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cord. Kalyani et al. {(Dev. Blol, 1858:202, 1997) reported NEP cells in the rat. Mujtaba et al. {Dev. Biol. 214:113,
35  1999) reported NEP cells in the mouse. Differentiation of NEP cells is thought to result in formation of
restricted precursor cells having characteristic surface markers.
Putative neural restricted precursors (NRP} were characterized by Mayer-Proschel et al. (Neuron
19:773, 1997). These celis express cell-surface PS-NCAM, a polysialylated isoform of the neural cell adhesion
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40 Putative glial restricted precursors (GRPs) were identified by Rao et al. (Dev. Biol. 188: 48, 1997).
These cells apparently have the capacity to form glial cells but not neurons.
- Ling et al. (Exp. Neurol. 149:411, 1998) isolaled progenitor cells from the germinal region of rat fetal
mesencephaion. The cells were grown in EGF, and plated on poly-lysine coated plates, whereupon they
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40  cells, as described and exemplified further on in this disclosure. The nucleotide sequence can in tum be used
to produce recombinant or synthetic polynucleotides, proteins, and antibodies for gene products enriched or
suppressed in neural cells. Antibodies can also be obtained by using the cells of this invention as an
immunogen or an adsorbent to identify markers enriched or suppressed In neural cells.
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precurso term

Laln cells
of this rnml)%rﬂ op&%noéar(@'fa 595‘2/&5'?",1"3‘ nkvegﬂy{l:ﬁ}od)h Aftar dhe Pnéld Po ets Lave r&che%lg ﬂ?o%nt
repr @8r afig HGicel &rh daws)|they pig Plated a@ethaﬁubng H“’é'WVP’I“’GWﬁﬁHWet H'gf °’%W°fd(9ﬁ@%3 f or
cel | s Wi tim hehpatetdiiectiy chnio ieneobsypte witifost dispersing she oellsg Thiavaliows hourdh gelichsesusergl tce| | s,
or by i nkiigritd dub e 1 entbivbild bétihs @hd AAlid1BE extradelluldr yHams ) Subselj@mepassabhgal shess @iturdsd) WO
01/ 88104 in;!o?anu%{o&lgtgﬁediﬁ)ﬂélﬁggﬂét &lﬁﬁl@%eural progenttor cells,
Cells prepared according to these procedures have bean found to be capeble of further proliferation
40  (Exampls 1). As many as 30%, 50%, 75% or more of the cells express either polysialylated NCAM or the
AZB5 epltope, or both. Typically, at least about 10%, 20%, 30% or 50% of the cells express NCAM, and at
least about 10%, 20%, 30% or 50% of the cells express A2BS — which implies that they have the capacity to
form celis of the neuronal (Ineage, and the glial lineage, respectively.
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applicable to many types of stemcells, Including primte pluripotent stem
(pPS) cells described in the previous section. Typically, tih?NUV 20£
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anti bOdloEfﬁteFaBﬁhncb& Rébatively tssuaated-;foamac bil 06fs Bt ot BodF tha GRrkbe1R QDS ddntily dr Ne

af Ogem@we i) &%ﬁfgfa@g@e&@a g..ygauv@ RlettoRobe gl?]ooze BHelibgh f%@%@&gﬁ agents  is

use or in

t he exafff T‘PB'P‘EQ}‘ 9"" 3 fgepé’aﬁ%‘c"k@éﬁp'le“‘%ﬁ?‘éﬁ‘ 'Msﬁﬁe"E@"“CNh@‘“bqﬂDG: and
| GF-1 ( E&%hvpmcbwnmﬁ@eziyfere@@w tedl poRytatiorcen eocer abanp frhé. but itthes generallydbdndound a

nut ri enthat@einglisbesvbtetrbd shorthpdityr infatHgLINe difaRhtiabapRRésts the proliferation or

?nl;(rj:“ \r%alt of tlthl@s %@ﬁfoﬁrmhaqgéllé setle\ga@poshltrelg) for a;.)glgrstna?yrétegﬁglxﬁ@m ;ﬁcé\ffogta;éﬁﬁxlaﬁogﬁﬁaftn: nle? i s

al soszene %C?&Q?% Eotoe) %é‘%é‘ﬁ?‘htpﬁ%‘?ﬁé%‘ﬁ 53 Bﬁ's Eﬁk‘i 'F\,ggv a’ﬁéﬁ?@ﬁ% Z‘Hm'l"%r

sust ai n&Ynimerof fpedi! ot 'W‘i'é‘?ﬂgd‘le”@@i | s. Exenplary are N2 and 327 addl tives,
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|l
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Pre? renr) : gd'%!t“‘%)rh&E ﬁ "’g m;b% f e% ent ﬁg'tﬁélag’ﬁﬁ'e 9@”‘1 giﬁgcfnl}ldirgﬁ me %eb?'ﬁ pPS

cel s al¥dfm ‘iﬂléﬁnt late Into a heterogeneous cell popul ati on In
an 3xenpl ar ydeeé{f’q sewRprecusatneldrapaBd acerdingip Seseprasedires pasvhetfunbergifigentieted s by
cul t uri mgndtire neulons, astyEEa Sdr oligodendDindyie MEHs|clin beQfferted by BiMGhg G cblla@n amaturation

