated it disease,

el S0y 1P NGB b Rl e o

Pagkig mutatips cag ptrodmeld ,Adens anodsdlmg(a pﬁotehge ot APPSngKdated
irPAS t m.ce and.rats
NSO E SR S hfMBE F bl o WSl sialiied T

pure popul ation of diploid, clonogenlc

tissue stemcells_in the same way_as
C%f! p?fh%fhﬁgn{tﬁg & OF iSe 35 A Souirce of colls for col therapyy They offer a
source of stem cells from a patient which potentially can be a source of nuclei for
nuclear fransfer. They can be used for delivery of gene therapy, including
neurcprotective gene therapy. In an example therapy, a cell of the invention
expresses glial cell derived neurotrophic factor (GDNF). These cells can be obtained
by following the invention and geneticaily manipulating the cells. The cells can be

transp!anted to restore damaged neural circuitry and/or restore brain function.

An advantage of the invention lies in the purity of the cells obtained. A pure

‘population is easier to control in transplantation or culture, as in a heterogenous

cuiture a reduced percentage of neurons is obtained as more cells are already

.committed to a glia fate. Some therapies will need both neurons and astrocytes,
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significant step forward in stemcell biology that

opens up a range of new experinental opportunities.

For exanpl e, previous studies on profiling "neura
Slos/eplis s’ are seriously conprom sed by reié&'f’}fﬂﬁfoogf 2289
het er ogeneous neur osphere cultures 20 (e.g. SUSIOV €
al.). Moreover, the radial glia characteristics of NS
cells define theirin vivo .Ggunterpart. The ability to
culture and genetically nanlpulate pure popul ati ons of

o) S 055 P01 o TG RRASAIEE . s

migsatownelle.diac vthenappichtiass)st em cel | s and as
speci alised scaffold cells. Finally, the ability to
propagate NS cells in sinple nedia w thout

Metheds lof gioring Bf eehiamsan afimale dré Qﬁéﬁd@ﬁb?gigitaiﬁ@énﬁon One

%\ ﬁ@ renewal ,can be drjven r owt h
ré ghg og YA n%{wup@alﬁmrgalacgmﬁﬁq;@((r) obtaining a neural stem cell
fmmthwmn—lﬁmﬂﬁﬁﬁhlﬂial Wll)@&e;nﬁg%ﬁ%bﬂe%?ﬂ% @ acies as the non-

|nd|s ensab] e stem cel i ol ogi sts ven

’L‘JB‘a i) Hﬂ'ﬁﬁfeﬁwﬁéae nbclews of nmr&b@nmihzmtg then docyte,
a@ﬂtﬁ\}}r}ﬁbiaﬂﬁl'ﬂj?fﬁeccdg‘adg@%@fd i {ﬁ&ﬁ@ﬂ?ﬁule sanp%%gemgs The

i nvention provid I Cl en generation o
Nsea@qe pswldas an @fﬁclanﬁmetfmﬂtofmm humamaambtt:mning Pased

LSS 50 i A, e ¥ e o v o

application etoo$ulmharmgby| |aﬂtncof~hmnaﬁ%trhal©e thaig edidly! d¥mestic

AR5 B S Pk oBheatSoptens shiskars 3nd s and tso

[SOTAICRLANMRAIGing 70e @Rk Ikgts] N the absence of an
agoni st of an FG- receptor and in the absence of an

agoni st of an EGF receptor. It is found that the

meflh@@ht@hréﬁ%ldy"fémﬂﬁ ﬂ'st\l\ﬁ% gﬁawtﬁ%a%ﬂf)ufér h@aﬁdﬁe T diploid,

c&] S tO becone neurons gquen
npﬁawav&ﬁansmamuvsaue siermcetis irtstha rsamer wayas ESycqejlsaﬂ'hEk is a

| ]
SH"ﬁE?‘éh Forild U Stom JIPLHAY i NGpdf G5! BSBEE of now
emnrrzelaabpmmnmea chnexampm povjousagiudiés be paifilidg tasifal stem
o8l 408 Sori BB ol st SaSh e BRSPrelires
(Q 9. Suam atral.). rmomes theatidizbgiizadharadteristicd oPNS RER défﬁle theirin

A0, S BB 4 Sl s oo
réchaq;hatatsolﬁpm ﬂ@iv'op%@ﬂhhhé@fdr%a%ﬁg%@ cehl LHloIBg}gBPﬂlese
BEAEEh Gl et bRGlonBe R HeTalsyandtas sRedRlERe dbalfold
celiss Finalig dhé& abifityo propagate NS cells in simple media without heterologous
cells or cell extracts establishes that self-renewal can be driven by growth factors
alone and does not require a complex microenvironmental niche, hitherto considered
indispensable by stem cell biologists. The invention opens up new approaé:hes to
nuclear reprogramming and optionai genetic manipulation usfng the celis.

The invention provides efficient generation of neurons from NS calls. In a method,

set out in more detall in a protocol herein, a method of obtaining neurons comprises

(a) culturing neural stem cells in the presence of an agonist of an FGF receptor and
in the absence of an agonist of an EGF receptor; and (b) thereafter, culturing the
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for derivation of NS cells. It will be appreciated
t hat nmet hods/uses according to all aspects of the
i nvention can 15 be carried out either in vivo or in

wo 200s5/12i8@ et hods and conpositions of the i
are illustrated in the acconpanying draw ngs%%ﬁ‘}rgdzgogmmsg

which: 20 Fig. 1 shows generation of neural stem (NS)
cells fromES cells; Fig. 2 @gvvs NS cell s can be
derived fromvarious ES cell“Tine and foetal

ncor por
gﬂfﬂ%ﬁﬁbgfﬁéﬁ"{ n%@?ﬁf&t ?ﬁaﬁ%ﬁ 5' p c!a I tgﬁ(ﬁ}@ence of an
ROeRIAt Hirc BOF receploet 4 uscfeumd/am ke p@rhdcﬁduﬁigjjwﬁl&l e.g. EGF is

| d |
2085, G0 S M ribi o B et
m!ihdmntTlmt nwahmtbm nﬁ:ellﬁeé@f bichtabl piBRdl irP Wicﬁﬁ:ié er cuiture.

Igeg_% @S %1 ¢ %AB 8enerat| on of neural
?R@?a 1EURPES "@BF eged Ao madium diesr it GROu arhlch contains
EGF i (UICHd for APRASA Sy o8I S6F A, of et hyS BT FF -2

O expr essi on of neurona I‘OC

nPIFQ dRmoxed) ?"G’m ha m%ﬂféx(mf&!sinohdes t!natec@lsew sansferred to
m@amt !
di ffer gr%gla %éégﬂ?tnt gtﬁm ri}@a(g.g 8%'f€@%ﬁﬂficﬁt8§ypg§ar{eegmwn in FGF-2
%‘M%QWQ; forr 2 wgels randrﬂjegé’m auaew:thmo W?P?Amgf@?éﬁ’f FGF feads io
Srneba S kit sschP eebis it b andform sagcns. This
mgﬁm@manh& usedaasl droptionel adklfariia 8ARGRRAG hidthod d{dcABEM nerein

nfa? h%fg%r gaener ated through Soxl1l neural |1neage
sefje a(l"”ﬁsl Phase i mage of neural precursors
at passage | and 5 respectively. b and d correspondi ng
e, Single cell 1 hour after

,-GEP. flu cence,
'gf"ﬁ'ﬁerwpr spiafed il metiady/uses aceoprding te efhaspants &f theirgrentidn can

hﬂcﬁrﬂédﬁﬁdértﬁerﬂ?wﬁéor’?ﬁ wige 20. C RT-PCR for ES cell
and neural stem cell/radial glia cell markers (46C,

parent ES |i ne; P5 5 passages after neural

mc?‘ @F??P%Eﬁ? pas age %?*tﬂg?%eﬁ@d {@_‘%gﬂug}?%%i igﬁﬁ%ag@mpanymg

a\wngyln\m‘nchs 5 i mmunoreactivity for neural stem
celllradial glia markers. E, NS-5 differentiation
into astrocytes (a,b) and neurons (d,e) with | oss of
Fig hﬂm&gem:mrcﬁmwstem«m) tellsHrontelsosegs of NS-5

Fi§ 9 shoWdNS EOR! Sl Srived from various ES cell line and foetal forebrain;
Fig. 3 shows NS cells incorporate and differentiate within the adult brain;

Fig. 4 shows human ES cell or foetal-derived NS cells; and

Fig. 5 shows electrical activity under voltage- and current-clamp conditions of NS

cells cultured in differentiating medium,

Referring to the figures in more detail, Fig. 1 shows generation of neural stem (NS)
cells from ES cells: A, The adherent NS cell culture (LC1) propagated in EGF and
FGF-2 (a) shows no expression of neuronal (b) or astrocyte (¢) antigens and uniform
expression of the precursor marker RC2 (d) and nestin (not shown). L.C1 cells
differentiate into immunopositive astrocytes (e) on addition of serum and generate
neurons (f-h) on growth factor withdrawal. The proportion of neurons obiained
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grow h factor withdrawal (b) and in the presence of
EGF/ FGF retai n honbgenous expression of RC2 and, BLBP
with no i mmunoreactivity for GFAP (c,d). G Metaphase

vﬁpiﬁ%ﬁlglfs NS-5 (passage 31). 15 Fig. 2 Showél’cjﬁlz(él%gtlrslfoﬁzzw

can erived fromvarious ES cell |ine an

forebrain: NS cells were derived fromindependent ES
cell lines (CGRB, E14Tg2a) [ _primary corti cal
(Cor-1) and striatal (Str I)?'tlssue A, RT-PCR of stem

rEfaii craoF ot Bl Al 116 Pessaurs - BerGloesl MBrfccells were

figiaBd\BrowgiiSof vA
giendi St gu@;ﬂagl e ?Brﬁgtn CIg \é%’édt'raghé)ggag)?l bhﬁé? ma%e of rbeural

PHlFsars &t inseage /irand &l regpectivelyabicand |d1mfrﬁamadmgv$m)yl-GFP

ﬂ(u@resé?m% hg'snt%g?/l ?@lo@?%ﬁfs ﬂa@ fne‘gésjgﬁ%lﬁgvems? éﬂ}%\%rg%%%trast
image op clonakcalhihadaf passagei 20. €, VIRTJIRGR féreE8 diell tand fdubai stem

B EE IR 25E, P 5. s ppssapsatepepeura

d@ﬁeaérttlangn: mms mlmqasmﬁe (L1, S OpopUlistio EHBS%QQ@)‘!T%bbram.

5?% flcagl n of the insets in panel
glgg amg. fNo -ﬁx@ﬁyn@@aﬁmg@pngurgfstem asfifradial glia
wﬁglt%rg n%'l( Nﬁgfdlg?gﬂﬁiﬁﬁﬂmn?&aﬁws(m aﬁg %FPPSWS e(g)va) h@ﬁ loss of

nesdin @@mumreﬁqw{tgr(cm/fp Goledips di NS18Swedls (py gewsrateoiieurons on

g%ﬁ ?5%@?@@%&3‘3%6% ﬁiglfﬂ ua ,Q}%E%tsetagqt pﬁgpﬁﬂf&% @t%ps;) i];omcgenous

expregsion tafr RSP (aNdSBLBP With One NiRinh @b dtily (7of @5’% (cd). G,
adu

| ]S, four vve after transplantatlonlnto
h%&@@ Rasgagenrtlns (t standard devi ati on)

of at | east 500 eGFP+ cells fromfive independent
Jan‘jzréﬁ}) Scal e bars: c, 100 Dm b, d,e, ‘40 Dn; f-h,
Figg stz@%ibmmfserw@ﬁ@wmmsgl linesandogtal forebrain:

N%e'&rél\'l% g)télk’%ﬁ@rfnfe?m md%%@ﬁ&z?e #j%ﬂ Nrf‘e%#%ﬁf lggia' géﬁ)a?rfnmary
cqrtical (Cer-1 lﬂanBtriataf(émﬂ dissoe mfﬂmmf&fem ebﬂfman flia markers.
BoRTATCR (& BEMFnot! Pl TSR varine (ooRag) and

fogtal-dierivext lirreo(Cgt) are tndlsmgu%ﬁﬁlﬁlé i) ﬂCf1 Qiy rﬂSn‘r.':h@log? E@ rp) and
B, Derivation fromh

"é’@'si é‘?ggl Qﬁ%}éﬁ' i {Tlaﬁigﬁsir igEmareactiyity dbaees, ha,oaﬁd can each
e B B BB ot phot ogy. m .
neural stemcell/radial glial markers. C,

Fifi Bf SHowy hia! %:Q[I%‘ indorpbate and differentiate within the aduft brain: a-h
Confocal images of LC1 NS cells, lentivirally transduced with eGFP, four weeks post-
grafting into hippocampus (a, b) or striatum (c-h). b, d, higher magnification of the
insets in panels a and ¢, respectively. e, f, Examples of eGFP grafted NS celis
(green) showing co-expression (yellow) of the neuronal markers TuJ (e, red) or MAP-
2 (f, red). g, astroglial marker GFAP (red). h, neural progenitor marker nestin (red). i,
Quantitative analysis of graft-derived neuronal (MAP2), astroglial (GFAP), progenifor
(Nestin), and proliferating (Ki67) cells, four weeks after transplantation into adult
mouse striatum. Data are means (t standard deviation) of at least 500 eGFP+ celis
from five independent animals, Scale bars: a,c, 100 Om; b, d e, 40 Om.; f-h, 20 Om.
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. positive inmmature neuron. r, GFAP positive astroglia.

10 Fig. 5 shows: A Superinposed inward and outward
current tracings obtained at different nenbrane

wWpie§ihalks (between -70 and +40 nV froma h '
potential of -90 nV), fromthree di f f er ent qil@c%g?qs@um

follow ng incubation in differentiating nmedium for

six (a), twenty (b) and th[ééy days (c). B.

superi nposed vol tage responsés 15 obtai ned fol |l owi ng
injection of depolarising rectangular current pul ses

in the sane three cells (a, b and c) as in (A by
Figntsbbva Qumaﬂfﬁ&wllmgwtaltderﬁf%w&el@ ADDeriVaHaR fofd Rivan £S

c%#t er curr%‘rg record shown in (A were obtained.
iah W@“QW&H Weeht %'ﬁaf%ﬁt%ef huan ESreslls intapreural-

nﬁeﬂé\sﬁuam@eé\l% Pﬁﬁa@@@:ﬁl\% ﬁﬁg%n%?diaﬂl m/lnEMHHal &Qisleihlblt

cultured in differentiatin I'um I ntreasi
f%q'ﬂ@@alﬁomhatosm%b tﬁynummnemgmr rgsural ster Belﬁtadla‘ﬁﬁha markers

BB BB b0 BB oSSkl M o,
attathunerd anst emtgrmlrth\/\h,Spaﬁ&gmﬁ inENS &p“amera:h/ meﬂfuﬁﬁq radial glia

h ||
’W"Wﬁcﬂ‘lﬁgﬁ“l %k‘i&l *%'e@%anﬁc’ﬁrkwﬁef?r Qrﬁf@ﬁnt@hc’n g, TuJ
D@(Wmhﬁﬁature?ﬁeLEMW@P smm% 5?\% I sol ati on and

culture of bulk popul ations el s 30 An ES cell
differentiation protocol was recently established that

gL bRt I, Sipatiniaded O b MBRF LA R ACIIERR

% Sox[ sitrve neural precursor
diffprest agembram potestials (batwden -T@and e4a e/ frempenskding ptential of

SR RSB G B TN ol R B ierenieting gpedium

forisivhi(a), thvesty (damlarurmty dayxr ¢l BIdupetifiposed aItags lresponses
& I!éé)GC cell %) v$ d which contained a
ot bWind Bigion 7 Bpboiatsng sseneuer eigisuisood thesame
thw telo¢alsh (dfidng) as int{A) ROSFRhing HRMNG >
Chhtﬁ' d%%{f er en)t i ati o(n)ctﬁf)t ur esmga’f ter h(a;l% clamp
'"W“? FIRIYAR\AUITRPF ECPIiRgsosiamaT inr (A wene ﬁgmade ITlhe dmhed line
reﬁ%%bnfﬁﬁ@%ag@']eﬁfe%ﬁ@ﬁ fav. A, A\r@l‘a@e%é%neﬁ%léhatéﬁearte?o mV from
celils cmtured in differentiating medium for increasing times as indicated by labels.
Bars indicate SE. D. Superimposed inward currents elicited at -40 mV and 0 mV in
10 mM Ba® and in the presence of TTX; the holding potential was -90 mV. E.
Current/voltage relationship from the same cell as in (D).

