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NEURAL STEM CELLS The present invention relates to
neural stemcells and to culture conditions and
worbisads31®f cul turing neural stemcells (NS cePC%/GB2005/002289
NSCs) in order to pronote symetrical division and
self renewal of the stemcells. Conpositions, cell
popul ations, cell lines and single neural stemcells
are al so provided. Wiile neural stemcells have been
purported to be isolated in vitro froma variety of
sources it has not, to date, been possible to expand
the cells in |large- spNEUBRAULISTEM CELES
symretrically-dividing, undifferentiated state. The
| ong-term expansion of the cells in this state would

' ' t rien n "
T gt (I o< OB (b UrED R BP BTN bt Blnaitions and
metHddspopulitdrimnacurl dewnedllse(NIS retisesk NISTriandrdar ité oromote
into thﬁoc; hree cel | t}%Ees of neurons, astrocytes and

SYMgBLREh ot ¥eiane fndoselfk s\ akeh dae oftebul allpi fgempasitions, cell
pcﬂaﬁéﬂ&% k&n iR 9ehH Sl n@h?@%&%?&‘ﬂ??‘?é alsb Brovided,

et erogeneous popul on o e neurosﬁhere
system This systeminvolves the serial passaging of

t f |ls,, of which only a ,
WiE PR ralSto Broel wau  feehativapied Ehbedialeotnatagoma yariety of
sdl{qcéﬁ't h8s hBt, ASHERS FBE%F\‘?J@fsé‘itbﬁeetBh‘e 2ht&e Béﬁ’@ﬁ%lggg@cale culture in

There are nmany reports erogeneity an
a symatraitiidallyydivitinge undeiehenteded atade.t Tred lonbiterrh estpansion of the cells
. acity to generate neurons (e.g. Mrshead et al., ,
in368 27etetupl e BlohaEr ELis entB B sy S imantabend herapeutic
pdifl of LAl BaLIRIpRURes RN EmCER!l goﬂMla@ibﬁE'thuthgﬁ%t% directed
fibronectin for 1-7 days then reform ng neurospheres
diferenpation e ththeegeel ivpastof cleareny, estreaytesmndfolighdendrocytes.

stemcells, if any, wi thin neurospheres. Suslov et al
2002. provide clear data that the neurosphere system

Oh& kh@@nheéhoaTTRENUANE AeBRARIcIN TBAS A18EiHhs a minor component in a
characterization of anEvbi stemcells within. The major

heteingenspus porriationsf calts, ihieyausosphare siystesr.dgaseystgm involves

i thi h - "tha xhi bit intra-¢laonal,. .
il PRSPPETIB AT o ool ot Rrnelly’ Balk AMunich only a tin
fraadidht aentiue NoGial sienr esd. Bnél reihjodity F Q@fIBI Oh8ulddpheres are

different states of differentiation"™ - but alsothat

comngiedprooenieises exi st in gene expression profiles
bet ween di fferent cl onal ‘

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-lineage diversity i.e. they contain, in addition to

NSCs, neuronal and glial progenitors in different states of differentiation” - but also
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neur osphere lines. Suslov's gene expression profiling

does not constitute a definition of stemcells within
woewspepheres as explicitly confirmed in the papemiB2005/002289

"the nol ecul ar phenotypes that were obtained indicate

that clonogenic NSCs in our system are heterogeneous,

W th subsets reflecting distinct neural devel opnenta

comm trments”. Much literature in this field descrlbes

I | |
thgg ir% Eg&gﬁ%F nt%%rs gegm%f l'nan:;e exérqs%qug g{c?ﬁle% Ibgg\g(e%n_ Aﬁegrﬁamt clonal
neutraspherarinebl Suslov’ s@@aea;x@rmn profilimpdeed h@tcdﬂi@ﬁﬁﬁe a definition

i s not exressedlnradlal glia 1n vivo (Rakic .
szééﬁﬂ cefigelyit 'QpBPWqSﬁQ?rQ%éSr exRIlqitly genfireeipr thes paper— “the

mB@é@lartﬁ}?eHEﬁ‘J(déz}f‘fH‘atqg%ﬂée%%g% %Jl@%b?ﬂﬁaglc\&o enic NSCs in our

(Mal at est exam
sy@temraredmtato@neaurmwithrsubsétse;eﬂeadngeﬂﬁrmefeemallSdevelopmental
culture .and carried out no clonal analyses. O her
0 ”E radial glia in vitro consider them as
di fferentl ati on internediates or term nal products.
Thus Bi bel et al (Nat Neurosci, 2004) report the
Mg@im Hiesatupe) I'oﬂllmﬁeidmcﬂbemmwelmesmfaglml cels\s$logh et al. MCN

2l S8 0%, SR S8 o, o o
andDAGENP3 AR thatdasase @:Alﬁ"lé ES’E @%r‘e@‘éé@rh r&dial glla jn vivo (Rakic,

neur osphere cells into radial glia. Hartfuss e
ZQQ&vawrepozUMt fhedhesiistdmuotrexfirass Baka, tiechginearkrtf nienrogenic

B AL R MY N

markees. Uhdythddpéterd @i usesutiurss 8H ¢8fied bat nd %an%'l analyses

stemcell's can give rise to RGCs [radial glia cel
and t hat RGC- gui ded mgratl on can be recapitul at ed |n

e ey i AT —
terfmmm pradues MEHUESBibel etifal aNdt Neutdddi 8200’@1’3})0&“%’ deidration of

radial glia cell differentiation can be obtained from
negepRefrpa E@Lﬁe”és\/'@vlatma'@ﬁ'ﬁ@trraﬂlﬁd@hﬁélkﬁrceﬂlhﬁﬁd fGreigg ans! Weiss (J

N 255 1 AR, B, BB ABBILLfL oBh o TBR s

“diffaterttiztion” bhsespBphE AL SllsinierAlisl gliae Hastfiisyét 41O Biol, 2001)
| oosely attached to the substrate™, i.e. not as
shgW ?:/ﬁdla | glia are present in neurospheres.

Gregg and Weiss found that radial glia are differentiation products of neurospheres,
concluding that “These results 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 differentiated cell types

arising from neurospheres.
Liour and Yu (Glia, 2003) show that radijal glia cell differentiation can be obtained
from ES cells, but as with other:reports in this field do not report expansion of

neurogenic radial glia.

Gobbel et al. Brain Res 2003 report propagation of multipotent rat cells “as spherical
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nonol ayers. Further, the abstract of this paper

concl udes "these cells produce post mtotic cells in
weapprsorzidrat el y two of three divisions, thus naRCmEgB2005/002289

expansion difficult”. There is extensive gliogenic

differentiation in their cultures, but the authors

find "relatively few' (<3% _.meurons. They provi de no

nol ecul ar phenotype of their cells. W 01/30981

[ u nt|

CIFRBES REGRIS $ALEN, Rose afsdhl 1 B SUbYENEG, g as uniform
mandlayers. iFurther,dhe absiradied ts paper mgtolwdes: &Htéese eall$ |roduce post-

mififedlsippbro@Pelsy a0k disins, fiysiaking Sxpansion diffult:
THBr@rlgeébétéﬁgvé'@b@em%rdlﬁé@hﬁéhoh Sn atﬂel? r&tﬂg@(%dt Rhatuthors find

cell biolo known ough not

“relafiveiyfenly g’&%) heitrons. Heay poyits vs nmleculaephenotype of their cells.
constitute only a small fraction of the total cells
anongst progenitors, blast cells and i nmature

W@) Of B0 @b QsibRE QUM Tes Jf‘béllsaﬂh%rt %@ﬁtdlﬁére?tftlatﬂ iR riedhdns. But
types may constitute a niche for the small proportion

thgse eells @ramsmtme th@FAPa@ndJeesttre e d%mbeﬁt&@rastrmgbalmlls and are

.e_of deriving honogenous
fﬁ%ﬁ?}{e&fl’ﬁﬁ%} o] ‘iﬁ%ﬁ '%'?n cells fromES cells, only
of deriving neuroepi t heI ial precursor cells t hat may

be expanded transiently before becom ng
T"tﬁ ¢ancapt tatistara geliereguinaspecifie cellulgr micreenvinermentsopr niches, is

r epo(?qd}y;@ E%E“m@gg@‘@aﬁ'%ﬁ@ﬁttn{:{f%lﬁ Egt %pvtgys aclmowledged that

in hetirspieneosiem télisamstitite bRBM SOSH ifRicloh of tetotd]€ells amongst
neur osphere systemto maintain |arge scale cultures of
pragenitarssbiast cells and immalyrmetfiarealiated proganygl kisggregation of

B85 b A 0 SPDETcHE APl b B Bl

m@yebersdierﬁ lispassages, and have al so been hindered by a
hi gh tendency of the cells to differentiate. An
exception is work on adult rat hi ppocanpal stem cells,
Tf'*él’f'é a?é‘?n%er 6&3 ke éﬁ%‘tlﬁ%ldfﬁeﬂ@ﬁtﬁ;{ﬁ@ho?@ﬁo&%%ﬁlgﬁl‘@& neural
I ow ef CI ency I'st transie
st@m\mllls fnoem ES| cqﬂs;acmnjy sbdsriving nenrvepithetialreemtsoo tells that may be

t | f | ) t
exggg{igg é%ar%%tlrﬁsqu;egggceg\rdnp% glla?rrnegt(relcte% eag\]/ “Brustle et al al., Science
1999).

Hence a number of problems exist in the art.

All reports acknowledge that their cultures are heterogeneous. It has not been
possible to use the neurosphere system to maintain large scale cuitures 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

karyotypically abnormal and form neurons at low efficiency.

t
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It is desired to derive neural stemcells fromES

cells, and then nmaintain these neural stemcells in
wouoes/ieudisures, but this is hitherto not possi BC®/GH2005/002289

is also desired to derive neural stemcells fromES

cells for transplantation but the persistence of ES

and other non-neural cells in known ES-derived cell

popul ations gives rise to tumours in recipient

r e

et b el Wb I pr Rl HEchiRohs b RoBlihzpBiHant or near-
perorgriest eeliimeeewingrstempcalls hdve rmjlmm |aolamd3|anelduWiad.

events controlling the behaviour of neural stemcells

is essential, not only as a route for understandi ng
It %’H@#@G%@éh% HFal Q{e?rg céfs @%@"S@éﬁg 'éanHé‘n Mﬁéﬁ@in these neural

neural stem ce 's can be I solated, expanded an
stemrmells in pdref @tures, wus this mrhdfhedtbi rot pppsibtatiis aiso dlémred to derive

for n@ural stemcel]s known |

| ' h
neiifel %ﬂeb’ngr'g; hP&hEt?n%e'l:?e EtrensRlagtRingn buthe; re%r@rséerm of ES and
otHéancbrflnélJFHF cleﬂ'é/ ﬁﬂ%ﬁ(ﬁ/ﬂﬁ ES0gerf/ed @%@Qﬁéﬂdﬁs gjves rrse to tumours in

plications. i's therefore desirable to deve
r eﬁi@!%@@lrﬁﬁ@ dblﬁdﬁuﬂhendesrmd toudhtain parel reyral qmarmpopulasrons from

r s that allow the cells to be
fo%{@l %ﬁg p%)g ?f?mg\zémret rically-dividing, selfrenew ng

state. is particularly desirable to have defined
culture nedr a, which neet the above requirenents as
A 98Rigle Bndeestanding midine mleﬂmﬂ 9nd easliudg eventsacontrolling the

I resen Lon solvsone o
oehehBLE REM00m (8 RofeRPliot BEEREY i Sialfe 4 Goférstanding
emmogeeea@t buhyit horh Pamevetk @mﬂewﬁ@h Pleupd] ¥tBH BElls can be

symmetrical division of neural stem (NS) cells

'SQ!@WSr F’épﬁ@d%ﬁﬂﬁ cPAtoled for delure therapewticiapphications. The culturing
mét?r%é'f&l ngqal %@m%ll@%bmtrﬂﬁhg %%qura neHs&% p@eﬁf@%d above,

ream froma recepto
unesurtahtltalfmamm msfucdn investijationy ana&ﬁw@pedw@ppﬁ@ﬂmn&f i@ therefore

E dje tor I n referred enbodi nents, cells are

deslipblgrte QFh"e“ gendjiionaor euliuring lavga iauantities of neural
f

stérﬁrcge”g?thgi gﬁ s, tB ﬁargﬁeﬁﬂﬁuﬁrérgﬁﬁmeﬁc lz diyiding, self-

remewingstatat & is parhreularlgeierseébzlerte thave defined calturedhedianivhich meet
the above requirements as the use of defined media is highly desirable in a clinical

setting.

The present invention solves one or more of the above-mentioned problems.

In more detail, the present invention provides a method of promoting the symmetrical
division 'of neural stem (NS) cells, comprising culturing said cells in a medium

containing:-

(@)  anactivator of a signalling pathway downstream from a receptor of the
EGF family; and

(b)  anactivator of a signalling pathway downstream from an FGF receptor.
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culture. It is also preferred that cul ture nedi um

contains insulin or another agonist of an insulin
woesEparison the cells. In the context of the PCT/GB2005/002289

invention, it.will be appreciated that the term

"pronoting” includes thé mai ntenance of the neural

stemcells in a symetrical lLygdi viding state.

Accordi ng to another aspect of the present invention

there is provided culture nedia that supports and

preferably pronotes the self-renewal and symmetri cal
Indpreiferired eshbodiovenlts,stells ard lcaltiredam tnsiabsenestdfag®@tm, e.g. in

state faqr assages., . The nedia substantially
mﬁ?“é%mag I$ ﬁge VARTERY ARG freg) ofi sarem ARG lftﬂsefttrmqréxretﬂﬁred that

ceb eﬂ@%*uﬁhre%t GRd & agﬁﬁs*rgfée%'iﬁémééwéfgﬁgd REXE S adherent

met hods of obt ai ni ng neural "stem
culipeeiltis@bdd gremrexbmaboultwre rhéaiupr cdrdaipissnsudined manadimel agonist of

addi ti onal | cell s obtained by such nethods.
anphiguy f téH&ABE% %E%V|des neural cell popul ations,
conposi tions, cell lines, clonogenic cell lines, and

single neural stemcells, which conprise
Indieef coigadinbhithe sywemntion; aiaWIllybellappﬂemgtambthail thet smm “promoting”

ingbes ine Vel e E SR ure Fr B i Be ea v alyiging state
to neural stemcells, and net hods for maintaining the

neural stemcells obtained in a self-renew ng,
Acoprghiag te aapther aspedfiaighe srlmgnbmeamquthﬁneua‘ prewisted caltede media

thé%@ﬁqrt@a{ﬂdﬁé?ei&%b@ﬁ@hf@ga h!f "’\h Esr%efvg%l ?@ﬁ{dl ssyrrTrrr]letrlcal Jivision of

netipgic sfene adlisonin  deswidife@ntiaks btét@abrlrﬁaﬁ?qﬁéﬁsageé The media
under goi ng greater than 20-30 cell divisions whil

supgiantialiv Prryanie tha asyreatdca) slidsigheansbdifferentiation @fn'ceural stem
ia. Preferably, said cells are capabl e of undergoing
greater than 40, nore preferably greater than 50, nost
preferably unlimted such cell divisions. Neural stem
cells are capable of dividing either symetricall or

Thes ynvasttionc ByriRer provides methogs of obta|m¥1g neural ste¥n cells, and

specn‘lcal_'ly as set out in the protocols herein, and additionally provides cells obtained

by such methods.

The invention also provides neural cell populations, compositions, cell lines,
clonogenic cell lines, and single neural stem cells, which comprise self-renewing,

symmetrically-dividing neural stem cells.

Further aspects of the invention provide methods for promoting the differentiation of
ES cells to neural stem cells, and methods for maintaining the neural stem cells
obtained in a self-renewing, symmetrically-dividing, substantially undifferentiated
state.

Definition Section

“Neural stem cells”
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When dividing symmetrically, the neural stem cel

divides to formtw daughter neural stemcells or two
woamsixae progenitors, though unl ess ot herw seCT/GB2005/002289

speci fied symetrical division refers herein to

symmetrical self renewal; when dividing

asymmetrically, the neural stgmcell divides to form

one daughter neural stemcell, and one commtted

progenitor (e.g. either a neuron or a glial

progenitor). Neural stemcells of the present

Thenternt frisurabstehecelEsas iubed irshe pristnt @beeificatich,haescribes a cell
en sh | east _one (and_prefer abl'y

0 express at
g epRblae e Gping Breptapieer20-Ressl Jisnouht ainkining the
pGRBAcY %gengFﬁéq{&P@r&%@gﬁﬁ]@' @g@@ﬁﬁbéédo&el%hﬁe capable of

I nventi on express
uqﬂe{gelngbg@eatemmamﬂns neorpr pesfedBl; gbsiar thkdMSD, most preferably

l E%q l&,‘ﬁ’ LBP or Pax-6. Neural stemcells of the
un 'H\’) ¥ E%% HIS&PShe characterized in that they are
p03|t|ve for the expression of at |east one

preferableﬁ all) of the neural precursor narkers
Newel sterarcells rmatcapablelm‘ dieidfirgXetimer genmelsmﬁadiyhor ésxm*\metncally

OB, S0 o kG T e oy 6
nduralngtbm del® or th)ecdrﬁHf tfdd ?l‘O?@hﬂSlLsJ %h(SlL gt Gﬁlehg\b?r%r\/\ﬂéb specified

are by definition nultipote ey are capabl
sygimgiriceé rdivisioat refgrsi heeeia ﬁ@uﬁ‘;amme:tflcaieeelélreneWaltwpea dividing

/ gl f
oo e RS ARE R 3B R S5L B e stom col,
aridhené BuRIRitted pr éhﬂﬁ)rt(@@' BitRet & AeVirei8r a'ghaPBlogehfor).
differentiate into all expected cell types. "Sources

of neural stemcells"It is possible to derive neural

. of .
NGLERER bale 85 Sk TR S0l B bl have
bein sty t6 eRpresstutyesst dﬂ@(ﬁrﬁﬂpﬁe‘feﬁalbﬁﬁélﬁ off theabiRg 'gRh markers
tissue, orfrom errbrF}/onl c_ stem (ES) cells (either

R §C{3)2p, 'greﬁé{a c @ndyPax@i Prefarabdy.cibiel agural stem cells of the
ln\}j‘%rﬁom%@frgss RES Be@oAl oséfm Slhhg‘erpfgsr?feggblgpﬁ%oéeqjIg&éﬁhss RC2,

Fom mouse ~6re Numah
SGB&rGMSEami atlesstoricositBllBR oF Pax-o\gpgab|l stternadiieldf theédhvention

t|on ¢an be derived from inter alia, humans,
Caa %B aracterized in that they are positive for the expression of at Ieast one
(preferably aII) of the neural precursor markers nestin or vimentin, the LewisX
antigen, Musashi-1 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 differentiating 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 cel

types.

“Sources of neural stem cells”
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rodents, and birds. Preferably, the neural stemcells

are derived frommnmals, especially mce, rats and
wouneng1318 EG- Receptor fami |y" The term "EG- r eCetB2005/002289

famly", as used in the present specification,

describes a famly of receptors (usually honodi neric

or heterodineric receptors)_phich can be activated by

a famly of EGF signalling factors. The receptors are

made f fam.| f [ : , . ,
It @r%ﬂﬁﬁﬁpa@%ﬂ\%nbg%ﬁ? 8%‘%‘1%%3"1"9@2"@%1'“?61 iSRS a wide variety of
sobdesRror &xdiRpR, nBukBstnanelisedBod defeée dizactty fromambryos, from
"EGF receptor” includes. any nonongric

2 s Tar takeBHs: Rl MY PSSR e gliper wild-type or

i a . s . )
oeEfiGl Hhodaos EIER o R, i ABUE SLAIF cBis SRR verdion are
defivé® Foas fictiserdsinten KBruedls, arareiderivedtirans massoordiumnan foetal
for signal transduction through Type-1 receptor
cellgr osi ne kinase activity. Ligand binding to any of the
receptors results in receptor dinerisation and
aut ophosphoryl ation, foll owed by phosphoryl ation of a
Newahsterofellsaflig mvestitis tambe sleriged ifiogn tisteaaliarhuigans, primates,

odemeodrdin, USehhin SEE e B Ro mammals,
eslpbggﬂ?%ie@drgfté)ﬁhg heRYddsonment al stinuli such as W
adiration.” Eac imeric receptor initiates a distinct

éngnal ling pathway by recruiting different
» -contai ning.effector proteins. For exanple, the
Etei- Recepier f?.'gﬂycorrpl ex wWith the adaptor protein Gb,
coupl ed to a guani ne nucl eotide rel easi ngfactor, SCS.
The G b-S0S conplex can either bind directly to )
ThehtesphtEGF asceptos faraily’s astusedria degtseserrspegificadien, gescribes a

t hroygh She. Th telin int j ' LB
ety 96r e (B RoGHSh P EEERLARTALIARRSS i can e
ac-fi%%oeHsb%e%W bYERH siyAhmag rhctoRRK TaRcreddisiors gnalnade up of a
pathway” that 1°'n turn activate transcription fa rTs
familylof fsurdfighly hamologous transmembrang glvwméﬁlas:g‘%}szg- (also known

SRR AR 020 2l o0, o0t vate the

Reference to an “EGF receptor” includes any monomeric or dimeric receptor

complex of the EGF receptor family.

Each receptor has an extracellular ligand binding domain, a single hydrophobic
membrane-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 stimuli such as
UV radiation. Each dimeric receptor initiates a distinct signalling pathway by
recruiting different SH2-containing effector proteins. For example, the EGF-R dimer

can complex with the adaptor protein Grb, coupled to a guanine nucleotide releasing
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The term "FGF receptor”, as used in the present

specification, describes any nenber of the famly of
wOnRerssITexBr ane FG- receptor tyrosine ki nases. POBGB2005802289

four main isotypes of these receptors, FGFRL , 2, 3

and 4., and they are known to act in close association

W th the heparin and heparangsul phate (HS) systens.

Reference to an FGF receptor includes any nonomeric or

fa&gggg% f$egﬁfq§ro%§§ﬁm?e§{é%{ %W%?{E{Pr\noe&w@cgtwttg%h%@ﬁhotyrosme sites

in &%S%ae@tcﬁd ovwﬁdWreE@%? thiRugRtSHic ThHeskystetdihéntsbdtionsasing SOS in
pat hway,

t hva Medi
clasel proxignitydtei Ras eilgwing fQﬁgRQﬁ @@é/ﬁtw%@ﬁtr%%@ﬁeﬁve‘ﬁ%\f afjyptes the

RGeS foRBRi R Py Thal R AL AR ETRh RiLtpls Such ase
fos ulRl1i 88d Elisdnthatl regalate genefexpaedsion.abhl &Glvirecentats can also

and/or minerals for the neural stemcells. The basal
actgafedheird-Qesiepalling patkayt protein and i ncapabl e on

its own of supporting self-renewal/symetri cal

di vision of neural stemcells. Preferably, culture
“FBRArécepter”’ i n the invention do not contain any

conponents which are undefined (e.g. serum and/or

feeder cells), that is to say conponents whose content

! h |
Tr1,e§l teth n?p’ﬁafé élﬁ%lﬁ a8y, &Pgﬁ 3hd Jtedsht BesciaticH, Yddwribes any

eunspem An "advant age of using
mémlbleyoﬂ’efe faedlyrefdiznsniierabrasie FEFuacapior yr@emgfkng@qeﬁnThere are

foRbmag e lPES ShEsereEaRion, Fa et fon sorn b 8ifigun to ac
in €fs %s%@@l hén gﬁp'tHéﬁepamﬂ'bhH'h%pﬁkﬁrf Aafsisate (MB) Q?étems Reference

surfaces or ture of the neural stemcells 1 n all
toampEQR reteptbe incivdes iaoy mosomericueredivnericadlegmo or heterodimer)

this, fiel as useful for cell culture,

ed
COEET(FIEF%% ﬁ’@é@ Fh‘én:l i§GePPI%s of plastics, metal,

conposi tes, though commonly a surface such as a
plastic tissue culture plate, w dely comercia

Celldan signalling pathsweys amsoigigied s Fﬁ%f@ﬁapéwsan$ledﬁ¥he MAP kinase
t t F | , this t f
ook i il PRGU FpEY, For scale up. his type o

“ Culture 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 undéfined (e.0. serum and/or feeder cells), that is to say components whose

content is unknown or which may contain undefined or varying factors that are



10

15

20

25

30

much | arger dianmeters and nmany repeat plate units

used. The culture surface may further conprise a cell
weaadbessizonspr ot ei n, usually coatea onto the surPataB2005/002289

Receptors or other nol ecules present on the stemcells

bind to the protein or other cell culture substrate

and this pronotes adhesion tqgthe surface and pronotes

growh. Celatin coated plates are particularly

d t .k i QR ed t.he
RS HSaRGET YRR MR8 RSS2 B roe of
saronseniedatatie that effiviehtaa ntocansistengpregsuslsfar coftutdend&ibsequent
or agoni sts of both the EGF and FG--2

receptor, _
m@@kp@,@ﬁm?f MUBALED ¢9lls gan bedeswed.symet ri cal

di vi sion of the stemcells, and substantially prevents

their differentiation into neurons/glia. The various
“Gultexs Sunfaceksg i nvention are now di scussed in detail.

A first aspect of the invention provides a nethod of

pronoting the symretrical division of neural stem (NS)

Tﬁﬁ’(‘:él%urf.’éegé’fdr?g;igre%ﬁtﬁé‘ ﬁb[]?al St R I %;ﬁcf?ﬁf;pﬁ‘\;\%}enﬁon are

cont ai ni ng: - an activator of a signalling
cditwesturtsmes frecogrizeckindpitsdield s tusefuE@r dedlndultyre,aanti thipse include

an activator. of a, signallin th downstream from
sulfhoBiot Beslies meiloPEPoREEH GAOLT AT ROk, BiftacEoFuch as 2
PSSR SHUROCUMRYE @mé,%%@/;ﬁﬁﬁé?&i@@ a@silablé s u%ep 250LRYlates are

a m xed popul ation of S contalning a neura
oftesl & few Zpntimelresiimdiarnetecdf drssdate pdihisvypergdplatercan( 29 used at

i Bty Befiefle S nPRiep SRR U HSET:  vacor of &
signal li ng pat hway downstream from an FG- receptor;

(3) culturing the cells; (4) harvesting aggregates of
Thee Puliure(®)rfacepmayifugheneomprise a eelhadhesion arpisis, usyally coatea

o5, I B L RS B o
prétdin vabier eéll euldirgRabbiraie At tveprofttes haRasibh e Mesurface and

FGF receptor; ?6) culturing the cells;
promotes growth. Gelatin coated plates are patrticularly preferred.

The present invention is based on the observation 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 various aspects of the invention are now discussed in detail.