Idln 1(‘: }‘ E(rjgmctoatswasmsmuh&tc%ﬁtp&.a& Eahhﬁfl?\%tgérlgbato?lglaf EivPVefs, s%GMD cHoRR 156 | body
After t%@%&%ﬁ LS B TRLE LS S 3h L Al L) B STkl
days), PF ofvistrophing. cRprisHiR Y %W%'?PPH@@“HN?%@“%PFF@P@’H‘? P%\‘fq"&'i'bé‘lﬂ% ure

The 3§rrbt%RNFbl Wl@@da@anreb@Nﬁl BiiR=2) anidl BME#| Wieynetieelyt dnén sidiiert matustioni cat belt

di sper sbiigndel By withlirhwing sbinb 6r af bf tRiIEctdIEbidit Blom61E hdurdPpreiisbipRdliferatioh, sudh /ERiFer out  Of
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of these cul tures, nto te pedium he out the neural
o ogont Lo PSS inheeguBAnf BRE SRbu e, MR ContrbedhR T optiatont Hortetens oo
found t B2Ye peyplegid f@\‘s %P%‘ﬁ'éf‘“a'ﬁr B?ei Pfevwﬁrewatem"%&?ﬁ Oge May chslenisting as
30%¢#0 50%ditEEnEated stewraelisofomt theepapelhtion iseie raretest tadnt Witra ypotor/is indicly ka bitsctorBAM or t he
A2B5 epuidapéontrdd bt m&rﬁbter_ﬁﬁpdaﬁﬁb lpistereatial bprRSdionan Hdlterdlidbd 280 SXA0E fmeddo of the
coi |'s expiRSHe ro Q o tne '&?rﬁi pr@rpﬂ&t T%Q‘Zﬁec%gfne %%g%%.re‘w,/wfm tagerel I s
express rloo]di3 for example atmd orlaemsedlatoro apoptosYs) Alternatively, the eiPector geXe may render the cell

susceptible to toxic effects of an external agent, such as an antibody or a prodrug. Exemplary is a herpes
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formcells of the neuronal |ineage, and the giial |ineage, respectively. -11
WO 01/88104 17 NOV 2004 PCT/ US01/15861 Optionally, the diffqreNgyilied cells

can be s ed on phenotypic features to enrich for
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bDef Lﬁf gt ﬁ%@ﬂ Qﬁ{o% ﬁ)ngﬁn @&ﬁ%ssslgén%%&magﬁ.mu&%&h mﬁrge%fe can

Typi cal oM Eﬁ'??'%al“r' ﬁz&aam dithe ?ﬂﬁ%ta"do?p“?ﬁﬁ@ Ying @ dabples Beronday SpbPY i al | y
to diff @ﬂvemwwale (sublvas@adiotimaviddFoniggatdite amelity labelisair al  precur sor cel | s prepared
accandi ng t 0 Thé@PRsguhACIREUNPRINE ohe PR diictiichh@so tdidbibaddaainink HRRA levd) By REHhbH €

DIO d T al a t
?ﬁgr 82|S|"' a%ataw&a %ﬁ E@F%%Ldn%g%%& B.%ysvs&etl{;&rﬁ né?éa ;%ytngﬁgee& Pégpa&gk du[ 'hgtg
n

ol evat eATHe Bt et seobe o %‘aﬂdgfﬁewaﬁ?"m"@% Yo et .
| sobut y I'oFSur¥eridelali Hieauencecriatn foR they Brsinuian maskegs fistedl i thip disgkistre [sambeobtained Gor er
f act or s peblic databgses slghtas IGerRanid(URL etvivincii.gm.nigoveBl/ehtrez)n @fredsion pithavsRNANavel s cul ar | y

ef f aBt i \Gaid VIR "BRdaBlb RINiNg 18 orleNT tha JassauebdriBian MR dsViBshrd 1EME Qérromakue%r hactor 35

( BDNF) aQaD &l ce‘ﬁ@ Iél%@o?d rt@st%ﬁ mﬁ.%ﬁ egi at?;ﬂ p&xﬁtroﬂed éﬁ%&nﬂeﬂ\arasul}éqn (Y.l?a ! I n

additio maaLur on can feed b dr a %

factors Q’Fﬁeéﬂ P%Hﬂ%’h%‘lﬁ"ﬁ clpLRrAEY, rE‘iﬁ Biep f’@fs?ﬂa‘ spfific BkArs 38 deigsied 3} the FGF
protein or mRNA level Is considered positive if the level is at least 2-fold, and preferably more than 10- or
50-fold above that of a control cell, such as an undifferentiated pPS cell, a fibroblast, or other unrelated celt

40  type.
Also characteristic of neural cells, particularly terminally differentiated cells, are receptors and

enzymes involved in the biosynthesis, release, and reuptake of neurotransmitters, and ion channels involved in
the depolarization and repolarization events that relate to synaptic transmission. Evidence of synapse
formation can be obtained by staining for synaptophysin, Evidence for receptivity to certain neurotransmitters
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For use in therapeutic and other applications, it is often desi rabI e t hat
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the medi 8fl%gre S|on of an antigen by a ce