_The invention is demonstrated in use by the following examples. . . . . ... .

EXAMPLES

Example 1-1.
Isolation and culture of bulk populations of NS cells
An ES cell differentiation protoco! was recently estabiished that allows efficient and

consistent generation of between 50-70% Sox1 positive neural precursors in

adherent monolayer culture. in order to isolate, expand, and characterise the neural
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medi a suppl enmented with EGF/ FGF-2 (w t hout puronycin).
These cells grewrapidly, wthin a few passages
taki ng on a honogeneous norphol ogy. These 46C neur al

wo eosiAss cells (46C NP) were kept conti nuoYshyerosoozse
culture for 10 nore than 20 passages retaining a

characteristic bipolar norphology. These cul tures
showed very little cell deakl _and had a high plating
efficiency with doubling tinme of approximately 25hrs.

pEééU?%r@ (dér@red ﬁ%nﬁ%kde?}ﬁﬂpﬂfﬂé%ﬁ éult#.ll;(%ﬁ]a a%é%%@ %érbeur:‘atﬁd cellline

cl onal ['I.nes
(466 tqfi*ﬂ%iswﬂﬁ U&@twhﬂtltetbmamedm GHF-URESH puruhoycire peyorlee cassette

f t | I
gl 8%, ShEi Ml (B o i 200305, PburBLbSs S fledte te
diféarentiatipn cgttumls a@e]:?llt\llfgyﬁ,tmmhiﬂgn Fhruagg ﬁ’(bré”ﬂitizm 9$‘?rbf1é}nammg |

e | he SNO e cnaracteri stiC
B SRR S Bovrel I ORE Colla S reAles daINZB27
medah I I
T e e s e e

R3SsagES &ak"ﬂmah aompgenspus mesphlegy- 3. 25
Characterization of NS cells In order to characteri se

both the bul k cell population and clonal 1ines
Thefe ASeyraysalaresunsor alls (466NPhware kepeconmtinuouste irsculidse for

fou d to
rEYE SR pta e et fPg B prncd BES o PR FResg cuttures
s Dwe&ht!eny littlel caliaddadin bhyt hatikelsigh phiting e‘fﬁﬁ@@lm@, daublihg ‘fﬁqe of
foan I&%@ glia specific markers RC2, 30 3CB2 and
{}? Xific glutamate transporter (G.AST). Less
than 1 % of cells were positive for either GFAP orb

E: [ éug:ﬂi n suggesting that very little spontaneous
iftiation to astrocytes or neurons occurs during

criesaotcal lihsgse cells, Unlike WO 2005/121318
PCT/ GB2005/ 002289 -34 primate/ human cells, rodent
Péﬁﬂl@te cigneboaliiisencingte vells foom pEgdageriibatk euitn:ree pf 48RP cells

_ r ec %ﬁ@;@gﬂ evv| sg"?l dia h%d%ﬁa?B@&.%% §'"§ %@t h'%td 15
WEF DROWNT &g m&dutblt:mee wnd| ofslhese ,CElines. were kept growing continuously
through more than 10 passages. One line (NP5} showed the characteristic bipolar
cells with homogenous morphology identical o that observed in the bulk population.
This NP5 line has been maintained In culture indefinitely (NP5 passage 41; more
than 5 months).

Example 1-3.

Characterization of NS cells

In order to characterise both the bulk cell population and clonal lines
imr_nunocytochemistry'was used for a range of markers. As expecied, each ofthe cel!
lines was found to be positive for the neural precursor markers, nestin or vimentin.
Importantly, these cells were also positive for the radial glia specific markers RCz2,

- 3CB2 and astrocyte-specific glutamate transporter (GLAST). Less than 1% of celis

were positive for either GFAP or b Il} tubulin suggesting that very little spontaneous
differentiation to astrocytes or neurons occurs during passage of these cells, Unilike
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5 RT-PCR was perfornmed with a range of markers to
confirmtheir identity as radial glia. Al four

clonal lines as well as the bulk popul ation were
nBguaps1fier Oct4 or Nanog confirm ng that t

not ES cells, while they did express nestin, \?IE#EW?JOEIQMM
and GLAST, consistent with the imunocyt ochem stry.
Furthernore, each cell line *T% owed expression of

BLBP, a radial glia marker. ese cells also expr ess

1mﬂw&ﬁﬂhharlcé1ﬁdrdlfeﬁmdﬂr l%}é%ﬁ'&[@@é} g,lgly ggﬁ\ oFu@%g(rrnore these

culture of 46C N P gradua ["05

2&°lls are dayrunarpactive forISSthdr ar antmm;z maated@ﬂneagqa@e_emsx
rarfighny bl Yk U 1o ahEBURT Sl Gulb. e

none of.the clona
expression 15 RT-PCR confirmed that these cells did

| nst ea expressed the related
g?xBl cl as} éf'%‘iﬂ E‘M mﬁ@@ 8 t998finn dwir idestity as radial
sﬂhggéﬂtfmkmlor&sl lineges vﬁ:ﬁl &’thb Gt 2 bSE&Ib% eid me%?twgtf% Qctd or

puromycin s

iR et eyaare not b eolle e ihoydtespropmasinimorin

GdIGLAST, a:zogsrégt Hithahé infiflobfoclehibd). Sy biintie Bach el ine
%ﬁB eﬁ Srnreasion, @f gah%[?,meraqhﬂl eglial markerr Ridese coalls eél§@cbxpress

myugalgﬁ,_Ngngg}.dm,},|mes confirmthat they are a.type of
25 neural precursor cells. To confirmthat these cells
were true nultipotent stemcells (i.e. capable of
qimgf elth ons or glia) a range of
con z@iﬁ fe d@é‘%‘}ﬁ'g Ff‘@@reﬁ‘%r%a%ﬂad@w expreagon eff |Sox1, as
ﬂéﬁ’@sﬁ dhbie Gﬁ%mpﬂﬂ@r [ m&hg,

: oug%% few cells

d diff
30 e gffseﬁgﬂ%fgf TRIERke ‘IB'EQ%I: ‘gé‘égﬁrf]@:l%dﬁﬁm dmmﬁmmcméssuor
P@Reonmieet th ST
2 ?"g N i
ngox Z 2ss E[gtgl[;f%@Q@ﬁabembgemeriﬁemrasamgnmestthata range
2 MO 2005/ 12
ofaﬁmm viodx r%&‘j’rsg@: r?ﬁé*lsg%?%gwg adyrpmaggﬁqlechon

051 2289 rapl and
%&H ﬁsnh a?ﬂrmt Stm]r.tm@maila wWithiproparties obﬁormamrraaial ?na can be

lb@lﬁtbdérﬁi&&kéﬂfé%é% er the course of 3 days. ure
in EG- al one res in no cell death

Example 1.4,

NS cell line differentiation into neérons and glia

The molecular markers. expressed by the NS cell lines confirm that they are atype of
neural precursor cells. To confirm that these cells were true multipotent stem cells

(ie. capable of differentiation as either heurons or glia) a range of conditions
designed to test the potency of the cells were fested.

Previous investigations of neural precursors induced drfferentlat:on through protocols
involving withdrawal of mitogens and/or addition of serum or other cytokines. In the
present case, EGF, FGF, or both, was withdrawn from: proliferating NP5 and 46C-NP

.ceIls cultured on plastic. Simultaneous removal of both EGF and FGF resulted in
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or differentiation, but cell proliferation was
reduced. Thus, EGF clearly acts an essential cell
survival signal (partially conpensated by FG-

swgnedstiersgy for NS cells 5 cultured on plastiGyadRifsnoase
effect of serumon proliferating cells after

w t hdrawal of cytokines was also tested. Cells

treated in this way survivedgseven in the absence of

EG-, and rapidly differentiated in a synchronous

mapidendsstighshaak Youdhi ' rge, fla

r]‘O qu cytg tha%l ajgtéptai ngaﬁ%oﬂﬁ .}?\.@@M# @Eﬁ@/ﬁj@?og%dbyconttrast, lead

%a%f %ﬁgh puer the spurse o hdayst Gulturedih EGEalone tdssited intiotell death
Qi i ' apabl e of -

o e R S0P Bha0 o R0RL S T, e, ooty acts an

PeReiat gelbsunival sigasi (HridlyRbmperabeel s erGF é@?mg% for NS cells

cakhrewiongiEe/ FGF wi t hdrawal on pl ast'i c.
TG--b behaved similarly to BWP4, although the

astrocyte norphol ogy was different and there was nore
RN U
Bitratytetiio stafildd doshive 361 APND" R MEETS: TRl Arilidoe, all Ns

N shown). 20 I'n an attenp
| aﬁﬁwﬂw PERlifesating prpuldtion drexaplablf of differertiation as astrocytes. This
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it B ; ' ted. T id Il death
et ea b W Aficked B 3ol BEaliRA S hsete & mddlouing BB FGF
Yitkdrawaben glastioi GNIF sl STGRbeoehavh iRy 0 BMPA, Siffough the
on

The PCD _seen i hese condi fions
Q#%’g??’nc;‘gﬁ‘g%?é}t WH et cnd dheke viae repicel doathuiniaty. BMP,
e Fa hataegeh ibeeARHBRAA! h .

&t g 4 bi.t?)ol 25 ?ocesg@st?%d%e tghgsrtgjgygﬁag?f@m ﬁnmary
fn e ? ik ﬁj&éqosﬁle gl. 1905; dilien pad Kaflnd899; Nakesthima et al,,
S0 oComsistent Wit tHdse stldi .
Lneoy gorati on) but sﬁasﬁtrﬂlg]r?éﬁagdgfglggf&g‘d#a{d 9elpR & fold) with
%rﬂ%f{ LASHEm reatmeatwasound ddatadotshowny.f erent i at e, as
only a small proportion of neurons or astrocytes was

Iseen in regions of high density. To induce neuronal
Bi 9 Rtata drducer newrosaldeifferarttiatiorditee Wathdeva 9SHEGF on

B} . 627 Wi th FGE2. Thi
e SR G 58101 ol A o ot o

Mastiesthg sefls wgeriplatedwiRe laamsinkiubbtratedh e prRREMROSPEGE. but no
BAergi ¢ as assessed b

SRR 520 T BYS S Honaves i snaad popoutand oot
survived. There was a change in morphaology of the cells to more extended bipolar
processes, _with characteristic endfeet of radial glia. These cells showed a drastic
reduction in proliferation (through BrdU incorporation) but maintained radial glia
markers (RC2, vimentin, nestin} and did not differentiate, as only a small proportion
of neurons or astrocyles was seen in regions of high density. To induce néurona.
differentiation, after 6 days the media was changed from NSA/N2 +FGF2 to
NSA/B27 without FGF2. This promoted around 40-60% neuronal differentiation of
cells as judged by MAP2 and bill tubulin antibody staining. These neurons were
GABAergic as assessed by GABA immunoreactivity, while there were few astrocytes
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WD 20051121318 PCT/ GB20051002289 -36- (GFAP). These
results are consistent with the previously descri bed
role of FG- in preventing neuronal differentiation.

wé 204852131550 found that each cell |ine coul dﬁ%?/éffzﬁgs?o'azzss)
'S,

and thawed with simlar success 5 to ES cel

further tests, the differentiations were attenpted
starting fromsingle cells. is clonal expansion and
differentiation showed all tHe cells to have ability

i 10 EXx | -5. lsolati of ISIS .
(GEARY PhestishfEare G RoR ity i e igsly gpScsravle of FOF In
wevarting meurarial diffeggrtiatiohe N21327 nedia used to isolate

NP5 was originally optimsed for conversion of ES 15
cells to neural precursors and hence all owed good

IBway ala Fourid that dach el 8hé Sould Be FASHA 2+d ﬂ{aﬁ%@%flf&il\?\ng%r success

T , Jn the absence of puronycin selection,

tﬂgés?ﬁ!ési ble to efficiently expand 46C-NP cells with

EGF and FG-2 due to carry-over of ES cells and
non-neural cell type (data not shown). To overcone

I farghes destad thewdifferentiafionewere attenfptechsliartinggtor sireji¢ sells. This

i R N

neupssi on of neural precursors but not other cell

types. Using a conmercially avail able nmedia, NS-A

medi a (Euroclone), it was found that re-plating of a
EampIs1e®l | nonol ayer differentiation at day 7

éés |ted in formation ‘of 25 clunps/spheres of cells,
Isplatign of NS colls| fromcaninESrcalbline avithautausie of genetic selection
5 ggent attachnent of these cell clunps occurred

and a horrg‘gjeneous popul ati on of cells were outgrown.
TheNaRA7 medinased ta isalateNP5 ivasiorigingthssptimibedfop apavearsivnvf ES

Ll s reyeal ed an identical file

oI nB3E BERIsok phE hebed BHE0rd 0eP] <ubBM 57 PRl ES cald ana
npurab m_;ogemftsrel Flous, dmthgtabs&ﬁwof p%tﬁyciﬁ Béleﬁt(i&d, atwa%r ot possible
Qr e or ers (nestin,
Qa5 g L il B B A S vt s ol
and non-neural cell typa (data not shown). To overcome this and allow the-
generation of radial glia cells from other nan-targeted ES lines, other basal media
combinations were tested that allowed survival and expansion of neural precursors
but not other calt types.