A first aspect of the invention provides a method of promoting the symmetrical
division of neural stem (NS) cells, comprising culturing said cells in a medium

containing:-

(@) an activatqr of a signalling pathway downstream from a receptor of the
EGF family; and
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(7) replating cells as single cells in nedium

containing (a) an activator of a signalling pathway
wdawsgiiaam from a receptor of the EGF fam |y; pamesB2)5/002289

an activator of a signalling pathway downstream from

an FGF receptor. The nethod can be suppl enented by

selecting for cells that expggss a neural stemcell

speci fic marker, for exanple by |inking expreSS|on of

f}gﬁ:‘(a gt'é']rfn Sétnﬁfgla%fgc{ Qgﬁ’él@ﬁq g&ﬁ%&g@g{@ Hgﬁgﬁf?érﬂ hEGF receptor.

differentiated progeny thereof. Preferably the nethod
the cells at or bel ow 65%

SRR e O BrarPalah. 4o iainis PpurahaEBRals comprises:
(19 8BAiMA cPmRRPEGh ALch BELAK BRI & WelFs stehtedl;

referr eatures o i nvention ar
(2 Eﬁplatung the ¢eils ipmoedicm cnm;bnsm@ (ayareattivertor of Exignalliag pathway

s ghe, cu rl?hr#:a?[%@é&of of th@}%ﬂ% @?%@%@Sf@géﬁ&ag%o&a signalling
pa‘-lh'@é?ﬁ%%str@ﬁﬁw FURPAK POF tetebihi cal |y a surface in a

culture vessel or another physical support,e.g. a
(3¢ aulituning theseellsa f1 ask, a bead or other carrier.

h bst ' d [
(4 BReBEBR0 Bt R AT 88 Bha sui tabl o coat i ngs | ncl ude
(5 ﬁéﬁléﬁr’fg theodailsMs 'nﬁ@:{lur@l%dm&*é?hé Kbérh?n 806l A6/ Gd & S%ﬂmg?athway

al so preferred that the cell grown In a no
downstigasn Fem adsecepiosab rblé&nElGﬁfaamlﬂ/ mod (B3 abaddtivatar of a signalling

t her densities, cells nmay
paﬁ)hwg%89@’"%&%%*58%@%5?}?'&%8 but the cultures are
(6pesiantricpdleycdmgnol ayers or begin as nonol ayers,

attached to the substrate. One or nore signaling

(7 prepirtingscallsasstingaeells thnadiuse epataining (a)an a@vatcamﬂawgnallmg

waPLEI PR PRoES Lo B P AR Sl ) hapiverorofs

sigrfallirieep&iGivdyadaviystiesins fioh®Bh ¥ GF réeder.of the EGE
famly of signaling factors, and preferably binds to

the extra cellular domain of the EGF receptor. The

t
T BRI B oy RN B L e 3 Bpreps et st
cetf spaaificalmarkegr, f fae texasnplansy linkipgeaxsressiani @htaciard marker to a
derivatives thereof, capable of activating receptors
prgmo{q{eprgéfepgﬁlily ﬁc’uve in heural stem cells compared fo its expression in
differentiated progeny thereof. Preferably the method comprises passaging the cells
at or below 65% confluenqe, 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 Example 9.

The cultures of the invention are preferably adherent cuitures, 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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The nol ecul es that make up the EGF famly of

signalling factors can be characterized in that they
woanisaizmiat | east one EG--1i ke domain. Thi s dorar/GB2e0%/002289

be defined by 6 cysteine residues that generate three

peptide | oops through the formation of disul phide

bonds. Specific agonists capghl e of acting through

receptors of the EG- receptor famly, and thus of

e 81 bl AMRKR, G IR P BReR cat, PREFRNr Bieeybstrate is
cceaiedi aginhprove ehasehnl ofthé cellte uhEGulthbie obaﬁng@"?ﬂ;lude Ignmlnln poly-

pto-1 . Preferablly t he aﬁonl st is EGF I1tsel f.
'y%'ﬂenﬁ@lé! ynihige anshopiatinvdlis alsapsefeass thabieceliscaist giown in a

r v | n j f
mBholeybr £y SLERBP I oAbl Bp8 ol Bl BToD AR ofoets. At
highet dbhgntles nestisemagf bedin t6GHlel apidry eath witbea! tiutrtge cultures are

fac& {% term” gom st” is al so. intended
HHbria YEES O PREINGAS FoBPEAYRES: %ﬁchsedpéaeﬁubévate
chi mer as of the FGF famly of signalling factors, and
fragnents, variants and derivatives thereof, capabl e
Obé oaotdre aignaljng padprayssdafnst@anrfrehea abtoptot hfethemli: $amlly can

Pfggertaﬁﬁrbgecegﬁ{vggecf \t@E’g é@%@%#t&fﬁ%&égﬁn@r gﬁmq%ﬁg faatﬂmwﬁy agonist
o@ﬂ&é@bf&%ﬂﬁé = ?‘eﬁﬁW %rsLﬁ’tfarbf%ﬂcéa ﬁ‘r’e;lrpﬁeﬁe%e 5 f GF?Qrtnﬂg of signaling

famly or of an FG- recepto ect ed
fac’mﬁ&tarthprIGfMa@l)abmdseo ltlm:epﬂr@ cellular domaitoantiter EGH receptor The
ef fect ar 12) of the, respe |ve St

tefih-AERIEE IS FapHiRgyShimetios. B3I RBtir s bEAGS o dT chimeras of
the EeE tamRi ofigidifnd MCESIs! & fré@ﬁneﬁ'tﬁ %hbh&%mmﬁeithemoﬂ

are activat ed by cell-permeabl@ smal'l nol ecul es
capablerghactiyating reeeptecs ofteereGEfamily. and activate the

signal ling pathways directly. Thus in the present

i nvention, the term"activator” enbraces all ol ecul es

Tieanabloeulls ac4t Yﬁ’éke@,g thé gE@Fl Ifamnpath@gn@lwsrbbﬁﬁ@ can be
of receptors of the E receptors, or of

hagpctedeepindhat thgy C@ﬂf&é@ﬁt l@éﬁte@m EGFrH@e demaiail @rasdtvmam can be

o SR SR ML o B ek
foﬁméﬂdmbb@lsuh:lﬂicm bbudk and cl onal popul ati ons of neural
stemcells are maintained in nmedia conprising EG-

Specific agonists capable of acting through 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

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 receptor 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 Qf activating receptors of FGF.
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and FG--2 and nay be passaged many tinmes. Moreover,

there is negligible/no differentiation of the neural
wekermieediBs, as is shown by the ubiquitous presemeB20§5/002289

the neural stemcell markers in the cell popul ations

tested (see Exanple 1-3), and they retain their

potency and are able to diffgpentiate into all

expected cell types (see Exanple 1-4). Thus, the

PR, B BEHF BB AL hCASBL BSOS ot o

sel f-renewi ng, synmetri caI | y-di viding,
updi fferenti ated state. nposi tions of the invention

It Wilde RrpresiaiRe ihat @ﬁ%Vaé'Qﬁﬂf |a§lgfga"mw%thwgv dewesiream of a receptor

o R CSF T PO, 5P 3o BB SO oy ectes by

cdﬂsatmmatycmntnve oeceptersnetbydownetrear éffectdisgely. MEKtor 8t12) of the
eural stemcells |s further preferably at |east

feéﬁeﬁ'vm'@n TnsAHBligN Rethnayst @@%awww%aferraammdlment of

SRkl o el o FoCSABIgl I AUGR L oma
mnleau@ls sthich cah byphss thehesapepties ageaptarts drdttidite the signalling
e UREs ARGt hisat: hetprEpemSnventan, tth«%‘fqrﬁb factiaiog” embraces al
m@l@@Hle%Ha?%b@of%ﬂOéﬂ:né@Hg?\aﬂlfng r%é@h\lvé‘)y 88l éitn df‘?ﬁééaptors of the

% preferably at |east "90% epre era yat
E@BJamdy of seeepters| or af @n Syafeacepderl. | y- di vi di ngneur al
stemcells. The cells in this conpostion can be
further characterized by any and all features of the

THewresttiveResPbRE aetivatdrSRthE Rdih@hankbe of REGM) 98 BER cultures of
conposi tions, which conprise:- neural stemcells; an

thepresentdnvestion isidpneonstraiedin Fxamnpiesvist apdrh-2 hetowe Here, bulk

ok on8 g oL Sl e e e ARl Gyprising EF
athEGFOMﬂI a9 e pa@éeﬂjeaiomér@qnméssw@ré@@éalthaﬁedwﬁégnglble/no
is also P‘referabl e that at | east 80% grefera

dlf%%\tlamraaofﬁ @fn@uaaj|s§er95%ls>faalﬁ§hﬂwmbmthsu iguiteLs presence of the

new s‘f&'ﬁp ﬁgﬁ%%@{sﬁi@e{ﬂéﬁ: to[p@fq%obéé%tégq E§§ﬁ1 :Tle 1% ahd they

ret@@ﬂﬂ@r bbt@ﬂ@y@ﬁcérebéﬂleaﬂ@wlﬁerémm@Wbaill expected cell types (see
Example 1-4).

Thus, the invention provides an efficient method of maintaining large popuiations of
neurai 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 cells. 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. Itis 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 celis are symmetrically-dividing
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stemcells are preferably free from exogenous genetic

mat eri al encodi ng an oncogene, i.e. that they have not
woeeos/12uigected to i nmmortal i sation strategi es. PCW/GB2005/002289

speci fic enbodi nents, the neural stemcells of the

popul ati ons/ conpositions are characterized in that

they are positive for the expgession of at |east one

of : - the neural precursor markers nestin or vimentin;

r i I ifd

e Ser] R "ot R SomaRED i PR sferacterized by any
arwualhmtums ofathelmn\cmitiohnaloaecbram eondyadtiore for the

expression of at |east one of:- Cct4, and Nanog.

Preferably, the cells are positive for the expression
AlISH R%de@@?@céﬁ‘ﬁ)o@iﬁﬁﬁg whih rigibodi ment s,

(optronal y in addition to t precedlng narker

profile) the cells are positive for the expression of

at least one pf, BLBP, Pax-6, the neural precursor

mar ker s H%eé{r?ﬁ tgp‘r Wllﬁentr n, the Lew sX anti gen,

Musashi -1 or promnin. In parti cularly preferred

enbodi ments (and optionally in addition to the

pr ecedi ng@magtiiatonst arsignating pathwelyldovenséreasybioma rdasiptor of the

t he expr | east one of Cct4 or Nanog. In
further Z@‘%Egﬁ?@&t@% optionally in addition to the

above marker profiles) the cells are positive for the
expression of Sox-2, and negative for the expression

of Sox- 1 an a¢ivaierafprsignaleiathway dpwpsireamdram an FGF receptor.
conprising nouse-derived NS cells, no nore than 1% of

the cells are positive for the expression of GFAP or

THeI ¢ampositibhe préfeetpyormprse abasal M@a@ﬁumhfﬂf i€ alsd preferable that at
gﬁl}pregr ble differentiation of the cells to astrocytes
least 3% Braferasly S0HermerpERierakin 9550 sfiithe ingwsal stemmsels in the

h{b’?ﬁrt i Qe %ﬁﬁm%?r]éaﬁ Ui rﬂgsﬁetdréﬂestgm cdifie expression

ers t'es,” neurons or
ol i godendr ocytes.

in both the neural cell populations and compositions described above, the neural
stem cells are preferably free from exogenous genetic material encoding an
oncogehé, 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-1; and
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The invention has al so been carried out wth rat

cells. Thus, we have taken cells fromthe rat CNS and
wo20sg2ihie net hods of the invention obtai ned arPCuidB206/002289

of rat neural stemcells having the properties of (i)

high purity, typically in excess of 80% or 90%rat

neural stemcells, and (ii)-kpging cells a high

proportion (a mninumof 50% of which after many

doubpbjopgsin: i N excess of 50, in excess of 100, even in

excess of 200 doublings, retained the ability to form

neurons and glira. In the art cells fromthe rat were

earl | y het er ogenou nly fromthe adult
%ﬂ?g\yghf %%weg%ipn@z@g[]%goe@n fs fromthis

source but instead fromrat CNS. It is notable in
this respectthat the nethod of the invention has
wor Keet4aandss al |l three species - rat, nouse, human.
It is generally seen that if a single cell will forma
neural stemcell colony follow ng the nethods of the
I nvednsy) then neurons can be obtained fromcells in
that colony. This is nmeasured for exanple by staining
separately for (i) nuclei (i.e. staining all cells)

PrRRitably, e GRlln® é%ﬁﬁ?%?c?ﬁéﬁe?e%%?%”sﬁm opRs G B CLAST. 1n
othél érabbiRierits) (BpABHAIR mlérﬁoqabwé@écﬁﬁg meﬁ*kéﬁﬁ&)‘ﬁfb the cells

aspect of the invention Erow des a net hod
argpegiivaieuinestxpaession af asleast ere bf BEBp Ham-ﬁxghem)eural precursor

i : . st | di t h
ek B, BT B3 BB AR PubBnTE G, 1
paﬂic&,ﬁame|p|r§fer|@ﬂde|(ribohlmé@ﬂsa{dnﬂgoﬁtlé\ﬁéwain ali8MibARSl tHe BRaceding
said culture. Preferably, the isolatéd neural stem

marker prafilesdhe eglls ke negative: ardhe iespeassian of st lesst enexof Oct4 or
trical manner. A nunber of sources of cells can
e used fromwhich to derive neural stemcells. In one
met hod, cells are obtained from nervous tissue of an
ani mal and cultured according to the invention,

In Bﬁif@r@@%wut%(qmogwwétaddﬂm tp tae abave mariser moﬂkasér’fhe cells
or Bobue o8 Y RASI T35 2 A PO B o b8 Bl s

cemmmmpmtid)ryslgopul@tIGGS pomptisingncusy-degved N SsEel’) no more than
cells can be obtained fromextracts taken from both

1% @ the Lrllst et psitivg for thenewpressionnei G w5 HH. tubuién, thereby
oS SR G BB TEF R A B pcrerons
In btherronipusitignsgmspulatortane rﬁ@@thbﬁqf% iof iRglceIls are positive for the

expression of markers for mature astrocytes, neurons or oligodendrocytes.

The invention has also been carried 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 (i) 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
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extracts fromthe cerebellumand retina, both of which

represent suitable further sources of cells. Neural
webkermieeliBs can be obtained from di seased nerveas/GB2005/002289

ti ssue, useful for nodeling disease, e.g. cells can be

obtained frombrain tumours for this purpose. An

option is to use the inventjgg_to derive neural stem

cells froma diseased individual then (i) use those

gl g v, G5l AbeR B ooty ot mouse
human. It tegeheadilyisdenalthalCeld singrRycdlhwil faemabhalrgdtémadsll colony

n i nd'bvi dual with a neur_odegener ative disorder, _
follguing  tae melbrdaiah shairmestiaa then apurans kambemhiained from cells in

Sihi@F: [ - . C
e FaBAP IS MdetuPec I iy SRR SoBrag 191 i iguctel .
staining ail pellenandr(iipheuiopst @et oslyenmeawns).cBpajdntparing the relative
differentiating ipto a neural stemcell, (ii)
eI A IReroRI oRrSReTTION of Rl Wl WTEARYTSS can be calculated,
non-perm ssive for pluripotent cells and in the
presence of (a) an agonist of a signalling pathway
A decwryt aspent of the investivo prafidehe nt&tRotl dor thy @Eegaldtionasf a neural

stScBnh orSBpTeiRe et felidl sted Sat eivepiing to the methods
d%@ﬂbé(ﬂfbﬁébé,ﬁﬁel%%tyfcﬁitilaiﬁir@§cmﬁl \b@%eﬁ@%’ﬂérﬁ JERE G (iiffsolating a

at | east substantially reduced in nunber, giving a
nepiialstemugell diom aaid cofard. Eyefdrally) thetisolatiedameatiralstem cell is one that

r ation to teratoms. The stemcell is
hatssﬁbﬁ+@%iﬁl%q#ﬁ0p@¥'gﬁtm&W@gf[rllcfal gﬁf&ﬁral ly an ES or

EG cell. The nethod preferably conprises culturing the

cell in the presence of an agonist of the EGF receptor

A awenbgn ohgeuTces obeelisnearrios used S whiabsiorderive nmsirbkstem cells. In

ok BT s S DY A St
acoetditgto the ihadniig, anebtdrt cultifNof aithrdtayaly didlingfieiral stem

an interval of about a week and plating the cells on '

ceflanihif RerkYs Hestroan befeam agubior derishitrseey Tbe neyvous tissue can
el TN T 0 SRR PR s com b
obtained from extracts taken from both adult and foetal CNS, from both human and
mouse. The nervous tissue preferably comprises cells identified as having a radial
glial phenotype, for example cells having this phenotype have been identified in
extracts from the cerebellum and retina, both of which represent suitable further
sources of cells. Neural 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 diseased.
individual then (i) 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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optionally conprise a further step of differentiating

the neural stemcell into a neuron, an astrocyte or an
wolko@adendr ocyte, and then further optionally eeTmB2003®02289

neuron, astrocyte or oligodendrocyte e.g. in an assay,

for transplantation or otherw se. Once a neural stem

cell culture has been isolatgg, it can then be used to

establish a neural stemcell [ine. The establishment

ATnEERTF B boteldio BB Atk wdCeaiERedd ) o7
0

i) abtainirigng nittipotent et pisitipotene bterd ce icdpablet 6f diff¥redtiating into a
nmet hodsdescri bed previously, and thereby obtaining a
neyrdtemueRllil ati on of neural stemcells. In specific

(DEERRE el i PR AMY S hETkEfms el Fpgtent cetis
anueiarthe psesenazedd (a) an syonistiotla sigeallicg bbtiwat dbwastesn of a

condi tigne divide in a synmetrical manner.
reer éPg&@/gGﬁf@n&lly@%ébA@mﬁow@ﬁacélgnahlgg@aﬂawawownstream

of AREFt BftRe B fBhed described above for preparing
a neu?al st e?n cel f&?ﬁ n preferred enbodi nents, the

neural stemcell line obtained by the above nethod is

a clonal .pppul ati an of ural stemcells, i,e. erein
ingis8. SRBNGBRY BotaRatha B8 s v Frmever By this Taelfid, Or Bt least

etdntiaf r FEYG Ink i i
o T P LR 2 Pt s os sy o ove
risgl aotranspraptationdd tedadomasention. In a first

enbodi nent, cell lines are provided wherein the cells
are mai ntained in the presence of an activator of a

THY tei ElnE Natpway pﬂfrfmxsérrt%;eémq{ellae§§@@§ﬂwén Elfs bhEGEEST. The

receptor famly,” and an activator of a si‘gnalling _
methpr§Teratiyaonerrigesfculitringithe eek jit the prieseoed of an agonist of

thg RSN G0 A HelE oE ¥ BRETRERb e T that they
are positive for the expression of at |east one of:-

the neural precursor markers nestin or vimentin; _
Using NS cells 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 cells
on laminin and we have obtained oligodendrocytes by taking away both EGF and
FGF. Generally, all methods of the invention used to generate a neural stem cell
optionally comprise a further step of differentiating the neural stem cell into a
neuron, an astrocyte or an oligodendrocyte, 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 such a cell line preferably
includes the steps of:-

(a) obtaining a single neural stem cell,

(b)  culturing the neural stem cell according to any of the methods
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Sox-2; the radial cell specific markers RC2, 3CB2,

GLAST, BLBP or Pax-6; the Lewi sX antigen; Misashi-1 ;
weandiriandigi n; and they are negative for the expCEsH2005/002289

of at least one of:- Cct4, and Nanog. Preferably, the

ceils are positive for the expression of RC2, 3CB2 and

G.AST. In other enbodi nments,qfaptionally in addition

to the preceding narker profile) the cells are

positive |on of at |east one of BLBP,

Pax- 6, th%e%r?ghg p‘?%\@é@%l Sor markers nestin or

vinmentin, the Lewi sX antigen, Misashi-1 or prom nin.

(ﬂ parti cul ar | y preferred enbodi ments, (and optionally

thegeit PRiaIniRG etonal syl nimesiraliem ¢l t he

cells are negative for the expression of at |east one

of Cct4 or Nanog. In other specific enbodi nents
Inspptifioratbgdiments] die single meurhbstehooel inseckieregiablis tae)cell line is

the cells are positive for th expressracin of

a §Mﬂ"ﬂ%tﬂﬁ?|m@'v 9 eurd pless $en O aspevial stem @@ﬁttE?h has been
cdﬁ'@!ﬁﬁﬁre@%'d{\ﬁg Gk 'Wnﬁrﬂ%ﬁlcaﬂﬁ]dﬁﬁe‘? ﬁéé_f&g&%ﬁ/ Lhe}%]ﬁgfeeﬁéﬁal stem

are positive or expressi on of
celishabliaed acaordtiag t¢ theymethodhasaribet abowe for prepaningsa neural stem
eﬁ‘l_l';lan 1%f the cells are positive for the expression of
rkers for mature astrocytes, neurons or
ol i godendrocytes. It is preferable that both the
single neural stemcells, and the cells of the cell

Inprefesed &neb@dIE@nf@ élne BRUkpslens celbling ob,tamdeby ﬂﬂe above method is

h he
@ GRARCRIR o B ARART stemteuly S G Bl o BpU B rogeny of a
singieheupdlsterhivall. t he cel | Iines described are neural
stemcell lines. In a third aspect, -the invention

provi des a nmet hod of obtaining and maintaining a

SHAENPIE) SRS gl TR S ELTRy o metnoss

deselibed abbve)alseftsht pat ofthedtvardion. Feh frst aldimekeicefNines are
provided wherein the cells are maintained in the presence of an activator of a
signalling pathway downstream of a receptor of the EGF receptor family, and an
activator of a signalling pathway downstream of an FGF receptor. 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



10

15

20

25

30

wherein in use said selectable marker is expressed
under the control of aneural precursor cell-specific
wonesaerts (b) pronoting the differentiation oPCriuB28i5/002289
cells into neural precursor cells; (c) selecting for
neural precursor cells that express the sel ectable
marker A; and (d) culturing. jge selected cells
according to any of the methods previously descri bed.
The 58/ abl e marker A nmay encode antibiotic
resistance, a cell surface marker or another
sel ect abl e marker as described e.g. in EP-A-0695351
The neur al e ursor cell-specific pronoter may be
arickifeyase neoative fe E@@%ﬁrm ot atlgagfongeta | Sox- 2,
Sox-3, BLBP and nestin neural enhancer. Further
details of this selection strategy are provided in
Exarfpttd, @nd . The neural stemcells of the invention
(i.e. single neural stemcells, and neural stemcells
present in the conpositions, cell lines and
POPWAtd Olgans of -the invention) can be genetically
nodi fie There is therefore provided a nethod of
transfecting the neural stemcells of the invention

PrérRbl’ U s e uodlit 5 the Suasasien of Re ol 2nd GLAST. In
otR&f &ABBHInGkTts a(gﬁnéﬁéllyﬁlﬁ'aﬁfaiﬁdiﬁtoftﬁé ﬂﬂ@é’é‘(ﬂhg %&%Fﬁﬂo‘flfé) the cells

that express the sel eéctabl e nmarker e sel ectab
argpoiiiveBontie exmrestiomnf ableast ene of BsB&h) Baxes, the meural precursor

rface narker e sa as, .or diff
mifsh Serorainenfir REFucanisty WisAShe} bRt In partiulary
préﬂrﬁéﬂd@nﬁb@rﬂ@%\ﬂ’(aﬁa Sptioh IRy iHGdatiod t8thé B%tre%ﬁhg)ﬂmarker profiles)
| i pof ection, necleofectionand retro-and lenti-Vviral
the p@H%aée;nemiIvafnétigeaamre@alomwframastmerﬁ@am atNanog.
cells also formpart of the invention, and
t hei nvention therefore provides a si ngI e neural stem

In @8hér. spicifiteathBbdiPAeTS ¢EptichaA§ iR BESRIBh ththé Iéﬁove marker profiles),
conposi tions, I{E))opul ations or cell lines of th

the selmaieopositive oRTe exnressionnf Sone, anduagative fmmthwexlpressson of

S@%QBR}; Zt%ir?%@%%&aeiwﬁgﬁggqﬁ%é ar}%ﬂgg%hq%l L"% OE?MG cell Seglpley positive

forstbleasiprddsionaf &EAFBor B 11l 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. that they have
not been subjected to immortalisation strategies. It is also preferable that the cell

lines described are neural stem cell lines.

In a third aspect, the invention provides 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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As mentioned previously, the nmethods of the invention

are suitable for use with neural stemcells derived
woOnw®m@amigssource. In one particul ar enbodi nent pCrigB2005/002289

i nvention provides a nethod for obtaining neural stem

cells froma source of ES cells. According to the

met hod, differentiation of Efgcells into neural stem

cells:;is pronoted by converting ES cells into neural

pro a nonol ayer or

enb?@%#%ﬂ%%8UEﬁgF? ggﬁhéﬁlonbﬂghd then cul ture of

neur al progenltors in NSA nedium In addition, it is

cont ted t hat %he NSA nedi um_nmay caonpri se
supp %'ngzﬂwp@ grandiation of thas ES grlisdmentelragpipsyesor cells;
and HEPES. As an alternative, nedia (preferably basal
nmedi a) suppl enented with glucose and HEPES can al so be
usedc} selpciingfcer nebra preddrsorodiisathabexpress tie spleetse enarker A,
of NSA and/or glucose and HEPES, the conditions are
suckhat the propagation of neural stemcells is
favoured, with the added advantage that any nonneur al
cells present in the culture preferentially die. This
r es|fl} sulturing thebselaotedaddlly anooedinglto emy off theemetiiodst previously
cellfds &e " at least 80% preferably 90% nore
pre & BP% 95% of all cells present). Exanple 1-5

provi des further details of this nethod. In a

preferred enbodi nent, the nmethod of Exanple 1-5 may
Thesseleetabls mprsas Aamayaiicate @ntibiotisyesistaricean opll sLivfage ngarker or

ar el S Bt al Derotii et BnB g A Obsieg T BkIehfél precursor
ceflepetifieqstoriatyemay e sabbed frdmEagbep %oﬁsn@ﬁzﬁlg af SexbE Sox-2,

used to assay for the effect of factors on
Sax-$ fRBlBRtanst nestironeysrs! e@marscarnF@rth@rutﬂ%ﬂallgpéthl& &elestion strategy

ar%lg%\gégfweﬁegxﬁz)?ae]nbodl nment, ES cells are _cuI tured

escribed in Exanple 1-5, in the
presence of the factor to be test ed. The effect of the

factor can be assessed exanpl e, determ ning
Themeural)tem eplisraffthe @rveﬂwén él@s @lﬂ%ﬂee@l stem pells, ang Sheural stem

oL SRR, Bt ST B R con

genatlwtypnoﬂlﬁbe Thersistheichne. priﬂndeﬂ aahethedtaf aadfetting e neural
eith rhuctlve or bl ocking factors. There is nuch
Steﬁﬂt‘*@ﬁ%@ﬂc 1$iINVRBLQR EOBIIAWGial stemcells in the
treat ment of neurol ogi cal and neurodegenerative
di seases, and brain injuries; in particular in the
t r egd nteansfetting the neural stem cells with a construct encoding a selectable

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 cells also form part of the invention, and the
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di seases such as Parkinson's and Al zhei ner's di sease,

mul tiple sclerosis and anyotrophic |ateral sclerosis.
wohersneitieds, conpositions, cell popul ations, eeriGB2005/002289

lines and single cells of the present invention are

all capable of being used in such treatnent, as well

as in the manufacture of preparations for such

treatnment. Particul ar neurol ogi cal / neur odegenerative

in?%@ﬁﬁﬁﬁ?réfﬁﬁér ;&rfb@ﬂjek%ea §iﬁ§@tn%%réﬁ%h§% defl€of r@{ﬁglfﬁit%@ glls as present

nson s sease, or heuron aC

inshe o&mpositiohs ph@puali@is bl lined ofithie inkghtion, Sudh&eesBprising the
ifth aspect, refore, the |invention provides

C%F%Léﬁ e PPF?&‘%E Ithat sued, netyat aere eplls may already comprise
Sé?é’@%l.@tmgﬂérPﬁ'iﬁ‘%ﬁ@iti%ﬁ%?%{ehé%@éﬂ;lé rﬁ&@ef%'.mos' tions

descri bed above for cel erapy and ftor the
manuf acture of a preparation for the treatnent of

Ap FRAERA e Yous i dne Shadiods < thh prRAIm e Sutalledar use with
netfbl BRnt REHS - dévRidao 6n?fan§/rﬁgﬁ8§.nh %ﬁgtn?&tiﬁb%?gr%ﬁﬁodiment, the

_l'isted above can conprise’t transp ation
inggnigineproyides, a seethotifoe sbtaining owiuralostem oells élom a source of ES

| ati,ons, of the,invention.into atient .
celSERefar et the watash derehtiatig pEES srifnip apwralstm cells is
ty I Srti . i h b : '
Py oSty T, ol Lo TR RO, 85, P e in @
merRiayer aresakiypistbody diffesendiatian) andithEranfilee df-neuratipeogenitors in

NG rhoiBln, iR 1§ oo Rio el Bidtufie WA MISIER hevgomprise
subbRHenmel Cariponentd) sl abfdipsthbatdl Ylusdse aHHAHEPESRN As an

cells. Such an assay may conprise contacting a neural
altgfrativeemedia (rraterably dasbbnedia) supplemsanied mithighuedse and HEPES

SRLLL ' .nopul ations, or a single
oo 8o pb LisBto Blols HIEIPARERY 5 et ested The
effect of the factor on the differentiation of the

neural stemcell can be suitably assessed by
Intha RiegeRra gl NRE and/Regluppss and HEPRSdhe sonditigns acepue that the

) ARSI PRS0l K TRy ron

neure sesllsgreserst ihdite duttare prasférentibly dit. IFhiotedli® in a substantially
i nvent i o? areail SO SuUi tzé)l e for assayin

Pugn griHIEQiNeUE| stermgels 9@&%*&%@&%?%@%%4 mgre preferably
95008 albblls HRISENRE 1XARMHIY -FhtRid it theRbBt s AR R hod.