"anti bo re" if a significantly detect abI e anount of antibody will
bi ndSt o t he &ls aye fplamenizgd Oy geneacally Alevngribrsy biokanefetion erytrapsduptiop with ayoiehet 1y
assay, opddroerologous frécembifiatiore for oterodpproftiatectedhhique, 801 thaDibby expadsd Yhe USdnikgasd
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encoding sequence, and spliced into an EcoRl site of a PBBS212 vector under control of the MPSV promoter,
or into the EcoRl site of commercially avaitable pBABE retrovirus vector, under control of the LTR promoler.
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for further details. Sequence data for the particular markers Ilsted |n this
di scl osure can be obt ai ned from public databases such as
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If the performance of the assay on cell sanples according to standard
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neurons, astrocytes, and oligodendrocytes. This invention provides an improved way of raising such
antibodies because cell populations are enriched for particular cell types compared with pPS cell cultures, and
neuronal or glial cell cultures extracted directly from GNS tissue.

Polyclonal antibodies can be prepared by injecting a vertebrate animal with cells of this invention in
an immunogenic form. Production of monoclonal antibodies is described in such standard references as
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Effect of cell function can be assessed using any standard assay to observe phenotype or activity of
40  neural cells, such as receptor binding, neurotransmitter synthesis, release or uptake, electrophysiology, and
the growing of neuronal processes or myelin sheaths — either in cell culture or in an appropriate model.
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Pt o?ﬁpt chritiidhs finolibg Shbdsy.t erranfé, isctféHﬁhH@ﬁl}g%n‘Q:cd:cdéds&qiaﬁ@%qrfé%efh@aahd REzffsadr9 Of Ce: !
o is n , . | re al.on neur ona
or gl aﬁ?-h%&?" ffeniulfycte SRRt it b8 ARl el 1
a contr 'I’%ﬁé; %'”t"bﬁﬁé?q" r ljease.c Uiy, gclergsls deukpdytrophisse nowsitis \g8dn t he
t wo ¥el Ineyrsppibies. ( fnnripdale | for thesermbiposes dny celbtcallurgsr ennglienl ior oligédiAirdented lve

sanpl e, oligodéntrodyRpRalirscBOn pidinbib repiyaihdties. gene product expected to be expressed

at a sim | ar g GyEk nbdatidd Helalsfth cehsdRfiR spﬁﬁgé‘(g%&{yﬁmm@&' a?gpkt%e&?&%) , and

then ldeptif roducts of | nterest Dase e | Ve expression
| evel . fgﬁ‘h%é'ggﬁ'?%"énﬁa"’r\?&ﬁéé’lg ‘5?”8&???8?’“8%"?"?“01“5'?% R0 TR BIeEEh e
used t o SEPpEieH o 1l pagrecstes ay & trrly 9§ 25090-9R0A08 celis par AL (UPpPatent 5.e68@RUg JThe
peptIsde Sfficaondt yransolents ¢f dowy n@rone onihelr preempsRtsahn I0asckisbadoms raf isadelforasutaihilired €
condi t | @figal Bdrd adiiaériped By MeDbhaid Bod. (Rdtf el 51018, R AT LSkl inBripih wilSHew!
pr €CUT S ansfifh hesvadf s e V6 loftiSz PLARARY: abdlerRBOPBRAILIA! hiliSnarBics, ©°! ! S
(undi ff%'rﬁor}tnlegrgn%da% mgdraﬁngegggt L at ed pare used to screen | ac1 O S 1 i
) g the cord from the lesioned end, and an improvement in gate,
coordination, and weight-bearing.
40 The neural progenitor cells and terminally differentiated cells according to this invertion can be
supplied in the form of a pharmaceutical composition, comprising an isotonic excipient prepared under
sufficiently sterile conditions for human administration. For general principles in medicinal formulation, the

reeder is referred to Cell Therapy: Stem Cell Transplantation, Gene Therapy, and Cellular Immunotherapy, by
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15 pronote maturation into neural cells, or pronote proliferation and

mai nt enance of such cells in long-term culture. For exanpl g, 7ﬂmpgmpate
maturatigw fﬁ?t&{s or growh factors are tested by addi n%é%lj;nlﬁ:%]}gg ells in
di fferent" Qe 8§, and then determ ning any phenotypic cha L1586 sults,
according to desirable criteria for further culture and use of the ceIIs.
Q her sas. mniymg Wi phetidanteds Cambrdgd niwrsinRresst 1996; ane IHahatodotid $tem Celt Theragy, of

phar macedtf iggal, LE@{@QL{BQSChB,Qﬁmu@gS&QEﬁoﬁo effect on neural tissue or nerve
transm ssion.__Screenjin one, ei ause th nd | S, designed
Lo have . phaPEEEPBNRI Pheptle b Bitaiet ) B G Wi AR Been or G
desi gnediesired W@-W&%ﬁ%m@ﬁ‘émﬁﬁs Wﬁ%ﬁ°ﬂawquﬁ§qweﬁ'd@?ﬁ'°§'laé@"ﬁ‘l¥ects on the
nervaus system The screening can be conducted using any of the neural

precursor cells ornkqg,mﬂgbagwglagfpmagwn&ﬁwmﬁg@Jst,;ng,%d,nvent|on such as
dopami nergic, serotonergic, o |m£ggr%q§ 'zensogo% and not or neurons,