Using a commetcially available media, NS-A media (Euroclone), it was found that
re-plating of a 46C ES cell monolayer differentiation at day 7 resulted in formation of
clumps/spheres of cells, as well as a cell death of non-neural cells. Subsequent
attachment of these cell clumps occurred and a homogeneous population of cells
were outgrown. Further characterization of this passagable population (>?5
passages) of cells revealed an identical profile of expressed markers seen previously
using the puromycin selection strategy. Thus, the cells were positive for neural
precursor markers (nestin, vimentin) and also radial glia markers (RC2, GLAST,
BLBP an;d Pax6}. 46C-NP cells behaved similarly in either N2B27 or NSA media
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BLBP and Pax6). 46C- NP cells behaved simlarly in
ei ther N2B27 or NSA nedia WO 2005/121313
PCT/ GB2005/ 002289 -37 once established with only

WwiorBdok/1Ahdsf erences in norphol ogy, and no diff i
il kb

mar ker genes. Using this protocol, cell lines
other ES lines were isolated: CGR8, E14T, 5 COct4-d P,
511, Rl and V6.5. Each of ttﬁse cell lines has a

simlar norphol ogy and expression profile and can be

Lyel le 1-6. _Transpl antati.gn of .
RES B3P RAsARE! 7 U oot R 1y moro AR 2Rd B afprehces in
marer gartesy were transplanted into both enbryonic, and
adult CNS, as well as in kidney capsule graft.
El ectroporation was tested on NP5. They were found to

u:aimgeihfmcprbmt l,aiejlraineﬁ ffriblm QBSttdtl’errI Elsili{i& ﬂreféﬁé?[ 4 JQEBRS, E14T.
P : c are al so transfectable using

Y ERIBBLE Y and VG 6Bt afles oohinaeTom s sulor vy and
oRpheBbAGROMS arl kol 88 dsSadBNbRUhGL4INS  used i n mouse
now becone avail able. To ow rapid eval uation of the
grafted cells, 46C-NP were transduced with |entiviral

mmﬂl@ﬁ% carrying the eGFP marker gene. The infection
was highly efficient and 20 al nost 95% of the cells

TransplantalionfINS gelimr ked, the eGFP signal being strong

i-L.h ssages.., The use,.of the |entiviral,
TBPaE o ROl e B Pl BeuitS; tayaho, kghspanted into both
embrygric bad a0 ONS, 5 Woiths ikifeepeapstleadbg, for | ong
term anal yses of the grafted cells. 25 The behavi our
of the cells following transplantation in the

Eshoponition Wadidsted 8 vahégﬁ&%%uﬁ@ﬁi bé&@&@%&g?%g'cetﬁicienﬂy

the nol ecul es and factors able to sustain an
Ugng s ar-eoHara wave Hegrapereiore Theucells el alpowkrgnsiectable using

i oS | - .
Ao A0 LIS U o SRR el ons
uspcin rpousenow beeempewailgblamgr assi and col | eague

(Magrassi et al., Devel opnent 1999) using 30 E 14.5

nouse enbryos as recipients. The cells survived well

Taptiew rapideritationaf thegratied celty 4OCHMR Wevetranvaiucat with 8Htviral
p&tigids dcaagﬁlgothgeéé# 'nrllartk\ben('3 ggrr]gf "'hél\?n%et%%e&/és thllng(?llye g’}:ﬁgient and

~almost 95% of the cells were successfully marked, the eGFP signal being strong and

stab!e with passages. The use of the lentiviral infection allowed the transgene to be
stably integrated and the signal to remain stable for long term analyses of the gratfted
cells.

The behaviour of the cells following transplantation in the embryonic brain_ (ar
environment that contains all the molecules and factors able to sustain and direct
differentiation of immature neural cells) was evaluated. 100,000 cells were
resuspended in a final volume of 2 microlifres following the procedure previously

described by Magrass! and colleague (Magrassi et al., Development 1989) using

E14.5 mouse embryos as recipients. The cells survived weli after transplantation (an
approﬁmative evaluation of around 20000 cells in the graft was made), the eGFP
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WD 2005/ 121318 PCT/ GB2005/ 002289 -38 signal was

easily detectable and they displayed m grational
activity already at early tine points after the
V&gffbpb.izqﬁ The fates that the grafted cells acquired at

1 frerent time points (4 days, 7 days, 2 weS&CBH092289

nmonth) after the grafting were anal ysed. At the 4 day
and | week time points, the,pajority of the cells were
still immature as 5 indi caf%%niby the nestin

SHERISY SR A dlop I B O SRSl S Sy o cary
theBARRINtS laftee titagraftingd Tha tfate R4 thBQraftdPRSIR! 6t Med NP different

. e, t te bath d gl
et it Rt Or 2 WREANTOB) Ston (Beriraltg vesp paslysed.

I . . . _ .
Aniicet 8dysand 1 ekt n!sgg-‘%l @Q@W'tﬁe Eélfs'.l ‘?é'%ﬁ?g ifimature as

_these transplants, the ce i ved we
ingigAiac by fﬁ?éleammvuwamﬂwtmamiae& %exprassed thenepranal sjarker

 TaPA andi {6 99CRA AL HIBT thARIGBRHT 318ke HA8h HidiBlie that the

fates. Quantitative arfalyses p

- transpéanted hiSse abledoigeneiiatelbothinedranisaind4fiakvied as brpected from

ed the neuronal -specific markerTuj-1,
m&ﬁﬂpogeng&%%i spl ayed i mmunoreactivity forthe glial 15
mar ker GFAP. A small fraction of the cells (11.1 %

- ThENRREP wi oA Bt FataR el aqfiaratir Mdhapeyanspiants, te

anlien dh . ! e ,
calisptiidedivell (b sl id SRS bgfe?ilﬁﬁ'ﬁﬁ tgg g%bmﬁ ggﬁfﬁ) and

shown). 20 EXAMPLE 2 Exanple 2-1 Meth
d‘%%‘i‘%%‘@ﬂt wardhaih a?‘#lpealeﬁﬁ{apﬂal fetescBuaalitativeanalysag peirformed

. ure o i >
e T
nerpRalrspecifinaarkerchuawbite 2§.6%edispayed immuasyredctivity farithe glial

i I8t I ted.pl asti
o SR A AR oM e L L bR ER R firefie PhpSovme
aslipdigatad by thespiprassionaofaeBdr- 2 30 (NS expansi on

medium . Cells forned aggregates which subsequently

attached and .
NPS-GFP cells into kidney capsule did not give rise fo teratomas (n=4, data not

shown).

EXAMPLE 2

Example 21
NMethods

Mouse cell culture and differentiation

ES cells and neural differentiation are detailed by Ying & Smith, 2003. NS cells
termed LC1 and other ES cell-derived NS cells were routinely generated by re-
plating day 7 neura! differentiation monolayer cultures on uncoated plastic in NS-A
medium (Euroclone) supplemented with N2 and 10ng/m! of both EGF and FGF-2
(NS expansion medium). Cells formed aggregates which subsequently attached and
outgrew NS cells. Ceﬂs termed 46C-NS cells were generated after addition of
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outgrew NS cells. Cells terned 46C-NS cells were
generated after addition of WO 2005/121318
PCT/ GB2005/ 002289 -39 0.5p.g/ M of puronycin to

Wof beyemhigati ng adherent cultures at day 7. %&)P%&é@{]&zsg

re'. plated 3 days later into an uncoated T
in N2B27 nedia with 10ng/m of both EG- and FG--2

(Peprotech) in the absence _o:;g puromycin. A clonal
line, NS-5, was generated by plating single cells

| s | . nol e cells
G oGS R iE 8 Witere s BbE AbREnh bures ebrap P aceiyere re-
Platadkd gaysubtenints am?me?gteﬁ _G‘ITtatﬂadk inusEziB%? gie@mtm%g/ml of both
I car X rratum o . nouse enoryos
B SEd PR Iboin Bt AeliSk of puroavici. o=y insgNS.5, was
ganieaiod. byCpkating SYISCEIS.inf 0beACiRrbIEN plfd GRS 1Y imiting

sing NS expansi on nmedi um For astrocyte

%ﬁ’lﬂ“gtﬁ k%?'ﬂéif* 8??%%&9,"9@919 beynaftenpiating JeBrimastculivres wenagenerated
WsiRg Standard ratokBi2 fieph #gfégfétugaatp@ d)’%ﬁa!?%li%%@upmosgm pllowed

SlFJé%I‘ mented with 1% T serum or
fo cgyg'ﬁ digpks tmatedhwithdhats gefafirr Sot-f aand St61 xceld AeS then

o8B Eh BTSSR RS UL AT oo, s

eelly swereeraplated onts 4-swsilt mﬁm? at?1l\18-1§55¢mllsménlem BS-M fndium
: o 0 n

SPPRIIER it 1 foabcalisband unouslisl MER8D Systom). o

nayronal ediffeventatidnas ed 10h NE0sehsPivaice Biald s - ' ini
s vkl plalcd [t ok 26',i’iﬂai'r?3"!am'"’"

iﬁéfq&gde\l”gﬁ% Mﬁﬁgﬁqugﬁg@;a@i@g@% atpng. Aftes 7idays themelia was
. sMitched ke NSIAgD @rnéh%'féﬂﬂﬂ BY7 ﬁ%g?ﬁ&ft% oWth fﬁ?tgr. For clonal

cﬁﬁ%r o%gi atﬁ TRITC or FITC sec onj ugates an
ratigliany 1A0€ celisfrpmdS-ianCadpoultmes ware plated bothoes plates

P ibhe i i L : [ 10 .
et lambine gl B PEUE LR ol ergigetedin
stdasEPoveus (1:200) (Covance); GFAP (1:300) (poly and
mono, Sigma), MAP2 (1:200) (Chem con and Becton

Di cki nson); NeuN (1:200), GABA (1:200), Gad65167
Gharac@yizatthnofNS pellSynapt ophysin (1: 200) (Sigma) ;

s e

cObjuates shidnudidar Benntershigsial With DFmIL Pﬁhﬁ%tﬁ)g@%s%ré tsed at
or

| @éﬁ@@@%@ﬁdﬁ@&%@sﬁu Jo8 Vienia U130, Pax (1:5), 5682 (1:20), RC2

(1:50) (DSHBY); Tud {1:200) (Covance), GFAP (1:300) (poly and mono, Sigma),
MAP2 (1:200) (Chemicon and Becton Dickinson);, NeuN (1:200), GABA (1:200),
Gad6b/67 (1:200) (Chemicon); Synaptophysin (1:200) (Sigma); Ofig2 (1:5000) (H
Takebayashi);, Emx2 (1:2000) (A. Corte), BLBP (1:500} (N. Heintz);
prominin/mAb13A4 (1:200) (W. Huttner). Negative controls were ES cells,
differentiated NS cells or secondary alone. For RT-PCR, total RNA was extracted
using RNeasy kit (Qiagen), and cDNA generated using Superscript il (Invitrogen),
PCR was performed for 30 cycles for all markers except p-actin (25 cycles). For
metaphase spreads cells were freated with 5mis of 0.56% KCI for 20mins, fixed in
methanol:acetic acid (3:1) on ice for 15mins, spread onto glass slides and stained
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usi ng RNeasy kit (Q agen), and cDNA generated using
Superscript it (Invitrogen). PCR was perfornmed for 30
cycles for all markers except (3-actin (25 cycles).

wi®bo0328Rt aphase spreads cells were treated
of 0.56% KCl for 20mins, fixed in nethanol l;a%t:,ﬂ’e(gi"'zg6?"0%2239

acid (3:1) on ice for 15mns, spread onto gl ass slides
and stai ned WO 2005/121318_ EET/ GB2005/ 002289 -40- with
TOPRO- 3 ( Mol ecul ar probes) man enbryo and foet al

“ﬁ.ml—]t@;b;q@_ &@E‘Aﬂgr n tissue with inforned

consent approv the Research 5 Ethics
ComTittee of Lot hi an Health Board. Frozen

ar u eghryos were donated for research
un@eﬁrmﬁ% Eéd:-}%ﬁ%gc?'gb[%d by the Human Fertilisation
l%sdalféh‘mwmlwﬂ@y tlé’sﬂd\ﬁﬁth InforntddN&shseff WX a p@ﬁw@ﬂ sz/%é fsearch

E&o a Carn e .sta 19/ 20 foetus follow ng €lective
FhERmmee o Lotiias hiealb Board - Féezas Sipermmeraniiiman embryos
weed Iﬂbﬁétbﬁfﬁr 1Bbé418h URSESr hck@c% AR & bé/t':tﬂstl-ﬂq%g%&‘?‘ figation

\lf‘ﬁ erformed as describ gr assi
a SFHED%{O lgoy Stheritpi Humen, cczslsexoaa% dissscted froraal Gamegiie stage

fRSR, t t hal i c
1%{928?% Cor ) l&ﬁ]{@ %Ialgﬁ}éageg'gi ‘&ﬁ' g—i? sfe&ﬁﬁrs Esearli,under the
Pglikinghotieagigdelingsi nation. 15 | nJ ect ed, f oet uses were

repl aced into the abdom nal cavity for devel opnment to
term After delivery animals were sacrificed at seven

Tomyspigmsst natal day (P) 1, n=1 6) and five weeks
FE’?@% ﬁ%“é@#oﬁ‘t?ﬁgéf%g@psﬁge%‘tié d by H@Msgggla&%%ﬁ iUsing a glass
AR B T I OGS U B

vgqrq;lpgpﬁ Ridf-8pjague "ﬂﬁwmetuseaﬂcm)setzOnffexainsmﬂtiamladtlon

R RS Sk rorthnleThe At SarBllondoptiSitto tem,

e ddiiyerysinioals dere Eacgrificed bt enen(dbgsPowistal {fetyE(Pm ¢h=16) and

b AL

n‘llneokemspim)ed ilNasgdcph sl(eietﬁaXtBﬂﬁnM-‘éﬁwr)acel(lé@Eh '|ﬂjéet|oh3§¥ k10°Ns
Iubul in .50#) vance) GFAP 51 20_ ko) ;
celi§ Syispen tl S #i¢ the slsigium (n—22) or hippocampus (n=21).

Transplanted mice were sacrrf' ced after two {n=16) and four weeks (n=10) and
perfused transcardially with 4% paraformaldehyde. Cryosections (16um) were
stained with the following antibodies: {mouse): NeuN {1:100) and Ki67 (1:10)
(Chemicon), MAP2 (1:200; Becton Dickinson), Nestin (1:5; Ron McKayy); {rabbit): pill
tubulin (1:500; Covance); GFAP (1:200; Dako}; secondary antibodies, Texas Red
(Vector) (Jackson ImmunoResearch) and AlexaFluor 488 (Malecular Probes)

- Sections were preserved in antifading solution and analysed on Nikon TEZOOO-SI

ECLIPSE and Biorad Radiance 2100 confocal microscopes.