In a preferred embodiment, the method of Example 1-5 may be used to prepare a
populatiori of symmetrically-dividing neural stem cells, which are subsequently

maintained using any of the culturing methods of the invention described above.

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
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clonally; cells are plated individually and not all

cells formclonal colonies but of those which do
wgoeneyiaidly i n excess of 50% w || make neurons eameE2005/002289

the appropriate protocol) or glia (again, under the

appropriate protocol). The cells are distinguished

fromthe art as while the artqalleges identification

of and even propagation of cells which have neural

R L 8 O BB AL B B hgocin oo

i mpure popul ations include cells which provide

signalling to remai ning neural stemcells which
r%ﬁ% Mutcadnigraster Bieysa eldteunlstemmaatiein thedrratment obneurological

ok elicPRA OB B8 o G s W B S lpatmentor
diseddes sheh |awé’atkln$oré$16dﬂc9$\lméﬂ|mbﬂélcﬁﬁe@ée multiple Slclel‘OSlS and

ayogeRtr e SR e BB oo tHon sl acesings, ool ines
add“s & cfd %‘ftﬂg%rbfg%}eﬁtxﬁ%hﬁ?#%r@%ll ?Jaeﬂ) Bgl? &fel%élpgasﬁed in such

col oni es prod or greate pre
treximentpre wekfas ablthe a’muufazmrtaooBQfVeﬁarétlpnstr vatich treatment.
ul tures we have count.ed

e B Do L S i et SR SRS i e

mV@MTdN‘ﬁicldﬂé’ Pwrﬁﬁé’oﬁgdd@éé’éfsrﬁ%%rbl%ﬂoh' HIFEH?é“ 5ffoke, multiple
after 115 ﬁ ssages, |onger tRan one year of continuous

scirrpsigs and iagtael's diseasai ned a di pl oi d karyotype at
this stage. LCl is an uncl oned popul ation. Therefore
the data indicate that there was mninmal selective

In RY fegpasfech Che BifbRY, tﬁ@ﬁﬁ/@hﬁéﬁﬁr&)’ FELHoP S u8é of e cell llges, neural
egenetl c transformation. Cel of the invention can

powLaliens ingle- @@wnabn:@llwartd nempelt@gemsmnbed abbave for cell

, £ L di ]

el e 0F T R TR 3, BoiiPaafiliohnia,; Beligpatment of

netheaeydritfray §semereldnd Yd?ﬁlrptlﬁjﬁheéh%hcﬁs ;ﬁ@F!aFations may be
Hence follow ng the invention, neural stemcells are

foppelptadchipl ghagpbate blmffﬁ?f@dtﬁﬁlﬁ&(?&ﬁ)l ture in defined
conditions. Even a single NSC isolated in a mcrowell
can expand, indicating m ninml dependence on

Methbus ot treatrentuf gnatiscabbelistel amobantdnifiAscang tﬁdh@blantatlon
essential extrinsic self-renewal signals for the NSCs

of siple ceflederlelinass congpagiliprsaoricell\naputationst efr theeinvention into a
paﬁ iy ‘Tbrgfé%l?ly %E\L;)sattl%ﬂ{ RInb Al O BréBralRY fheS4tfnt is human.

stanti a
Such transplantatlon has been shown to be successful in both embryonic and aduit

CNS and is described in more detail in Example 1-6.

The cells of the invention, and in particular the cell lines, can be used to assay the
effect of inductive or blocking factors on the differentiation of neural stem celis. Such
an assay may comprise contacting a neural 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 resuitant 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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colony, that is at |least 90% preferably at |east 95%

nore preferably at | east 97% of col onies that devel op
wonwmpiagi ng single cells (i) show identical PCT/GB2005/002289

honogenous expressi on of neural precursor nmarkers and

absence of differentiation markers in FGF plus EGF,

and (ii) generate neurons onpgrow h factor w thdrawal .

In a specific exanple, every colony had these

T for symretri cal
alz% ?éek%léﬁér as%%élp%%c% @g?g from col ony assays on
non cloned NS cell cultures were conparable with data

fromthe clonal, NS5 Iine. Serial formation_ of
T%&m&be erepeiiion of ealls thebwildersmessons engliselia ok propagated

cl(SrLE""yr n%e?é’t%”ﬁdi\éﬁ%hfaﬁcﬁ ﬁofél%@l@ {) m {:%ﬂg}\glgﬁles but of those

S expan roportron w

wmolptdcngeneralllianrmddessmf 50%rwmsmake redueons €lihdéwtheeappropriate
ccur vua two nechani sms: . de novo generatlon

pralsrBiaridiia(agan UndRidiig aparRriats mEotoeal. 1o Gels are distinguished
I
frdrﬁ ‘ﬂHé ra?@a@wﬂ'ﬂ@ tlﬁé gm %%'g'esﬁgeﬁtﬁ@ra'noﬁ of &ndl POl ?’gggtr']?n of cells

or a eta whi ch ar e

whmh hlaee Meucal stenudelprepettmsahs, po;mlest;omaﬂeneclaubhly heterogenous.
in the NS cel

TR k.70 EHB2EE HIRUncBst 5 NBRUI PaRUGKaRBIEEuYF Gal Which provide
sr@é‘l’ﬁrﬁk}ﬁ) @anﬁ%@ral%@ﬁ% ceﬁ]s Wich stﬂwhl%?es Neetd rat@éB%gd further

Vi nent i and are i munoreactive for , ,
re@gﬂmnmf treengrapostiomof neprad fsterabtalist Meéhilalthenptioerpirrasthods can

oohtde Re B ERTiar IRl rt e AR deR o Hiipd Ebferation of

suBbtPiBRY pORS Pop@wBss frivh mANGARM] celigt neural stem cell

char acter I's masked during CNS devel opnent and only
truly denonstrable ex vivo, as is the case with ES

n B aar b B8 LR Rt BB e Mten i oxampie
beldwli SIRINS cbihabloniy pr@dgéé 1|5%1@ﬁgﬁaétér Ggﬁéﬂe@ébly%*t TEhsP2R%, more
woul d not be productive. In further embodi ments of the

prefevably pbRUNED kB0 %, Tuhasiiviernaidons. Irbigharidegesity geléures we have

cof B e pbriifE el B kP IRG ooy i Tho Bl dnorpipiqoy anc

expissi8 beteki-tudbimvatspn $5®'a@§ag7és ﬂ@?}h}@thgh loc’mefwdfﬁf gontinuous
3CB2,  BLBP, GLAST, Nestin,
cuiure: Jﬂ‘@segqjlﬁé'gglr@ﬁd gfdl@pmakaryotype at this stage LC1 is an uncloned

population. Therefore the data indicate that there was minimal selective pressure for

glial- -restricted precursors or for genetic fransformation.

Celis of the invention can be grown without co-culture with heterologous 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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preferably in fewer than 10% nore preferably fewer

than 5%specially in fewer than 2% of cells in any of
woOhesa2cauBt ures. I n a specific exanpl e GFAP expCEAH2005/002289

was seen in fewer than 1% of cells. W have al so shown

uni f orm expressi on of nestinand RC2 wth absence of

G-FAP and bl ll-tubulin in ES ggll derived NS cells

after 115 passages indicating that the NS cell

DA ey P LS BBl e Bl Ay ver

cotorpy, et igetlehst S0, B@e@bﬂ/ 4t a st OH% nher@}@rfefér@bwfl@éﬁ 97% of
ogAP and bl I1-tubulin after 30 assa% preferably
gy tBat payslegeyommplating: sinslealseys df t%howodepa@% d@@@ogenous

x?)?( sSSP b AELAY! ggécﬁép Qeljgeei] Eé%/eﬂt#ébgf iffeSifttion markers in

pression s
FQF @l BGIFy ahd Wiy gét’ierate’Zﬁ’embns @inl growNie fdmmewﬂlad ravefll law specific
anal SI S Vi a RT- whi ch confirned absence of

e><emﬁ PR COlYRAfEINGRE ProperdifaolBisiPVidsacefipgsymmetrical self-
reﬁwaﬁ FUHHEP ré @%@3% &I&'E}ﬁ%%% othdretibRed Vs E@Yﬁll’%es were

SO carfri e y expression profi
conierablentvith rﬂattahfeomb&mclenalf NISi5n ke eS ernalpforoptiont ef expandable

iRt s T MomsRavS Bl therckengae el argttem cells
arﬁﬂh‘at Haif Hﬁ%e@ggx%ﬁdﬂﬁ rcgfé?ﬁéﬁhlﬁpfhteel"ﬂs@ﬁd{ﬁ‘?o 6lﬂﬂtmally an

cl onal foetal cortex-der Oot ai ni ng
inefeaseiresteimaeelomuirhbers &&® ansur giagwefreectdnismenge ne‘asgeneratlon or

R e o B R o o e .
SRR a fU@%!éﬁfageoﬁélﬂﬁé?'d? WHNh §1@) BresBit in the NS cell cultures
d| fferentiation of célls from pri mary cell isolates

hereipns® spmanetocalaali-tenemal mussbecmngaing tolier NS asllcujtures.
first form ng suspension aggregate or a neurosphere,
and (ii) subsequently maintaining the cells in

Sp@ﬂ:ﬁﬁf[@&fcew|dblémed\ﬂ¢ah@‘¢<9nfpﬂ>élﬁélok/\ﬂ eRP ISR S Palke A D, OI|g1
few days the regates can be attached to

Ol@& Mastine BA4BEY @ngiﬂ c\/lraﬂatmsara,cear%mmunormwgrf@wa 3CB2,

st WS Ml BRI LTR ShrdR 508580 %ep natve o

GRAP badoleurdiealiamigehs. dhess rNS?d:éllsQ@éH Muﬁpditehb?niaﬂ&erb@nd markers
cells at passa es 8 and 115. The latter cultur
of pEsrassmt layees. ?%ﬂtcﬁﬁt%!d thabasuiebstem eall shaaﬂﬁr inghasked during

degl
Cl‘ﬁ% %8?'(’@?”%‘3 Sﬁgntgs'ﬁ% Eggﬁzﬁe?ddlﬁt%br%’gﬁ%/o 551 B ddieMifh 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 furthér embodiments of the invention NS cells, exemplified by ES cell-derived
uncloned (CGR8-NS) and cloned (NS5) NS lines and foetal cortex-derived uncloned
(Cor1) and cloned (Cor1-3) NS lines, show expression of radial glia 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 cells 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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passage, but this still totals >35% The NS5 cl onal

line, independently derived from46C ES cells, shows a
weizmsiiardiBevel of neuronal differentiation effPCTaB2Y05/002289

at passage 30. Generation of GFAP inmunoreactive

astrocytes approached 100% at both tinme points for the

LC1 NS cells and also for NSpycells. Furthernore, the

in vivo data, which show extensive differentiation of

ROV AR BB AR B BRI B IRIT RN FondSrer 15

paﬂsageﬁﬁﬁdlb@tmg t/hartttheans @eqppnd@@typens tableePosferred cells of the
transplantatio ination wth the uniformty of

inyedion argitfer W@ﬂ?@%r‘f&%@"@@ndt (hbConiniiedn Sxprags@estin and RC2

) SR N0 BB RERE A RPN ARE0 Erer e, proferatly

affen BOuUpassages) merd ﬁs@”bfal\blye:aﬁwhoarmassa?e? d‘Ssmexpressmn of GFAP
commitpent to either ial or neurqnal fates,
o a1 IR by eABE Sy RASaE BRI TBHer Hith 6 @gral, preferably

fe\ﬁgp{ﬁdarpgo t s | anted wi thout formation of tunours
over pé)rcl5 g%ﬁgf 5 weeks, thus being distinct fromES

cells vvh| ch woul d give rise to nmacroscopic teratonas

WH RS S Pt alyab S8 R SRGH Bhin cBTeBRd abbages of pluripotent,
mé%dé?ﬁfal aeridddenlaP spastiie iamBLaptii fRicksd IM'sgebﬁ'i%SN’S cells. We

met hods. Nucl ear reprogramming is a techniqu
hayaealsactauied oputa Afiymetiix (BJIM) eapltasemi |pyofshngt thatcmnﬂrms the

235G b R AP IR A s TS A1 ey PR A e pression
of Aeahf GnBP4diBrYlia MbtarBirtihyedd RPN S byl étﬂﬁfr@ﬁ(@@ﬁ@ﬂved foetal
nucl eus acts as the nucleus of a pluripotent cell and

corteprdsgivarmang clonabfaesal catlexrderveddan reprogramming al |
the way to pluripotency. Methods of reprogramm ng by
nucl ear transfer are well established in the art and

OtiteirameNBealdils pykiiffereatiatic frem Ed eellyesiérably cﬁtﬁﬁFf $é€E@ha|nta|n|ng
i NVWD 96/ 07732, sonmetine referred to as the "

the pRlisIN coptieweuadhetest ediure, andmere @éﬁfetamsomslas%ap prormmg
a ﬁéLﬂB@ HEre; PIBW%Q/S["‘QJb@llnﬁ}q §C&eﬁ§r tdlﬁ@t%fn%tlgﬁbf 8gﬁ"s fi8¥Eorimary

BT o renal
ce&fléolaltemttmm Ifoetaihair tibelt dﬁlalrs opbbﬁall}edoﬁ’rpelsear(&) ¥irst forming &
reprogrammed so as to be truly
suspension aggregate or a neurosphere and (ii) subsequently maintaining the cells
in adherent culture. We have found in examples that after a few days the aggregates

can be attached to gelatin-coated plastic and NS cells 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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pluripotent. It is also desirable to be able to carry

out genetic mani pul ation on the nucl eus as part of the
woepsagrasmn ng. But, at present this nmani pul at POT/GBR005/002289

not possible or is unreliable due to the difficulty in

obt ai ning cl onal popul ati ons of donor nuclei. Even

with clonal nuclei the reprogyaming nethods are

conpl ex procedures that require many individual steps.

oo SR Bu B BE R So L B
and\aiganldet fartHer bbfopdtranspRyeition! IRBombiretival wille theuhormity of
to pluripotent cells in these species. Further aspects

ra@jpl ghir NpRIKSE PXPTaBRIN ithe dﬁéae:ragta&lﬁ eliffesentiatiprp petandig! for the
un@foh%ﬁgﬂﬂ Nﬁufe‘?lgﬁﬁ&?%%%h%f)gél%?gor Fr? P?h %th%vours stem

rovide so 1 ons ere ei1n entlon

celd) selfirdaewal amd b@pbreésemcbmmitmemt@gmm@mgﬁal owlasrenal fates.
t he donor nucleus is obtained froma neural stem cell
of the invention. Neural stemcells of the invention

f(?(l.ﬁwobﬂgrbéu%uagtak%ob@/ {iﬁ%wﬂfa’ﬁ mrﬁ e ool d’g '&oglr(li be transplanted

I cl ency, and I'nvention provi
withbht fnrmailone)frto@oamom arpetiodl oﬁﬁdN@élesotﬁtm:bdalhgahﬁmct from ES
i on enetically nodified reprogramred, cel
cofl BRITFLBY ki P36 te oo Sl R A kS n His mouse
bradRi | ity, via the invention, to propagate individua
neural stemcells clonally nmeans that after genetic
nanipulation cl onal popul ations of cells can be
tai ned, al enetic nodificati

d
TheduRsOR uSnten Akh e R udeaT tefad B nsbeRfids 4ty to cels

and%ﬁﬂhbfs\’otﬁtéme@ﬂV|§‘tf%§é3r$1|e|tl¥ocﬁ>ccord' ng to the presence
of specific cell surface markers and/or the absence of

others - this has the advantage that the step of

Iturln according to .aspects of.the inve t|o
Nutist e AEFEG Gon BaMBRRE it fhe AHERLS Orp spmatic cel,
opﬁ@héu;ﬁa@t&ﬂ delicdres] tetHriigalty dﬁﬁbf@ﬁa@ecmcéwds reprdgramdied so as to
a brain honogenate. "A net hod of nucl ear

behew agraafttlrysiof aheallcef ielativielieligher pptencyheltigiatelyrr completely

r
ol EBB S el 8RN B BBl programmin
is bfteantaken. toAnEahtﬁeptdg&énmhboﬂl the Mgl ®APluripotency. Methods of
r epr ogr anmi ng, ri ses
reprogramming by nuclea ransfer are well established in the art and became well
publicized after the invention described in WO 96/07732, sometime referred to as the
“Dolly the sheep” invention. Nuclear transfer can thus be used to clone non-human

animalis.

Nuclear transfer methods have a number of problems. Primarily they remain of low
efficiency, in that the cells obtained are rarely reprogrammed so as to be truly
pluripotent. It is also desirable to 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 complex procedures
that require many individual steps. Lastly, ES cells from some species remain difficult

to isolate. Using reprogramming techniques, if such were available and reliable, may
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- obtaining a donor cell; - obtaining a recipient

cell; - transferring the nucleus of the donor cell
wonv@/iasr eci pi ent cell, wherein the donor celPCTiGB2(05)002289
a neural stemcell, or (ii) a cell obtained according

to a nethod of the invention; and- culturing the cell
so as to reprogramthe donarpgcel I nucl eus, thereby
obtai ning a reprogramTed cell. The nucl eus of the

ci pi.ent_.cel | one stage

offpf Sp RS bEuouit 4 nERRGEH AR HEREEEGRS OTF 1 hre

is done optionally prior to transfer of the donor cel
nucl eus and optionally after ransfer 0

d :
Fusiber agpecisef therrresent indentigne @g@ A5 8&’ Oﬁm?&g@ée alternative
apBidahBE Pt ERE0L otibpislind BYRB IR sAITdrs kel ce

esions & nmay 1nduce nalignancy.
further option is thus to genetically manipul ate the
donor cel |l nucl eus. |s can b o(Lé)sed to |ntro§#1

Aqucgnglantgedhvggwrgyl Pﬁ@épgtglp anle@Breé)éﬂ%rra rﬁ%gewherelnthe
do?lfarﬂﬂ{:lgpg% B{al@?(fﬁ%ﬁl SheltdIterhedl JTUhEApRMtiBAerein a
plruralrity S

are obtarned all with the sarre
mani pul ati on. The range of manl pul ation is w de.

NaaLSRELCslS & %mté?s?@rioera BESR UM B%t%?*b?f%mab'e at high
effG8 %‘ﬁd'r{ék%fettﬁs 86n %\Jndéwh @ﬁﬁ:ierﬂﬁi@él‘@brémmmy method and

scre ﬁlng urt er option is to obtain an ani
alsw fmlltatasgprtadsxsu@n aérgeneticaliyomodified: egnregiaanned Q%lﬁl especially

plgieatar st Aal 2iBoRg FpoPSy THY BEILTIE ths lpleRton. to propagate

m@bf&iﬁbp%ﬁféﬂé’terﬁ GelishdioRail @@k thasaker janetiamanduytation clonal
n particular enbodi nents of the invention, taki

papivatiunsget elst e baciiteagd, Bl ariin ihe sameraansiicgrogigeption, and

esired neural stemcells all ows

" :
Us@ﬁiu'ggigs??%g?%&wpglw%@gg?'eps ot herwi se needed to isolate

a neural stemcell froma mxed population. One such
s e o e oo o R B s
oy B RE TR0, Bl pabtipdpios vat e
stéﬁ%faétﬂﬁllrlhg' dcdording 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 particular method of nuclear reprogramming, comprises:-

- 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 stem cell, or (i) a cell obtained according to a method of the

invention; and
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a recipient cell. As with the other nethods, the

i solated cell can be genetically manipulated prior to
woOnessiexgi ng its nucleus to the recipient cel PCTABR5/002289

the isolated cell can be cultured to obtain a clonal

popul ation of cells prior to transfer of the nucl eus

of one cell in the populatiop7to the recipient cell.lIn

nore detail, an application of the cells of the

j j 1S d [ t ' T
LNl B8 oo of g G Pep PR it el HER dhelgBl btaining a
reprrograbiraededllt her ef rom can be used for the screening,

e.g. toidentify factors active on either type of

cell. The cells or progeny can be used in nodels of

TRE Qidéléiépéﬁﬁhe %&i@%n?%@u Rﬁiﬁ%@?&é@@ﬁ;@%%@ﬁ”@ﬁgﬁé%’a@e in the

tunour of the nervous syste ally the
progess ea itk rewiling cal isvdiplotd) ¢hisfis don@ogtiohally prisragdransfer of the

used i.n screens: the natyre of the screen is pelieved
QT se A gblsnalbiater st aniae conpr pebgucies.
obtaining a cell of the invention or a differentiated
progeny thereof , culturing the cell or progeny in the
Ope@s thedistasesting pessibbiidesoffered bydi2 ceilnoitheamverttivads taihtroduce

. factor aon the,cell or, progepy. In rticular .
o BRI, 8% BR8Pl SAER e 2 BheS teffonis thus tc
gdrivticaly enanipllats tABt doMSdcllY nuBRUsN VI | @h BBAU¥EM 38 introduce
has been nodified so as to express an EG- receptor or
mytatigngiorioenas ofirerast cpoto. ganerateetells araanimalsiodiassays or other

' i D . | . h | ls. .
1eBE) SRS LEWAB B TEERE Bt SREPBITRNG h SrhreRipuiaton.
Tiee ga1tR ofdhahipuldtiondd wiGe 2ORY BxahpI&fE 1 iAR68dESE dsdftecausing

product known to be or suspected to be inplicated in

genelieseguerepeca RUtafive diseasaseausing@rnatic seguesce into the donor cell

e
tissug defiPeY fronpihecepriframmiéd bell amd Carrg 80t Reassdy esitgthe tissue. It

. or tatﬁ-nd Oé have it expression altered. Cells of the
Is GRG0 124 tBe giellui§ o eREogaBred dask teaPIEPPisNCepIg. by nuclear

tréﬂ’s?éﬁﬁﬁb aﬂ_%ﬁy@ffer a source of stemcells froma
p p

atirent whic otentially can be a source of nucl ei
for nuclear transfer. They can be used for delivery of

In B B Smatis Gb01S iavaion. B advarvede Peine knowibdge from
the invention of cell surface makers in the desired neural stem cells allows omission
of cultures steps otherwise needed to isolate a neural stem cell from a mixed
population. One such reprogramming method comprises providing a mixed
population of cells, isolating a neural stem cell from the mixed population based
upon its cell surface marker profile, and transferring the nucleus of the isolated cell to

a recipient cell.