oli godendrocyt es, and astroegﬁggm oA BLAEPU s referred generally to the
standard textbook in vitro Methods In Pharmaceutical Research", Academ c
Press, 1997, and U.S. Patent 5, 030, glAmredssessnent of the activity of
candj.date pharmaceuti cal conpounds generally involves conbining the
differentiated cells of this Invention with the candi date conpound, either
al one orEgemenigtpoceduey Wit h ot her drugs. The investigator determines any
change i n t [Teis pastiguipedvigep detajiseal doame ofthectecbnigyse andyeagbninesed ib thelExamplep bélawy of t he
cells that i se@tdik aRUhamlirRd bithel di @ri&yTIAGIE BmiRfbnic GEBRRIsES! N fobebfdersptdned cel | s
or Ce! | Smb hEALAE s sblliol By L chusr® TRRH B rac i ind B0 Bifi B AbARS, &i125 plle oCt Of

t he serve toxicit eLer

e 165 1 Ebad i MeeR 010 T 1 e SROGRT PES palsbIeE 9n oathr ISP MeNEPRID gy
and t he mesipm cermpiosad ob B0% KO DNEM (Glackend £0% Seruindiepipnemery (GitRp), aupplemested yithit%g on
Chr onDS GiBRsséMikh amd abigs, 1 GHM @uitamineeol1 B maﬁprobmo%mw INGRAnDFGF (GIBRRI I .

[3H] - thm&asf}%e%heﬁéeweug 36h ik 'm% sdrRfdoly hhsx hg pré &h%&%@.@d' mes I n

the cell U|re at1on,

ve
consi st Wi %"f“he'ﬁb'm"lﬁb""ﬁ‘fsfse%‘f’ ‘es‘lﬂﬂ %'Blt %F é'ﬁ“%?ﬁ&?"‘f ncl ude u n usual
rat e?® of si stGelis aréexpaedef 4y esriehrepsgaing. dEPéFWP%@dC%W ohE$ agleries és tppled wih 1 The
reader insyniladoRigérase foos-20 th@l@esm (Tre cidttfas dibGheh Rerityscrdpbd 1© rdifiatdibélee!ld. IThe

EP?;S?C gﬁg‘ﬁﬁ% gerﬁ?&&%&ﬁgﬂ andhSERAta A3 égnsagf:lﬁgﬁe?s on?lo%Zr) feéc@lrceflsur ther Sg;ab?gat Ibggr Ve
bhenot ype. or FIRVPA Pide e ratced af Sl Gy AetoBbt cBLURES o 58 pichiod

neur ot r 2MEpbatingin KMk ealiagenasp for B3 @InJeliowng wiich theeliscary ’iiﬁ‘ﬁiﬂsfpﬁ'l aRjate- ket he
gr owtsng cals aretherodisbeigiedoaie sleggs and pijedlin nonsidisadnh soll-culteret fetes (Coslagdt b meditb ur e or
in an apphsbéd af 0RORE! (knockdutYOMEM 6187 add N6V nellHadt-inabifvdied 5@/ #hdénb),
Therapeutl F Eﬁ?d Jﬁlh% HoRXSQ&n%l%ﬂmg%c?&% P&.ﬁél’uﬂ%ﬁe quml\{l E%er{“;%ﬁ?ggﬂg?opeﬂ% s B ecur sor

cells t o unction

subj ect sﬁ@é‘a?‘r‘l’g‘ LI ’f‘tf?é'l‘ 2PN megien peqysl Gl P'G‘e)a ¢ BB fed pYegyotherday Bhlf'?l on
t he ef f eoditiond! 2midbigesive peowdli Whetihe wiume kbmedamydxteeds 4 rldwallrthelEBs. arecollegted

det egoM NRg lebRpédéd ialiedn hetival ARG Blayd InQG4PESRN, tiEEBSard Mlited SRS A RBiEateCand
admi ni st B%mer[e{ilﬁte%ﬂhlar in ﬁ@grelehéeso'i sele@t"e:d &rﬁe‘i&wﬁ&rﬁ et &s sui tabl e ani mal nodel .

At one leve rvive and nmintain

thei 1 phenot JHETIAA 1B aLbIRoTs s SE Y BFIoE e welb oo P SH fo) =

i U od effinal icengentralion gE20g:otmi (It PBSa $sing  HsLiwel (8.8 cmy platen iaredricubated AiGRSE aypmight or

I Munodeait w6 astipeaivenfocah.| Yhedbrotigtin 1§ thaxl reetbyeddndalie matesairswdstiaiiite PBSloekOsuch as
in tHe veMeRédetoranbty or in the spinal chord. Tissues are harvested after