Example 2-2

We induced monolayer differentiation of ES cells for 7 days then replated in basal
medium (NS-A pfus N2) supplemented with EGF and FGF-2. Cells surviving under
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25 (Vector) (Jackson I munoResearch) and Al exaFl uor
488 (Mol ecul ar Probes) Sections were preserved in
anti fadi ng solution and anal ysed on N kon TE2000A

Exgd d Bi orad Radi ance 2100 confocal m ¢roscopes.
ar?gﬁ?glg-% 30 W induced nonol ayer di fferen?F%ﬁPﬁ‘ﬁS’S‘Pm
ES cells for 7 days then replated in basal nedium

(NS- A plus N2) supplenmented with EGF and FG--2. Cells
surviving under WO 2005/ 121348-PCTI / GB2005/ 002289 - 41

g%%ée m.ni oal gﬁfr;di tions &gpn_— perm ssive for ES cell
- Dipna CongPRS, AP PelmsIPalon. Bt el sunivERgpredominantly
abstaiigte thito Ab4H é

o g custerdayfiet 18 ﬂﬁyﬁ@%gg ?%@3@%&3&& harvested and

harvested and replated in fres

(GRigted B dreshy gegdim.odhgy eattachadbwithin @8 cdaysy and outgrew a
romasogedy RORUBIAR BoplafS] 4 GRS oo TapATLC. Upor
Reffaong Lelicells ewntinued éo graw as raghbeent colturesiasftenr fosming lattice

RO, G N K Rt 8293 b oo
apRypKiayately @4rtewrs LQdreetis displayrthe In_e??é Pga%?mg{ ﬁ’gégkerng??zk%gtrin and
| | ’

' th t t
BERSUROETELSR it SRR b ralinion marhsr SR o1 pkpreuronal
B ey TN OF MRl 1m0 ool s
%‘é@?@ﬂé‘?ﬁﬁ%ﬂ?ﬁhﬂ&% \@iﬂ&& dwuirs apghsubsaqyenily uniformily express
I ' .
CEAPIFE A SR Sl OB 4755530088885 lt Friatng on
'@H@Hﬂ WithRHE BGF dey F=6rays arhthes withdrawing F(¥s2,. Thesereliskxpress

i Fi 1 f
S0 NGRS 18 b T, o
neAlirgns ém RGO (Fig Hé&_vg))arm?ﬂf\ﬁﬁ G'IO?ﬂltﬁNrf) wlgkbyl'ﬁ days a sub-
| (S L. oNn ,0 mat ur rker_, .
SR 0 SIS T Ao 0, . i
Kok St ) s 55 Sty (i .
?@é§$?f“§}§ﬁ8|°gﬁ%”%$ﬂ’{}ﬁﬁ&éﬁgc%%ﬁ@ﬂa dloly ehrempsogwsetont at
n t Bhoven)CIRS ddniEm 85RRGH sBfrenewi
%@:jggmnﬁggmﬁ)ﬁmiﬁm %thS%m%el I's. Sgﬁ IrE?(%env%F% ngl:u?l stem

Example 2-3
To determine whether cell aggregation is essential for generation of NS cells, we

maintained cell attachment throughout the derivation process. For this we exploited
lineage selection (Li et al, 1998) using 46C ES cells in which the GFPirespac
reporter/selection cassette is integrated into the Sox1 gene, a specific marker of
neural specification (Aubert et al, 2003). Translent puromycin selection after
differentiation induction yielded a purified population of neural precursors without
residual ES cells (Stavridis et al, 2003) (Fig 1B a,b). FGF-2 and EGF were then
applied to the Sox1 expressing neural precursors in enriched medium. Cells
remained adherent in this condition. Cellular heterogeneity reduced over 3-4
passages as bipolar cells progressively increased in number and began to form
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To determ ne whether cell aggregation is essential for
generation of NS cells, we nmintained cell attachnent
t hroughout the derivation process. For this we

' | i neage selection (Li et al, 1998 j
‘Zg?:b"é@‘?e s in which the GFPirespac 25 gcﬁéﬁﬁgmozzss‘
reporter/selection cassette is integrated into the
Sox9 gene, a specific marker,of neural specification
(Aubert at al, 2003). Tr ansi¥nt puronycin sel ection

i S bl P BBt S st L e e 18 o

“ih@ Cél& @vidickc positivd for2Q) arldhhéstih. Bodsiblisi @i Br&BHce o
(raF \§f Q i ﬁ?l ied to the Soxi expressing neural

'Ee L3l Fep (S oplls %'ﬁ@&"mfamﬁvfa@um Jerssakiavalis med expanded as

athess A néuliufod gFg Ndi, 'iﬁﬂlail ?f Iulikeé ?\{e‘l’é’ecfb‘?i'véé( of similar
red ced over passages |po
S‘P@Q&E\P& r(‘é'ameﬂsrﬁcﬁ amtm baldeGégmputahohoﬁ'heswc;eHs

l%%@tﬁé@e %%fe%ﬂ%}l‘?@ ﬁﬁ@(g)%p%gﬁgg?i qencm ogC Shd also

IntrlgU|ng y, expression
Fmﬁartquyreﬂsnwey Soplthut tetained the peanmureeb;matmmers Sox2

TN IFRTICRES blte BrCGarniined ByBhGR AoSPet positup oary

negresskidermal precantr elapntagoRsadedéiiicaRtrecul tures (Fig
113, e,f). Initially 5 clonal lines were derived of

simlar 5 norphol ogy and growt h characteristics to the
Exankpie @4 popul ation. These cells |acked detectable

cgéfgég&g%on of the pl uriﬁ&tenc factors Qct4 and Nanog,
. wag exarunechin fyrther dedail and fainddo exprasatPaxs, Glast, ang'

BLEFnRRG! Bifd RAtks '
nes‘,:?rn o §ﬁd Q). ﬁ’ﬁ‘rHﬁ gt&g?derﬁ%% gene‘ragf%%s{%kgmg%? and
PEOTBIRN ( ) This @éﬁf mameww@ensndmdm;;mm{mr aeurogemc radial

BT 0 ol T e i 5
NPRKCES sEstant (,Cmrrp{bell abBEOGRIW'ﬁuwdt 4l2004). As with uncloned LC1

LSRR 355y o 5 Dot ).

- N8- ageusmatedfamclonamer@wirﬂe(saémlFéfﬁzglavansétaﬁco!omes of bipolar

rsor ot h neurons and astrocytes during
oBfiss &VGRnEToR phowen Seressin S REZand virtugly gl cells and
aB&érite dﬂEGFEAFBI(SEI aF, 84d). T%@élsub&éné!& dduld'hE Pf&ﬁ&&’ah@bﬁnﬂnuousiy

cel | .FS 5 cells were conpetent for ast

ﬁ%‘ﬂ?‘%ﬁ o detervinathe Fenuenqymf gelis within NS cultures that are capable of
neuronal differentiation we again plated NS-5 cells at clonat density, expanded for 12
days in EGF/FGF-2 followed by FGF-2 alone for 5 days, then a further 7 days without

-growth factor. Every colony (126/128) produced Tu. positive celis {Fig 1F, b}. These

data indicated that all colony forming celis in NS cultures were competent for
neuronal differentiation. Finally, like LC1, NS-5 cells maintained a diploid

- chromosoime complement (Fig 1G) and represented a non-transformed clonal neural

stem (NS) cell line that self-renewed without a requirement for a complex cellular

. microenvironment.
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NS-5 cells plated at clonal density in EG- plus FG--2
gave rise to colonies of bipolar cells. Every col ony
showed expression of RC2 and BLBP in virtually all

w6htesnag 20 absence of GFAP (Fig 1 F, c,d). J’B&ﬁgmsoozm
subcl ones coul d be picked and contlnuously ex el

To determ ne the frequency of cells within NS cultures
that are capabl e of neuron differentiati on we again
plated NS-5 cells at clonal density, expanded for 12

%ﬂg%@/ FGF2 foll owed by FG--2 al one for 5 days,
rther 7 days without growth factor. Every
Toodszeys @héﬁéﬁ%bmmdrmﬂoﬁuéﬁm%ddt%ﬁ p?cﬁbbc% i & pfbrdaisite for

col on ormn

. eihese 25 daé%l di cated that al
1G85 genet@ian, Fo s wete #sised dat differentiateu by rgnbrymd body
foirhdtRineard é:k;id&i]re W ﬂé%HoYo abtl k& sbﬂchﬁfaﬁm% 'njlezhum {Bain et al,

gﬁ S1t ai ne di pl oid chronosonme co
¥4 aasteR WereUblseted w:erlmeagesejmuon{mtat 1998¢Billon et

aQ '\@02§ @Jlth (%41@9‘0]; Efi‘thloﬁi% {heherggw lﬁ” ﬁ%tﬁseﬁg%%ﬂ%brﬁgné EGF

ex ce mcCr
\rﬂtbogl ammleolwmmmﬁmzam positBe, r@s&n‘pbﬂtnﬂa Bellproliferated

AR LOBIghRF o3 TPORehY 25 B BtPihRHERL S s, oat pus

oapatlty ma&mcmmamdalfdfﬁér@ﬁﬂamh%fﬂév nﬁmtyléfﬁa&é@es Ydata not
retinpic acid
D8 ORI PR et o omorueid boignos) |

Aggregat es were subjected to Sox2 |ineage selection
(Li at al, 1998; Billon at al, 2002) with 418 for 48
8 n replated in the presence of FGF-2 and EGF

S GOt e P SO S B poton =

degeribaddor G1 ﬁwmﬁhmeogqrema;mehtﬁ$ cellals@ata!ot Eg1 4 N2, DCRE and R1.
t

AN It eRathon ERPisel fitp i BELL5 o Kasl 556 cols, Moro

deta)lod)nspﬁmm HE GRS bad \B4F G.‘tardéﬁeéc(!j NGQféllﬁ ShoWed the full panelof -

PR RITRPRG £ 70 G FFIGBL PEFRaLBaterS SoreAnd Sox, plus the

belmrmarmedpﬁmf fatlots bhgggb MERSHI 'iF'i@P?BP' %ﬂﬁ%gﬁ%ﬂbn of Sox1 but

i sol at es, and

RIS T 8553%%%%5 ﬁe§tﬂkwgamﬂm€20ﬂ tﬁeﬁﬁ N%azells,%w@w of the
peslulzied d6tefninative function of these transcription factors (Pevny et al, 1 908),

Thus whilst Sox1 marks all neuroectodermal precursors, it was not retained in stem
cells where Sox2 is likely io play a key role. The NS cells also expressed Emx2
which is implicated in expansion of neural precursof cells (Hein et al, 2001; Galli et
al, 2002). All NS cultures tested underwent astrocyte and neuronal dlfferenﬁatlon
assessed by both morphology and immunostaining (Fig 2C).

Example 2-7

In light of their apparent relationship to radial glia, we examined whether NS cells
resulted from the pre-adaptation of ES cells to ex vivo propagation or could be
derived from foetal neural tissue. Primary foetal CNS cells from E16.5 foetal brain
adhered poorly to plastic in basal medium plus growth factors and spontaneously
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detail ed i nspection of CGR8 and E14TQ&a derived NS
cells showed the full panel of . radial glia markers
(Fig 2A), the neural precursor nmarkers Sox2 and Sox3,

W 368s5/1 bHLH transcription factors Aig2
(F o 28 Down-regul ation of Soxl but %lcg@ﬁﬁ“@“ﬁ’fz”

Sox2 was a striking feature of these NS ceIIs in view
of the 20 postul ated determ native function of these
transcription factors (Pevhy*at al, 1998). Thus

il,st Sox neur oect oder rral recursors, it
f‘m‘*d RO %% %sqaé'ﬁu thess pgormgates Ssiied paiq g#latiy-coated
phsﬂ@'ﬁbﬂd%eh%ayﬁ G, oﬁ@owﬁﬁﬁéllestn?sﬁﬁse‘?@ﬁ@ RR&Y Eﬂ?&zgelatm-

neur al recu

[ icated in expansi on
c‘&v%?ﬁ §'a¢‘ﬁ% "HEE Be apparaigexpetments celis matpholgirz)ly :dehtsrama as NS
célls! ﬁr@lif@%té@éﬁ@ﬁe%&&@u@nt@%&égﬁ%écﬁnﬁ%nﬂﬁH{algs €ella\|ﬂas These

differentiation 25 assess nor pno
fqeﬁa%ﬁﬁ@a ﬁgnnatwgs ERpigssa) thecsamp Iraa:hﬂ glialamd| neginebge]flc trizekars as

T bRl B 2080 Srotin Sl o iRk Fenmes. Thoy

WE@ lt!‘@WII@ MMemlfmspbommtilmmfal giffgtamtiaion @4g. ZC&\gortex-
Pripary foetal

m.f oet
AR 1 (P bS5 Si0isicals e colonsrdbipotes fo sequentia
grgbﬁfamém hJbi e NG R chy BnSpRodited Ty positive
”?‘8? 5@5@@% aiicianogenie callsiv theorl @ghglr@gateemurogenic
Csﬁi bellsﬁﬁer@@léb 1884 dub-Q8R8 ¢ Snd Bérf’@h isly E{?b’%ﬂa% cﬂmf‘i%mdual

Qut gr owt hs “were trypsi ni se

cedlé* E’ﬁlcﬁt"’% eﬁﬁ%rqﬂewi i Thus) NS tchﬂs;we&qjmmﬁrmpfeeiatrbrﬁrs and
stiEhbd haRASIahatLe ot Y deﬂ%hbé%ﬁg i85 O NS LSS

prolifer were subse dinto.
conti nuous ceII Ilnes These 5 foetal brain

th dial gli d .
il R R RET I S
andrivgl qu;fa a)nuapatesufong\adia@ fgmqn:m:m QO@Z?Maﬁgﬁéd bRS cmﬁBs&t cells

coO en Oor astroc e an neur onal
Wl R e Proesit ’@HFF%@@Ia‘B@Blfoébe@Bﬁtanh%&ﬂ merker
phesphomlatschispheHI@bRat] thet ﬁqa%nfp%f)g&g% r& Sk ﬁfné Bpse

%entl al rowt h factor w thdrawal escr | '
vi MBS the Bungmie hmmep@mwmocmpmm celbdivision .

Inﬁdtﬂhdtﬂdhé&irﬁéi e ré\ldatéd %gzﬁqgﬁ' %llfgrlnc!le?lc_;b ninfé?ﬁn&% lnuclear

culfure were neurogenic.
m'ﬂ@é’c?i"l ?/W§U19h6‘faéfﬁéﬁeﬁ Fratanfinaumepitheliakpachtetil biis oells in vivo.

i ndi vi dual cells, indicative of self-renewal. Thus NS
cells.were deri ved fromfoetal brain and
The NS cells were hence continuously expandable in vitro analogues of neurogenic

radiat glia.