As with the other methods, the isolated celi can be genetically manipulated prior to
transferring its nucleus to the recipient cell. Also, the isolated cell can be cultured to
obtain a clonal population of cells prior to transfer of the nucleus of one cell in the

population to the recipient cell.
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expresses glial cell derived neurotrophic factor
(GDNF). These cells can be obtained by foll ow ng the
wonuvenkixag and genetical ly mani pul ati ng the celPCS/GBENES/002289
cells can be transplanted to restore danaged neural
circuitry and/or restore brain function. An advantage
of the invention lies in thepgurity of the cells
obtai ned. A pure population is easier to control in
t t . . S
InhAREACR ) pItof e Eel Gt v Mot BT R hcauapput arug
saneemnqubsh aeeredalst&md;ellscmmhé ﬁmtbrﬁ@gaalﬁi néufoaliseghé?t@ obtained
th i es bot h neurons, an astrocyt es. O her
th?ﬁ‘gf%ﬁucég %Lﬁe ee Sqiareenipel ¢-6- (dgntify iaefetreactivecn either type
fl 3 | r
O 10, BERL SFYERNL Bl kol T MioddS o ral canosr, Cels and
prageny) can |beeabtamed fironn Avtemauo of tl@nnenveuh systein, césprelcmjyme CNS

b |
g neLr s ABtife ket hemoroogmlSshnacraens: de nature
of QRE broe istitfiesadto E@%p%??lﬂstotﬂle bUEPP\ AiEe CBFH ks obtammg a

ﬂlll transferring the nucleus of the neural em cel
callmfdhe iyyeptiey pea difereptiatedi prppany thegeoth euktteﬂmlg tbiet@allrmrcprogeny

i, el BB S oA R BAGLE cor o e co o

progenyIUMBS piMicHAr §J:r@@hﬁﬁ% hased demqa ¢r%vid%6l %.éﬁ is a cell of the
neural stemcells. The onln method is believed to

inyrntion arebitaisad by the miveniten and whmyhaa; beer madifiechso as to express

ana@GrIEalJe%eB &%i%@e%&qﬁﬂazlé%':g%@pié c ani mal s i ncl uding

‘ckens and ot hers and.
al so | aboratory animals including mce and rats. The

|nvent|on enables, for the first tine, growh of a
T*]ﬁﬁ@é sg@phargifiegtbaipis keing usedimgsareen. Fosaxsampteathecells can

sl SR SRR B b SR AP T e & ol

acithencodipg a geaegﬁod!ﬁctﬂmwoefe aresispeciedpo 'bbtimp‘hb@l‘éd in disease,
For Vi ous studles on profiling "neura

eSQ?éﬁf nB@Qa%é) o1 8eHia) 811§ leeiuging résmsgy"&n@andnﬁl@h@ﬁner s. The

Pégﬁiﬁ)%ﬁ‘%%%‘éﬁ bRSHfr 8&@&3{ A Gahd B ga%ro gf,i 4 /%I?P]\@phcated

reover, glrac ArAeter|
in AitHeimeesican udm{pressed/owmmamdtc&rmetlt eXpressibnldlteyed.o
culture and genetically mani pul ate pure popul ati ons of
radial glia also opens up new opportunities for

CeHBBMAL MAvdBnCae! ofll<d 29% Qurkd®%&ells for cell therapy. They offer a
source of stem cells from a patient which potentially can be a source of nuclei for
nuclear tfansfer. They can be used for delivery of gene therapy, including
neuroprotective 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 genetically manipulating the cells. The cells can be

transplanted 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
culture 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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remar kabl e cells, that can function both as stemcells

and as specialised scaffold cells. Finally, the
wahodsity3i8o propagate NS cells in sinple nedi aPeridB20ds/002289

het er ol ogous cells or cell extracts establishes that

sel f-renewal can be driven by gromh factors al one and

does not require a conpl ex .mgroenvi ronnental niche,

hitherto consi dered indi spensabl e by stem cel |

OtR&P ltl‘?&‘aﬁfe% will %ebav ;énéﬂ}s 8(%? .2%1' d?e%‘@fr?ﬁﬂé@ F5Pq%s ! Sstrocytes,

nucl ear reprogranm ene
migeaioyudedls fmoilsem@ppllmatiom)l S. The invention provides

ef ficient generation of neurons fromNS cells. In a

met hod, set out in nore detail in a protocol herein, a

Méfﬁb@@%foéloﬁllﬁga{)f‘haﬁ H‘u%’ér?%ﬁlrﬁggpéﬂé?%\ﬁ@éd ‘Eﬁ/' e l ntlon One

neural stem I'n the presence of an agoni st
metard of clting asrah- humahamrhnaémmmmfsear(i JeagBainiig afneamal stem cell

i o LN T TR

hukdih ARBRICEI) Qfar%'ﬂe@lﬁgﬁhétnuefetﬁrbfﬁ% N PAREM célhntosthe oocyte,
found that the period durin g. EGF i s absent

angr(Mysplingdhe el otaivestin AdLinins famsie of gae s@Rei species. The

inENEBE HARS oYl Yreciedl Bylfod B rRhailrign ebuftholoping based

upd® ieelatisnase nbuamsétefrf eell$.OTRBAEIIAINGT Arxtiedd E&bdliled to be of
whi ch contains FGF-2 and cultured for a period, say at

app@%lonztméybsta@ﬂa&y all eren- hurrwaygnm@lﬁomomeape@a slomestic

ol AR BT R, P60, BB SRR oo avo

labpp&iory amnm@tshwudjuhg roieklahdatgs.grown in FG--2 but no
EGF for a week and then FG--2 is w thdrawn. Wt hdrawal

of FG- | eads to sone cell death in the culture, but a

Thg%g%rﬁ’t%dc%ﬁ%ﬁ%%azb‘% H{evﬁrsf‘rl’l%é oérﬂ/\@lﬁlbrf%{‘ él' @bﬁyﬁbﬂo& diploid,

onal

clamegbnmﬁstrdasfadtdd:ﬂd ﬁrﬂ;uel stefmoceldeanithatsante w‘ayl‘d‘é Esldeﬂs This is a
precjated that nethods/uses according

&gg;ﬂca.gg p?égﬁ’ 2'%6W3Edné”|$¢9€ht°?5nb'@l%9}’b31&t’!aiap‘?’é°d Wt é@@g\%r‘)f new
ex?ﬁéﬁﬁ%eﬁ%égwbﬁugﬂrnééﬁ X rnﬁégﬂ% o%'édst&c‘f’igggﬁ 6#rbﬁ’lﬂg] Noural stem
celty” ave sergousty ad:mpmmls&ﬂ by rliasbeon r@ee“reganemls rdurospliexk cultures
(e.gsg.t §H§lgv e% al. )6|I\|/|8reforv8Fn theS racd?éllg?i;a characteristics of NS cells define their in
vivo counterpart. The ability to culture and genetically manipulate pure populations of
radial glia also opens up new opportunities for analysing the cell biology of these
remarkable cells, that can function both as stem cells and as specialised scaffold
cells. Finally, the ability to 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 approaches to

nuclear reprogramming and optional genetic manipulation using the cells.

The invention provides efficient generation of neurons from NS cells. In a method,
set out in more detail in a protocol herein, a method of obtaining neurons comprises
(a) culturing neural stem celis 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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Fig. 2 shows NS cells can be derived fromvarious ES

cell line and foetal forebrain; Fig. 3 shows NS cells
woneovpanat e and differentiate within the adul PCGB2M05/002289

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

and Fig. 5 shows electrical activity under voltage-

and current-clanp conditionsz@®@fl NS cells cultured in

differentiating nedium Referring to the figures in

. [ i g1 [ al,, st
oo RS tE EBEopod of au ag e oRER F itkmbr, ARHGR toB| dB8ence of an
agunistwiear( EGF Jedeptgraghtiefouny tHat the period-dudiy) whithne.g. EGF is
no expression of neuronal (b) or astrocyte SJ_C )
abgent gutmesie wealisotanbecemss sieprong Whan sr@c fis subsequently

wigﬁqd;r?\%. e hEhrdindeRE TN A@OF{G\?@%?Q ;p(l)%:‘tggie@el(i@wo(l)%yer culture.

erentiat€ I nto | MUNOposI
Tygoitchllyj the NS cadisuamednahgferred 46 enediunofrse (f B GF dut gvie Bontains

R o T S 1 0 0 8 cous o FF2
is Eido rﬁnp%@rﬁ%m NRe mesidrs (‘O@ﬁrgw Wﬁé&l ftht! QIRUER B3¥dferred to
C, ase | nage of

neural |ineage selection a an
meadiumaihapdeesinsbcantatn ihassagpetifiemiethoddspeetls wed grdwn in FGF-2

o 30 EGF B RRerna t56h hoh-g DU anarawal QriSE leads to
soﬁﬁ%&%&@éath R Qfitusd Bk gQﬁd: pérbé‘@cagé SQW&%? #¥m Heurons. This

or ES cell and neural stem<tCell/radial glia
mefdiod nay e tised as an qpdicaat adetion tosanyRH, the npetbedg dsscribed herein
fter .neur differentiation; NS-5 clonal NS |ine; LCL
for%?\@’%@ﬂtﬁﬂ? 8ﬁﬁ?'passage 17); brain, E12.5/E16.5 nouse
brain). D, NS-5 i munoreactivity for neural stem
cell/radial glia markers. E, NS-5 differentiation into

It widl besppreciates that methotsiusassaqoerding i athaspests of thedgvéntion can
[ i Vi . . Col onies of NS-5 cells (a
begéegﬁ‘é%?@f"%@h%‘“aﬁiv'%q‘iOBWFR- factor withdrawal (b) afwd)

in the presence of EGF/ FGF retain honobgenous

expressi on of RC2 and BLBP with no inmmunoreactivity _
Thegpetyods and epmpasities apihedeveriiosarediusisien nthessgempanying
dr%@"é’%ﬂ‘ %qié’,\.shows NS cells can be derived from various

hé and foetal forebrain: NS cells were
derived fromindependent ES cell lines (CGR8, E14Tg2a)

or primary cortical (Co and striatal (Str-1)

Fig.j kshaws A?nwailpcp@fcm%@lgfséﬁr%ﬂNS)@usémr@ﬁsaca%ﬁ; kers.

Fig. 2 shows NS cells can be derived 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 (c¢) antigens and uniform
expression of the precursor marker RC2 (d) and nestin (not shown). LC1 cells
differentiate into immunopositive astrocytes (e) on addition of serum and generate

neurons (f-h) on growth factor withdrawal. The proportion of neurons obtained
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B, RT-PCR for transcriptional regulators. C, The
ES-derived Iine (CGR8-NS) and foetal -derived |ine
WOCws/21318ar e i ndi stingui shable fromLCL by noppinaB2gns/002289
(a, f ) and neural stemcell/radial glial marker
I mmunoreactivity (b, ¢, g, h), and can each
dlfferent|ate into neurons (gq_1) and astrocytes (e,
Fig. 3 shows NS cells |ncorporate and

S S P, A b A 3, R s vor

geteried BHSUGMCSE ST ﬁ@@teﬂlﬂ:ﬁéé%@@elé&h@n ha pipACA RS ita of neural
or striatum (c-h) rragnlflcatlon of t

PrEqdisess iah peaRays 1aaa®\dS CespaOéSpkyclh aadyd eorrespanding| 3@x1 GFF

ﬂu(oy%s];q%:&%eg rg? 5 qgie ﬁcl : @@@n r@%a% fl(o\{, T’ﬁq,ge contrast
imagef of E16AAI &bl ﬁﬁé é@%bé‘é é@bk@ F?F%FﬁrfSﬂES Bell BRE"ural stem

eni tor marker nestln( d), , antitative
Ceéufaggaé|gilao¢elbnm‘rkert$ef4ﬁ£édpamm cE&Illr(eMtEF&ﬁ rassaggsiafter neural

e GhugR RRE H8hal NE e . B NS BhlEfdh P3ateS Py brain
E1DEAE! 635 Mcﬁls@rbraﬁz': RSe5 ﬁﬁ%ﬂﬁo(ea%‘tﬁﬁsﬂﬁfr%eé%‘l's?émQ:'é]I/radlal glla
of at |least 500 eGFP+ cells fromfive independent

marens| k. NScﬁadl’é‘et‘ﬂ‘rt@tloa into asdOcpies (ra b)can,denemnsxid ;&) with loss of

20 Dm Fi
neisfBiafaeaetlingice & Fe CHOMBs o S Eorell: (hamnssatecasurons on
gré\ﬁ’cH factér wﬁh’d?%WaFﬁ))oér‘ldTﬁf theptesEnge of EGE/FGE RALINHAMABgenous
human ES cel | s into neural rosette structures c,
expamqpa & RENGnelx BB omithrant ummuhqreaaotiliityi foralGROAP | &,d). G,

exh bit radi nor phql,0gy, e-h, inmunost ai ning
M‘Ft@P %PQre%f%fn@%ﬁBaﬁéa‘BQ%“ 1ia markers. B,
Derivation fromhuman feotal forebrain. i

neur ospheres generated fromcortex j , attachnment and
Figuid gh@ms NS ells graslbaderiged froMS/mquSmellthalamd\foBtal forebrain:

NI T T T Y N TR p—

cok‘tiﬂ’ﬁﬂ(@éle'l ﬁéﬂﬂ Sfafal (SFAR1BOS 1A \FeT-RRIR 8f4temh céil/iad |a'i’ glia markers.
shows: A. " Superinposed’i nward ‘and outward current

B,tR&d7Gig oo ransergdional tigulatoemtC mEnd ESidepoediing zﬁCﬁRS -NS) and
ween

TR D 0 LR A P L by . v
neUPélU‘?c@Fd @@Il/l’é’bl&'l' %lfaffrrﬁﬁﬂde@thiz‘ﬂiﬁﬁ?ﬁb té/o X% g »and can each

twenty ( days
differentigte mtmn]w:mes dbt)alnnlmistn‘cm:lyte{w\@mg) i nj ect| on of
depol ari si ng rectangul ar current pulses in the sane

Fig. 3 shows NS cells incorporate and differentiate within the adult brain: a-h

Confocél images of LC1 NS cells, lentivirally transduced with e GFP, four weeks post-
grafting into hippocampus (a, b) or striatum (c-h). b, d, higher magnification of the
insets in panels a and c, respectively. e, f, Examples of eGFP grafted NS celis
(green) showing co-expression (yellow) of the neuronal markers TudJ (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), progenitor
(Nestin), and proliferating (Ki67) cells, four weeks after transplantation into adult
mouse striatum. Data are means (t standard deviation) of at least 500 eGFP+ cells

from five independent animals. Scale bars: a,c¢, 100 Om; b, d ,e, 40 Om.; f-h, 20 Om.
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three cells (a, b and c) as in (A) by switching from

voltage- to current-clanp imedi ately after current
woesdizigs shown in (A) were obtained. The dasuoeeH2005802289

represents a voltage level of -60 nmV. C. Average Na+

currents elicited at -20 nMfromcells cultured in

differentiating nmediumfor iggreasing tines as

i ndicated by labels. Bars indicate SE. D. Superi nposed

inward currents elicited at -40 mv and O miV in 10 mM

Ba2+ and in the presence of TTX; the hol ding potential

Figed sh@ls hifman. ESJcteH enfoevalldeayed NG aell s IDarivationfroehuman ES
?arre cell as in (D). The invention is denonstrated in

cellseadjmar Eﬁ)P'I'WY]@F'MﬁnW @ferentiatipa pShEmanE e cell into neural-

ol R0 U030 Sl AR AT AT Lt o

radizl gitdlinsdvptioloyyt e, ||rﬁmn©§fan¢|hg for eeLttabsiBal Sdlidalial glia markers.
eneration of between 50-70% Sox1 posi tive neur al

B.drerbiationfeom humaidestql for@hmnayenewmspbe@s genesaigdrare cortex. j,

=S Bb o B HOASAGH LS B ABUBR PREH 5P v g
MORIGI oS Ini~f) evekirat ﬁ@nﬁ@éll/rédlélegl(a‘}fiﬁa%ﬁré% Defferefstion. g, TuJ
whi ch contai ned a GFP-| guronym n reporter

posiiyedmneatuse gevean. troGFH\é’m ve aslieglayi ng et al .
2003b). Puronycin was added to the differentiati on
cultures after 7 days, and within 3 days nore than 95%

Fi@f 5 rsizmish A B @sdrifipassceintrd mbadwd?ﬂetﬁw&@ftl%cnﬁs obtained at
this point, cells were re-plated in N2B27 nedi a

diféerept @esmranewotentiaty{betireen ip endudQraVdrare iaroldimg @9éentlal of

SO E TR0t S AR M LESBIFS f B1PBRd mocio
forceld éa)( 4@EntyPlb)nang thietyt dapnieNUBUSpyermposed Woktageresponses

nmore than 20 passages retaining a characteristic
obizined dellawing ioieetign ofrﬁ@@@laeamgde@tangﬁ&mrwﬁpulseﬁtm dhe same

thrga%l ?ﬂj:.egé hlbﬁ%ﬁ% ;@g%% r”g )gﬂz_alﬂ ?Mtgrgingff‘rb@ﬁgl‘f%geé’“ &h Hcurrent-clamp
im@ddiately aftercalrtentiraesrdings shown in (A) were obtamed The dashed line
represents a voltage level of -60 mV. C. Average Na’ currents elicited at -20 mV from
cells cultured 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 protocol was recently established 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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To isolate clonal cell lines, single cells from

passage 5 bulk cultures of 46C-NP cells were plated
wonv/igenarate wells of a mcrowel |l plate. O 96TAB2005802289

cells scored, 15 were grown up into col onies and, of

these, 4 lines were kept grow ng continuously through

nmore than 10 passages. One |gfge (NP5) showed the

characteristic bipolar cells with hom)genous

o b ik S e o cnin

(46CB| éelrs¢ waweéem vitetly coNRinghasagP-HRES- pﬂﬁérﬁ%élhaf@pérter cassette
|l e 1-3. Characterization of

tafﬂﬂﬂ%ﬁ’ t@ oth@hﬁ%ttl@qau%éYm At @he 200BR).cBUOMYsHn | wes @idded to the
dlﬁé‘r%nﬁéf?@‘?‘kulltwjégsaﬂeﬁ“@ays ﬁﬁ E\ﬁmérz g r@ég%@ﬁ%ﬂeéstggp % ?)g femaining

ceNasx\liéreuGEthnMa}que(tumersf ot thﬁepmaur@%uswenﬁlre&pratclacll in N2B27
rkers, nestin Vi ITen ortantly, these ce
BRSPS SR MITHE BB Ohe? (uiinow pl@pna/%}aeléh%%ce"sgrew rapily,
armt e
Wi BT s Sep R0 Sr i ho ffyRRg SRS Firbfip@il
positive for either GFAP or b IIl tubulin suggesti ng
t hat little spont fferentiation to
THESE 4G (U PTREURGR CelE 406 6ok WRIF Rabsgiamsiovsheigeculture for
mgl‘r%,' Jhﬁg ggﬁd\?gﬁgéé F@tbﬁﬁﬁwggﬁ?rﬁg{rér%pce bfb@ﬁéﬁné@ﬂf)[ﬂgygﬁ'h&e cultures
shiomednerg dittiel call death$sElhad a high atatingefiiciehay with doubling time of
reco |,[sI §5hhe Lew sX antigen, previously used to
APPRPIRR Y Bult neural stemcells. RT-PCR was
performed with a range of markers to confirmtheir
identity as radial glia. Al four clonal lines as well
Emplee'l-lﬂul k popul ati on were negative for Cct4 or Nanog

f|r that they were not ES cells, while they did
Cl@glﬂ‘ree% ‘?qgﬁf'?ﬁ vimentin and GLAST, consistent with

Td laéla'té"BIBHQ%IIQHé%”klﬁbfe)’ceIIEdeﬁ‘ 95@@5@% 5 EGHJbLFH%'rés bf IWC NP cells

showed expression of BLBP, a radial glia marker. These
werelflgted| ipte separats wells af ki micrawell ptaded @F 85 single cells scored, 15

wc%r%éq?o@ﬁ“ n%ic?’ Bﬂltogfesg%é(cf o%lféésuéae ériessfg NE? ard@%/ﬁmg Xontlnuously
thfo@'ﬁfrh@lfe th%\hC’fO bAgéadus. TARSIAEL(NPS rshoWrek fe ¥®aracteaitic bipolar
cells WIth homogenous morphology identical to 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
immunocytochemistry was used for a range of markers. As expected, each of the cell
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 RC2,
3CB2 and astrocyte-specific glutamate transporter (GLAST). Less than 1% of cells
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. Unlike
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remai ned green. Al so, none of the clonal |ines showed

Sox1 driven GFP expression RT-PCR confirned that these
woebdsgi2ditel not express Sox1l , but instead expreeTaB2007®02289

rel ated SoxBl cl ass protein, Sox2. Taken together

these results suggest that a range of Soxl expressing

neural precursors can be iso % ted using a puronycin

sel ection strat egy, and that Soxl-, Sox2+ cells with

pri% ﬂ'[t}dhgﬁ Icy Isef{gé %d‘%}gﬂ%ﬁ% n%l_g'gﬁv@c(gﬁﬁbsﬁgthegmore these

ceusférermiﬂhuabne@@tnwtmr BSEANS @nangbody thet rIRMBER the LewisX
mar kers. expressed by the NS cell lines confirmthat

antigey, arevieuslywredio ersighfor mdsitnessal gem eslisTo confirm
that -these cells were true nmultipotent stemcells
(i.e. capable of differentiation as either neurons or

ROIACGR was pafernedd withdi taryesofteatriere do tconfign tthéih&lentity as radial

P
Q“E (,\ﬁ K@E{ointa Ené?elalﬁs égﬁé bﬁgm@fl%;ﬁ@ae negative for Oct4 or

I I
N0 SRR LN RYGRES Bl a4l R IR imortr
anclyGbABiie sonsistenbwithrtbe émmurestodbeRistAGT, urtirerbmird, eaescell line
sl PREFRSHIR) L P Seiadah SR TREiRbv Anese GBl, aeg: oxpress
M@ggghl:q}:ar{cﬁﬁ,tgnt"%gj,l i nrapi d and extensive cell death
rs

wi thin ture with FG- al one, by contrast,
| ead to cell death over the course of 3 days. Culture

Intgrestinon: P8 bk u'ted&EP+§‘§r'\@f.was?@yowwprm&f Sox1, as

’y S
osThitod BPRELTE [paths 9 1A blasll b (SHEMS veyfow cols

remsings greeo uAlSQr eoneaf heaional linghsheved Stoxdnfdrwen l(&ﬁ Fbexpressmr.

R bRad e inete ZelS Bihor et s LD AR efRssed e
relafed B6xBPSRES @r&blrE@BXZGFQkérﬂBg@ﬂﬁér tHdskaeamid slg@st t'haﬂa range
of é nchronous manner such that 100% of cells acquired

XPressing neue) Peeeuisersstall be dsqiatedtusing acnur@m/wn selectlon

ol S, SERAL TR el e b ot can o

|scﬂafia6%"|ﬂ1¢:lbﬁéup@xmq@ﬁtrocyt es. This effect can be
m m cked by addition of BMP4 in absence of serum

foll owi ng EGF/ FGF

Example 1-4.

NS cell line differentiation into neurons and glia

The molecular markers.expressed by the NS cell lines confirm that they are a type of
neural precursor cells. To confirm that these cells were true multipotent stem cells
(i.e. capable of differentiation as either neurons or glia) a range of conditions

designed to test the potency of the cells were tested.

Previous investigations of neural precursors induced differentiation 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

cells cultured on plastic. Simultaneous removal of both EGF and FGF resulted in
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wi t hdrawal on plastic. CNTF and TGF-b behaved

simlarly to BwWP4, although the astrocyte norphol ogy
woasosdizifier ent and there was nore cell death i RCTiIGH2005/002289

BMP, CNTF and LIF have each been shown to induce a

astrocyte fate fromprimary cortical progenitors

(Goss et al., 1996; Lilliemmnd Raff, 1990; Nakashima

et al., 1999). Consistent with these studies, a rapid

c . I
bR e AL RS04 Bl BB e gt o
to bemdeathrtﬁxﬁrmbomBéfoéB@@ys atulere it BS P?\dalbhérréw‘[ed]ﬁ nEGéII death
Orgggl am nin-treated di shes was tested. To avoid cel

%wnéléﬁﬁnmp%Cehmr@lrf@raélpncwaweducw ashus, EaEecke@ersacts an

esﬁ@ﬁal@eﬂts%‘?v E%ﬁglﬁ]gb%llz ‘dBﬁ'FpreWs e); E?rl]:p rﬁ%lﬂé&) B NS cells

but no EG een'in
cufilest o ptastigel ati n did not occur and cell's survived.
There was a change in norphology of the cells to nore
ext ended bi pol ar processes, with characteristic

THeNefi&&! of0feruft bal pr%hfe?atmﬁl@%ﬁ%ﬁl# ?Mt@ﬁﬁy%'l &F QrBRihkS was alsc

reduction in proliferat] rough
testad oCplis treatad) inltbis way atviveek) ewadnrathegalbsem tfeEGF, and rapidly
nmentin,, nestin) and di i ate,
d“‘é%??“%"egﬁ%ﬁSYBFBE?@PH?&%‘?‘H?”&&&ES’E&%‘ i 'ﬂm%ﬂwy@ large flat
asBB6tel tAat S@IrRISp&ditVE fh GRAPidng. nJQ’ativBGFHPﬁeQWbeore all NS
differentiation, after 6 days th di a was changed
cells Wﬁhwmfwm poaulms;m mamatblmftdlmmlam as astrocytes This

oBERR! B nf ke ST & OB Sbirie saRlnBdlgfing EcriFer

withidedwiaingh Hwaeow ane TGF-H &%@%ﬂgsuﬁmaﬁy 35 BMIPL dalough the
GABA | rmunoreactlw té while there were few
&

asaeeyt@dv@wmpyvasm ient @ad| therexmwasovars selbdeatl intially. BMP,

ON e AR GRS B AT RO il  efREVE kS dram primary

cortighl pkogmlmwl(Grdb% étr sizerogm dLilibawrd Rlbffh1§901 Nakashima et al.,
success to I's. In further tests,

1989k f%?rb%ﬁtﬁat w&héhm stugiiase fptagid mcmctlpn@ff!@! @®nsprigBe fold) with
ol 3 AR BB T 2L, e
Exanpl e 1-5.

In an attempt to induce neuronal differentiation, the withdrawal of EGF on
laminin-treated dishes was tested. To avoid cell death seen with culture of cells on
plastic, the cells were plated on a laminin substrate in the presence of FGF, but no
EGF. The PCD seen in these conditions on plastic or gelatin did not occur and cells
survived. There was a change in morphology 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 astrocytes was seen in regions of high density. To induce neurona
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 blll tubulin antibody staining. These neurons were

GABAergic as assessed by GABA immunoreactivity, while there were few astrocytes
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Isolation of NS cells fromany ES cell l[ine wthout

use of genetic selection strategies The N2B27 nedi a
wozedh/ho1Bsol ate NP5 was originally optimsed POT/GB2005/002289

conversion of ES cells to neural precursors and hence

al | oned good survival of both ES cells and neural

progenitors. Thus, in the ab? gace of puronycin

selection, it was not possible to efficiently expand

(T8 St B i 40l o P i

prevemtimgedronal diffdrertlationt he generation of radial glia
cells fromother non-targeted ES |Iines, other basal

medi a conbi nations were tested that allowed survival
It \t%)g/g g?&g’%gﬁﬁ %&@?gﬁ?g{l?hgﬁ: )S/H;tg/e;f?{ﬁ%lfélﬁd ﬂ'géwé’d NEF‘ Rﬁ'ﬁi’lér success
tor@jballs(.Eurocl one), it was found that re-plating of a

46C ES cel |l nonol ayer differentiation at day 7

resulted in formati on of clunps/spheres of cells, as

InBttherPsts, 46 'dlfﬁ%ghﬂaﬁlfqmﬁé‘@ﬂéﬁ té‘cPHa?tmgﬁﬂ%ﬁ?gM%fg cells. This

attachment o unps o curred
cloratoypaosion poguditieientiation chblvedwelt ¢he welds darhaveuabiligr to form
characterization of this passagabl e popul ation (>75
sages) of cells revealed an identical profile of
expressed markers seen previously using the puromnycin
sel ection strategy. Thus, the cells were positive for
Exsroplel 149 ecur sor markers (nestin, vi rrentl n) and al so

bR oS SB6 0 St S Uhe 3l Benotieaotecton

strgqgg%nce established wth only snall d| fferences in
r phol ogy, and no differences in marker genes. Using
TheHNEBg? olaestialsed & isolate étPEfwamsgmatby bphmii%dl foneasnwasion of ES

ool 3, eI IBEU ST AP Radiaied APPY SURGRAGN Bl BRicpells and

ne%mr[ﬁégélﬂfbrﬁrmué n ﬂ@aﬁs@hc@%f?ﬁ?cﬁﬂgéﬁ SRR MWa‘é not possible
ampl e 1-6. Transpl antation o I's To test the

to fotcdﬁn’fi)'aﬂxpaﬂd_t‘llﬁi@ -N® egilslvgth EGiang F& ﬁe?;/dmtcecarry-over of ES cells

and' ﬁBﬁR\le‘ﬁ%legel'l ”&Seb tatt1a not shown). To overcome this and allow the

generation of radial glia cells from other non-targeted ES lines, other basal media

combinations were tested that allowed survival and expansion of neural precursors

but not other cell types.