\";\‘hgﬂ];?dpgfs 3‘3 R Neﬁqis}xrg u?fer)’c%aanﬁ")ﬁﬁg%:sg:‘?Jsf.or{Lﬁ%hJERJu&ad %g?'on&ﬁseﬁ@e&ga ro | O

adni ni sty Rimey apibogy dilgerip sdiurg "H@F’@(“,’t"hl?f’ 809t sg5 foy ?dE'PF“?i‘sat Efr‘éé’ﬁs"ed

once with medium, and then incubated with labeled secondary antibody for 15 min. After washing, the cells
are then fixed for 15-20 min in 2% paraformaldehyde. For other markers, cultures are fixed for 10-20 min with
40 4% paraformaldehyde in PBS, washed 3 times with PBS, permeabilized for 2 min in 100% ethanol, and
washed with 0.1 M PBS, Cultures are then incubated in a blocking solution of 0.1 M PBS with 5% NGS
{normal goat serum) for at least 1 hour at room temperature. Cultures are then incubated in primary antibody
diluted in 0.1M PBS containing 1% NGS for at least 2 h at room temperature. They are then washed in PBS




fluorescent protein, or O-gal actosidase); that have been prel abeled (for
exanple, with BrdU or [$H thym dine), or by subsequent detdciNOhpf a
constituty e(\n&gllﬂh mar ker (for exanple, using human-specifig anti body). Were
neural precursor cells are being tested in a rodent nodel P T’H@"lﬂ%@ence and
phenotype of the adm nistered 15 cells can be assessed by

i Munohi keforechiadmiis ineupaiion wiitl seShdansantigpdir bifersamse udfed iActibadidsi usaiyclude thodeyshésih- PCR
anal ysi sintgbleng prinmers and hybridi zation conditions that cause anplification
to be specific for human pol ynucl eoti de sequences. Suitable markers for
assessing gene expression_at the nRNA or protein level are provided

el sewhere In this discl _Variqus ani nodel s for testing restoration
of nervous system funct %H%P@"@@@?'ﬁ%%cgﬁ:lm%MWmRegenerati on: Basic

Sci ence and i nica Advances VL H .TUszyns&k' & H—Kordower—=etds. ,

Academ c PreAdibody1999. Brthifeer ent | l%;,é Ycel | Sg mf:ﬁ)hi s invensima can al so be
used for t+sstuet+econst+tuttor—or—regenerat+on—+hR—a—hurar—patent— iy %{alﬁt' S in ne;ad
thereof. The e&8|s aremasgighi steredi:in a % at frusioeme to graft
or mgrate to the intended tissue site and nsti t ut™8¥ab8%ener ate t he
functional |y sighici ent magsegm 25 Cerf:fi n neyniosits 09eMT¢@r Cildhalslormbodi ed in
this invention are designed for treatment of acute or chr¥fic damage to the
nervous syst Bwbuliror exanjglGe, excitowooxicity has been | npimassssd in a variety
of conditions includupfpfRblfPsY. , stroke, ischema, Huntington's disease,
Par ki nson' s df$Base and mGzhei nees!Wi sease. Certain di PREPEAH ated cells of
this inventiog,say al s, be.@ppropriagte for treating dgg ne‘lari1 pg

di sorders, Pel+zaebo-Morzbadher—disease —pult LBL e aclerosis,

| eukodystrophies, neuritis and 30 neuropathies. Appropriate for these
purp&%es are cell cultures enriched In oligodendrocytes or oligodendrocyte
precursors t @®egt owsinesortiegnjse bantigted aising By fntiowing fredgbrdtal abd aduipsiant: meghemd celit em
cel |'s arsepakdickiMidd MABE™® GolGHhr: 8ol of PESIERAF Bﬁhﬁﬂﬁhﬁ%ﬁdsﬂﬁuéﬂhf&@&&%ﬁb? §$tﬁ)&% of
the Centa’bﬁ\lnsl NEM BH%Bg,yrﬁlt - o%?@ﬁ# I?Ig) aniQrotgeQ&'?l %ee %rsa ontiiﬁlr;nrgt Jn[l-?nauseg' afts
are don% us| ng__ S| r;g e ce sus?%e sron or sna rf'.af’g regates ot s Afty of
25, 000- 560G AL devirgr Coife aele .s‘eﬁaf‘%fyp%‘/%é,(%@fﬁnd%Wistsd-e‘f“P'i reaRMPg of

t r an¥pl atetteprt thepells arerresysrendsd inrMACH R huffqnr Gefis adiren labeled Wb parss e asiely fon6-a 1 at
nodel f Ghin &6ddh@dnp.,iald WeisBed 2 s IR MACTBberty skl ol BioPY g VETMNIRAM aSdiratil - (Nat .

Med. 5: 1 C tra t L], .show  t | ant.-deri ved
cells pgﬂi%:gmrﬁr' ?ﬁ%t)alﬁed?ﬁ @%ﬁ,rgﬁg%g%h%%ﬁgﬁﬁg%‘fo )cﬂp' 4‘ 1foe?egsﬁtzlog[ @@?@NVSEQ&%POCW es,
ol i goderfyy'o R merobeadsper 1 oplla gregrided for 43 migy ah -42°Cn Jhejaplg isthps wWeghed 2imesint he

| esi onedAea™, buierchofnme imagnetioy saperation.i rWiathe columm dr thie eeghetin collasegiaraian, diet sedlear i ng.
40 Tise neybrilon Y PRIt @6 coiBhh B.5AN)eLIs A lbuter.d NbEdafla@Blisi 4 edsdaGhbighag cor di ng
Conposi (ks LIRS i3 7l 1AeRE WP, 1 bl R Rinolbo AR RO B0 ena
steril e%ﬁﬁ%ﬁg‘%ﬁﬁaﬂ%@%&%& ration. For general principles in

medi ci nal f or¥iefisereragen. AREg or NCAM aells jare majptained erplates cadd|witlTpriy-lgping anddaneinin Cel |