Example 2-8
Frozenfthawed passage 40 mouse neurospheres were aflowed to attach to gelatin-

coated plastic in NS expansion medium. Bipofar cells outgrew that are
mdtstmgmshabie from NS cells. These cells can be serially propagated as umformiy'
RC2 posrtlve, GFAP negattve populations and then induced to differentiate into
astrocytes or neurons.
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shared the key properties of ES cell derived NS cells.
15 Most NS cells had the el ongated bi pol ar norphol ogy,
| anel | at e extensions, end-feet and oval nucl ei

wolhspayed for radial glia (Rakic, 2003). Flattened
and conpact cells . with short extensions wéﬁE’G&F‘E’ 002289

present. | mmunostaining for the netaphase nmarker
phosphoryl at ed hi stone H3 iqggcated that the conpact
cells are mitotic. Tine | aps& ~vi deom croscopy
confirmed the dynam c change in norphology prior to
cell division 20 In addition, the tine | apse reveal ed

MQ -Bel |. undergo interkinetic nuclear mgration,
@ i h§e ;ﬁg E ézed feature of neuroepithelial and

:?d?‘éﬁs igpted the pphavier Qleﬁacellsvn@n kienspipntetior into hewse brain. ES
ctirderivegust v c@@&ﬁﬁ Exléﬁu Pé@gﬁe Jﬂé‘?ﬁl?n yeglar were

neurogenl C radi al g
ipgeducsd nfe the lsi%elﬁplmdmn @nyemram’leanallmjemm atd 1ait 5 (dgrassi et

A1) Al S0 eRBchGRdrer b SRaTPBIRR0 S obosityp ol
*N@“E%W g braihsections. NS eliprageny bt ahigsated pteesioed basin regions.
S BT b S e
maikeomastin)\iBR005! rhaAGISTIRC NeGRAMMAP228% m‘lé%’er numlbers with

d the beh f 1
GEAEPS oIS Wil 4BH Gontl g essiulapuse Heatugs i this case GFP-

;ﬂ:eitiva eclidiSmaindd Rohlisius weddcilin} bF the Erﬁéﬂﬂo\ﬁ'éﬂ@' Fé&liWeeks after
res%#% I/'htor were 5 Introduced

PhGH) exaressing eeliskad npwnabmomhm and were
||61h‘h.ﬁbﬁ§§|twé?'¥oraMAP§9 99)a26Y%, %&s‘ﬁ@& GEAS! EM 9584128, Sotained

birth and presence “of e ositive e
EXRERS IR0 meaﬂnaiﬁtg SpcThe pmllfelrﬁlueemarlmrdgéﬁywdsadetected in only

TR 0454 G Bt 45 B RN vt e
wioF I apisisterd haittp this uwes observed kerhisioRigioal eVRIGh6E W un-requlated

AR S o B B s et ater

tmaplanﬂuonaFuﬂheﬂnbréhNS m@r% toPPBlisé %ﬁln‘é?'da?sules did not
ed l.ocal ised t he_vicinity of the in

pgl?q{?%ra q%rtgve\ggeé qtg:;nas These data indicated that NS cells can survive

and differentiate in both foetal and adult brain environments and unlike ES cells

- {Brustle et al, 1997), they do not give rise to teratomas. Moreover, the relatively high
frequency of neuronal differentiation is in marked contrast to grafts of passaged

neurospheres (Rossi et al, 2002).

Example 2-10
Finally we investigated whether similar NS cells could be isolated from human

sources. In the process of deriving human ES cells from donated supernumerary

- embryos, we observed after 5-6 weeks of culture extensive differentiation into rosette

structures typical of neuroepithelial cells. These cells were transferred into NS
expansion medium. After a further 3-4 weeks bipolar cells similar to NS celis
emerged from these cultures (Fig. 4A) and have been continuously cultured for 5
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grafting, 44A+5.7% of GFP expressing cells had
neur onal nor phol ogy and were i nmmunopositive for MAP2,
37.46. 1% expressed GFAP, and 4. 2+1. 9% r et ai ned

n of nestin (Fig 3). The proliferat] rker

w%:&ﬂfsﬁa%gé)det ected in only 15 1.00. 6% of GFP%%@P%VQ%RQ

cells indicating that NS cells withdrawfromthe cell
cycle in vivo, Consistent %nth this we observed no
hi st ol ogi cal evi dence of u# regul at ed proliferation

ittt R s CPmpdisruddi Y 2 huinth@eh S ARe om an
el@givb SerpimdtiondDiseodintegieschs mitkyly famedfleating ﬁggregates that after 7
s ermcetnte g Alsvied otosR iR Eomd piRgtc as for dervation o

NG ickliefrémihatss fo%té?!%‘i"élnf Rg‘éﬁfe:ﬁﬂﬁg adiwlrb v&Hsaésjiabi.shed (Fig 4B).

environnents and unlik |'s Br ustl e et at ,
Hurpar NS enleyesiomoeothiifecelissmd fgtal élﬁ%ﬁ!%W&Eﬁ chaspelgtized by the
SR OPHFLY B aocbESBISRY n bgbRH GRS Howovsy. an cal
emmag mdmahuarme@nsmma&mstlet vigientia @mﬂ)&CBZz(Fig 4B). Time

o Morftorog paniBen, 114, B o it RI0iIBE " el onc

inferarweriby THess Murgn balisaisokbhibitbd v levsts dﬁ@ﬁAE@ons:stent with

fhe S PR ST Heutand EP A amblar TLtls Sl (eatie D08 MBS bt al,

urrhéy pmlnfwea%o@fslmy&mhbhﬁbuﬁ célR! Wwith diihsm@ times of
|s were transferred into expansi on ned

saa(fefaé.daasfﬁﬂethwq@rwah@fék%rawbef EIGFC @nﬁs“%ﬁ% th@w awewd to
I
«.ﬁ?e'rété imfiaRird ﬁ@ufdn%ﬂ&cflﬁgﬁg 3@?‘ Géﬂ&% 2005 Pﬁ%gﬁiﬁpﬁtﬂé@ywﬁh

een continuously ¢
infeoye GEAGVBITORNOBEChvity Bvaie pmdgcewft@r passggigdiegerum (Fig. 4C).
Carnegi e stage 19-20 human foetal cortex tissue from
an el ective termnation. Dissociated cells initially

ampied3 f| oati ng aggregates that after 7 days were

RSB TSDR A8 Wt v

vifre ﬂtf@l;reéi)ﬁbﬁdamby émproqlngfﬂ@é ﬁh@l@@e?%ﬁaﬂﬁ @i tbhlaggﬁ;ﬁtcﬂé]hl I p ién:ﬂdlque, in
res from bog ce

’éj kﬂﬁ“é‘é’h%*hﬁbrfﬁu%’ﬁﬁg §E?‘%§ﬁ‘i Yeaimgpls, H@esep?&‘égseq?e@ B? eﬁ'clently .

trérlﬁrh‘%ﬂ%tocrﬁéﬁﬁe Qﬁ@ AricB&®A ndlifdns e Bh RRIcRopR@idiSgical point of

However, al u expressed i mmature precursor
Vigrir ker s nestl n vinmentin and 3CB2 (Fig 4B). Tine
| apse nonitoring confirmed that the tvvo cel |
nor phol ogi es are plastic and
Solutions for electrophysiological recording

Seals between electrodes and cells were established in a bath solution consisting of
(in mmolesA):155 NaCl, 1.0 CaClg, 1 MgClp, 3.0 KCl, 10 glucose, 10 HEPES/NaOH

(pH 7.4). After establishing the whole-cell configuration, for current-clamp recording

‘and for total current recording in voltage-clamp, the pipette filling solution contained (in

mmolesil): 128 KCI, 10 NaCl, 11 EGTA, 4 Mg-ATP, 10 HEPES/KOH (pH 7.4). For the

study of voltage-gated Na* channels under voltage clamp conditions, the patch pipetie
was filled with (in mmoles/l): 130 CsCl, 10 NaCl, 20 TEA-CI, 10 EGTA, 2 MgCl2, 4 Mg-
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i nterconvertible. These human cells al so exhibited | ow
| evel s of GFAP consistent with 10 the activity of the
human GFAP pronoter in radial glia (Rakic, 2003;

I at al, 2000). They proliferat ed nore sl ow
%azﬁﬁsﬁééﬁﬁouse cells, with doubling tines ofF¢ Jgggyé'p%qogzsg
days. After sequentlal w t hdrawal of EGF and FGF-2
they appeared to generate i ture neuronal cells

(Fig 4C). Cells of typical dasttocyte norphol ogy with

B ArEES L BRRR TR Gnaies dxraps Tetsmivonsontained (in mmoles/):
36 NaATIPPISACH oglmgd:lgpn@wddss% Qétréiﬁyl?ﬁ{rﬁoﬁuuﬁ -GY b%izeo 2, 10

were i nvestigated duringin vitro d erentiation

dRPESYNagH (rH Wib! Eoctid study mrvbitage.gaﬁedpm%mmhaerp the paich

BBSID\B e By B 5B SAIGHEE D5 L R o, v

AUDPI 1@HEF@SIB§OH%H TR GAH T BklrdceMabi Qﬂ@ﬁod&ﬁéﬁ‘i&i (Irir MfolesA):

I % si ol ogical point of view [ 'utions H
i’§ iagﬂ%alumée.oﬁdetﬁ@thﬂamrsomw\v@eﬁo 4-AP 1, TTX 10

FE @F[drﬁ”s were established in a bath
t1on consisting of 25 (in moles/I):155 NaCl, 1.0

'CaCI 2, | mC12, 3.0 KC, 10 glucose, 10 HEPES/ Na(]—|

%ﬁh hﬂéﬁter .establi shi ng the whol e-cell
409 current-clamp recording and for
tbntoatumams @afe fR6RIcd Utdet OOIYéQeté%p%ﬁl]‘lﬁoné h§l|818 'tIPe‘?béf%B—clamp

filling solution contained (In

@p-ce fomaﬂwl g, Ampowmmmgr«@&eﬁkmlﬂ) an Kxepatch 2008
;?:éllghn}g3 con)&nﬁhg%g( eh%gé'@ﬂe pI pecgt ém'gglq%as " I éﬁhm@aﬁzed at

sampliagointarvalp: of 326- m:msm using a DigidEsN-1822A 1A/[EGHWverr (Axon

Bt 8, MO AL A G APt Sfieon.

angisiions dnd datarenalysiz'were caitidd oaGhing theGolldwin %oﬁ@éieibachages

ASaBeS B N, R, 3Pl oo Sotwere

a2 Nocthampﬂirﬁ MA)eoriveltsde-ciai b@rlr\‘\@ﬁtsilhéér%@n?oh@nté bfleak and

?Pﬂ?%‘c” @léw@f%'@i{eémﬁ zenalqwetqf@l’exa% malmceﬁt gmpletely
cfa@béleUthiﬁﬂiH RIND @ﬁbtﬁd)d‘ Pateh $iddites w Qﬁgzlgni%oﬁ%@gte glass

fs ‘5 tetrethyl amoni um Cl
tg@ng and ire polashed Pipettes had a final resnstance of 3-4 MQ when filled with

internal solution. Currents were filtered at 5 KHz.

FFig. 5A shows current recordings obtained during whole-cali voltage-clamp steps to
depolarising test potentials in three NS cells at different stages of in vitro
differentiation (cultured respectively for 6, 20 and 30 days in a differentiating
medium), using bath and pipette filling solutions suitable for the isolation of both

inward (Na*) and outward (K") voltage-gated ionic currents. From a simple inspection

of the current tracings it is evident that a sizeable outward voltage-gated current is
already present at early stages of in vifro differentiation (6 days, trace a). This
current, blocked by application of an extracellular saline containing 5 mh,
tetraethylammonium-C!, has the features of a delayed-rectifier K' current. Its
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HEPES/ NaOH (pH 7.4). Patch O anp Recording 10 lonic
currents were recorded under vol tage-clanp conditions
usi ng the patch-clanp whole-cell configuration (19)

o sR9m RPerature (20-24C) with an Axopatch 200B
pat ch-cl anp anplifier (Axon Instrunents Inc. ,PCTP 2005/002289

Burlingame, CA) and digitized at sanpling intervals
of 26-100 psec using a Digi q%a__ 1322A A/ D converter
(Axon Instrunments Inc., Burlingane, CA) interfaced

S SBTSAe AAU Blye toao sagg rc
trend g irespgotiyelyb Byeonirast dhe gaplitude@ians irﬂmélﬂg.‘iﬁrent, negligible

. | i ngane; d -
%I%Iét %‘ég%fvs;g#c{?&%?eg%rﬁﬂwlgglﬁgpy ngﬁgqg@g %ﬁmﬁpﬁrexposure to the
viffereniatioh amediemm eFignS® thowsN gy 'v&l%‘)ﬁ%ﬁs%f eliGidl following
ﬂ_ﬁ% lﬂgﬁ@l@t b.v_e trcuré_i’?'nts were first “reduced by
ana °85 ISCURH PrPCianaulandepaianizing curtnt Bémul between 70 and 300
Arfrorh i i hosh bi
D o bor cang pofentiE df abelyf o iV e AR REfags dmp to
ﬁ‘i"ﬁ%‘%‘tcg%.'"ﬁarao 1 Hig saregiosiausbowafin figs SKCindseen the Incashse in
: - | ] . filtered at 5
e st (MR P, e Cothnty of e
difsrantiaing cells tamelicitaciiop petentialy, dn faiﬁ,pmbétfeilisdxﬁ@séd?ﬁirior?!y six

ti-al Serd A I t. different st f
Se<oh ) i Pl ade i Suviog acneciglscnad gurrant was not
abledg elicitia segateyativervoltagh fdspbRSs {ticeNShalBHE v (a) itﬁifgﬁ.gsa). By

' Fill | ble f
PRk heh 4, Bl Shlsing 4R alenial i ol ol fastdepolarsation rate

waild agesligitée th therd i ek |

e ot e AR TR L0 e

% ?\ﬁéf‘ﬂ R'/Eﬂ)t"?a g é&g @@9 digplaying a lergeainwaedigurpere signate atin fig. A).