Using a commercially 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 (>75
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;i Pax6). 46C-NP cells behaved similarly in either N2B27 or NSA media
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enbryonic, and adult CNS, as well as in kidney capsule

graft. Electroporation was tested on NP5. They were
woOawsd2118be el ectroporated efficiently using RCTEB20E/002289

wave el ecroporator. The cells are also transfectable

using |ipofectamne plus reagent. This is a major

advantage as all genetic nmangpul ati ons used in nouse

now becorme available. To allow rapid evaluation of the

|4l [

ong%?%éltﬁ Iésgl%gavr?mh 6ﬁ§ %a%@g&@%ﬂ#ﬁ%g%@lﬁgﬁe | n 3 n?%rr(?nces in
marker gegbsy effl ci ent and al nost 95% of the cells were

successfully marked, the eGP signal being strong and

stable with passages. The use of the lentiviral

U%lﬁé af%tg'ég g\&,ﬁqmbaefrdrﬁwaﬁ{é? E91iRSs g\%ﬁ‘glléf{olate]d CGRS8, E14T.

he signal to remain st
OmtéfCﬁiPdrﬁilHy%samﬁ Ve Eydarmfékiesmbdalislmeﬁimm Isemdamnoxpﬂwology and

cells ns tlon in the enbryonic
eXIQF%ﬁSrHOQ HFOf@?@Pa Hg}ﬁp?ﬁg&;eg %n?i‘éel)ii | the nol ecul es
and factors able to sustain and direct differentiation

of immature neural cells) was eval uated. 100, 000 cells
Exmnpler'deﬁuspended ina final volume of 2 microlitres

foll dure previously described by
Trﬁgap%&tpﬁg ﬁlcgﬁaue (Magrassi et al., Devel opnent
T&?@s‘i)th@sb%nﬁéﬂoﬁ tHO NS @élf@rmoﬁvést egﬁwl@'r@rﬂ%spﬁlﬁed into both

cells survived well after transplantation

enapyeobic, andiadalt&dBuas el aﬁmd«dmwcamm@gwtl s in the
graft was nade), the eG-Psignal was easily detectable
and they displayed mgrational activity already at

El@@tfépbrbtumw@@ édtad dhiNPS5 [ Tifeyolafd folfd td B8 ei@cttﬁﬁ)ow@td efﬂcnently

grafted cells acquired at different tine points (4
"n!i@y% waveeelRsropedator. nJrlileh)ce&ﬂ@”le tefigo g,r@rfafecrtgble usmg

i 08 oo i SRk MR B Prarittions

useddh eadRse My beeorsavdilabigrunor eactivity, while 23
%expressed the neuronal marker Tuj-1 and 16. 3%

acquired the glial marker GFAP. These data indicate

I I . -
T b B RO Bt B QP RARIAA R BB e
paititie® icheryinghtieNSGES harker gegd.sThé Frﬁ@&@émﬂ@hi@h‘peﬁi@%nt and
adult striatum In these transplants, the
almost 95% of the cells were successfully marked, the eGFP signal being strong and
stable 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 grafted

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 microlitres following the procedure previously
described by Magrassi and colleague (Magrassi et al., Development 1999) using
E14.5 mouse embryos as recipients. The cells survived well after transplantation (an

approximative evaluation of around 20000 cells in the graft was made), the eGFP
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cells survived well (the survival is anyway |ower than

in the enbryonic grafts) and differentiated toward
woatds/meuagsonal and glial fates. Quantitative arairyGB26805/002289

performed at 2 weeks after transplantation indicated

that 43.3% of the cells expressed the

neuronal - speci fic marker Tuj3d—, while 26. 6% di spl ayed

i mmunoreactivity for the glial nmarker GFAP. A snal |

lsh

SIQ A Rl IR0 T by Hiophiied RiGLDBRaR 7R EEdy at cary
tinNPPoiBis attel thee greftinggi Hmefatearbisatl thedgrdftedtceijs aequiree at different

t t = dat h ) MPLE Ex I 2-1
tri PRGER NSt TABVF. S HRELS Bd ot e tha ST ero analysed
Atciﬁé h%%d‘@%éék tﬁhéfp%frﬁgtth@tm%r@ §r r{fﬂ@fﬁﬁ r@\%é%étin( irRfhature as

2003. NS cell's terned
Indjeaﬂeddmthewsmlmmwngrmlmty ovhiler’d % @mres&mbmemeuronal marker

TP o 2% Hrdutb i ol rE T REAR nHERGnH At Indicate that the
traGwGErdh@é@N@ar%léﬂﬂé RIGsHedtedtA n@&r@?@aﬁc@?ﬁﬁ mlvivd a@@k@ected from
and FG--2 (NS expansi on medi um f or med
metipeteghNSscellsi. ch subsequently attached and out grew NS
cells. Cells ternmed 46C-NS cells were generated after
addition of 0.5ng/mM of puronycin to differentiating

Thadtg cens wewd hisoararhlatayd ihto Rl AGulverFiaturm. mltﬁé@éitransplants the
days |l ater into an uncoated T75 flask in N2B27 nedi a

cells ﬁHM\Cﬁdgwm (Bre povivabsramveyHomey thee it Brecempryaeni¢ geafts) and

dlfgéé}ﬁgﬁa eggw ol ﬁ%ﬂ%rgﬁgﬁnﬁr@g, 1alté]sle 8%@3’[&%3%% performed

at1® weekeldftanltaimla(dwmm ur’thétemthamB@% Wfithe dedlsedpeessed the
cel | s scored one hour after platin Primary cul tures
neyEpnalspseiisraarkgs i g swvhilesb- E"/pqdlép%d@démmmreactlwty for the glial

5L SFATS M SHAYAEA RS BRAEE) 19 I B o

as$md|caterdebyme/\exmfes$ien ofxpatidled on gel atin using NS
expansi on nedium For astrocyte differentiations, NS
cells were replated onto 4-well plates at 1 x 105

NFERGFH elid i) IdYy EBSHUEdid not give rise to teratomas (n=4; data nc*

shown).

EXAMPLE 2

Example 2-1
Methods

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 neural differentiation monolayer cultures on uncoated plastic in NS-A
medium’ (Euroclohe) supplemented with N2 and 10ng/ml of both EGF and FGF-2
(NS expansion medium). Celis formed aggregates which subsequently attached and
outgrew NS cells. Cells termed 46C-NS cells were generated after addition of
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suppl enented with 1% fetal calf serumor 10ng/m BMP4

(R&D Systen). For neuronal differentiation 5 x 104 NS
woebdsgizvEge pl ated i nto poly-ornithine/l am ni nPCTEB2ew/002289

wells in NS-A supplemented with FG--2 al one. After 7

days the nmedia was switched to NS-A supplenmented with

B27 (G bco) wi thout growth fggtor. For clonal

differenti atl on, 1000 cells fromNS-5 or Cor-1 ,

O S DUEH o 65 oy R A RS Pl wore 1o

plalﬂeﬁfffdayﬁ lamremltol an entontes TabAek iN2B2Tt raeizaliti®n0ag/ml of both
cel nocyt ochem stry was perforned usi

EGE G GRS THMEbSeoa R PHrDH DgAaanal e, NS-5, was

SR oIS Shol A 1 BeRUED ;BRI Yot BB g

dildtiom (mngle(cells 56@0red?m@3h<6u rlafteb plat®gRPrirhary2&)itu réiﬁ&efe éenerated

JENC S O W N
to Bs dPuno@‘ qé‘ékgsﬁ’éé ed H' d.1% )Q%P.%ﬂ) S5 dndl S’uz@oéelli ouere then

Gad65/ 6 1 200 em con napt ophysi n
expanded pn gelatiypuging NS'oem}a)ns(dﬂ médkmﬂndim’&d&trbpy@ﬂqﬂer(enmtlons NS

CeH?oW?'aﬂ %A‘ﬁlﬁ%ﬂ?ﬁ&? ‘E egoé’?g‘qs\/\f"?%t RQr ;_(I%”Rz%'é%i iy NS-A medium

su%@férﬁé’ht@d\”ﬁrtﬁ 53 f2hl Salf @efrurﬁr smmﬁ ﬁﬁl St hwrSy tem). For
(Foerer

secondary al one.” For RI-PCR NA was extract
nam)rmj d{fﬁewgﬂaklon 8 & 4geNS caHﬁJ meplg@derr‘ém geblyrornithine/laminin

BB PN SPhEAGE i P23 B e i s

swithag h@%%tﬁ%ﬂém@ﬂtécﬁwm B27 @GBSIVt dpdiven Rictor. For clonal
0.56% KCI for 20m ns, fixed in nethanol:acetic acid

diffeyentigtiorh 1009 eelis fiomiNS-5 epcend, oultiusegMeare platedds 18am plates

AR e RO IR B et i

siturdsadii®@. consent was approved by the Research Ethics
Committee of Lothian Health Board. Frozen
supernunerary human enbryos were donated for research

CHElaifRI e RRlpa o5uee, by e fumen Fert |1 sat Lon

ImhfirToctdehiensisireg waisgsformed using appropriate TRITC or FITC secondary
conjugates and nuclear counterstaining with DAPI. Primary antibodies were used at
the following dilutions: Nestin (1:10), Vimentin (1:50), Pax6 (1:5), 3CB2 (1:20), RC2
(1:50) (DSHB); TuJ (1:200) (Covance); GFAP (1:300) (poly and mono, Sigma),
MAP2 (1:200) (Chemicon and Becton Dickinson); NeuN (1:200), GABA (1:200),
Gad65/67 (1:200) (Chemicon); Synaptophysin (1:200) (Sigma); Olig2 (1:5000) (H.
Takebayashi); Emx2 (1:2000) (A. Corte); BLBP (1:500) (N. Heintz);
prominin/mAb13A4 (1:200) (W. Huttner). Negative contfols 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 1l (Invitrogen).
PCR was performed for 30 cycles for all markers except B-actin (25 cycles). For
metaphase spreads cells were treated with Smis 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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19/ 20 foetus following elective termnation with

consent for research under the Pol ki nghone gui del i nes.
wonerssipiant s Foetal surgery was performed as deeTiGiH2ewt/ 002289

by Magrassi et al, 1998. Using a glass capillary, 5x1

04 cells in a volune of 1m of HBSS were injected into

the tel encephalic vesicles o0fgEl14.5 Sprague Daw ey rat

f oet uses exposed under transillum nation. Injected

Foeb%si nto the abdom nal cavity for
W'JP? I op rre\w(?e&? ﬁ'l t)'er delivery animals were
sacrlfl ced at seven days (Postnatal day (P) 1, n=1 6)

and five weeks é’ =8) post transplantation. For
Huymaniembryeand § S’Eq urggg or CD1 mice were placed in

REAPBLRLTLE ol WATEE R EFRENPRGRRrpfE] Kl thd Researcn

Etbm5|&1mmlt(elsc®2.)otblanhﬂemﬁtﬂnmais Ftozedilsyperndimensy! ramtadembryos
wilh oppiedior serearsBandea NGenraieli B isguat Byghe Fumman Fertiisation
arRRERLRYABY ﬁmoﬁeméqw bRBR é@@f@seﬁ@lﬂgfrﬁlhﬁbnézgr{\&%e stage

W ng antibodi es: (nouse)
10420 fe@tag follawingOglettine tewvinptionAth conserOfor Beseamh under the

1:5; R MK bbit): blll
PC}%BQ"‘?rﬁ‘e(af‘(%%le%ségvance) GgRP( iy)ZOO;(r?)aklo)?

secondary anti bodi es, Texas Red (Vector) (Jackson
| munoRese . arch) and Al exaFl uor 488 (Mol ecul ar
Tra’neplan)SSectl ons were preserved in antifading solution

ol RSy S PRl dedpdas pelteaSsi el A Fesing a glass
cabﬁl@HP &5t 1 TOsaN %Wo‘ﬂhrﬁ&%‘fqgf d)ﬁ-tlBQS v@re'ﬁ%e@féo‘ lﬁtJ ’\Q)% télencephalic

days then replated In medi um ( NS-"A
vesicies efrrEmﬂédSwagueEDEV\dew reﬁ(%eﬂ;se@&ﬂp@sedrunderrtgansulummatlon
m ni nal d| t | ], SSi

f ES
g0 LERREs Hate Truaca iiniRe 2680t EaViy s Favsaragnt to term,
After b2l anfthhRwete B aeleed Qﬁeﬁ/eﬁme g@%?l)@ﬁ’la‘fﬁlﬂ% P) 1,n=16)and

harvestéed and replated in fresh m They af't
flvwweﬂkas (P38, da@bpeﬁdrwmp@rdamn nroordhlliolganspiagtations, 129 or CD1

| | | d
migg WS BERRR g K S BE Beind Eseles il iegtibar 210’ NS
ceﬂé“shé';ﬁ(ﬁﬁjeoofnt 50 dfHBBYink@ e SRiatum (n=22) or hippocampus (n=21).

Transplanted mice were sacrificed 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): gl
tubulin (1:500; Covance); GFAP (1:200; Dako); secondary antibodies, Texas Red
(Vector) (Jackson ImmunoResearch) and AlexaFiuor 488 (Molecular Probes)
Sections were preserved in antifaAding solution and analysed on Nikon TEZOOO-S{
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 plus N2) supplemented with EGF and FGF-2. Cells surviving under
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networ ks. They can be continuously and rapidly

propagated with a doubling tinme of approximately 24
wobawsgi21d1€1 cel |'s di splay the neural precursor PORGB20E/002289

nestin and RC2 but expression of the astrocyte

di fferentiati on marker GFAP or of neuronal antigens is

negligible (Fig 1A). On expogyre to serumor BMWP, LCl

cell s adopt typical astrocyte norphol ogy within 48

8 SURRAAE o BEHRERY 68 B 8y GOGuEL Bredominanty
astoRRA iréth fleating plustars gAfest 3[5%:@?2&; thovd ayitbgitek vidte harvested and

days and then w t hdraw ng These cell s express
repiiedni frashkapedivgpe They pttaehrd i withiva2s8 (days 1amd outgrew a

bRyt R S Blpyich SCHERS, S0 oo, L. Lpor

pmhgb@t?ﬂ iaztiis sig_nﬁn?efAd)ltcﬁgﬁcbﬁ @s;}édﬁdﬂnﬁnf@iltﬁr@s,r@‘té@forming lattice
, . Hi gh nunbers of neurons =

nef%@% oﬁ?%'séegh GPRANLySlY a4 %plqlwrm@wm goubling time of
> . y _

orbptinat 9P 55" LI RS LA NSl BB LR st and

RCAdwtsxpression lof she @striocyte differentisdienceadfer GFAP or of neuronal

QR i TP HADI O S b G PRI IP Seruit SunRET et cells adopt
ty;?i%ﬁleéﬁ?éc%e %orﬂﬁoﬁ)@&lﬁthi%B%%?d%ﬁ%gﬁtﬁgugﬁ%%ﬂﬁﬁmy express

roughout the derivation proces
GleAPI(big B4, €).i Insagtraste belts witin neuronall pedcesi@98Ypemmiafigr Aflating on

i irut EQFIoE kg pd bR R afiehnnd RS Ehtad folls express
neREKAMafkehe il lllm@)hfiﬁ,w\b@frﬁﬂgﬂg@fﬁd RbuN gﬁ&?s)hown). Most

Transi ent puronycin selection af rerentiation-
neuieng staim fgn GADET EigpdAid) antl BARA dnotoshasin)rand by 7 days a sub-

oo e Bublior bR B LA Pl . o
nunitSerS0flnSuInE S(SBBY, )NGrer §éndrasdieSeh Safted BIY hbaS&shes (Fig 1A.).
medium Cells renmai ned adherent in this condition.

Tagethen with et elissgetisinthat k@l celis eatain adiploidskrgessage content at

g B P B B o G PR el s oY houral stem
(NSypefissi on of Soxl was |ost at this stage (Fiig 1B c, d)
but the cells remained positive for Sox2 and nestin.

To establish the presence oi

Example 2-3
To determine whether cell aggregation is essential for generation of NS celis, 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 Sox7 gene, a specific marker of
neural specification (Aubert et al, 2003). Transient 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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neural stem (NS) cells, single cells were isolated in

Terasaki wells and expanded as adherent cultures (Fig
woBposa2i318 Initially 5 clonal |ines were derivedTaB2005/002289

sim | ar norphol ogy and grow h characteristics to the

bul k LCL popul ation. These cells | acked detectable

expression of the pluripotengy factors GCct4 and Nanog,

and al so of the early neural narker Sox1 , but

oA e B RN BRI A B RSG e o 19 00
but thextllpoeintinesl pesitive REBOLET badeieseh. PoesbtsRvh thbgaresence of
conti nuous adherent culture. Exanple_2-4 C one NS-

nepaa! BN Fils: Singlersels weraisolaind i bargakoveligara expanded as

n L \ 1 i i . .
R Sges, 16 BLT0 Ty, 11 ot FRCORRA Y i
maipholody and ejronth rohakadtsristicsciontied bukkdL Gt agomsation.f Diese cells

eu enjc radial glia, the precursors of both neurons
lacliesl dderlabln exPrassioRg!ae Bl sPRIAICYJACIR Qg aBddianog, and also

, 3 f S .

o e R, MY Ao FRgR L g tsiqg he ifenGlrogpitnglil ndrers S
arfdonegist (Fog yi(). NI cebsimenalthus ferermied dtioagh(diSpxTFositive early

NS-5 cells plated at, cl oqal densjity in EGF plus FG--2
“%%CtPs%w%'d”@sv@Rra@ entisugHs ZAhetSUlt(Rr y col ony

showed expression of RC2 and BLBP in virtually all

cell s and absence of GFAP (Fig 1F, c,d). These
Exarbpleo2ds coul d be pi cked and continuously expanded.

j he f cel i thin NS cyl %
CipRa NPT e MG 4Pl el B Poess ayl Gost, an
BLE%@WA@'E%CP@ Béinﬂhlulﬁb%@iivgf%FﬁUzy vinfarpndes 2t 8§E¥?I/Lex1 and

ys in EGH FGF-2 fol | owed FGF-2 alone’for 5 days,
prem#nin §Fipu)hEhiszed af markerh daiconpidaved diagnastic f@mewogenic radial

o RRRARERIS RSG5, b bt o

narfouldSs &ty Canpisdliect & uee Marff@ss &ted! 20@). As with uncloned LC1
di ffer}?rt]at}i gti ongﬁlli nally, |ike LC1 , NS- 5 )cel s

cefigi N34 erlls wergi gnopeteshios asitoprie conplasrenal differgniigion (Fig 1E).
NSRS 2 B8RS B o TR o o
cefllor Every b x shélvkd | eXpré8sidro8NRIO0 NS BLEX aRIrRially 2ll cells and
absence of GFAP (Fig 1F, ¢,d). These subclones could be picked and continuously
expanded. To determine the frequency of cells within NS cultures that are capable of
neuronal )different_iation we again plated NS-5 cells at clonal density, expanded for 12
daysin EGF/FGF;Z followed by FGF-2 alone for 5 days, then a further 7 days without
growth factor. Every colony (126/126) produced Tud positive celis (Fig 1F, b). These
data indicated that all colony forming cells in NS cuitures were competent for
neuronal differentiation. Finally, like LC1, NS-5 cells maintained a diploid
chromosome 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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To assess whether the serumfree nonol ayer induction

protocol is a prerequisite for NS cell generation, ES
woebdsgizvEage i nduced to differentiate by enbryobdTiaBiyos/002289

formati on and exposure to retinoic acid in

serum contai ning nedium (Bain et al, 1995). Aggregates

were subjected to Sox2 |ineage_selection (Li et al,

1998; Billon et al, 2002) with G418 for 48 hours then

Egerﬁ‘ ﬁtsg in the presence of FG--2 and EGF wi t hout
Il owi ng attachnent, Sox2 positive, nestin
T@@@é@s%etﬁéﬂ the ser@hiffes ﬁioﬁ@lé)leﬂndﬂl'cﬁﬁh 9Y<ﬁ6célh§ a prerequ13|te for
bi pol ar nor phol ogy and | attice growh typical

N2 etels ggneratioap tqellsoweéetlm@mdeterdjﬁe@m.tlatmlby embryOId body

foﬁhéﬁ&i Sﬂﬁiheﬁ@oggr c# Fétir@&# (%aicgJ ﬁ g%glﬁ?-ggﬁ;airﬂﬁéa n(ghm Bain et al,
199%0] Aggre G eredubjddted &l S@xﬂ\ﬁﬁ@ag&ﬁeleeﬁbmm Bfal, 1998; Billon et

nmonol ayer i nduction w thout |ineage selection as

al GeR0R ) WEHGAGB foctB hogs ihﬁrb@nlaiae;ye#aeﬁtesesce@f|FGF -2 and EGF
iR 3B FABTTO QU E TSR S b, b Sk Bisreraea

thigdlepfiﬁfedltﬁemlpolapen?ﬂp:hrmlayy é‘vlﬁﬂ?&tﬁml gﬁisf!f@@mmrdf\lfw cells plus
owed t he nel ot radia I a markers
ca(pppéfgq@)sés rPﬁ)éterﬁaﬂi{1 '%\‘PU%F@B@% gntigtPR e plg p@sspges (data not
srBliD. TS RELAUEAaREad iR aegﬁwlyag]%&a and_ Mashi

Down- reg ation o ut mai nt enance of
Sox2 was a striking feature of these NS cells, in view

of the_postul ated determ native function of these
-E—’@@H-E‘i;;i%ptl on factors (Pevny et al, 1998). Thus whil st
| A .
NSPehsRERS d@hbeé’l‘q}éﬁ 8:5’&52@1'8 EHﬁ ﬁ@ﬁ@?cilt I{i%é’%%ageﬁaectnon as

retalned 1n stemce svvher
desegibedfar. LCﬂhfeorNShm lhdeaemr&mmlssxdaﬁsmeGQh C&R8 and R1.

Alt | Ihwcegst ée)gqulwlrr]\ggdg%r}gl@%]q ngange éfﬁ %@égﬁ At oc{lstc,@% of cells. More
deSéilédﬁh@ﬁeét%%tcﬁ@GRQ%rnW4'ﬁ§% BEMYSY ﬁ%dﬁﬁg ‘éheﬁ%'d the full panel of

fferentiati on assessed by nor phol ogy an
radlahgha)maakersd[j |g(ﬂ\1; tieCheudt ar@ﬂwssdr matkers iSgx@ arfd $&ed,rplus the

oH R TAE B TR B AR (P 2 SRl Gt St ut
m&RtETRINCE $0SBX2 WS PANMIRFEAMrE of ARBLE NS cells, in view of the
postulated determinative function of these transcription factors (Pevny et al, 1998).
Thus whilst Sox1 marks all neuroectodermal precursors, it was not retained in stem
cells where Sox2 is likely to play a key role. The NS cells also expressed Emx2
which is implicated in expansion of neural precursor cells (Hein et al, 2001; Galli et
al, 2002). All NS cultures tested underwent astrocyte and neuronal differentiation

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

resuilted 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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derived fromfoetal neural tissue. Primary foetal CNS

cells fromE16.5 foetal brain adhered poorly to
wolesstiize3s1sn basal nedi um plus growt h factors ardT/GB2005/002289

spont aneousl yf ormed aggregates. After 6-7 days these

aggregates settled onto gel atin-coated plastic.

Fourteen days later, outgrowshs were trypsinised and

pl ated onto gel ati ncoat ed plastic. In three separate

ri e hoI cal | denti fiabl e as ,
foffip¥ SagFeiAeSy AlGuBE BaNs e & podirsits wobibshfn@iofRtig-coated
pl@sm;t IFouPleSNCldyls lbtéﬁeéuth@@ﬁ% Wwerd &lpdinRied HRY plédéd YA gelatin-

expressed the same radial glia and neurogenic narkers

coaied plastis lp éhneedepaiala exgerdpents qelfs marpheoyicalividentifiade as NS

oo SPREE AL FTMACHE U ARl BpURAR, [ B EL. These
fo&at b%deikalrlvaﬁi\/@exritesséd the/&drfe ph@be?naaané inegksgaret hiarkers as
then col oni es subjected to sequential growh factor

th Laeqived N eslls (HigdAR) angshoweg &pPsistans RNA profiles. They
B RS DR o 48 BUEES T LRI 198 2. conon
deived Carel tellswere @hied assidgleycelis therl cslediesdbjected to sequential

P TRt Sl 45 TR oG, s e FplenKbrduse Tutpositive
D

Cdst hodlbsrwenter anib@rezﬂyly suarddhed andmbamwmmy expahdegdtoraniadividual

coflf AnPEATYS 2f GOt RpERe! RN SiaohS e dealveR e fGotaL bgain and
shalreaptmerwﬁ.to W@b@ﬂ%nﬁ/@a Néﬂ@eﬁt aphase nar ker

phosphoryl at ed hi st one I ndi cat ed at the conpact
cells are mtotic. Tine I apse vi deom croscopy

R T R T —
antiftadal AscleRAMticisuted es rhaia%#e\ g@él{l@ 2003 FABHEhED ahd @Bmp’act cells

wel | -characterized feature o euroepl thelial and
witheghiagt exjensiope wese alﬁ;o\preaentrherrmsosanmlag\fwrtbemetaehase marker

oGRS PR A P30S e Timo e

wdé@‘ﬁﬁla@iécé@y ﬁ@ﬂﬁ@nétﬁtﬂfe%@i&%@%héﬁ@@lrﬁﬂnbﬂymﬂo%ﬂp%ﬂt@%@ll division

el ati ncoated plastic in NS expansi on ne
In @ i $@ fimeplanseetevanigd dpat NS cell undergo interkinetic nuclear

migration, a well-characterized feature of neuroepithelial and radial glia cells in vivo.

The NS cells were hence continuously expandable in vitro analogues of neurogenic

radial glia.

Example 2-8
Frozen/thawed passage 40 mouse neurospheres were allowed to attach to gelatin-

coated plastic in NS expansion medium. Bipolar cells outgrew that are
indistingqishable from NS cells. These cells can be serially propagated as uniformly
RC2 positive, GFAP negative, populations and then induced to differentiate into

astrocytes or neurons.
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i ndi stinguishable fromNS cells. These cells can be
serially propagated as uniformy RC2 positive, GFAP
woegsi2yag popul ati ons and then induced to PCT/GB2005/002289
differentiate into astrocytes or neurons. Exanple 2-9
W investigated the behavior of NS cells upon
transplantation into nouse bygain. ES cell derived LCl1
cells transduced with a lentiviral eGP expression
vector were introduced into the devel oping brain by
intra-uterine injection at E14.5 (Magrassi et al,
Ex#fhple 2-8ni mal s were sacrificed after birth and the
presence of eCGFP positive cells exam ned in brain

Wgé&\tqsyﬁgted\tbeé@havtﬂr@é g cellsy nw@r%rt@éantﬁtl@ﬂ {de mnse brain. ES
celﬂ el ete9t P ik "ﬁ%{@{ycﬁﬁ %Iﬂf@ e ﬁﬁseipﬁ‘}égé\t)ﬁ Yector were

Co- expressi on e préecursor nar
milm:hloerd inteetivecdaleloping ©rsin DyJdntrdNertdyireninjddNon, ata. 5r(1MagraSSI et

al; 1?9?925? nﬁ%ﬁr%t@ggl@ﬁgf@( waheelprlﬁjs m\%e ér%g%ééeo 01! en I?Igtp%smve cells
ex%ﬂlt?ﬁ% It Briafh S&dtichs! ﬁg%e"ﬂg)ﬂ?éév@% @@?qn‘a%c} IH?? \}’ér‘r‘dd“é Br¥in regions.