Tr anspl dnrRMENWOR (Bifdtekel)lsaupirmyntedauittl NEtEitcol I Z502-b N BEGIDET 13P0A;010)\and thStactory\O

01/ 881 04ndibdted\®éurcds the PctbisiiPdiniPRBik 2G Morstyn & W Sheridan eds, Canbridge
Uni versity Press, 1996; and Hematopoletic Stem Cell Therapy, E.D. Bail, J.
Lister & P__law Churchill ljvingstaone 2000. The copnposition mpy optionally

be packaged in a suitabl alner W i instructions for a desired
pur pose, such as the reciﬁéﬁ%ﬂ%“f’%ﬁ”3?&%\5\@“{%#%?9%}*@o i nprove somne
neur ol ogiCal abnormatity. 5 The fort oW ng exanptes are p{’v%ykiinged as furt her

non-limting il GusthFadkdrons of Source Concentration
human EGF R&D Systems 10 ng/mL

human bFGF Gibco 10— 25 ng/mL

human CNTF R&D Systems 1-10ng/mL
human PDGF R&D Systems 1 ng/mL

human IGF-| R&D Systems 1 ng/mL




particul ar enbodi nents of the invention. EXAMPLES 10 Experinental procedures

This section provides details of sone of the techniques ar@g@@ts used in
t he Exa w. hES cells are naintained either on ' se
enbryonrg#(sﬁ’dgﬂgh‘fasts, or in a feeder-free system The ﬁf ft re seeded
as small clusters either on irradi ated nouse enbryonic fibroblasts, or on
plates 15 coated with Matrigei) (1:10 to 1:30 in culture nedium. hES cell

cul tures on fra9@eranaipdid & errRsithPdt HodamBthibrled! is BEidENaE ANIRRS RRAY axiBidig KO DVEM

G bco ng, 209 [ Repl n G.bco) .. suppl enent ed. wi.t h 1%
ﬁlon- es)sérﬁrtni £y cfgg maﬁngﬁﬁcﬁeggg '&?L‘e@%f;%"? &? 5%9% effa%‘."%g W"Pﬁg@% i B_'é)i{"ﬁ’talﬁ dt®and 4
ng/ nL h§i9asiedowhrDNASp de g5t rid fsphiaminaing: gepemip DNAe gHharRNACK |insubsied IpniNAtBRed i n
t he S$anméPhumeliciabpbhabnchaisAspl (Pranpa Ypidbaidmbudierudiidiniay T@CNDYs pb 15} 10rM #igQi,t h
grrblr Y;)niaﬁd § hh{rlsﬁﬂ A3VB, toraddds hﬁﬁ%m&v@ﬂ%@ﬂ ¥ k2 sAmplgl/) %ﬂolmﬁ@%{ofrﬁ e)%a.-s,ﬁg f

ai . re, expar . [ ssa : ure o
28 oo oot erd 8 SuCHRAAENRS 7 R soflE SR o DB L T Sl
The cul i &% elagol; ang the gelitis 3jr-diind 30 eeguspendpUn BERC-¥93ledwalPt s. The clusters are
gent |y di ssoc€prabeseyersaitranserppbaEdemtionsiva hj of tdial BiNAIs sonbivedwithracipdl céreerdretioncel | s.

Embrigoi ¢t POelisPsirard Burer (BRHT, 26 BDT Mdl28 YgimL fandbh Héﬁamersqmmaewmoﬁ.g'fhurnﬁa of hES

cells are, harvested. cubating i,n /L coll nase r 5-20, mn,

Coll ow ieperadio: Bmn e apucin dthealto 7178k e 00 M EN B aPedaT ) 5 ¢ hen
di ssoci &babepnpepirgtion pLsMMBlong it Ot #htob BureicrifbihBlRine?) eipqubaied 4t 429G far §0 mingteait es

( Cost ar Jand therahaatitkictivited GITHNSG el 100Hin 8 G3MmMED aré' Herogdcar it “posONENeY 4é proasseand 20%

non- heatpchRAdhslsY 8iafddrdPaivmérdé ChaH ¥8action (PEHIR RABRALLLinYbAnbrsldadie s B HaRAbs al

am acjds | utam ne, 0.1 - nerca h I h el ) e seeded
o 38, e nafl ARBS el o0 £ I SGERIAREAER 0 UE o6 Mg P, 27
fed every ™ WEP 3@l SuM ¥-Rimer 1Bk B Y -RIme 1 Bl 590 Gt Qﬁf{%pfﬁarmw Wien t he
vol ume of medi um exceeds 4 nmi/well, the EBs are collected 30 and resuspended
in fres | {UREAMbdsiile &8 days in suspension, the EBs are plated onto a
substrate and,, t ifferentiate. further. in the presen of sel ected
differentiati 0'?1% agm%"r _sf':.',cg)slf’)?f0 i éjrgtgﬁr}lingfwh %‘heri th? E”"F\dguerma °rg? étgﬂrcg%r ég_ls)smf’@/pi cally
per f28r nitremA dRsted Siffprgnfiation ‘WQW‘R@‘BWPFP@E‘%‘PW“F&W cgls werp HapvpRed QBRI F@Rt r at i on
of 20 pgERisutporeRBSiurdgr fegdel-frawlculiveds| andShef difar@itiateth via bplgycitt edy (EBytoebagich iat 4C
over ni ghspéision dituleQeiRY ncdilACEoRiamin@ 2090 FBS! The EBE Gerb itoh GIBBE Intalt dnfo fbidRduA i#NDVed,
and the ppe m&did, Qﬁngr&\ H B %@er%@iibc%)r’amg B fiden %F&IE.eAfl&g*nuan _
Im"runoc¥toc er_gdsa%‘é r N an Bo E‘{”essmn,£i s conducted as folTows:

Li ve celd 8o AP s osiiYP PR WSre WP IRSRYIMMYNS G e nedi um wi t h
1% ¢dat ser uMegngic hegd geriingtapd impunaprming\igterheth suesaestll ipiepriehing NEAMrposiiveicelifien

| ncubat @t stariirg poitabred calle opictia contamad 297eckyNGAM-podifiversbia. Akt IBMuMERIBtiGYthe t he
cell's  qeAmipbie bropcRidn ey enddRaddB adlh3%. IF3sATa0 Modh MTHEM slehyde. For other
markers, cultures are fixed for 10-20 min with 40 4% par af or mal dehyde in
PBS, was ' ' P far 1N in 100% hanol , and
washed with 0.1 M PBS. Cultures are then incubated in a bl ocking solution of
0.1 MPBS with 5%\RERS Pifgepigionagd sodeg erppitionsfor NCAMpositiveCalig, yr  at r oom

t enper at : ' ' ' i i dinO.1
M PBS containing 1% NGS for at least 2 h at roo are then
washed i N HPBEakSe kg NOVFEDBASED 01/ 8%04 PCT/ uso@i%%%@%ﬁﬁgﬁ’é&g 0 mn

i ncubat i oanmaondarW’Eﬁ,Ff@"ﬂody i WPi98%5ane Butter. ~ANfTbod e Used

e

i ncl ude those shown in Ta 1. Before sort sort esg::ve
H13 p28 CFN bead sort 33 g2 4
H13p28 CFN panning 25 nfa nfa
H9 p32 CFN panning 64 72 51
H1 p32 CFN bead sort 27 77 9
H9 p19 CFN bead sont 58 76 32
H9 p31 545.184 CFN bead sont 50 o1 67
Ht p40 545,185 CFN bead sort A 65 89 31
H1 p40 545,185 CFN bead sort B 63 g1 33



TABLE 1: Antibody for Neural Cell Phenotypic Markers Antibodyl sotypeWrking
Epi t ope Source DilutionSpecificity SASnouse

| gML: 1Pol ysi | at edDevel opnent al studi es A2B5nobuse | gML: INGAMON BB dona
bank gand%?a ¥ATCC - CRL1520 clone 105 P-tubul | nl gGL: 16874YYME8¢1 8660
GFAPrabbit po Ilycl onal 1: 500DAKO 2- 334 Gal Cl gG 1: 25Boehri nger 1351-621 nouse
| g& 5 Bead 1mrunosorting 1s conducted using the TolTowng reagents and

equi prent : nmagnetTABLE@! Differsatiatiorednd Spriihg ondibisddr NCAMbositive Cdlisif f er of PBS CMWF
contai ning 0.5% BSA and M EDTA; prinmm ant i body _again NCAM or A2BS5;
rat anti-nouse 1gG (or 1gM mcrobeads; pre-separation filter; rat

anti - nous D %; apghon sdGScan devi ce. Cel |C8Isgfalbingoskpal foeiCA i ng

trypsin/ EDg andifdtestiztiodi at edlypddiser rerpvRg—EO—the—t+ypsih- the
cells are resuspended in OM@HW buffer. Cells age then [Pedties ed Nagithe pri mary

anti body for 6-8 mn at roomtenp., and washed 2 T1 mes séth MACS®H  buf f er by
sSpi nni ng—ce r I a aspi | . cells
are then pamRResAagy in 8PN (M ni npuxyy@la ) perggd07 celdss. 20 gy (mini num
vol .) MA ramim | gG MCr%\olgﬁads per %8 cells are added _for 15 mn at

6- 12C. Th #2%51187 t hen hed 2 tT4B€%  MaCET? buiFer bef8Pe magnetic
separ at i on.H1KoMs.188e col LBHNIR t he ndgadsbit c cel | 1&epar at®dr, the &€ell 15

suspensi on Hrgaa@epbdsed to ¢ pRILOl UM (bbaa bk di ) i ngs 3-5 miyzbuf fer ygNegative

cells are q_ﬁs&%g?&grough @yN gvashi ng bBadtsi0 S vvitpTB mL Oafe I\/ACszPuffer. The
colum is thBR renoved from{he magnetic Tield, and positive célls are

el uted wit HBH4BE7.82 MACSTRFBUR f er . - AfRISotepar at fon, A21885 or N@AM cel Is are
mai nt ai ned HAR4gEsRIBDS coat egbppi t h pol Yeddssk Ne andegd ami ni rpz i n DVEgM FI 2