AR itfatibh. Wi | i.ati.on. (6 d X

eS0T Aol o8 o il A i he oo

U %ﬁif dwentyidays vithithe difisoentiating agestsifrace labelled with (b) in Fig.

t ; ' : feat . .
T AT MAdB b inid ) chien (3 GSP) Fromis prefiminary
anlemscmmow outizgdhe eXLﬂahiity:c [irgpt?iﬂeé ﬁﬁfléﬁe?@éhs%?éz riclly comslated
S | erentiatl on -

188 Wnplinflad 8 Hhe TN Sulonbroplad FondFiamm Fatia aumatiative

sist @liehist cohaudtanuer ds calr fufibtion Wgﬂhbgiiﬁbe%%&?&urﬁi l,’fé the
by increasing the tinme o

A S ST, R TPun el pintonth rora i sigosmia mviiront
stages\ iffegentiation engeppRirdihk§tarlPbtitbMar salines specific for the
study of ‘th'e activity of voltage-gated Na' channels {see methods), At any time of ceft
differentiation the fast inactivating inward current was compietely blocked by the
selective Na channel blocker tetrodotoxin (1 OM) and peaked at a test potential
between 20 and —10 mV, showing the typical features of voltage-gated Na* currents
in neurons (data not shown). In fig 5C the development of the Na" current amplitude
at —-20 mV as a function of the time of exposure to the differentiating medium is
shown. interestingly, the increase of the Na* conductance well correlates with the
increasing cell exposure fo the differentiating medium. Indeed, on average the Na*
current amplitude increases of about a factor ten within 30 days of treatment (from -
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5 intracellular injection of rectangul ar depol ari zi ng
current stinuli between 70 and 300 pA from a hol ding
potential of about -80 nmV, after switching from

lanp to current clanp node in the s cells
WQEW%&“ g. 5A. Indeed, the increase in ag%nﬁ?]? 2289

~of the voltage-gated inward current reflects the

capacity of the dlfferentlablng cells to elicit
actlon potentials. In fact he cell exposed for only

toth differentiating agents and show n
é‘éPf\g ) g e it Bekays et Hot 13%BAANT B3XIDI giore fan 25
d’a?g)e ﬂﬁ!hétsla\'i% %QJr A8 Ps é?%?é’t%ﬁ)o@éﬁt%? ﬁhé WHe%gFf@dt Bhti82n the

By = contTast over shoot1ng ac

| ﬂﬂi’@ﬁb@lg .aad t ? pedlg alistted by é’neyNa asurr&m potiar clmaentatampnendnt:ons

SEHAAR 80 St gttt o),

wrwms fetlowmg hlnc(re)thalm 25| days S)Blreatmbrdntspbebemgameé beeen +30

o EAF i O 9r 8 Bt e ity rrohertes, s fhose of the

| uhdaﬂrying voltage-gated Nat eaaiietarice fokMEIRING édhéstﬁéwtbﬁ Idriderthan 25

A e A e LSt e ot
adunt %@n&?ﬁefAﬁeth@ fedfﬁ%&ﬁﬁb%rﬁ! e ?ﬁéﬁou@?@h?ﬁﬁénﬁn& is the

turns ou églta Il roperties o

PERSENEe & woltagergated Cebr channal @on@@tamsnagmstmiéh@teatew cells

R ARG 08 75 BBl B e

Fig. n®D gghowsepsample trecnnge obdaihed risn merbrage néepalaization to the

LSl RSBy . il Sy

aaeltrelatt\eauy idshmasﬁxlatlngimﬁpadl rhé)cubent ¢dreposdnt@iciedd 4ha0 mv is

Ipharthe BRULBATLYRICES e it fgrr B nd Lox, 1967). By

conmm.l ihet BaRJ dumemt Glicitsd 80D MRS dRERNING! £ slovPkaE <eTis Is) and
thepi?ﬁ sel ectj ve, Na channel : bl ocker tetrodot oxin (

@@"ahaﬁfh%’pwabfﬁewﬁpf th Béleweté?a HB6A GaZ channe
cuﬂr@nt"ﬂhe%&éﬁtﬁa fhehid 8l etﬁ&ﬁﬂc?s i—l@@f @ﬁ'gﬂhannel

Na" currents I N neurons ta not S omn
CORBIGRNFES BRasfitmed by the warer&uokmremttpnshng@éFzgaﬁE Ongverage

tAY L9 éurféﬁi‘? iy Qf Jd“ﬁwt Wﬁﬂ% e W H&ﬁsl’[ ;5’f6|htﬁe HYA cumrent

differentia ere
peigadcaidbmyt A IHEAW wweatwasl detemule ot eu’aofez'r aeltsh while a

LASuifont PARBARMIAE bloaSIRANH 0, Br i oells IRz o tdddh

on average t
HViAcBaHsument (mi@)t a factor ten within 30 days of
treatment (from WO 2005/121318 PCT/ GB2005/002289 -49
This data shows that neurons produced from neural stem cells of the invention can

function: they can fire action potentials, the hallmark of active neurons.

Thus, according to the invention, we have derived and homogenously propagated
defined NS cells as differentiated progeny of ES cells and foetal brain extracts. The
NS cells proliferated clonally in simple adherent moneculture and remained diploid.
After prolonged expansion, they differentiated efficiently into neurons and astrocytes
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55 14 pA (n=17) during the first 5 days to -434 135

pA (n=13) for nore than 25 days). In the sane way,

the regenerative potential (the DV neasured between
wenodreashol d and the peak) elicited by the

current under current clanp conditions rangggl?"bhggl\)/\%f@?%mg
0 and-+20 n¥ during the first 15 days of in vitro
differentiation (n=6), 5 V\h_e%(gas foll owi ng nore than

25 days of treatnent it reached val ues between +30

0 oy pird ord R, SRR o AT RipiD GRS, el alseformed

sligodendueytearit eityd B delisuriiBnaR dxprds iRt lbﬁ@rholecular
I Ca

fepton 8ol Qi At oo et of bmiPns aad apiromphem tippere able o
estabiisbradhesst NG c6lf KR rch b%sb%dg{tﬁﬂérpfé%ﬁéi %?&:f.}JSi ons

is the 10 presence of voltage-gated Ca2+ channe
conductances in nost of the tested cells follow ng

_an_ﬁ_g%g to the differentiating nmediumfor at |east
ven days or Ionggr. Fig. 5D shows sanpl e tracings
e

@gt%ﬁ"ﬁ ere phigined opst &S zelt lallmun foctalt dortex msci)hg #iee protocol
' r ce at i,n 10 nmv

bgl. Wb WrvBU NG (A oA eyt oty Sl apankars. NS cels

dastvedispecificayly from-C GRATES cellsor o ERLRS BN (dthhitefthence:

[ .Ni sce 0 € heurona +

Gan ol "E"l’}%‘f%érf‘g?'&?eaﬁ ) HRie pnalysadiorexpspsionafithe indicates.

ke Betdimmurioshbnsthe Ekadlinatioaih i?ﬁ' bé@b@ﬂ&%&nﬁtﬁ&'radia;gua
h = 73 g%zc and |n§,orrpl ete inactivation, has the

r[’l%egsaweqe 1 cXeresped inalmestallrells whilsttheywerearmitormiy negative
fouGFAP, . The presence in this cell of two distinct,

LVA and HVA, Ca2+ channel conductances is confirned
by the current-voltage relationship of Fig 5E. On

Bipley 20 the LVA current peaked at -40 nV, while the
rerationship for the HVA current peaked at 0 nV. A

Nﬁi@elba{ﬁeredsrivﬁhirommpweﬂmawedoétal fofbbnaih ngﬁr_o%mé%fgb 'uf§ing the -
. I .CO onen S asure In 0
LGS Rtow- K R4 DB e FRLRORG londilerm toe3dl netirasphers oulture (40

peRsages) editibied identidahmeishisody 1o ESIGeHVRAND iRk Eﬁ&e&éﬁ!‘heural
the invention _can function: they

m.cel |.s, of
PRI, SBHED oo Pkt Simumiaarea ity nand. cidhsifarentatd into
nNROtamSIERd JooyteSC RIS hatreli tnditie INY Bl itaintd Hi fresh foste!

derived and 'h enousl y propagat ed
“SE”&PE?’@PMWEH% %ameo@%%vseffr%nemshm fiazenalovbr andthen

g whgumgpﬁereg%,l\ﬁoﬁ?ltm‘prol iferated clonally in
' u

25

30

si mpl e adherent nonocufture and renmai ned di pl oi d.
After prolonged expansion, they differentiated

EﬁBHﬂé gntly into neurons and astrocytes

L.C1 mouse NS cells were transplanted into foetal rat brain. Confocal images of NS
cells, lenti-virally transduced with eGFP, were taken one week after transplantation
info the ventricle of E14.5 rats. Donor cells migrated from the ventricle into the
parenchyma in clusters and as single cells. Grafted cells showed co-localization of
eGFP and the neuronal marker MAP2, the astroglia marker GFAP or the progenitor
cell malf<er nestin. ‘Thus,- the NS cells migrated and differentiated after

iransplantation in the foetal rat brain.
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WD 20051121318 PCT/ GB2005/ 002289 -50 both in vitro
and on transplantation into the adult brain. NS cells
al so formed oligodendrocytes in vitro. NS cells

expressed nor phol ogi cal and nol ecul ar
\?gg(gﬁgfrﬂe%yof radial glia, foetal precursors ofC IR tYpe2289
and astrocytes. W were able to establish adherent NS
cell lines fromnouse and h n foetal brain. 5
Exanple 6 NS cells were obt&'ned from nouse ES cel
and foetal cortex using the protocol below The
derived NS cells uniformy expressed radial glia
Bainksled NS cells derived specifically from CGR8 ES
pe S _or fron1E16 foetal cortex (|nternal ref erence:

i wese anal ysed

U0 5 b B DB e

the radial glia markers were each expressed in al nost

tyelyafiBh.or s s CRUNNES FromEpdials) i ved f r om efoZmded
HE® eels f;antéﬁic;émiyebé aiofverta e Fosn ek Ter%dsﬁq; hgﬁraf g?gr%mtors in

ety MoodlayShsmihce mwﬁ&gngﬂfo@gwgaubmmmwd forthis
HSlest difisteriBian ﬁl'@&é/é&ib&? %@Wh&ﬁ@?ﬁ éﬁfi}gﬁ ESas &ré fslitinety

neural precursor cell /ra c?
culbwred singae teedpr-free spditions in medivre supplieeteatadwith 28% foetal calf

S B 0 B i ko L b

- tigsue wullere plastiocf3hs thlffeserﬂiatmleEdem and éelpandedriowmsy% |

B RET B0T R0k lvof. 38R sei B RSP BReIA RPED? media P2y

Cwmllaiane pl@tegf omalgczmplgm (ﬁﬁami?haﬂ&ide&)eénﬁﬁiflted/\ltrmﬁb|W1 % gelatin
ce were one week af
DRERS a3t {mited onalowedta dpr. e inlel Waling density s 2

- cﬁmmbamﬁhé@r far@frdiafl nbuRMdhetios ahl 'cﬁh%a%éiwb&?ES pell fines,

20

25

30

e@.'pgyrm in clusters and as Ssi ng & a '
F hegRASueral ditarent sell densiies ( @Pﬂénd Xt19¢ ana t2ont’) per

pﬁ% ‘g??ﬂ%ﬁ?edrﬁrh% BRAAG dEnRy< Rl thSpbed¥s rRfoving detached or
dead cells. Under these conditions 50-80% of cells will undergo neural lineage
specification within 4-5 days, and with overt neuronal differentiation detectable from

day 5 onwards.

Conversion of heterogeneous progenitor cultures to homogeneous NS cell lines can
be achieved as follows. Day 7 differentiated cultures are trypsinised and 2-.3 x 10°
cells are re-plated into an uncoated T75 flask in NS expansion media, comprising
NS-A media (Euroclone) supplemented with L-glutamine, 2mM final (Gibco),
modified N2 supplement (freshly prepared in house) [P2} and 10ng/ml of both mouse

. EGF (Peprotech) and human FGF-2 (Peprotech). Expansion media can be stored at

4°C for up to 4 weeks. Within 2-3 days the flask will contain many thousands of
floating aggregates in suspension culture (absolute number varies according to
efficiency of initial ES cell differentiation). Cell aggregates are harvested by mild
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30 cell marker nestin. Thus, the NS cells mgrated and
differentiated after transplantation in the foetal
rat brain. W 2005/121318 PCT/ GB2005/ 002289 -51-

I Protocol s For Derivation and mani pul ati on of
ﬁé%g% I?N%f nes W devised the follow ng prot otdV§ri0E002289

derivation and mani pul ation of NS cell lines. 5
Derivation of nouse NS cell |ines fromES cells ES
cells can efficiently be comfeTted to Soxl expressing

rifaleﬁéogre itors in adherent nonol ayer culture
LUORRNPY g e 6%‘31351"%69??%%@9%}5@6{&'\%@@5%@6 for 10mins.

Tﬁiétsmgﬁren%'ﬁe§%iebng'aﬁﬁ%§8 fid, 'tﬁlfs e rout| B3 ?ell fpynders, and

el sewhere [P2]. Brief
eniwes %ﬂ@lﬁ@éﬂwié@a@hamgeﬂaﬁfa.&p@ﬁg in Wmﬁufrem NS expansion

FieRRINS TR t%dgl; lﬁ(rh c&gtéﬂf?ﬁfls %‘F’gﬁlw%@c?g%mﬁfﬁ%h%g% e c!gys, cell

reconbi nan aema I n
degragatas cylit altacht fe dbe ftaskt amc shioetiyt thergs8dr. cells outgrow with

d - 80%

LRl AR e 31 R SEIGRY ky Bi or co

masigg mdszso the ehﬁ%ﬁpmaﬁ?ﬁ SE%'“E“'SSQﬁ %—ggﬁmsﬁn rﬁe cells onte:
Vv

9%@*’58? "?*Fﬁf 7?5\5“9(3% Iy £x jum. grellgorow yery ragidiy (oubling

firhe R28hispard rérRaifl aghet. 'Witﬁrh%'ev@zla??é ge€ R&didal H?ffe"i‘%frtlated

crchl al ar aneter for efficient neu i'nducti on

blastcp 5éf%wﬂtna§dqunttpmdety GFAR ansfuHdmnunastaining) and
@ﬂmeésaéredjniféﬁﬁ@fp;hbsfﬁ% fordERBhll irBRdrQ. 8 x 105, 1 x 100

and ture nmediumis changed
each day, in the process renoving detached or dead

Iﬁcﬁjd%% g@ngﬁ{saqtéq%neag gﬁ Eg p%gﬁ&" f &/ﬁﬁﬁl q/\f%'%‘ﬁs' \qﬂ.zlsl-eléecm" with
RIEOTYCIR msmfgfml) omg be ugeuhtmmignatefrfoatmirala:‘ell@?nd derive NS cells
HERERHRIE sHE SR s SO Bicns B SBhe pisten inR@R media

ardb 2 Igelatin coztted kg@na@h;hetcﬁﬂm&eﬁ%drw@emmﬁheh Six days later
differenti psi ni sed and 2-3 X

& {#tur s are trg/3

%O'E'gﬂ'ésaéﬁf?d 2 & &iYigheh eht@a%r@@ﬁmselmwmn (~3-5y

16) SRRSO BRI N 28T Rhé it ASod i BPEGF @EQ"‘@ WG FGF-2
rrented with L-glutam ne,

@rﬁ&%ﬂ gelaiin eaatediBem Pdﬂfﬁ%s'ﬁm%/lnﬁileﬂb mogmmlagmwe)terogenous

$838] expebsing PispumtionporEgteBsitaY $8quires a Sox1 negative character and

after 3-4 passages uniform NS cell morphology and marker expression.