Injection sit er gra
lnmmntﬁxlﬁwbénmaeab'ses seveglexbto-ex s sivaLofEGE P wnth the precursor

mEKEF B heR R T aT o h S9N i AP 2, bladPsspratumbers with
GIREPINB ddiisvedb: al%‘ﬁg&f’tgﬁ 'iﬁt? Rigd !aMﬁlt ﬁ%d‘s‘ér stﬁéﬂﬁ Wahis case GFP-

detected in onl P positive ce
positrecets r@namtd InNsaliseldi te the vbum‘rawf theimjedtioncitel Foycweeks after

orafintof §eat e GERCERPStIRY el e yarl Foraholgay gnd were

imhWARpostve Nt INAPRN 33, 4@ £, é’)fr_pr%s&! TSP eéﬁﬂ‘mgd1 9L retained
nmonth after transpf antation. Furthernore, NS cel

exgresgsiart of oesbudEikBiinBye papieladive d’narheotK@? ovas demoéed in only

600 B SEBR T RS SRS WAL ROr BBl e

ViR CEidtenbdihntri We 6B5E8RES i Aigidlbgleal 'é$|d"e$||cb50f un-regulated
(Brustle et al, 19972 they do not give rise to

prelifeeationser. tumsus oenatiomin @ éotat bt/ 35 praingrexandigad mag wpnth after

di tiat
e RH PR BT G R CeoR BB TP SR i pstes i not
prédifersee or givelridd toetatomisl THESE Herd pdicatsd fiedt NS gellan survive
NS cells could be isolated from human
and differentiate in both foetal and adult brain environments and uniike 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 cells

emerged from these cultures (Fig. 4A) and have been continuously cultured for 5
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sources. In the process of deriving human ES cells

from donated supernunerary enbryos, we observed after
wo-2005weeks of culture extensive differentiati ORCT/GB2005/002289

rosette structures typical of neuroepithelial cells.

These cells were transferred into NS expansi on nedi um

After a further 3-4 weeks higgolar cells simlar to NS

cells energed fromthese cultures (Fig. 4A) and have

begen ti | .
QSR B8 481 S ERabe oA Ay (¥taptfex tissue from an
eleiidrt]iﬁté ;t’é;ﬁnfihﬁtlfﬁ@rﬂ@iﬁéc?tﬁéﬂet’d&eﬂelrmiiawtfbnned flostuy hggregatas that after 7

ornme 0
cayersre cqrlatedna losacindiiach A CBRUR 1 gepstinas fridaivation of
t a [ i : | f . :
NG G804yl L AL ARUPRITEL B BpIte o 40

HUra8 NEBLultitesEromiSatiIESicelis andfetabtissueSvers tharasterized by the

fetal tissue were character| t h
preseraeenb Halened caLS GBPaREFCht TEIBPIEE St ever, all celle

XUt rd BHdr SHRREARRE nb SR HH BN BHUTSOB2 (Fig 4B). Time
i ! g 48). T

KErs nestl vinmentin and 3CBZ (Fi ). Time | apse
lapani honitaringe aohifirmed  thatt thehdwowselt emorphinlpaissogre splastic and

iy e, TR i o oo LAIE U APEEAH Spptentwit
Qo5 PR, ARG ATl g At O ilsesto of o
20000 iTheyatreliferaied rsorevslowhhthantthe rmmtﬁﬁecejé, with d@yhling times of

d i t f _ .
NP e NTBr seRueEe MERobR] o BEEL AR BE Biey gppeared (o
gdrEB Pt r SE@onarteIR (Fig 4T 3 Chlis SRy pisakdstioptecmbrphology with

astrocyte norphol ogy with intense Gf,!t:AP

infemsar@ir AR dmnwinoyeagthity pyeserreducad afterassagingniserum (Fig. 4C).
serum (Fig. 4C). Exanple 3 The el ectrophysi ol ogi cal
properties of NS cells in culture were investigated
E ng3in vitro differentiation by enploying the
>=Cel |l variant of the patch-clanp technique, jn o
The dmctmphymommépmertle%pP e @félsw@@itflretW@F%mVﬁéh@%ﬁed during in

SRS RS DI TP R i

o8k kAR XFHhegifeiRdwiRgisplectic trdatmentnlthésotslls oould be efficiently
el ectrophysi ol ogi cal recordi ng Seal s bet

€ . . .
traneformetinto mmiutANG furgtionabrelons fiom AR Sledmnpysiological point of
vigv%l. ution consisting of

Solutions for electrophysiological recording

Seals between electrodes and cells were established in a bath solution consisting of
(in mmoles/l):155 NaCl, 1.0 CaCl2, 1 MgCl2, 3.0 KCI, 10 glucose, 10 HEPES/NaOH
(pH 7.4). After establishing the whole-cell configuration, for current-clamp recording
and fortbtal current recording in voltage-clamp, the pipette filling solution contained (in

mmoles/l): 128 KCI, 10 NaCl, 11 EGTA, 4 Mg-ATP, 10 HEPES/KOH (pH 7.4). Forthe

study of voltage-gated Na* channels under voltage clamp conditions, the patch pipette
was filled with (in mmoles/l): 130 CsCl, 10 NaCl, 20 TEA-CI, 10 EGTA, 2 MgCl2, 4 Mg-
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(in moles/1):1 55 NaCl, 1.0 Cad 2, 1 \yd 2, 3.0 KO,

10 glucose, 10 HEPES/ NaCH (pH 7.4). After establishing
woheoswhadie- cel | configuration, for current-cl arpT/GB2005/002289

recording and for total current recording in

vol tage-cl anp, the pipette filling solution contained

(in nmoles/l): 128 KA, 10 NaglL, 11 EGTA14 M- ATP, 10

HEPES/ KOH (pH 7.4). For the study of voltage-gated Na+

Aﬁh agtﬁ‘ fl'gam /éfng @JI' 298 a%' B 58 9é| Ll %E%i%t%cﬁféﬁ% (in mmoles/l):

13([&(313,0!,29 G&IQCIZ l\/ll}O')lE,GT@\ gl@cd‘@(ﬁl&tetrbtlh@éﬁi?noﬂlﬂm Cl, CdCl, 0.2, 10
HEPES/ CsOH ( |_)e@_and t he extracel | ul ar so}zuti on
HEeBRSANARH «ph’i Mb| /the: stugy olaitage-gaied2Ca? shagmmsls, the patch

PipRIPWARIBE it 61 BT TR0 a0, PG 29 GER AMack. 4 Mg

ATa210 Fi EWEE*/@OWCQ#I P%%ﬂgﬁh%%&fé?cé!}ﬁ%arf éo’ldt% d’éﬂrﬁ%ﬁp%ﬂ {in mmoles/t):

mol es/1): 120
1aOgNaEI‘P10lBa®l2PE!$Y ghiceisé bl tétre}hmmmdnmrm@lc eﬂ@emAfP ar TTX 107,
E t|o contalned (in moles/l): 130 NaCl, 10 Bad 2,
HEBESYED

SB(PH5 74t r et hyl ammoni um G, 10 4-AP 1, TTX 10
3, HEPES/ NaOH (pH 7.4). Patch C anp Recording lonic
currents were recorded under voltage-clanp conditions

PatehrQlaniye Rextortling anp whol e-cel | configuration (19) at
roomte erature %20 24.00) with an Axopatch 200B
lopigQUiren Wrﬁﬁﬁw ?@ruqd&izaﬁ't@%ﬂamﬁpgdmﬁes using the patch-clamp

B S A SRy S U S 205

pa(t@kxctanhmgmphfmt @)damclnstlﬁilmémtegmlme B%hgantearcm)@hd digitized at
| B t PC. St ation, |

sallihgaleRAlS 9 Bo-H dseg, viied Brokerhd a8 Rb | Hivegter (Axon

In§t?uﬁ1&’ﬁfsqnEa@uﬂQ%%rmé’@&@qﬁfG&%A@mHo%z Hl\g@?ﬁﬁatlﬂq PQ Stimulation, -

Bur | i ngame,” CA) and ORI twar e
acyuisittemypnddataiinalysiswere lcaangs ctuta,rqmgabme‘ollwmmg$dfw\rme pachages:

pcﬁ%@ﬁ%@“ y '?.?fﬁgl}' %%léésa@ﬁcpﬁfﬁ Y(P:gﬁtrlg\éSC?\Nr hd ﬁlﬁl‘gﬂﬁ l\f/IJjCIrfdc’ém Software
In€. ONBHﬁbﬁ{ptoﬁ EN’IA?'F%Q' vmtééb -Ehend é)%é?ﬁﬁé?ﬂg llngﬁc‘b"r‘nponent%of leak and

I pettes were nmade from borosilicate glass tubing an
CapREdve cHITShitsdvers) fwettreéscenhldy analoglae cirasiirg and thendin®sticompletely

ceBPRCHh b I richedd) FRRRLRRLSL e AR i fSeSiicate gass
tulﬁihgaamﬁﬂréjpéli%dm%eﬁté%ehéd YolinAgesistage &t &aSMPwhen filled with

internal solution. Currents were filtered at 5 KHz.

Fig. 5A shows current recordings obtained during whole-cell 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 vitro differentiation (6 days, trace a). This
current, blocked by application of an extracellular saline containing 5 mh.

tetraethylammonium-Cl, has the features of a delayed-rectifier K" current. lis
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depol arising test potentials in three NS cells at

different stages of in vitro differentiation (cultured
woespaeiiigel y for 6, 20 and 30 days in a PCT/GB2005/002289

differentiating nediunm), using bath and pipette

filling solutions suitable for the isolation of both

inward (Na+) and outward (Kijgvol tage-gated ionic

currents. Froma sinple i nspectl on of the current

a@@ﬁt‘ﬁﬁ@%rbhsé&oﬁ éiiﬁﬁﬂ){ er%t eZSecﬁ’l&Jn‘?e Hlt.l ergﬁ0930 days, traces

t age- gat ed cu rese
b sndge seaplectively).tBy cdntrfisty tmi amplltmie( of tﬂ‘@ymward [Teredy,. negligible

Al AP aS AEABBIRADIPA G 50RING the time of exposure to the

dlﬁ@ﬁéﬂ%@hﬁ 'ﬁ%ﬁﬂhu PSE5B RESws e Gk éasr‘e?or?ses elicited following

Yed rect| | er current. Itsa I ncr éa
lnth@i udari injection af ré(mamulartda&mxtamﬁmgicmrfremmmw hetween 70 and 300

o B0 A oL of a0 B ¥ Riter aWattiingrifom votage-clamp to
cUPRSHtCIHAb anBHE R tAbXsAY Tells %ﬁb%si‘ﬁsf@r@m‘mo%@d' Xhé’Yncrease in

increasing the time of exposure to the di fferentiating
ampluden oFi @esaob:age@ateﬂb IOWBl’Chgwrremipmfms ethiecicapdcity of the

SR R8 H STkl HALLE ) S8 o omy
ddyisaen the hﬂﬁféﬁeﬂﬂaﬁ@? egehl artf sRWnG a ﬁ@glf@(bleﬂﬁWQFd current was not

svmtchlngfromv tage-clanp to current-clanp node in
ahkle éo sligiba cegenrerativawoltagd ragpopse (ﬂramﬁs@ﬂ)elled avithn(ey énEig. 5B). By

o RIS Blh0 5 h PERTUREITL B o 5 et rte

coﬂzdld betelieitéd om totentuklied ihRif@ehtiatime nirlilmespegsied days (trace
onlﬁlém x days-to the differentiating agents and

laewm W &chiBdiio ofB) @nd disalayinaa fasae imwardhedrrens| grace c in fig. A).

AP bitEhedial SRRSHGH, Witk 46'diRfd S3ROT ROITER Gas FFHd fline el
ot 6ot ‘petenapt withthe dlffeeflﬁdaw@: qudms (ralepRbated Sithap) i Fig,
t cul f ur ed
SE ARy ORI coent (raseyain(io Ad5 rPayBisRugiminary
and| Jfé% it flrns Bubiret tl’@)%drﬁ%glll% ﬁr%k%}’tié%%f"{‘hé%g 8@!3’ PR Rty correlated
current (trace c in tig. A" ter

tosmemtagoﬂudw mﬂwtrm iradnardt vmlm@egated coicittarde. Massa quantitative
und i.n, the ce treated f t went i

W t th
an&? F%rUnthise§ Ué’éj@?ﬁes 38t Pa qt‘QBeP?/égaV\f e @E)exq?psure to the
dlﬂFér@ntig’llﬁ) ?ﬁ@?lgh‘ﬁ Hh@yh@‘ércﬁ cl]ﬁ@ﬁfsa% & TURREY G, aqe%lls at dlfferent

(trace omthis prelmnary an
stagﬂsn@f cbﬁeretrfhlatlon la@deapplwra@lritna-pndre)qucelhdar séhndmxecnﬂc for the

s R R B R ERRAMES Rl orcen
differentiation the fast inactivating inward current was completely 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 to 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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anal ysis of this conductance as a function of the tine

of exposure to the differentiating nedium the inward
wounrsemiraswere elicited using cells at differepCTAB20E302289

of differentiation and applying intra- and

extracel lular salines specific for the study of the

activity of voltage-gated Naggchannels (see nethods).

At any tinme of cell differentiation the fast

54 ha st B 10 R e e S P eS0T B B3 e than 25

deAsyl Inelak edmrt way tihetregehemtivalpobstitiar @Re (20 nddssured Between the
owi ng the typical features of voltage-gated Na+t

thgvﬁhpiuqh@@d the peaklrlcited attyathﬁd\la*smmt undgr cugeptclamp conditions
rag§¥§ bQ{\’/\/’B‘aéH 0 gﬁg 458 Hoh u?iﬂbéli%f'rs?‘f@ ld'tagg' gﬁig%trd GifePhtRtion (n=6),

unction o he "t me o sure

whitrtbe faluwing inmgrentedh 88 daysboineatnant ¢ esaiched valudsisetween +30
[ t he Na+ conduct ance wel| correlates with

;
anché D Ve Ty Qb the woleu the ructmpiii Prasesiies aviniiose of the
gty volag e tiod el B BRAEE K NS Gife, BFRted RGer than 25
daysedthibetdifférentiatisg medidmpde(tnpitd) ofthelrogs tbeelbpiraf towvard their

afiShdrivtvig,notier Peabie catiberalideiie: derions Gnausions is the
pre&& T @ﬁv&lﬁa&;‘ﬁ%}eﬁ hea®hireingl Qoﬁd’lﬂitér'i@esorﬁatjﬁ)os? bt e fted cells

by the Na+ nt under current clanp conditions
follawige @xbesuecto theatitferciiiativg dnadium fohat faast setén days or longer.

Figho D SHANS5THBIFS e midRe BfaunGd (B FiErGhEhe, sepalizaton to the
indl@éféﬁ%st?p%@er%ﬁ%‘s frofh 1R delimdel] BRhEA T YO RING B2E N &rhe fast activating

excitabil'ity properties and those of the underlying
angloletadiyelydaseinaskivatingn(dinet 2hows) fcotnedt compsnest ¢licited at -40 mV is

e I8y S bR A AR oo
contidbt, tREBWT YRerentiliched dteRimy edigpraly éaélb\ng([thhet7e3 ms) and

. previous conclusions is the presence of voltage- ]
inE@pletthinartivatiom hasttae dyycalieatyses of therneuregakldVaeCa's channe

o P} S SRRRIE 18, eI A Y BLAR UE F oham
cohtia€taness Bionfingdddy theehranevelere r@léﬁb@tshﬁfbftm? BBeOn average
indicated test potentials fromthe sane cell bathed in

theol Yivicesent peaked & +4Q Y wahilertheald relatianshig) fpr the HVA current

; . . — B t i~Gi .
oA Y\ (A B2, Bl L SR SATRPHE .2 S, i
L\@haomeht carhpengnt(Was moessiasd in 68% P60 celBy already expressing a
HVA Ca* current (n=13).

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 monoculture and remained diploid.

After prolonged expansion, they differentiated efficiently into neurons and astrocytes
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contrast, the Ba2+ current elicited at 0 nV,
di splaying a slow (Dt1 = 73 ns) and i nconpl ete
woneastizyagi on, has the typical features of theprPoBGB2NE002289
HVA Ca2+ channel current. The presence in this cell of
two distinct, LVA and HVA, Ca2+ channel conductances
is confirmed by the current-ygltage rel ationship of
Fig 5E. On average the LVA current peaked at -40 nv,

o'l 04 ¥ EaBSPBHRRGR, b haadi uE R s8FEEo formed
oligbd@rderlytes in Wiid. BlScdIMAIrfifonmB éxpresaNAbiphEisyical and molecular
neasured in 60% of the cells already expressing a HVA

featypas elradiaiglia feely premirsorgaf aeyrmsandagironyiesnd/'e were able to

T TR

hal | mark of active neurons. Thus, according to the
i nvention, we have derived and honbgenously propagated
NS cells as differentiated progeny of ES cells

N%{b%}]lgﬁlféyr@! %&é?’iﬁ% " AdlSe é@%ehl%q?ﬂc}e?alpéogﬁé ﬁ%iﬁégﬂe protocol

e adherent nonoculture an

betbw] The. dévivezr N® ok gmiforxiyasgiressed hadial glia markers. NS cells
efficiently into neurons and

di ff Li .

dejiyed 3@32@'&%‘@»?%@@ Rére> shlls enfram iidpaial eenten(intaengl reference:
i. . | | | . )

AP oA ond R ISCER 15 b 20 LN o BRSR BF oRctcate

mankersipy memuaocheratstnyeBxaminatidinat high powéiosttaved that the radial glia

recursors qf neurons, and astrocyte were able to .
R 1R G Sadh N RESREIGAMON ST Whist Nomwe e am FaTAY negative
fof @gla@d. brain. Exanple 6 NS cells were obtained from

nouse ES cell and foetal cortex using the protocol
bel ow. The derived NS cells uniformy expressed radi al

E lia rkers. NS cells derived specifically from CGR8
Ms or fromE 16 foetal cortex (internal

NS 8 ﬁ@ﬁ@der%d‘fﬂorﬁ’éﬁpéﬁ&&ﬁnpﬁ@é :\‘d’%élifﬁfeb%w'ne%}owses using the -

anal ysed for expression o e i ndicatec marker
protosohbelhenfstN§ linexdenived fioom adondrterim fostelrmesitoseheretaalture (40

the radial, .gli. rkers were ea xpr e i n al nost
ol OB DR BNt kel oin T 65 Neegae DES epressed neura
pré&&uiBor ReAMBdIal Glial marker immunoreactivity, and could differentiate into
neurons and astrocytes. This showed that the NS cells obtained from fresh foeta'
neurospheres were the same as those from neurospheres frozen down and then

grown as neurospheres for a long time.

Example 8
L.C1 mouse NS cells were transplanted into foetal rat brain. Confocal images of NS

cells, lenti-virally fransduced with eGFP, were taken one week after transpliantation
into 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 marker nestin. ‘Thus, the NS cells migrated and differentiated after

transplantation in the foetal rat brain.
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NS cells were derived from expanded nouse foet al
forebrai n neurospheres using the protocol below An NS
woizoes/iderisved froma | ong-term foetal neurospheC®GB2005/002289
culture (40 passages) exhibited identical norphol ogy
to ES-derived NS |ines, expressed neural precursor
cell/radial glial narker I nmyipor eactivity, and could
differentiate into neurons and astrocytes. This showed
that the NS cells obtained fromfresh foeta'
neur ospheres were the same as those from neurospheres
ExampkRn9down and then grown as neurospheres for a |ong
tlne. Exa oIe 8 LCl nnuse NS ceIIs wer e transplanted

e tti??' fWO%@ﬁtb%?f’sofﬁ%ﬁf@acﬁc%a%@hmﬁ@h%f’% B aphines

rats. Donor cells mgrated fromthe ventricle into the
parenchyma in clusters and as single cells. Gafted
D%’éYﬂtQO%F?@MU%N%@ﬁM lingsifeemdES eelle and t he neur onal

Eémc{elﬂ@r %@?ﬁm%rﬂﬁl Bgtéo‘?We(\;tgg"@r §$% %:X%tr%&rl% iural_progenitors in

progeni rker n

adhegerttrednalagediifuee g i Btamiledgﬁ'@trocbrsaa“rﬁﬂrwﬁle@h@mng‘and for this
tal rat brain. Exa Pr ot ocol s For

Ehor! RaTahtialin AtnfpuROISarh et (Al BriehoESwells ars routinely
cuﬂﬁ?’éoﬁ?ﬁd%ﬁ@ea&l %r%é"ceﬂfli{%ﬁé T n%ugﬁleon O?&’Wltﬂnfb%éoetal calf

mani pul ati on nes.
sec@rnland T%Ufmhmﬁﬁbu&idt%tﬁﬁeaﬂb I|rﬂ1|b|&nyﬁcftoc(Leﬁ) by gelatin-coated

SR e bR Ty BT BNieriEd Bt Gl cHibr Graeafied to ~80%
coffifphéciy 2??@%5’599“3322‘%“'%& RS hSkpepdsg inNghaf media P2
Cdlis arelplatealrmto@a:m pleites (jwlakl)l itheat havedsee‘necs@hated fwitkea 0.1% gelatin .

o R o R T BRIt o S Bl Aoty e

crlfélﬁlt PdrafritE) fo? %ﬁﬂﬁérﬁtdé‘m&%&?&dﬂ afH %aﬁq)awe bétv@ééhSESCcen lines,

Undifferentiated ES cells are expanpd 5
weconitingbrased sevarmm%rbatswn(demle)s (Ot& y 871, i >sia@F amm 2 x 10°) per
at ed

P BRERE G ¥ FAAndEd rloh BBlkoin Boroloss FaPtihoégened or

de@@l @lish 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 lir)es 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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solution (Sigm) for at least 10 mns then allowed to

dry. As initial plating density is a crucial paraneter
woaoosakiiigi ent neural induction, and can vary BeT\@B2005/002289

ES cell lines, we routinely seed several different

cell densities (0.8 x 106, 1 x 106 and 1.2 x 106) per

plate. Culture nmediumis chagged each day, in the

process renovi ng detached or dead cells. Under these

| I i : r r j .
oSI98y SIoEe oLl AT A a5 RgE 0min.
Thisfstey srhowes debidebad tdeeidecdlispthudashrichingMordss cell founders, and

Conver si op,of het erogeneous progenitor cg(l)tures to

SKBYENTRIRLE RReAd exciangs; (ol aperepiated it t0mboffrrahgig expansion
m@éb(m? dﬂt(ﬁ f@fﬁ%ﬂ@b@%&“ﬁﬁf%@ ﬁ/aHnyfe'F dé?%ﬁ?rd 327 %ays cell

I's“are re-plated’into coate
agmegﬂeexwdhat’tanhrr&mthe taskpang BbOIfBlSj hereditar cells outgrow with

e HEns I FipalT N R M Bt ol iied RiETishEnaitgiwih of cells (a
fuhﬁéﬁeM dé@%}:ﬂ%’@ntﬁ'grﬂﬁfpﬁ’latﬁh |§ﬂ%§blﬂ€é§ anErE- iaﬁ’@@ E%E{g@ cells ontc.

G--2 (Peprotech pansi on nme | a can
a gekaitlewoatedm@fﬂaskup elXpansmeeEkedluW Qells gro® \dary sapidly (doubling

tige 326518 e Bhih Jerehs WAMEE P erdl aerrties il diferentiated

antﬂbllagﬁcélrscél’écblmﬁinbﬁadeﬂfrﬁd)rﬁtcﬁ@é? QﬁFAPIéﬁoﬂ’ruﬁﬁm%luhostammg) and
differenti ati on d

es are harvested by
CUifUreRc @i WnifQiguy P@ﬁl’ﬂ&ie fou lﬁgw@ﬁ rmarkees.t | e under gravity
in a 30m wuniversal tube for 10m ns. This step renoves
debris and dead cells, thus enriching for NS cell

FArodBUeES celld { SORFLGER-IREFp&E RnbEKLIM) B4gAnaesicheskfection with
are replated in 10mM of fresh NS expansion nmedi um onto

puogwrk (O LBeymlkeaThe useddn eliminate nonarausal celis@ndmiarive NS cells

oy AT IR Gl Lo 285 oo

orhorwlga;1ath48coetéd rmrrprmémqa m&@(té owum@l eSin@mihEet. SIX days later
outgrowm h of cells (a_further 3-4 days) the enti
ptwemyp@tlﬁ gdded fqrr%&kgs nT&%anréﬁmdr%%ﬁ RIS Bg Sl @p@ula’uon (~3-5Y
| at | B
16°¢ d% e, q?at@@ |ﬂWNgg§$a¢1%ﬂnuW%op d%ﬁgwlg B¢ t?%}'?‘é_/g@%ansj FGF-2
(1ﬁngi/rml¢mge|aiwwaem OcitV plates. Sihecinitiallp asapbeldgicedly hetdrogenous

differentiated and bl ast cells are elimnate
SPoRiRresiad WP@%A!BW&QW@V@ Iy AFAHESS 2 PRAXA g¥egafive character and

afft 134 p8SsAG&s UK NI caPSbNGodP Endh&Rb} e TBYSSIoh:

Derivation of mouse NS cell lines from foetal CNS and neurospheres

Cell clusters form in suspension upon dissociation of foetal E16.5 cortex and primary
culture 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[n. In order to promote attachment, it is important that debris/dead
cells are first effectivély removed by sedimentation and medium is exchanged
completely. Cell aggregates will attach 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

For 46C ES cel ls (Sox7-GFP-1RES- pac knock-in) [P4] a

transient selection with puronycin (0.5Dg/mM) can be
wozedh/e1el i m nate non-neural cells and deri veprPtEGB2bI5902289

via continuous adherent culture. 46C ES cells ( 1 x

106) are plated in N2B27 nedia onto a gelatin coated

9cm dish to induce neural cogaitment. Six days |ater

puronycin is added for.48hrs. The enriched Soxl

S LY T N r——

plésfﬂ%ﬂﬁ NSL6xeHrigion erediehaDinng i infiaPlem ;ﬁés%b?és thh@erived NS lines
initially nmorphol ogi cally heterogenous Soxl expressing

%a@p@ﬂ%ﬁ\qiwyptpo@@gfggatﬁmdﬁt@%ﬁpﬂb eaﬂ@}s(@nﬁerga‘prmeneurospheres
pa‘?’p&ﬂﬁ@)f ﬁﬁhé‘@gl @ b%c%rrpe?ssﬁigﬁ M&E%ﬁ%mh% #ﬁore be passaged
mar 1on O

er expres riva
at NSbetdw 50?/mfﬁ1mnefﬁm Sénc@iﬁya@ dpomameepblgrmré‘gétb is variable,

lusters for susp i on upon d|SSOC|at|on
”?bseg%ﬂer gl YLE?CQC@E HHE%P??%QJ‘"% @rd JPé'ghr?SR@'@Bme”t of clonal
ceffip@gsi on nedia. These primary aggregates can be

readi 1y converted into adherent NS cell I|ines by

platlng onto gel atin-coated substrate in expansion

nmedium | n order to,pronnte attachment, it is
Pﬁ%%‘i’%ﬂﬁ@%’b?f&%‘%\'&e cells are first effectively

Or‘i@é’@ﬁ%@h@éfe&ﬁ?rﬁ%ﬂé afrb oﬁé‘é’at ‘ih NB 'e§ QﬁqﬂtégirabvaS cells are

conpletely aggr egat es att ach
growsonyeiattragsatedpiafesifiasis aed Iase omlttrmubspdrmemz tp bia 5. NS cells

el RO UBITE LiEG IO Preaiimm Col% B he S PoB ZRPSEDTA or
thﬂtb%n@h@n%t%fﬂ%ﬁ wiffRdalcii ﬁ%bhés:ﬁﬁﬂﬁ‘@@% ?‘Igl}ﬁ}ég Beor establishment of

establ i shed by dissociation and platin
clapal fines, single @ell®cmbedamskﬁi wg@a‘sm@natmummowellw lr‘n@xpansmn

it Reh® Raolli e BRREST oe Mied ALIEHIRY e it oets per ecm
digte -G oMb el @i @épmhﬁsmmébm Hha'cay He pickéed eall exgendily
becones hig Cul tures shoul d therefore be passaged at

or bel ow 50% conf | uence. The tendency to spontaneously
ateis variable but is aenerally reduced upon
c&ﬁ% $R5rvaton Al ﬁec%‘férytﬂ%%%ﬁeg?t abl i shnent of cl onal
NS etils i t@éd|I)Pﬁt%%%§R30&FMOWWFéé£H?MaVN§gCRbbﬁn@S}% trypsinise a
established,” NS cells are propaga expansi on
GOnQ;(H’/oacorpftge@yWé'p fask, and resuspend the pellet into 1.5ml NS expansion
media pius 10% DMSQO. This is then splitinto 3x 1ml cryotubes (Nunc) and stored a).
-80°C. NS cells are recoverable following more than 6 months storage in these
conditions. For 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 resuspended in fresh
expansion media to remove DMSO. Cell recovery following cryopreservation is >95%

for NS cells.

Astrocyte and neuronal differentiation of NS cells
Rapid differentiation of NS cells to GFAP positive astrocytes occurs 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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grown on gelatin coated plates/flasks and are

routinely split 1 in2to 1in 5 NS cells have a
wdaudsiizngsti me of around 25hrs. Cells are passageaB2005/002289

usi ng trypsi n/ EDTA or through incubation with cal cium

magnesi umfree PBS (Sigma). For establishnment of

clonal lines, single cells cgp_be deposited in.

gel atin-coated mcrowells in expansi on nmedium Less

E?Egﬂﬁ };ﬁ% éela‘ﬁﬁlcl %%E%%/@%@%hgggﬁgﬁgy is r\%\fvgﬁ?ﬂgi?c%arameter for

asteeyte anffér@amtlba pi cked and expanded. Cryopreservation
and recovery of NS cells NS cells are readily
recovered follow ng freezing/thaw ng. Routinely we

Fdrr Né’nﬁ‘o F%lff’ergﬂﬂw ?\@tllgleﬂg%e-rﬂasrvgét% ku3|ﬁ§dA5§g§/§é)?§%ma) Oi

m expansi on ne

caDMB@/magnesmm-frberP%ﬁm detauhocalds did 05- y@tmbeé célNuBré re-plated
cells are recoverabl e fol

s Ot RRMGDGRAGINIT AodRgdoneb AR HelateRnG in NS-A
+=,I Uéh §@6§Téﬁfeﬂi@c9®&?@f? éﬂh@/hﬁ %@dlﬁé )S@If, gﬁ&g‘éf@;tbco ). We find

qui d trogen hamed
théair ihegNBeA thasal nsdidr i8 Todef pértivside yr nembbdlftemedﬁhﬂon than
d, NS, ex

ol A RS A NS SRR o7 el s B 506 mantai
congitRyth d@%'Aﬁ&W i tddervd |&{s>/\98'égéﬁérY@é ifBia to NS-

is >95% for NS cel rocyte and neurona
A mIXGfCéwéhtNeurobasaifmﬂMﬂunfeGGlbchaap|a3ra¢iofdf dr baupplememted with 0.25x

Nmel%#? @Qaggeﬁ} t%&ff—' f&ﬁas}lh@ gyr ?cfnc%)fggc\;/)\ﬂ%sr}ugperl@@uronal
différentiatiovPadd hydthiFutia, Fo leQé‘r teRflultiFds SFhelPbis | &B?agond 14 days)

coat ed fl asks/ pl at es. density 1s not a cru
we gxghanee mediaatn rNﬁW@l@aSﬂIfSmeéGFmea’tadowﬂhFBEanmlnmﬁaNZ in the

ells are harvested using Accutase

m§%§{§%§w%Pﬁ%gﬁg gﬁpﬁagnesiun}free PBS to detach cells

and 0.5-1 .0 x 104 cells are re-plated into each well
of a poly- ornlthlnellan1n|n coated 4-well nultidish

Culturecandinegyonal W@Aemmlqmdmpnenm callgi t h FGF-2

TR el i 2 o S s

exgahéienantirt 49 for tbase NS %@ll@%@aitloﬁ@ﬂ¥ %upﬁle‘ﬂﬁéﬁted QitHTR00U/m
of nediumis replaced ever - { 0 main

recombinant human leukaemia |nh|b|tory factor (LIF). Cells have a doubllng time of

approximately 1 week. They are passaged with trypsin once reaching ~30%

confluence and split 1 in 2. Overgrowth should be avoided to maintain monolayer

culture and prevent aggregation and detachment.

For neuéonal differéntiation, human NS cells are harvested using Accutase ($igma)
and around 1x10* cells 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 ratio of 1:1 (Gibco) supplemented with
0.5X N2, B27, FGF2 (5ng/ml), and BDNF (10ng/ml). After a further 7 days in these
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conditioning of medium After 7 days in these
condi ti ons we exchange nedia to NSA m xed with

wolkewsaghaxaal nmedium (G bco) in aratio of 1:1 PCT/GB2005/002289
suppl enented with 0.25x N2 plus B27 and w t hout EGF or
FGF. This formnul ation pronotes further neuronal
differentiation and rmturatigg For longer term
cul tures of neurons (beyond 14 days) we exchange nedi a

o PR, SHaTa R B Rk BeBreclh SUREr bl B2 anc
BDNFf(aoagxmawlm@uoN%maer@ H@f ir@ e RIM Iréseﬁ@{é@e@r@/ery 20r3
expanded on 0.1 % gel ati ne coat ed

démsﬁ@f mOAtS@sN$ Fels Hyﬁygbﬂutﬁ’em mo Of HMiarsusthes 10«lays cells of

I 0
! oy R B S Wi T At A PR L SR wp o 40% of
tothb ol numbtarsnSlgrhlﬁa@mxrm)thseif wsttovwtes ard by gon@rated, in contrast
assa tr g once reachi ng ~30% conf| uence
to t'\Y% ’hp@yf 2?@?%!‘\3'54%‘%”96“6’@0%\764"@66 fey GFAP positive
Cegg g rmnol ayer culture and prevent aggregation and
tac For “neuronal differentiation, human NS

cells are harvest ed using Accutase (Si gma) and around
1x1 04.cells re- Iat into ch wel | of poly-om.thine

The @M@fﬂﬁ%%ﬁm\ﬂ es Bathodsand ) eﬂledpa%tam%ﬁnsi mgintaining neural
[ k
SSRGS B pSHEANBIIAL Ind e st o
mvemlmdta&i;eerem\vﬁedgatﬁeléilmmlallsIol'étémemoe)epﬂasﬁedrfromdE&tcell, foetal
fter. 7 days  in,the abhsence, of

Uit SoyTRES. A il S Sie Tt el oblaiasd by 1515 R0 e methods

dc::%ﬁ:nl%ec?rT1 hé@l@lﬁ?«BWF@%%ﬁﬁt%tka g}é%%rﬂé‘ th@iéil cgﬁ'ﬁé maintained

ng/
in hight Py colidiesi aves highenimbets afne e heddt&dsmudoulalms with a high

origerg B SRR SR eFAini e dbli R obRutesfaRa ad dip Sperticaly. Ns
cefl@hava el sUBRESSIUNY cbRhihed e Wk (RS ﬁ)ePélQ’SIQS?' mouse (ES,
After a further 10 days cells of neuronal norphol ogy

fogtah (a6, cacilt GRISHiand m&fogtaimmwaou@@negmitstm aalls4@Me been
ol B8 b SUBOR0 e a0l Y SHFB i Blpag orow wihou
forlmngetuﬁiSuﬁ@bht diffetartRited @7 vingur onal differentiation in
whi ch few GFAP positive cells energe.
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The invention thus provides nethods and nedia for

obt ai ni ng and mai ntai ni ng neural stemcells of many
wepetsites3siBn a synmetrical l y-dividi ng, undiffer earica2ew/ 002289

state. The invention has been carried out using cells

obt ai ned or extracted fromES cell, foetal and adult

sources. In all cases the r_eg | tant cells obtained by

foll owi ng the nmethods descri bed herein | ook and behave

b orcdiiielobshBy c88Rbobtateh iy, iiegtig b eaopypmg of clona
hundi@gtesghered ORRId NEE Abldohs@ (nisal 907 9RS0GI1ary

02
cells retaining the ability to form neurons azg ?
5.speciiplatestpy P. Rbat dewonaler @eé@r@gmgeglonaydmmmdn radial

fromhu fﬁ:}e use (ES, foetal CNS,
aduIQ'a(%% l}?ﬁiﬁ‘op ﬁ&'@@%@o Mouse neural stem

6.cel | Anthake, PERNKRIPWE, FIRheH! GU&ﬂészRae@wﬁaaéérQQ%s neuronal
and after bej ng transpl anted grew w t hout form ng

t unoitiogenitersdn fall gegions aafdle icantrahvivervees eystecesVauron 41, 881-90
Rey 3 B. A & Wiss, S. Generation of neurons and
ast r@gg )és fromisolated cells of the adult mammali an

7.centyial, TRIVOStaiiEs, emn., BeifRAseD2 56, W@@Mth( 1R98bnversion of
2. Garci on, E., Halil agl c, A, Faissner, A

£ r grORrYOBItst Stem gell&;etmraeumecmdqmaémnre@wﬁgm aln adherent

ot rRRBPRIREY Ra7t PeRuoPE 210 A8e oo et opren:

8. é31 Baig4@3; K@c%e?@oﬁ Y8o, Mor sibeaser, 9. EV& GeiEBNDST &Embryoni.

., lIscove, N N. van der Kooy, D. Hermat opoi et i c
conrfée@trﬁeéeISﬁs(péeasan@r@maJm@pgrtl@s imwitroaDey Rioh 168, B42-57. (1995).

o SEBELE RIS, %, SRUBCATH i B e

V. Greclignrd Ry embrnicsstSredeNdIlinebye éeléﬁﬂtdh akurr Biol 8,971-4

stencel | heterogenei'ty denonstrated by nol ecul ar
pherd89®).ng of clonai neurospheres. Proc Natl Acad Sci

1 SHERT oF 14T TR go marHaNTLTE LB gingS yiR fuorescence-

r adi sdtivelddecdlladciter Nevifieatich of ﬂéjraﬁﬁre@@%?% frofn Sox1 -gfp knock-in
Anthony, T. E., Klein, C, Fishell, G & Heintz

RadITRIGRGProg Bt AsaasSHiddebAdI00 Suppl 1, 1163641 (2003).
11.  Stavridis, M. P. & Smith, A. G. Neural differentiation of mouse embryonic

stem cells. Biochem Soc Trans 31, 45-9. (2003).

12.  Campbell, K. & Gotz, M. Radial glia: multi-purpose cells for vertebrate brair-
development. Trends Neurosci 25, 235-8 (2002).

13.  Hartfuss, E., Galli, R., Heins, N. & Gotz, M. Characterization of CNS precursor
subtypes and radial glia. Dev Biol 229, 15-30 (2001).

14.  Billon, N., Jolicoeur, C., Ying, Q. L., Smith, A. & Raff, M. Normal timing of
oligodendrocyte development from genetically engineered, lineage-selectable
mouse ES cells. J Cell Sci 115, 3657-65. (2002).

15.  Bibel, M. et al. Differentiation of mouse embryonic stem cells into a defined
neuronal lineage. Nat Neurosci 7, 1003-9 (2004).

16.  Gabay, L., Lowell, S., Rubin, L. L. & Anderson, D. J. Deregulation of

dorsoventral patterning by FGF confers trilineage differentiation capacity on



10

15

20

25

30

progenitors in all regions of the central nervous

system Neuron 41, 881-90 (2004). 7. Ying, Q-L,
weteosri2zdits, M, Giffiths, D., Li, M & Sm th, PAT/GB2005/002289

Conversion of enbryonic stemcells to neuroectoder nal

precursors in adherent nonocul ture. Nature

Bi ot echnol ogy 2 1, 183 1 86. 52003) 8 . Bain, G,

Kltchens D., Yao, , Huettner, J. E &Gottlleb D.

vi 1 reNerae G ‘]%ﬁg‘é’p ﬁ&@%”éé’@fdo PN Pevny,

11.., Hawlel IM.BadgesSudinos, $Wtbund’eer§€f@raNbRé}fu% M. & Gotz, M.
purlfl ed neur al precursors from enb ryonic stemceils

by |Regirgalizaticscancinte epeeificatia is, nequmqr@gg@)e romoof Olig2 and
AubepLye JofEef Ve f&éc‘? E%@r@g@ ITan neural genes

i
via fruorescénceact i va r purification of

1meurlaévmy,dﬁuﬂ$(8cﬂ:kfahamaﬁ0>sl PfdezZRONK-& m_oVbn-Bad@l@aO‘R A role for
Natl Acad Sci US A 100 SUAB 1, 11836- 41 2003) .
St avePefisin naural d%emnﬁhon ecglopaiena 28 19GF-E8t (‘&986;1

161, SRS, BB U Sl e e RS PET RSl B8 oot

nul thatepin pﬂﬁﬁ:r@@’s'f&)rﬁQhe\(ﬁfétﬂ’ér 8bReRr Mbl Cef Vel ABEENMS, 485-502
Trends Neurosci 25, 235-8 (2002). 13. Hartfuss, E.,

Gal I(|200F|2)-, Heins, N & Gotz, M Characterization of

N 3(35@;3{)5& aff ﬁﬁ%%??qﬂ%@ r,\]%%i Brofifdrhfion %?‘ét@%%ﬁézgfdhe adult
L., reahiraligh céntRafiervdds dyasteml DievBlopeneit 129, 1633-44 (2002).
oI | odendroc te devel opnent from genetically

ngl @:‘@Pe'a E ﬁW@ég@akgﬂaé§e%ﬁa|hestﬁm@négveutlpearype@wecﬂve Glia
SCI gg%@f(zooz) 15. Bi _beI M et al.
0]

D|fferent| nouse enbryonic stemcells into a

22]ef | Brshg) €U BONisd, SN ErprRratidi of faHE RS rgdlaﬂél@céalls by embryonic
(2004) . 16 Gabay, L., Lowell, S., Rubin,

Andednshadulbforgbrame neyial steraselis. Jergmeaaﬂ 1587 601 (2003).

222 WA . 1 BABLEA A eBSRR A B0ty flowing

( 20(&)1bryon|c transplantation adopt a striatal phenotype in heterotopic locations.
Development 125, 2847-55 (1998).

24. Brustle, O. et al. In vitro-generated neural precursors participate in
mammalian brain development. Proc Natl Acad Sci U S A 94, 14809-14
(1997).

25.  Rossi, F. & Cattaneo, E. Opinion: neural stem cell therapy for neurological
diseases: dreams and reality. Nat Rev Neurosci 3, 401-9 (2002).

26. Malatesta, P., Hartfuss, E. & Gotz, M. Isolation of radial glial cells by
fluorescent-activated cell sorting reveals a neuronal lineage. Developmen:
127, 5253-63 (2000).

27.  Gottlieb, D. I. Large-scale sources of neural stem cells. Annu Rev Neurosci
25, 381-407 (2002).

28. Temple, S. Division and differentiation of isolated CNS blast cells in
microculture. Nature 340, 471-3 (1989).



10

15

20

30

17. Hack, M A, Suginori, M, Lundberg, C, Nakafuku,

M & Gotz, M Regionalization and fate specification
wonoosaaraspheres: the role of Aig2 and Pax6. RoT/GB2b05/002289

Neur osci 25, 664-78 (2004). 18. Pevny, L. H.,

Sockanat han, S., Placzek, M & Lovell-Badge, R A role

for SOX1 in neural determ naﬁlgg_n. Devel opnment 125,

1967-78. (1998). 19. Heins, et al. Enmx2 pronotes

y [ ShO nd_a_yul ¢ tial,t
28 L, K R a6 e PR T CpPblsr- BRbTRMG M. A Meay. R.D.
18, 3ifGlebetdre@ikc) the differdraialibn dRsteéth cRlls floi #he fetal and adult
regul ates the proliferation of stemcells of the adult

manTRANUEh NEBMUSSYSIRIMY Geses yavel, TleA O (1294). 129,

3ogglgﬁzsééﬁ| S (%rgu)'%a?atand g &q%t ﬁo#?&?S%egé\@@g%fv%q“@wa"zaﬂon of

43, preediot 2eMSironethe faRTBalidR CRSMNeiFon 4, 480068 pldad).
of functional radial glial cells b enbr yoni ¢ _and

ShdulAlvawszddrdian NedralCiaVerugs, | &. Mi &eliegaitimaA. D. A unified

gang PR e A dhe KtPaaR AP PGRl stery cBlis ey RB7MNaprosci 2 287-03

enbr(00il; transplantation adopt a striatal phenotype
I n heterotop| c_locations. Devel opnent 125, 2847-55

3% 199%Imes 4T .Uy hakplashp, J.& Gage, FnHaTihe-agiichinpegampus contains

v A AN IR ol ARG DT S0 404 74881, ,
33.1997hg, @5L. Rossiith, A. @ iRaDiferatiation SAEMbBONIESEM! Cells (eds.
stem cell therap g{ for neurol ogi cal di seases: dreans

and W@ﬁﬁff“m'an N%rt K@VGN&@ &337 431 51%&\”@ 2008») . 26.
Mal at est a, | sol ation of

34 ad.%rbgnﬁé a@éLu& H&/ 1ﬂ87bK§§é'éﬁﬁnd@§iQFéW®d0fo%l0W voltage activated

SOr taffumeNeRIng irPcH1Ek BRM PAt sehB86FRurdRY 9IFRRRINLORY 386:547-570.
5253-63 (2000). 27. CGottli eb, g%@ . Large-scal Ee 3

sources of neural stemcells. Annu Rev Neurosci
Protocol References

P1.Ying Q-L, Stavridis M, Griffiths D, Li M, Smith A (2003) Conversion of embryonic
stem cells to neuroectodermal precursors in adherent monoculture. Nature
Biotechnology 21: 183-186.

P2. Ying QL, Smith AG (2003) Defined conditions for neural commitment and
differentiation. Methods Enzymol 365: 327-341.

P3. Smith AG (1991) Culture and differentiation of embryonic stem cells. J Tiss Cult
Meth 13: 89-94.

P4. Stavridis MP, Smith AG (2003) Neural differentiation of mouse embryonic stem
cells. Biochem Soc Trans 31: 45-49.

P5. Reynolds BA, Weiss S (1996) Clonal and population analyses demonstrate that
an EGF-responsive mammalian embryonic CNS precursor is a stem cell. Dev Biol
175: 1-13.



10

15

20

25

30

25, 381-407 (2002). 28. Tenple, S. Division and
differentiation of isolated CNS blast cells in
woizerspewdisure. Nature 340, 471 -3 ( 1989).29. PonssB2805/002289
K., Hazel, T. G, Miller, T., Dugich-Dordjevic, M M
& McKay, R D. Single factors direct the
differentiation of stemcellsgfromthe fetal and adult
central nervous system Genes Dev 10, 3129-40 (1996).
C3 rederi ksen, K, Jat, P. S., Valtz, N, Levy, D &
-—'R»é@; R Immortalization of precursor cells fromthe
manmmal i an CNS. Neuron 1, 439-48 (1988). 3 1.
Al varez-Buylla, A, Garcia-Verdugo, J. M & Tranontin,
1. pA method, @i fRremnatigothee symmeirieal edivisiosa gé neluralestean (NS) cells,

S | R rasci. 2. 287-9 0 w32, o
PhiFSinG g RBI G Abiengt g aittira g legiyfcontaining:
hi ppocanpus contains prinordial stemcells. MIl. Cell.

Neur osci. 8, 389-404 (1997). 33. Ying, Q-L. & Smith,

A &) i n an agtvataiaf aisignplibio pabwpy siownstreantisemsa (aagptor of the
Wassar ma ~Ke r, G) 327-341 (Elsevier, 2003).

34. Car bcr!%%'géa'g”g {rtoi HD ( 1987) Kinetics and

sel €b} i vidryastivatorlobw sigidlirgepathivay dowdsiedmiftom enFGHteceptor.
in chick and rat sensory neurons. J Physiol (Lond)
386:547-570. Protocol References P 1. Ying QL,

2. ?%%Ejtrﬂiosaé\éofr%%t@ ERdmD, \}vﬁeﬂgliq FIIE %gtiv%t&?-gpﬁ)si nalling pathway

nversion o ryonic stem ce neur oect oder na
pdewnstseam fiom adbeertor ofivedeGF tfamdy isNat agenist of an EGF receptor.
Bi ot echnol ogy 2 1: 183-186. P2. Ying Q., Smth AG
(2003) Defined conditions for neural commitnment and

3. gAfrﬁth%Gté'(&de?H? t&RhIARe2, \ﬁﬂ%b’égﬂqéggéniglzi&sﬁéct?d RRdm the group

mth AG (1991 Cul ture an erentiation o
ecdmsistinicc of t E@F¢ €T GB-o,J affiphdreQulin, Nepéaril bin8rgBGFP4epiregulin,
Stavridis MP, Smth A 2003) ural differentiation
0?9@89@3'”@%PW“83§% gﬂ&(%l‘ﬁ@.nyeéi:%ﬁe% Soc Trans 3 1:
45- 49,

4. A method according to any of Claims 1-3, wherein the activator of a signalling

pathway downstream from an FGF receptor is an agonist of an FGF receptor.
5. A method according to Claim 4, wherein the agonist is FGF-2.
6. A éomposition, comprising:-
neural stem cells;

an activator of a signalling pathway downstream from a receptor of the
EGF family; and

an activator of a signalling pathway downstream from an FGF receptor.

7. A composition according to Claim 6, wherein at least 80% of said neural stem
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anal yses denonstrate that an EGF-responsive manmal i an
weontsyiandie CNS precursor is a stemcell. Dev Broi/GB2605/002289

1-13. CLAIM5S 1. A nmethod of pronoting the symetri cal

di vi sion of neural stem (NS) cells, conprising

culturing said cells attacheggto a substrate in a

medi um containing:- (a) an activator of a signalling

th f the EGF f ly;
nd 1B A3 GRTSRRE AP FER N D ey
downstream froman FGF receptor. 2. A nethod accordi ng

to Caim1l, wherein the activator of a si naI Ilgﬁ]
8-pat MVEPRRAFIEQN aeFAiNGniPClai &po7, Whetdie hF_EGFleﬂ stgm cells are

'S a3 ngfatr%[e&% (A8, Fidy SRCBRLfe f§ the e R51el80n of RC2, 3CB2

f r onBLBP ayrcdb8px-@onsi sting of EGF, TGF a, anphiregulin,
hepari n bi ndi ng- EGF, epiregulin, betacellulin,
neuregulins 1, 2, 3 or 4, and i pto-1. 4. A nethod

9. aCCOA% qsﬂlo%rﬁ’ccgfq%%% gFamséf widIE qh@ n%ﬂ?%%ﬁén%‘é% 1§ 5re further

a signalling pa ream roman

r ececphajachesnzad lragmltlsdey afe posifiid-foreheeikpression éf aﬁéb@@bne of:-
according to Claim4, wherein the agonist is FG-2. 6.

A conposition, conprising:- neural stemcells; an

act | GARGT Py ' i i
oL SEAST, Pl BRI AR ILITHUPATORA the Lovisx
si grextigemg Muesaishvay od gvorsinieam from an FG- receptor. 7.

A conposition according to Caim6, wherein at | east

80% of said neural stentells are

1Y MEcbhilsitioriaddiding tBGGléﬁlH 85(5139“ \ﬁﬁéﬂe\mtrﬁa n@ura}l1 stem cells are

conposition according™to Claim6 erein

neurfarthet eharsetarisedrie thatathaytare mgatlvcm fartthe expegssior of at least
p05|t|veffor t he expression of RC2, 3CB2 , BLBP and
Sox-J€ € A conposition according to C aim 8, wherein

the neural stemcells are further

Oct4 or Nanog.

11. A composition according to any of Claims 6 to 10, wherein the neural stem
cells are positive for the expression of Sox-2, and negative for the expression
of Sox-1.

12. A composition according to any of Claims 6 to 11, wherein the neural stem
cells are free from exogenous nucleic acid encoding an oncogene, or wherein

said neural stem cells are not immortalised stem cells.
13. A composition according to any of Claims 6 to 12, wherein no more than 1%
of the cells in the composition are positive for the expression of markers for

mature astrocytes, neurons or oligodendrocytes.

14. A population of neural cells obtainable by the method of any of Claims 1-5,
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characterized in that they are positive for the
expression of at |east one of:- GAST, Pax-6, the

woewsakizgecur sor markers nestin or vimentin, POE/GB2005/002289

Lewi sX anti gen, Miusashi-1 or prominin. 10. A
conposition according to Caim8 or 9, wherein the
neural stemcells are furthegqcharacterised in that
they are negative for the expression of at |east one

o et B 1GR3t o oot SRR AR YA EFERI R AU Bl stem
posidellge for the expression of Sox-2, and negative for

the expression of Sox-1. 12. A conposition according
to any of Clainms 6 to 11, wherein the neural stem

erein sal eura I's" are
i mmovhierkinstbe returat ste celis IiBthefpamutation areocharactarideddn that they
to any of . C ai 6 to 12, erein re than, 1% of
| e S OSTHR TR e HTBSSIPN G0 i sora e SCBERAnd BLEP.
expression of markers for mature astrocytes, neurons
or oligodendrocytes. 14. A popul ation of neural cells

% o ! . !
152 6%; gﬁ%@a@{aﬁ\m n%ﬁi’él%’éﬂ&?kﬂ&ﬁlaﬁréclé&r% @fg‘tﬁo& BFQH;'AQFCT’aﬁms 1-5,

16obt & papulation af neunatdelld astoetiyg tf Clim 18 wheSeinhibeaiqural stem

at |least 80% of said cells are symretrical |y-dividin

meuaTe iy Bh ey S e s g ed IniBal theV ale pastive forthe
obt aixpaddsforPf bhRaBEbR@Ef0f any of Caims 1-5, wherein

the neural stemcells in the popul ation are

characterised in that they are positive for the

expressLoen rkers 3CB2 and BLBP,. 16.. A .. .
pop TS P i-Gn B B el preculker EpaiRags et &f wirfentin, the LewisX
whergitigeh hBiuashial o brimigel.l s in the population are

further characterised in that they are positive for

the expression of at |east one of:- G.AST, Pax-6, the

1732\?“%2&)@@{{]!?&3@2)? rnﬁuﬁgézc%:ﬂg fgg(?'tdﬂ{r%?é %}’éﬁﬁe{‘é bP16M)erein the neural

stem cells in the population are further characterised in that they are negative

for the expression of at least one of:-

Oét4 or Nanog.