Derivation of mouse NS cell lines from foetal CNS and neurospheres

Cell clusters form in suspension upon dissociation of foetal E18.5 cortex and primary
cutture in NS cell expansion media. These primary aggregates can be readily
converted into- adherent NS cell lines by plating onto gelatin-coated substrate in

- expansion mediu_m. in prdef to promote attachmeqt, itis importar_ﬂ that debris/dead

cells are first effectively removed by sedimentation and medium is exchanged
completely. Cell aggregates will altach and outgrow over 2-5 days. Outgrowing cells
can subsequently be trypsinised to single cells, re-plated and propagated in NS cell
expansion medium. From passaged foetal neurospheres [P5], NS cells can



10

15

20

25

30

EGF (Peprotech) and human FGF-2 (Peprotech). Expansion
medi a can be stored at 4C for up to 4 weeks. Wthin
2-3 days the flask will contain many thousands of 30

ing.aggregates in suspension culture (absolu
“;ndu%@%}nggrl es according to efficiency of i ﬁFTW"“@Q‘mw

cell differentiation). Cell aggregates are harvested

by m|d WO 2005/121318 PCT/ GB2005/ 002289 -52

centrlfugatl on or allowed t®settle under gravity in a
30t ;’ un| versal tube for 10mins. This step renoves

Coravsantly e eptahiished by dlwmsat@nrar@ml@tg\gf drecklp aregelatin coated
plaBtORNS ex@dﬂésonﬁiﬁédiw{.vﬁrs Pﬁ?ﬂghﬂé ﬁfg g@@ﬂ%edden%B N% fines

are replated 1n 10 nS|
bays g tandencyttpraggeaatel datect Ifraerktl‘(el ﬂmkua)md n&f—fban rxeuros;oheres,

L R R L I o

ab@r&eimw SbMstdnflubngeo The téisdereito emnmwamgw ag@é@awléh@mable, :

o BBReRR PSP Rl ensaebite, o i ssiatlighipent of onel

cdl lirgdse cells onto a geI atin coated T75 flask in
expansion nmedium Cells grow very rapidly (doubling
time -25hrs) and remain adherent. Wthin several

pawgﬁd &ﬁ?b,qyah JfiNg epfppt i ated 10 and bl ast cells

are elimna nonitored by GFAP and TuJl
Ongengstablishad, N G@Jlﬁidarecm‘opagmed in BiSumipaosiohymediai NBweslls are

g;fo n ‘#ﬁgﬂ_ﬁﬂ r‘ %@d‘@%@?ﬁﬁg&s I%ﬁi; F%ﬂﬁﬁéél? F%*H ig Ig[to 1in 5. NS cells

'h%\m 8 cloublingnimé of proune/25hrs( OelsDgrbrpassagat bsing $8PshEDTA or

I RO AT CRECURT X

clanazl llpba,tm:gw mlﬁ&ﬁﬁbd’@b&ﬂ@@ﬁ@@aﬁﬁéﬁémm@b@% iA@&Xbansion
di,sh to induce neur Si x days

RGeS el b At BA Pt e oW BB 000 cells per Som
dish PTEIBAIE Gppead wiih thé Weaks and 3arbe 5&% d@ aﬁ Oér%%ﬁr??d'and

re-plated 1n N2B27 nedi um contai ni n
FGF-2 (10ng/m) on gelatin coated 9cm pl ates. The

clyB rbéé#v&tnaﬁraﬂh%esb&@chyN@%Eﬁéoge”O“S 20 Sox1

ressing popul atron’progresstvely acquires a Soxi
Nﬁ@g&a axﬁereawhfrrac@mredaﬁﬂlomg fuaeemgﬂhawmgaaeatmmy h@rtrgp%:se a

$ SSi 0
60:80%. SRR 7Y ARk R f5usERad T edlbs anRcl bl pie Radansion
medial piud mgmgsmo?ms lgthen SpHtiso GR 1nwg@oﬂ1b@§ muﬁé)laaﬂ sthred a
t cortex . a culture in
-8} R, g5l S S iarabiS Tubing e, an, Bgmepisciomae indhese
caneitidnkyFor long term storage frozen vials are transferred to liquid nitrogen. NS
cells are thawed by rapidly bringing the vial to 37°C followed by transfer to 10ml of
pre-warmed NS expansion media. Cells are pelleted and then resuspsnded in fresh
expansion media to remove DMSO. Cell recovery following cryopreservation is >95%
for NS celis.

Astrocyte and neuronal differentiation of NS cells
Rapid differentiation of NS cells to GFAP positive astrocytes ocours within 2 days of
exposure of NS cells-to BMP4 (10ng/ml) or 1% FCS in NS-A (with N2, withou’
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converted into adherent NS cell |ines by plating onto
gel atin-coated substrate in expansion nedium In

. order to pronote attachnment, it is inportant that

%Qﬁdsﬁéﬁ?@d cells are first effectively reng{f@?m?%smmzss

sedi nentation and nmedi umis exchanged conpl
Cell aggregates will attach and outgrow over 2-5 days.

- Qutgrowi ng cells 30 can subs%?uent ly be trypsinised to

single cells, re-plated and ‘pfopagated in NS ceII

EP h S h BRIS00 K T (o7 s meter o

ag®cyleifiaientitfion.be est abl i shed by di ssoci ati on and
plating directly on gelatin coated plastic in NS
expansion nmedium During the initial few passages the

e nogenMdifenafiatiaWs RaliEafe 'E%We%ﬂadaggﬁﬁ %catas% gs'iﬁ.lﬂa) or

fromthe flask and re-form neurospheres,

‘?E\‘Ic“t"ﬁ %Q!qu‘l{iﬁﬁ@et RBS de drtachiselh andLb-tles 19?10allsdare re-plated

e ARk P N e s

'Ba@umt@@mmteg withFfiGrea (ﬁnmml)f mntiiﬁed Nzaaaasrzmgemb) We find

{.
thel NS e ba s Phor® s selve ot nppRERLiToreatddon, than
then basat meﬂrao M@ﬁ\mﬂhm@ of\fediipnizTeAacER Bisry 2M5d8@ boSmaintain

oated pl ates/flasks and are
ci?)gg{tipﬂfgﬁw Q‘kﬂql thtt]a{ni gysint e,%e gongitionswe exchangs raedia to NS-
Almiseid with Nearobabalanedin (G} in &Rltloor: PoRNeRERRd with 0.25x

cal cium

NS E2r A Withmiie G R This fommuiaen provastes fsrher newronl
differantiation2@8 matufeich. £ fbﬁgé‘rw&:lﬂl?&o f{ae%goﬂﬂbﬁyoqg 14days)

el ati n-coated m crowe n expansi on
&wmeyme@lea te N;emfllma}blsappbnwntanbwthl BRY deithmiut W2 in the
5@) f d| sh. Col oni es appear within two
vveeks and can %e pI ked and expanded. .
Cryopreservation and recovery of NS cells NS cells are

CE ol FERORRT iR ot hagaoaNs cBIF| uont 175
Hulnaark NSamilsrmL@mhdetﬁ e MeYy %éla%s gszl m ?@ga@d ﬁaskslplates in

di %
eﬁ%’%?@ Hediq &5 'rfao 1‘%\&% amr@dib.s@aplgment@wth MEOU/mI
r@ceinhlﬂnmtmurmpmak@@hﬁ lﬁmbitwfét&oi@ﬁgnbaﬁé‘hévé@ Bbﬁbﬁmg time of

n these _conditionS. For termstora

stora
aPP@%E&a%G‘YaﬂsWQ% Thansre rpasgages |W|ti;ubup$1mmogemamm9 ~30%
confluence and split 1 in 2. Overgrowth should be avoided to maintain monolayer

culture and prevent aggregation and detachment.

For neu}onal differentiation, human NS cells are harvested using Accutase (éigma)
and around 1x10* celis re-plated into each well of poly-ornithine /laminin (Sigma})
coated 12- well plate (lwaki) in expansion media. Cells are expanded until they reach
around 80% confluent. Neuronal differentiation is induced by removing EGF and LIF
from expansion media. After 7 days in the absence of EGF and LIF, exchange media
to NS-A mixed with Neurobasal media in a rafio of 1:1 (Gibco) supplemented with
0.5X N2, B27, FGF2 (5ng/mi), and BDNF (10ng/ml). Aiter a further 7 days in these
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cells are thawed by rapidly bringing the vial to 37C
followed by transfer to 10m of 25 pre-warned NS
expansion nedia. Cells are pelleted and then

ed in fresh expansion nedia to renove
\@ﬁdi?ﬁ?}%very fol | owi ng cryopreservation is §§SG/%2°?5@P2289

NS cells. Astrocyte and neuronal differentiation of NS
cells 30 Rapid differentiation of NS cells to GFAP
positive astrocyt es occurs=®Pthin 2 days of exposure

PIS -to BVP4 gOng/m) or 1% FCS in NSS-A (wth’
d' oy Swfished Ja degraneralcmedens ameBentedswith B27 and
Biﬁ# F@ﬁbr‘rﬁl} virhlont N2 ci #R4res l?él?ﬂ%%?biﬁh?? exchishg PO % or 3

is not a cruci al Egr amet er
daw ﬁ%f%m@a N celisihroughoutiais prbtocet. étﬂer atfuwmrwse daafsicslls of

CI u MU r'rﬁ?n ﬁég%@?“c} (ﬁ‘éj a?gh I\gé?? LonfRent up.tg 4§% of

’leiialllcmﬂ nysibless. Signifieant hambedrs tgratstroqlﬁesham{éo Qén@‘ated ln contrast
am n oat ed 4-we
PR UENR BRI o PeliopfisisiEntitianin whish tel GFAP positive

cblisghetge, nodi fi ed N2 and 827 (G bco). W find that
the NSA basal nediumis nore permissive for neuronal
differentiation, than other basal nedia. A half

THE inv@Rtien thie %'rméssmbﬁﬁ'dé‘éﬁ&’ m%gif%{fﬁr &@wﬂ@a}cﬁﬂammmpg neural

mai ntain 10 conditioning o
stane sllsc@fifarny sprcieRinax eyramgtricatitiiding, mdmrmm sfateh The

e T TCTTN AT W p———

abe agaisournes It all nasas the mamltantﬁeﬂs obtainditiny iwbwmalhe methods

dgé({r{b‘épZ@Pén?fogg%pg%hg%%g r%gilg&fpr@al og‘ghgél{%qé)g maintained

imfsgh pumty cNEwest;néreglggg wpberest; 8¢ }Mrlrlitug]'eB@QZ}r mjgmgins Wih a high
Pl e B BRI Sn sty fo O o e ol e Sy, NS

| cGI@ ms;eaa@meéﬁmllyoab&nb%ﬁ% ALi% ((E% J5&t éﬂ%bqgﬂouse (ES,
_ é}(ﬁﬁ pl f expansi on media as for nous
fog@q é(ﬂf;‘ﬂ GN§I) Wdﬁﬁo@@ﬂl@hlﬁh Mpuse rlamer siem odlis have been

SARFIPIGR 430 BBt SR v

foffﬁ'wtﬁ@"ﬁb%@ﬁ@'&ﬂiwﬂ&dmyfy@.l n once reachl ng -30%
confluence-and split 1 in 2. Overgrowth should be

avoi ded to mai ntai n nonol ayer
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et hoh Qﬁeﬁb&%éﬁo?&n?rts ARy aﬁe(;ﬁe\gw chairh! %%lf'éiﬁttﬁé activator of a

popul ati on_of symetrical’ly- ng. neural stem o

cel | s;Signaliing: padtvayodewasiiesi frow) a repeptercef thg EGF family is an
cel I's JMohist 3f SAESEE oding a sel ectable marker A,
V\hereid#osai S sel ect al g%}crriarker A is, expressible under

the control of a neural - stemcell-specific pronoter;

n

18 (D)a Ry ér?:?)r; h% ':t:&f&gﬂji %,%%iq%;taggpﬁsﬁs%ﬁtg%@d%m the group

neural stemecells sel ect
expr egensisting aif 4GB T 6F rg rdmphirgguling heparimbindagsEGF, epiregulin,

betaceliulin, neuregulins 1, 2, 3 or 4, and Cripto-1.

9. A methbc_l according fo any preceding claim, wherein the activatqr of a

signalling pathway downstream from an FGF receptor is an agonist of an FGF
. receptor.

10. A method according to claim 9, wherein the agonist is FGF-2,

11. A population of neural stem celis obtainable by a method according to any
preceding-claim, wherein at least 80% of said cells are symmetrically-dividing
“neural stem cells and wherein no more than 1% of the cells are positive for

the expression markers for mature astrocytes, neurons and oligodendrocytes.

12. A population of neural stem cells according to claim 11, wherein the neural
stem cells in the population are characterised in that they are positive for the
expression of markers RC2, 3CB2 and BLBP.

e w.  AMENDED SHEET
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80% of the selected cells are symmetrically-dividing

neural stemcells and wherein no nore than 1% of the
selected cells are positive forthe expression 15 of

markers for mature astrocytes, neurons-or ‘

ol i godendrocytes; and (d) culturing the selected cells
attached to '"a substrate in a nmedium containing: (i)

an activator of a signalling-getbway downstream from a
receptor of 20 the EGF famly; and (ii) an activator

of a signalling pathway domnstrean1fron1an FGF

t ﬁ -ept &éﬁt@nﬁﬁ%ﬁal%ﬁ%ﬁ&%hggcé%g?l ?’Hl Wg whereln the neural

resi St 8lReecalls in tiepbpasfidroge fﬁﬂh&ﬁihar&teﬁséﬁahhﬁﬁi they are positive
accordi nghto claim!l or 2. vvhergl n the neural stem

cel | -sf% ¢ pxpreseionsaf at laagt 8% 8Ft ed from t he group

consi sting of Sox-1, Sox-2, Sox-3 and BLBP. 30 4. A

met hod according to any of clains 1 to 3, wherein the

steps of thBLAS hex-GANEmnenrabprEprsgmaghess pastin egvimentin, the

out in the Eéﬁﬁkérﬂ?e (ghsaé,ﬁ_gl%(&b inA et hod

according to any préceding c ereln at | east 90%
of the selected cells produced. by step (c) are

SYgMet B fc@ldsé&o‘?}' 4 @éd’rﬁl &8&.58&%4&%(?%98 'cia?m t&9 A3 wherein the

met hod Boo of

t he seheuratsteoe bEHB inghe @upaldttdny asd Apther ):hamterlsed in that they are
symTetrlclIy vi di ng_neur mcel 10 7. A

et nodneaRtyedPhiNG SReFe BERIBAG R0t wher o n the
activator of a signalling pathway downstream from a

recept or of t S EﬁF famly is an agonist of an EGF
receptor. Aet'ABaccording to claim 7, wherein

t he agoni st 'S sel ected fromthe group 15 consisting

of EGF, TGF-a, nphi regul i n, heparin bindi
epPr egaqqpulatlon of neural Stem célls acgordlng to any or}%lalms 11 to 14, wherein

the neural stem cells in the population are positive for the expression of Sox-
2. and negative for the expression of Sox-1.

16. A population of neural celis according to any of Claims 11 to 15, wherein the

neural stem cells in the population are free from exogeno-us nucleic acid

' encoding an oncogene, or wherein the neural stem celis are notimmortalised
stemn cells.

17. A population of neural stem cells wherein at least 90% of said cells are
symmetrically-dividing neural stem cells and wherein no more than 1% of_ the
cells are positive for the expression markers for mature astrocytes, neurons
and oligodendrocytes.

18. A method of preparing a neural stem cell, oomprisiné:—

culturing neural stem celis according to the method of any of claims 1to 10,

AMENDED SHEET



betacel lulin, neuregulins 1, 2, 3 or 4, and Cripto-1.

- 9. A nethod according to any precedjng claim wherein

10

the activator of a signalling pathway downstreamfrom -
an FGF receptor is an agonist of an FGF 20 -
receptor. 10. ‘A method according to: claim9, wherein
the agonist is FGF-2. 11. A popul ation of neural stem
cells obtainable by a nmethod agrarding to any .25 -
preceding claim wherein at |east 80%of said cells
are syfEpdty Sstbininglh Cufliof dtiisiRlehlcil Gaid S and
wherein no nore than 1 % of the cells are positive for
t he expression markers for mature astrocyt es, neurons
and ol j r of neural stem
cells Egggﬁﬁg%nﬁ% gélgrr?“lffbﬂ% ein the neural 30 -
stemcells in the popul ation are characterised in that

sdB) AT N el Ry R PG G a BF BR8N

neural stemcells according to claim12, wherein the

gg { ZL{\Z}F?)% éljns | &{b&%ﬁg@%y @ | o?m‘th%ggnf c#é hﬁwherem the cell is

expr essmaracteﬁsadl i ¢faestt it & positive &r@:éé‘é_&prémerﬁof theemarkers RC2,
neur al cur rkers nestin or vinentin, the

Lew sﬁ@ﬁ? ?“%ﬁgashi -1 or promnin. 14. A

popul ati on of neural stemcells according to claim 12

or.13, vvhere n the 0 neur.al stem cell
= ¢
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i o O] Sty el ARG 16 Fala 70 WhAt Hbp splb is further

negat i sttarhSteris & irfthak R3S bOSItiAE fotithe BRFesSBA Pt Ie@%l fne of -
or Nanog. 15 15. A popul ation of neural stem cel

according-to any of clainms 11 to 14, wherein the

neural stengcARBrS P'g&-é RRe PI%BEH ?ré&ﬂsé\r rﬁ?ﬁ@?é hégﬁh bPYimentin, the

the expression of  Sox- egative

expressi on !@wsssﬁnilgemal\ﬂuaaympwrmrpmmmf neural cells
according to any of Clainms 11 to 15, wherein the 20

neural stemcells in the population are free from
e2dgendneuwnlctemccelhaccbrding to claim 20 or 21, wherein the cell is further

characterised in that it is negative for the expression of at least one of:-
Oct4 or Nanog.

23, -A neural stem cell according to any of claims 19 to 22, wherein the cell is
positive for the expression of Sox-2, and negative for the expression of Sox-1,

24.  Aneural stem cell according to any of claims 18 to 23, wherein the cellis free
 from exogenous nucleic acid encoding an oncogene, or wherein the cellis not
- an immortalised stem cell.

26, A method_qf establishirig a neural stem céll line, comprising:-

(a). obtairiing a single neural stem cell,

AMENDED SHEET
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encodi ng an oncogene, or wherein the neural stemcells
are not immortalised stemcells. 17. A popul ation of
neural stemcells wherein at | east 90% of said cells
are 25 symmetrically-dividing neural stemcells and
wherein no nore than 1 %of the cells are positive
for the expression markers for mature astrocytes;
neurons and ol i godendrocytes.s418. A nethod of
preparing a neural stemcell, Conprising:- 30
cul turing neural stemcells according to the nethod of
any of clains 1 to 10, AMENDED SHEET -62- thereby
obt ai n{lgg aclmuirrngrthe ofeunsd u;tah cell accomdirigsto stepl (d) of the method of
i sol ating a_neu tra} . fg ﬁg fromsaid culture. 5 19.
A neural st¥M 2eFPMbt & NEbl e by the nethod of claim
18. 20. A neural stemcell obtainable by t he net hod of
claim 18, ,whereipn the cel arac ised in that
it is pediherghy p ﬁa'q*ﬂsaMPa? PGHA REREPLr s Re2,
SCBZ and BLBP. 10 21. A neural stem ceII according to
im20, wherein the cell is further Iaract ris

88+ ok Wgthod apeRidinge clain 35, whelgin tecpngon gf npraLatem celis s
one of 3 viddafRdpulBidn Cand B o el lils %@?k&g@% dFel KR © neural stem
nestin or vinentin, the 15 Lewi sX. antigen, Misashi-1

or proﬁ?hl n. 22. A neural stemcell according to cI ai m

20 or 21, wherein the cell is further .characterised

in that it is .negative for the expression of at |east

- oR& of A methaid aecordingiteogaine 25 on26.euhereinsthemingle neural stem cell is
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accor db ineq éf‘%f@ﬁ%% ﬁlé"i’i\‘u W c??a?'@ .yg]er ein the cell .

is pos Ive expr essi on 0X-2, and negative
for the expression of Sox-1. .25 24. A neural stem

cg#{ i Sccr%'ril ibe%béﬁnggég&mc?lsﬁgﬁﬁqdl?% éngccﬁgclagﬁ%o o§ w 2? hﬁherem the

oncogecslls aenblearatterisbd indhht theyrae positive for the expressmn of the
markers RC2, 3CB2, Sox-2 and BLBP.

29.  Acelliine according to claim 28, wherein the cells are further characterised in
that they are positive for the expression of at least one of:-

GLAST, Pax-6, the neural precursor markers nestin or vimentin, the

LewisX antigen, Musashi-1 or prominin.

'30. A cell line according to claim 28 or '29. wherein the cells are futther -
characterised in that they are negative for the expression of at least ane of:-

Oct4 or Nanog.

31, Acsll liﬁe according to any of claims 28 to 30, wherein the cells are positive -
for the expression of Sox-2, and negative for the expression of Sox-1.

" AMENDED SHEET



an immortalised stemcell. 25. A nethod of
establishing a neural stemcell line, conprising: 30
(a).. obtaining a single neural stemcell, AMENDED
SHEET -63- (b) culturing the neural stem cel

according to step (d) of the nethod of any of clains
1 to 10, 5 and thereby obtaining a popul ation of
neural stemcells. 26. A nethod according to claim?25,
wherei n the popul ati on of nddral stemcells is a

cl onal popul ation, and all of the cells are progeny of

Si stem 7., A nmetho C
3 o NG FIBEBlE) 6 Ry e e 1 oy wharei aLjeask i sbihe ools
i s aes@nmetticalyedividinggetmal stem calls ho@lnofnocé tham13%8of tﬁ@ce!ls are
Ac ! t h of ¢
5 oty 16 B BIREUGR GY rel RlBl 5 e B ey piirons or
t hatO"QQ@ﬁiﬂd&?@t%o& tive for t he expr ession of the
mar kers RC2, 3CB2, Sox-2 and BLBP. 29. A cell Iline
according to claim 28, wherein the cells are further
33charAa€?é|?“%é%F°F ding ichany efhdgimsr 28 fs0a2,twheseif dhe pélls are free from

exprexs§érmitis OHhuchlic |a‘é|€séndaeﬁﬂg°£n Wobdeie br erﬁ tRE NRils are not

neural precursor markers néstin or vihenti
Lewi"@%oHAlseges!s-Musashi -1 or prominin. 30. A cell line
accor di ng to claim 28 or 29, wherein the cells are

fur haracterised in that they are negative

34 or Sﬁ’é’fé'?b P@%@Wo‘i?"%fas Rtespaig theyprepultions efglaimgr! 1NaAdcthe cell

31. liResef b!aimsn:EB ﬁx:s:prdallangngle bl Afenfbéi HcidBst19 8P4, for the
30 for the exp ressi on

wherein,t |s are g
o SRMACNTR G 2. GeBGubT T i dreapent ¥ shiagposatie diseases
AVENDE BrbitiiciiFies.

35. A method of transfecting neural stem cells as present in the populations of claims
11 to 17, the cell lines of claims 28 to 33, or a single neural stem cell of claims 19
to 24, comprising:-

(a) transfecting the neural ‘stem cells with a construct encoding a
selectable marker B, wherein said selectable marker B is expressible under the
_controt of a tissue-specific promoter; and

(b) selecting for neural stem cells that express the selectable marker B.

36. A method according to claim 35, wherein the selectable marker B encodes

antibiotic resistance or a cell surface marker.



64 32. Acell line according to any of clains 28 to
31, wherein at least 80%of the cells are
symetrical l y-dividing neural stemcells and no nore
than 1 % of the cells are positive for the expression
of the markers for mature astrocytes, neurons or

ol i godendrocytes. 33. A cell line according to any of
clainms 28 to 32, wherein thg cells are free from
exogenous nucleic acid enco Png an oncogene, or wherein
the cells are not innDrtaIised ceIIs 34. Use of

TIPSR bl 8 BT Bl b5 RO, Bt s

or &f slpimy 28 toi® af a singlmneetal stefn aliaif rmmﬂQm © 2 further
the COHBHQB%QtsQfegtaB faRiAparation for the treatnent of

neur odegenerati ve diseaseS and brain injuries. 35 A
nmet hod of transfecting neural stemcells as pr esent in

38t he M%bébf &@e&@e&b@%mm% lwhtepen}?h niorﬂ%rﬁ lefus 6? RS Heural

cl ai ns ,

cl i ieji aqcerdzw to @pnpf ¢l@|msg19 to @ dr ohteirfed@ciording hethe method
neubpamséferBimsh ts 18 1du@5q905t r uct encoding a

sel ectabl e marker B, wherein said selectable narker B

IS expressible under the control of a tissue-specific

39pr omhéethodd anslicdy r@ﬁé@gﬁ]m Eg,rnpﬁ.gH%al stemcel | s that

.expres t.he sa ect abl'e marKer

40.

41.

42.

43.

A et hod

accor df F@”'P%a CAPMT®85, wherein the sel ectabl e marker B
encede;ﬂntamn@abe@p;eﬁtd@& stance or a cell surface

mar ker, stemcel| as present in t

popul at{qngﬁzgr:r&th% Imaﬁr’}ﬁ‘és giffh? gonpy cell o @'@IFPC'P'PWé‘@"d’Fhere'" the
c: ai medoPer tedl i88) a Aeural SEMGLR aBRIMIAY tcSérWBffiﬁuj{\s o to 24, or (i} a
cl ai a sel ectab
mar kort= SolsfhefocbiiogdS the P Fanesiiia s 48, 6 or 25 to 27
wher eiamdt he donor nucleus is froma neural stemcell
accor or ,obt e : ..
recor ritering g 8o £lo3eRori I donoPbeiicBu dharsby ghtaining
or 25 QFGP@BFaf@@edneihet hod of nucl ear reprogranmi ng,
conpri si ng: -

A method according to claim 39, comprising removing the nucleus of the

recipient cell, optionally prior to transfer of the donor cell nucleus and optionally
after transfer of the donor cell nucleus.

A method according to claim 39 or 40, comprising genetically manipulating the
donor cell nucleus. |

‘A method according to claim 41, combn‘sing introducing a disease-causing
genetic sequence or a putative disease-causing genetic sequence into the donor
cell nucleus.

A method according to claim 42, comprising:-



- obtaining a donor cell; - obtaining a recipient

cell; - transferring the nucleus of the donor cell

into the recipient cell, wherein the donor cell is

(i) a neural stemcell according to any of clains 19

to 24, or (ii) a cell obtai ggd according to the

nmet hod of any of clains 1 to 10, 18 or 25 to 27; and

- cul teHiturigg thegeprobranmed sell 80 ae pr gyainm plitralitg of oellsadzrived from

nucl e L nj,ng a reprogrammed cell. 40. A

met hogﬁgé%%?%%ﬁgnﬁéﬁf g#@n 39, conprising renoving the

nucl eussing therpturality of gellsin as@k$ay. optional Iy prior to

transfer of the donor cell nucleus and optionally

after transfer of the donor cell nucleus. 41. A nethod
44qc cérrapthgd eecwtiap e 89y of claions 303l eomprisirenet i cal |y

mani_p i ; |l A .

TP ok B S LSR8 s o

di séade- causi ng genetic sequence or a putative

di seas -ﬁ,ﬁ.glsd' e into the donor cell
nucl eu(?r 43. l&g'&%tgﬁ%{jusg%%ﬁrggﬁﬁggt o claim42,
conprising: 66 «culturing the reprogranmed cell so as
4510 @haihBg %c&;r&if‘u?!té Eﬁy Of ciSifls! 32 144! Yol Ry t}iﬂgnt cell js an
reprogramed cel I, and using the plurality Ot ReME 152
an 899¥§. 44. A nethod according to any of clains 39
to 43, conprising: - obtaining an ani mal conpri sing
ti ssue derived fromthe reprogrammed cell; - and -
46car AYNeifod of regrogssayna cely comerisingsue. 45. A net hod

oot piiuodohg kR LoRBdaILE o thod of
r epr ogeelatinaifiera theemixed popplatien agell accopdiny todinypf alaims ¢ to 24;

popul ajjqon of cells;

- transferring the nucleus of the isolated cell to a recipient cell.

47. A method according to claim 46, comprising genetically manipulating the isolated
cell prior to transferring its nucleus to the recipient cell.

48. A method according to claim 46 or 47, comprising:-
- culturing the isolated cell to obtain a clonal population of cells: and

- transferring the nucleus of one cell in the population to the recipient cell.

49.. A method of cloning a non-human animal, comprising the step of:-
transferring the nucleus of a neural stem cell that has been obtained from a
non-human animal into an oocyte that has been obtained from the same species
as the non-human animal; wherein said cell is to be implanted
into a female of the same species, and wherein the neural stem cell is a
neural stem cell according to any of claims ‘ |



- isolating fromthe m xed popul ation a cell according
to any of clains 19 to 24; ..and - transferring the
nucl eus of the isol ated cepr to a recipient cell. 47.
A nethod according to claim46, conprising genetically
mani pylabing 4 & db’%éih@d Sctordifd to e 'rr%réhéoooftefn?%gdﬁg T
its nucleus to the recipi ent cel
accoﬁ@ﬁﬁ§5ﬂ%zElaln146 or 47, conprising: - culturing
the isolated cell to obtain a clonal population of
cells; and - transferring the nucleus of one cell in

50.¢ heA&bff}l]%Pf AR HIeErans craRIsingd@) pulturing neprahetemozelisin the
cl OpicREncd TR dYSARR 0PN ﬁ@k'reéé%fmra'na'lﬁ‘gwetgb%eﬁ+tf& %fagomst of
transferring the nucleus of a neural stemcell that
has@bESH re6eRiPH @ad (hIdheraafteroptiiviing ihespallgdn thermbserge of an
OOCH%rﬁllétlaﬁhn FEF rREERPAAhIRlabdePtd bhsn §§<Fﬁ?st%? 8h '%#

as the non-human ani nal; wherelin sa
i npTeSAPIGE Wherein ihe eeielstem Cﬁl'ﬁea@a}béal@%mcésdlnsht@dhe method of
\/\heg@é\rd}éjﬁ,angm@l 18bePs &34 is a neural stemcell
according to any of clainms 67 19 to 24, or a cel
obt ai ned according to the method of any clains 1 to

51.10, A midth&d acordiRy &/clair(50, RoRBlLIAG p@lftln&%lﬁ,LI iRinMholayer culture
neurons, conprising (a) culturing neural sten1cﬁ
the presence of an agoni st of an FGF receptor and |n

52theA@rﬁl§(I%H>§cc@fdlﬁ@toatgélﬁi§dor(§1 camp 'ErSﬁ emﬁg s'geff@hs(t@)

thereafter, culturing the cells In t sen

agomediumyree,pf Fefr be\@*@ﬁ"ﬂ gentaing FGF-2 ﬁed a@%wséhem fogm
agopdrid dht %Bst%dysraﬁ‘faecﬁélﬂrrem% @ e[S é‘ diuith.€M
cells are obtained according to The netho any of
clainms 1 to 10, 18 or 25 to 27. 51. A nethod accor di ng
to claimb50, conprising plating cells in nonol ayer
culture. 52. A nethod according to claim50 or 51,
conprising transferring NS cells to mediumfree of
EGF but which contains FG--2 and culturing themfor a
period of at least 2 days and themrenoving FG-2 from
t he nmedi um '