18. A population of neural cells according to any of Claims 14 to 17, wherein the

neural stem in the population cells are positive for the expression of Sox-2,

and negative for the expression of Sox-1.

19. A population of neural cells according to any of Claims 14 to 18, wherein the

neural stem cells in the population are free from exogenous nucleic acid
encoding an oncogene, or wherein the neural stem cells are not immortalised

stem cells.

20. A population of neural cells according to any of Claims 14 to 19, wherein no

more than 1% of the cells are positive for the expression markers for mature
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17.
or

A popul ation of neural cells according to C aim 15
16 wherein the neural stemcells in the popul ation

waneosiiardiBer characterised in that they are negariGB2005/002289

for
18.

t he expression of at |east one of> Cct4 or Nanog.
A popul ation of neural cells according to any of

Cains 14 to 17, wherein thegpeural stemin the

pop
Sox
Ap

ulation cells are positive for the expression of

'a:?*fro% snﬁgﬁidn‘éeaﬁc?%li cﬁ%g%’é@céﬁééi on of Sox-1 . 109.

opulatioh of neural C ording to any of

Clains 14 to 18, wherein the neural stemcells in the

pop
21enc
are
neu
whe
t he
and
neu
cel
t he
i SO
neu
221.

g%ati on are free from %ﬁo enous nucl ei.c acid
Meghash O REERFENG 2 BRughfem gell eoMBHFAg:-st em cel I s
not imortalised stemcells. 20. A popul ation of
ral cells according to any of Clains 14 to 19,
railtoring nemral steem célls atcarndingctd the aredhqa <if tanyeoff Glaims 1-5,

xpressi.on. markers for matureastrocytes, neurons
tﬁ?'ﬁe&é{diﬁﬁm&%@ é’%'.[turf q{n%raﬁ%tﬁ%c@%, épgpar ing a
ral stemcell, conprising:- culturing neural stem
| s according to the nethod of any of Cainms 1-5,
risdiqting aaianiralgstamceslt ier ssfid nelturel stem cel s, and
lating a neural stemcell fromsaid culture. 22. A
ral stemcell obtainable by the nethod of Claim?2

P nebraneidrlces obtaingble BPhaimattiod HCHkite et hod of

Claim?2 1, wherein the cell is characterised in that

It

Is positive for the expression of the markers RC2,

230y a3 iy 6ol opfuHeiDy TRl oRHERh e AsBein the oo

t hatis chafagtgrizaid inviRat Riis pbsitiex Porethei exprédsion of 8es inakérs RC2,

of :

- GLAST, Pax-6, the neural precursor markers nestin

or AGRAENH BLUBRR Lewi sX antigen, Miusashi-1 or

pro
or
24.

25.

26.

27.

mnin. 25. A neural stemcell according to Caim 23
24, wherein the cell is further
A neural stem cell according to Claim 23, wherein the cell is further

characterised in that it is 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.

A neural stem cell according to Claim 23 or 24, wherein the cell is further

characterisednin that it is negative for the expression of at least one of:-
Oct4 or Nanog.

A neural stem cell according to any of Claims 22 to 25, wherein the cell is

positive for the expression of Sox-2, and negative for the expression of Sox-1.

A neural stem cell according to any of Claims 22 to 26, wherein the cell is free

from exogenous nucleic acid encoding an oncogene, or wherein the cell is not
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characterised in that it is negative for the

expression of at |east one of:- Oct4 or Nanog. 26. A
woewsakimgem cel | according to any of O ains 2BCT&GE2805/002289

wherein the cell is positive for the expression of

Sox-2, and negative for the expression of Sox-1 . 27.

A neural stemcell accordinggga any of Clainms 22 to

26, wherein the cell is free from exogenous nucl eic

aci %*Wﬂghﬁgﬁﬁgﬁﬂﬁ?&ﬁ”e’ or wherein the cell is

not an I nmor

emcell. 28. A nethod of

establishing a neural stemcell line, conprising:- (a)

-obtajning a single neural stemcell, (b) culturing the
28heurmmaltiagof eetablisaiaa Rurebsiens Calb M CURPHEFIHI of
Cains 1-5, and thereby obtaining a popul ati on of
neural stemcells. 29. A nethod according to C aim 28,
wher(aj n tdteaipopud ainglenedrahsteralceit em cel ls is a
cl onal popul ation, and all of the cells are progeny of
a single neural stemcell. 30. A nmethod according to
d aip 28 e | ‘ i
s OB & g (heEa) Sl CelRa U in R it KSR Sy of Claims
A cell 1ih®, wherein the cells are maintained in the
presence of an activator of a signalling pathway
downstream of a receptor of the EGF receptor famly,

and Ay fekédpdStairthg 8 & |d|n! Shdbhy@in eqrst ream of

an FGF receptor. 32 ce

ine according to Claim3

1, wherein the cell line is clonogenic. 33. A cell

i ng t.Al ey .t net.nod, of .a Q s, 28 t
29 oA\ B BBrof gl 288t e Bap (T BoRBE ABia] stom celt
ar e ipasidnal popalatibheakxk BNl e fHedtlefare $silglb neural stem
3CB2, Sox-zgaEd BLBP. 34. A cell Iintg%g%egyr(%rir ng to
Cl ai9®ll33, wherein the cells are further characterised
in that they are positive for the expression of at
| east one of:-GLAST, Pax-6, the neural precursor

30mar kenmethes hecordingvorGiain 28 dri?e | wdvdre) thstsirige neural stem cell is
Musashi -1 or prom ni

31.

32.

33.

34.

n.
obtained according to the method of Claim 21.

A cell line, wherein the cells are maintained in the presence of an activator of
a signalling pathway downstream of a receptor of the EGF receptor family,

and an activator of a signalling pathway downstream of an FGF receptor.
A cell line according to Claim 31, wherein the cell line is clonogenic.

A cell line obtainable by the method of any of Claims 28 to 30, wherein the
cells are characterised in that they are positive for the expression of the

markers RC2, 3CB2, Sox-2 and BLBP.

A cell line according to Claim 33, wherein the celis are further characterised in

that they are positive for the expression of at least one of:-
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35. Acell line according to Caim33 or 34, wherein

the cells are further characterised in that they are
woegsi2yasf or the expression of at | east one oPCT/GB2005/002289

or Nanog. 36. A cell line, wherein the cells are

characterised in that they are positive for th

expression of the markers R4 _3CB2, Sox-2 and BLBP.

37. Acell line according to Claim 36, wherein the

cel ! ,Sg%f fg?&fd}iﬁe&ﬁgﬁfgg t%[q'r qrdrg%ﬁﬁe&g?}eshﬂg gfrﬁgntm the LewisX

posi
GLAShtigéax Musashe1 Beprathinii.ecur sor markers nestin or
vinmentin, the Lewi sX antigen, Misashi-1 or promninin.

38. A ceII line accord| ng to Caim36 or 37, wherein

34 he celdys lﬁéea dordiRg" tof BMiRL Y

EF@H tﬁ?eéfelgst%&e further

o
negative or the ex ression o éast one 0

or NhaoactefSed i thel thdyi are regzdive rfmghbce@ngsswn of ai lemst one of:-
36 to 38, wherein the cells are positive for the
expression of Sox-2, and negative for the expression

of $xzb V\ﬁr%geA cell line according to any of d ains

36 to 39,

in no nore than 1% of the cells are
positive for the expression of the markers for mature
astroc

36 h& %IL@}% vﬂbertegl Eﬁf ?Q lal@gg[g end%‘gls tg?lig\ai\;\hll@f@re%?clfslj]tg/e for the:

38.

39.

40.

41.

cel lgppessibr eﬁtﬁémmr@%gm%moé@m i QLchodl ng an
oncogene, or wherein the cells are notimortalised

ceIIs 42. A cell line according to any of Clains 3 1

o7t 0 B REREL oo B A4 ey SR S ERL Eohagrersea i
dovnRat teedre PEsive F6CPbUxpRésdithe oF S Idaibhy oFor
promoting the symretrical division of neural stem

cells in culture. 44. Use of a conbination of:- (a) an

?gf:'ep%gr ?5{(—%‘%%@9&1@ Br%c@?sor}\?ﬁé{rkg %tstﬁe %anflﬁé) r?n the LewisX

antigen, Musashi-1 or prominin.

A cell line according to Claim 36 or 37, wherein the ceils are further

characterised in that they are negative for the expression of at least one of:-
Oct4 or Nanog.

A cell line according to any of Claims 36 to 38, wherein the cells are positive

for the expression of Sox-2, and negative for the expression of Sox-1.

A cell line according to any of Claims 36 to 39, wherein no more than 1% of
the cells are positive for the expression of the markers for mature astrocytes,

neurons or oligodendrocytes.

A cell line according to any of Claims 36 to 40, wherein the cells are free from

exogenous nucleic acid encoding an oncogene, or wherein the cells are not



EGF famly; and (b) an activator of a signalling
pat hway downstream from an FG- receptor for pronoting

woOheosgigmaret ri cal di vi sion of neural stem cel | SPCI/GB2005/002289
adherent, serumfree culture. 45. A nethod of
obtai ning and naintaining a transfected popul ation of
symet rical | y-dividing neuragsstemcells, conprising:-
(a) transfecting ES cells with a construct encoding a
sel qﬁﬁﬁrﬁtﬁ gﬁr&% A, wherein said selectable marker A
'S expressrb e under the control of a neural precursor
cell-specific pronoter; (b) pronoting di fferentl ation
of the ES cells to neural precursor cel | C)

4%¢| drE¢hlineg AFcaidingde agy offbaimss3 1 1 M}W@@éhﬁ gell line is a neural
sel ker A; and (d) culturing the sel ected
cel I%gélg%:e?rlﬁg to the nmethod of any of Cains 1-5.46.

5 A nethod according to d ai m 45 wherein the sel ectable

liz encode r}tl hi ot i stapce or a ﬁel I

urf rva Qora p%l By R siean Hom aseesptor of the
r t f ;

s e ’Zcf?@&'yff?m??ﬁ%ﬁé Eﬁ%%ﬂﬁ.é%@?'némf&?{?@@%ﬁ* cells in

Sox-@JtuBsvx- 3 and BLBP. 48. A nethod according to any

of Clains 45 to 47, wherein the steps of the nethod

are carried out in the order (a), (b), (c), (d). 49. A

10 44ret hogh of 2 BoRIFM At e differentiation of ES cells
into neural precursor cells, conprising:- converting

ES cells into neural progenitors by ( 1) nonol ayer

cuIt eor oi.d fferenti t|on

cul {8 g EVAET AP s Rahbval HoRaaTinad iR poentorof the
met hod acE_c@F%myt@qd:I aim 49 wherein the NSA nedi um
conprises glucose and HEPES. 5 1. A nethod of

preparing and mai ntaining a popul ation of

15 symr&)t ri C?‘rl Aéfrvg oq r%:Cr"gnalling pathway downstream from an FGF receptor

for promoting the symmetrical division of neural stem cells in adherent, serum

free culture.

20 45. 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 said selectable marker A is expressible under the control of a neural

25 precursor cell-specific promoter;
(b) promoting differentiation of the ES cells to neural precursor cells;
(c) selecting for neural stem cells that express the selectable marker A; and

30
(d) culturing the selected cells according to the method of any of Claims 1-5.
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neural stemcells, conprising:- obtaining a population
of neural precursor cells according to the nethod oi
wGaledsm#Asor 50; and cul turing sai d popul ati onPCT/GB2005/002289
according to a nethod of any of Cains 1-5. 52. An in
vitro nethod for assaying the effect of a factor on
the differentiation ofan ES ggll into a neural stem
cell, conprising:- culturing an ES cell according to
the nethod of any of Clains 49 to 5 1 in the presence
of said factor. 53. An in vitro nethod for assaying

48.he ARhtethdd eiccerding to Claim 45 evilréinetherddi@dtabre ®rier A encodes
neural stemcell, conprisi n% contacting a neural
@

st erAbIqt 'Cd§31§F%§@|ﬁr$ﬁell' Aeeespwken ons of O ains
6- 13, the popul ations of Cains 14-20, the cell lines
of Cains 31-42, or a single neural stemcell of

470 aiArenétBod According thelame Usr or 568, wherdin theé thearaEbieedrsor cell-
accordi E% to Caim52 or 53, vvherel n the factor can be
ei t RASCHK Aramgtenis selgrted oradRe AR URRANsIstingnf Seve ofox-2, Sox-

neur3a ells as present in the conpositions of
én%BT_?Iit he popul ations of Cains 14-20, the cell

Ilnes of Clains 31-42, or a si ngle neural stem cell of

48 hZ'A%éﬁﬂérﬁccef&agBS@”%Saﬁdt TS5 do dehousorsin g lqps of the
| Nj YrhbBdd 26 caﬁlé%npﬂ Ak &&g@{g&;@g,‘n@g @ .ggener ative

di seases and brain injuries
transplantatlon of neural stemcells as present in the

45y a0t Brorgofed g diierenftarhohb SxaelBantheyral precursor
Si N@lefis RIMPisiggem cel | of Cainms 22-27, into a
patient. 57. A Trethod of transfecting neural stem
cells as present in the conpositions of Clains 6-1 3,

th at i f. i 4- 20 I

o e RG2S et 1o lahRiaaRntorEhy dol masbrayediqudure or
nﬂi}?@ﬁj b@dg;mffeﬁern@non(@,)dtransf ecting the neural stem
cells wth a construct encoding a sel ectable

culturing the neural progenitors in NSA medium.

50. A method according to claim 49 wherein the NSA medium comprises glucose
and HEPES.

51. A method of preparing and maintaining a population of symmetrically-dividing

neural stem cells, comprising:-

obtaining a population of neural precursor cells according to the method o
Claim 49 or 50; and

culturing said population according to a method of any of Claims 1-5.

52.  Anin vitro method for assaying the effect of a factor on the differentiation of



mar ker B, wherein said selectable marker B is

expressi bl e under the control of a tissue-specific
wonwskerts and (b) selecting for neural stem ceCirsB2besi002289

express the selectable marker B. 58. A nethod

according to Caimb57 wherein the sel ectable marker B

encodes antibiotic resistancgyar a cell surface

mar ker. 59. A neural stemcell as present in the

conpgs id : | i lLations of Cains
14- 2%?'EES£QEE‘|?§ aﬂeﬁléég%éémgégi’ [&QWQ% or a single
neural stemcell of dains 22-27', further conprising
a sel ectabl e rker B. 0. A conposition conprisin i
neurcHItUENG A EF C@fﬁ %@F@Wq Yhe etos okanPIdaIRISS 4Bdo 51 in the
ahreRERBE BRLaUbEire and at |east 80%of the cells
the conposition are neural stemcells. 6 1. A
conmposition according to claim®60, wherein at |east
0% pf .the cells ,.n the conposition are neural em . .
53 181 b0 i eloRA R ATGH MAB8 FeRGOk 401 6 fergntiation of
1, Whes gansteh® caIe WoRtprisiigg cel | s have been passaged at
63.

| east 30 tines. A conposition according to claim

62, wherein the neural stemcells have been passaged
at least 60 tinmes. 64, met hod of. bt ai ni ng..a neyral.
ot erfRurP NG R L shn oBl P e TR e CHIPERBBDE A Capims 6-12.
Pl urtheqispilatidrRdCelaims anai, ahelcelli [ffedr SMtiafths 39 -4t & a single
a neural stemcell, (ii) culturing the cell of (i) in
medingHrahstem cell abGlayes A2s27,wdth the fsictori pot ent cel | s
and in the presence of (a) an agonist of a signalling
pat hway downstream of a receptor of the EG- fam |y and

54.0b) /am kg Fletitdd acsordmy 1o Chimesh w530 WMESEIhaRB fatioR can be
receptor of the FGF famly.65. A nmethod according to
cl aigfihes anindyetivie enmeblockimgdartori s a pl uri potent stem
cell. 66. A nethod according to Caim®65, wherein the
pluripotent stemcell is an ES cell or an EG cell.

55.  Use of neural stem cells as present in the compositions of Claims 6-13, the

in
in

populations of Claims 14-20, the cell lines of Claims 31-42, or a single neural
stem cell of Claims 22-27, for the manufacture of a preparation for the

treatment of neurodegenerative diseases and brain injuries.

56. A method of treating neurodegenerative diseases and brain injuries
comprising the transplantation of neural stem cells as present in the
compositions of Claims 6-13, the populations of Claims 14-20, the cell lines of

Claims 31-42, or a single neural stem cell of Claims 22-27, into a patient.

57. A method of transfecting neural stem cells as present in the compositions of
Claims 6-13, the populations of Claims 14-20, the cell lines of Claims 31-42,

or a single neural stem cell of Claims 22-27, comprising:-

(é) transfecting. the neural stem cells with a construct encoding a selectable

marker B, wherein said selectable marker B is expressible under the control
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67. A nmethod according to any of clains 64 to 66,
conprising culturing the cell in the presence of an
wegww1e1318f the EGF receptor and an agoni st of pPCi&B2@5/002289
receptor. 68. A nethod according to any of clains 64
to 67, further obtaining a neuron, astrocyte or
ol i godendrocyte fromthe neygl stemcell. 69. A
nmet hod of nucl ear reprogramm ng, wherein the donor
nucl is fromsaa N m cel | according to any of
cl aiofrést%uFoSpf?'f%aorﬁH{og& %5859 and 60 to 63 o obtained
according to the nethod of any of clains 1 to 5, 2 1,
28 to 30, 45to 51 and 64 to 68. 70. A nethod ?f B
nucl(ekselecinipr aevralgtemanlsitaatRrnress Hig %?'HPW& e marker B.
donor cell; - obtaining a recipient cell; -
transferrlng t he nucl eus of the donor ceII into the
58! eCifphiiliod elctordivie teChaitnhs7 dbwozindbeselectablp markenBapncodes

stem cel | accordlngtoaﬁ f claime 22 to 27, 3 1to
42, andbigiig resistance0r e P%/‘r"? ace M@ Copt ai ned accor di ng
tothe nmet hod of any of clains 1 to 5, 2 1, 28 to 30,
45 to 5 1 and 64 to 68, and - culturing the cell so
530 rfepeugalasicnhecalioasrprestit inuthee compasdiastsy obKilaims @913 the

o/ RSTRTIEA elh1Fob 8 AR FEGALAL TR 500F) e e
cel 'sterﬂ%éll?T%lb)fné’QFQZ? ot dradbnhSisig al s¥tectabRy maekdr B.

nucleus and optionally aftertransfer of the donor cell
nucl eus. 72. A nethod according to claim70 or 7 1,

OhucrapamPPsToR o aPar Rg! ()R MBI BR ndlfal tem cells are

in SANRARSTERE clillireCshte BB adt 80 REaSBrecadlisi indhgenetpasition are neural
sequence or a putative di sease-causing genetic

stemeeatisce i nto the donor cell nucleus. 74. A nethod
according to claim 73, conprising:-

61. A composition according to claim 60, wherein at least 90% ofthe cellsinthe

composition are neural stem cells.

62. A composition according to claim 60 or 61, wherein the neural stem cells have

been passaged at least 30 times.

63. A composition according to claim 62, wherein the neural stem cells have been

passaged at least 60 times.

64. A method of obtaining a neural stem cell, comprising:

(i) obtaining a multipotent or pluripotent stem cell capable of differentiating into a
neural stem cell,

(ii) culturing the cell of (i) in medium which is non-permissive for pluripotent cells
and in the presence of (a) an agonist of a signalling pathway downstream of a
receptor of the EGF family and (b) an agonist of a signalling pathway downstream

of a receptor of the FGF family.
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- culturing the reprogrammed cell so as to obtain a

plurality of cells derived fromthe reprogrammed cell;
wanwsa2uEsng the plurality of cells in an assapCTiiB2005/002289

met hod according to any of clainms 70-74, conprising:-

- obtaining an animal conprising tissue derived from

the reprogrammed cell; and -ggarrying out an assay
using the tissue. 76. A nmethod according to any of
claims 70 - 75, wherein the recipient cell Is an

oocyte. 77. A nmethod of reprogrammng a cell,

65:0NPA inséthad accom‘n@%icﬂblﬁﬂn BATWHRFeIAARY lstdrh V21198 agftlkSotent stem
- isolating fromthe m xed population a cell according

call any of claims 22 to 27, 3 1 to 42, 59 and 60 to 63;
and - transferring the nucleus of the isolated cell to
a recipient cell. 78. A nethod according to claim77,

66:onpk nssthgd gevetdingtd Elaimnedwiedremothensguiigoteat stng ebll is an ES
G‘g“ or '5'2% transferring its nucleus to the recipient
celleqnan B9 cell. et hod according to claim 77 or 78,
conprising:-- culturing the isolated cell to obtain a
cl onal popul ation of cells; and - transferring the

6/huclAowetbbd aceoking {0 any beclpims Batto @6, contprisingeculfurirtthe cell
, gel | . 80. A_nethod of chon@'g a non- human ani nal ,
in A5 B SETRG Of 51 JUUBELRNG & Gl Feaaplpr 8hd ancanistas he FEF
reB8pRuMan ani mal ; (ii) obtaining an oocyte of the sane
species as the non-human animal; (iii) transferring
the nucleus of the neural stemcell into the oocyte;

6% et BYHOE RECTSIRE ey e€a@ng 89 10 Bzt huttler hisRiaiayn pguron,
astlod® &ligsaeh8idbytd RoRticlehesteRebd) i s (i) a neural

stemcell "according to any of clains 22 to 27, 3 1 to
42, 59 and 60 to 63, or (ii) a cell obtained according

69t42 Eﬁgﬁ?r{ﬁégoﬁg r@f&lq%gyrggfrogcrla%lmqﬁg,1w$18re5|h t%e 1don%%l3 ntu%le?ﬁ%’ is from a
neural stem cell according to any of claims 22 to 27, 31 to 42, 59 and 60 to 63 or . :
obtained according to the method of any of claims 1 to 5, 21, 28 to 30, 45t0 51 and

64 to 68.

70. A method of nuclear reprogramming, 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 stem cell according to any of claims 22 to 27, 31 to 42, 59 and 60
to 63, or (ii) a cell obtained according to the method of any of claims 110 5, 21, 28 to
30, 45 to 51 and 64 to 68; and

- culturihg the cell so as to reprdgram the donor cell nucleus, thereby obtaining a

reprogrammed cell.

71. A method according to claim 70, comprising removing the nucleus of the

recipient cell, optionally prior to transfer of the donor cell nucleus and optionally after
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82. A nethod of pronoting the symretrical division of

neural stem (NS) cells substantially as hereinbefore
wdeseyiziael with reference to any of the exanpl e6T/GB2005402289

cell line substantially as herei nbefore described with

reference to any of the exanples. 84. A nethod of

obt ai'ni ng neurons, conpri si n?o(_a) cul turing neural

stemcells in the presence of an agonist of an FG-

[ ence of an agonist of an EG-

trér\fgsgfgg{;f;{h;eadﬁ r%g;lm?ﬁ%?%after culturing the cells in

the absence of an agonist of an FG- receptor and |n

he bse ce of on| st_of an EGF receptor.
7 e%aéw §'rtgot Qlaimd Gar Tb@ﬁmnrﬁnn@%eypamgm@e|nuéatlng the
ddr{br'E%r] s culture. 86. A nethod according to claim
84 or corrprlsmgtransfernngNSceIIsto medi um
free of EGF but which cont ai ns FGF-2 and cul turing
for eriod of a t dasa hem r efrovi ng
7ce-b hethan BrORas i Eleim 2. el WEae SBIAUG 8 Usgasgoausing

éHéEi‘c'E”e généé’o?’é uGE | és'éecﬂ%‘gﬁ%#eﬁétﬁ:@ ?ﬁbf\ée ﬁft@Tet donor cell

obt ai ned accord ngtot any o ai s
ngles.1, 28 to 30, 45 to 5 1 and 64 to 68.

74. A method according to claim 73, comprising:-
- culturing the reprogrammed cell so as to obtain a plurality of cells derived from the
reprogrammed cell; and

~ using the plurality of cells in an assay.

75. A method according to any of claims 70-74, comprising:-
- obtaining an animal comprising tissue derived from the reprogrammed cell; and

- carrying out an assay using the tissue.

76. A method according to any of claims 70 - 75, wherein the recipient cell Is an

oocyte.

77. A method of reprogramming a cell, comprising:-

- providing a mixed population of cells;

- isolating from the mixed population a cell accordfng to any of claims 22 to 27, 31 to
42, 59 and 60 to 63; and

- transferring the nucleus of the isolated cell to a recipient cell.

78. A method according to claim 77, comprising genetically manipulating the

isolated cell prior to transferring its nucleus to the recipient cell.

79. A method according to claﬁn 77 or 78, comprising:-
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- 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.

80. A method of cloning a non-human animal, comprising:-

(i) obtaining a neural stem cell from the non-human animal,

(ii) obtaining an oocyte of the same species as the non-human animal;
(iii) transferring the nucleus of the neural stem cell into the oocyte;

(iv) implanting the cell obtained in (iii) into a female of the same species.

81. A method according to claim 80, wherein the neural stem cell is (i) a neural
stem cell according to any of claims 22 to 27, 31 to 42, 59 and 60 to 63, or (ii) a cell
obtained a_ccording to the method of any of claims 1 to 5, 21, 28 to 30, 45 to 51 and
64 to 68.

82. A method of promoting the symmetrical division of neural stem (NS) cells

substantially as hereinbefore described with reference to any of the examples.

83.  Acellline substantially as hereinbefore described with reference to any of the

examples.

84. A method of obtaining neurons, comprising (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 cells in the absence of an agonist

of an FGF receptor and in the absence of an agonist of an EGF receptor.
85. A method according to claim 84, comprising plating cells in monolayer cuiture.
86. A method according to claim 84 or 85, comprising transferring NS cells to

medium free of EGF but which contains FGF-2 and culturing them for a period of at

least 2 days and them removing FGF-2 from the medium.
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87. A method according to any of claims 84 to 86, wherein the neural stem cells are
obtained according to the method of any of claims 1 to 5, 21, 28 to 30, 45 to 51 and
64 to 68.