(Bi O\Ahitta?%%m%_}l Ienerk%gd g";';lh N2 (G bco 17502-3014), B27 (G bco 17504-010)
and the fa B75Y i ndifCRt el Sour c &8 he factbrs is Bhown i & Table 2.
TABLE 2: F&#dp#h667.98ed f o€Feufal Cel Ibe@sbture G 6wt h Fac®Bor Sourt¢e Wor ki ng
Concent r atjoQuhMibgpiseEGE ReR Qystens 10. gt ML huggan bFGRyG bco 1 25 ng/ L
hurran CN] RE&D Sy em -10_Nno hiinman P RED._S) ANE C hurran

= Va 5

R : - [ ulin-like growth factor (IGF-1)
| GF- | R&DeSysveviagns: ngl ml - 20 WO 01/ 881,93?;mmem -
G — cillary neurotrophic factor (CNTF) T — thyroid hormone Ts
F — basic fibroblast growth factor (bFGF) Ra — retinoic acid
N — neuratrophin 3 (NT3) Fk — Forskolin

In the first 10 experiments shown, NCAM positive cells retrieved from the sort were plated on poly-L-

lysineflaminin in DMEM/F12 with N2 and B27 supplements and 2 mg/mL BSA, 10 ng/mL human CNTF, 10

5 ng/ml human bFGF and 1 ng/mL human NT-3. In subsequent experimenis, cells were maintained in

DMEM/T12 with N2 and B27 supplements and 10 ng/mL EGF, 10 ng/mL bFGF, 1 ng/mi. PDGF, and 1 ng/m_L

IGF-1.

Figure 1 (Upper Panel) shows the growth curves for the NCAM positive cells. The cells studied in

this experiment wers prepared by forming embryoid bodies in 20% FBS for 4 days in suspension, then plating

10  onto a fibronpectin matrix in DMEM/F12 with N2 and B27 supplements and 25 ng/mL bFGF for 2-3 days. The

cells were then positively sorted for NCAM expression, and maintained in a medium containing CNTF, bFGF,

and NT3. The sorted ceils did not show increased survival relative 1o the unsorted population. It was found

that some of the NCAM positive cells also express p-tubulin i)}, indicating that these cells have the capacity to

form neurons. They also had morphology characteristic of neuronal cells. There were also A2B5 positive cells

15  within this population, which may represent glial progenitor cells. However, very few cells were positive for

GFAP, a marker for astrocytes. Although this cell population proliferated in culture, the proportion of NCAM
positive cells (and the capacity to form neurons) diminished after several passages.

Example 2: A2B5-positive cells
20 Cells in this experiment were immunoselected for the surface marker A2B5. hES cells were induced

to form £Bs in 20% FBS. After 4 days in suspension, the EBs were plated onto fibronectin in DMEM/F 12 with
N2 and B27 supplemented with 10 ng/mL human EGF, 10 ng/mL human bFGF, 1 ng/mL human IGF-), and 4
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Figure 1 (Lower Panel) shows the growth curves for the sorted A2B5-positive cells. The cells were
maintained in the same media formulation on poly-l-lysine coated plales. The cells proliferate when serially
passaged.

15  Example 3: Maturation of A2B5-positive cells
A2B5-positive cells were induced to differentiate by the addition of forskolin. These cells have been
assessed through different cullure passages, as shown in Table 5.




Before sort Positive Negative
509167 658931 638133 -21 WD 01/88104 1 7 NOV 2004 PCT/ USO] 7N99Q4)  TABLE 3:
D'fferentié$ion and Sorting Conditions for NCAM positive Qﬁjl laEEECeII Li ne

used

f o™

V8.0t ation Factors used In Differentiatiof

sort sort 339241 25n/an/a 647251 27779 587632

ort

Culture HING p 2 8 / 4 545.187 CF N bead sort A°. H/NGp 2 8 /| 4 545.187 CF
N bead sort A HIp39 545. 189 CF N T P bead sort H7 p3Z2 66/7. 004 CTF NI P

bead sort Hl p43 667. DASLEG: Phbhdtypkd Featads siMdture Né@dicei67. 012 C F N |

sort

HL p47 667.033 C F N - F bead sort HI p40OMG 6645 QdfndrdanterlorPead sort
staining positively for NCAM Before s ' t

728750 164361204340 44e6ad 5280884180238

10

16

25
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Even though the cells were sorted for A2B5 expression, the population demonstrated the capacity to
generate not only oligodendrocytes, and astrocytes, but also a large proportion of neurons. This is surpnising:
it was previously thought that A2B5 expressing cells were glial precursors, and would give rise io
cligodendrocytes, and astrocytes — while NCAM expressing cells were nedronal precursors, giving rise to
mature neurons. This experiment demonstrates that pPS cells can be differentiated into a cell population that
proliferates repeatedly in culture, and is capable of generating neurons and glia.

Example 4; Transplantation of differentiated cells into the mammalian brain

Transplantation of neural precursor cells was done using cells derived from two hES cell lines: the
line designated H1, and a genetically altered line designated H7NHG. The H7NHG celi line carmies an
expression cassette that permits the cells to constitutively express green fluorescent protein (GFP).

Neonatal Sprague Dawley rats received unilateral intrastriatal implants of one of the following cell
populations:

+ undifferentiated hES cells

¢ embryoid bodies derived from hES cells

* neural precursors sorted for NCAM expression {Example 1}

» neural precursors sorted for A2B5 expression (Example 2)
Control animals received grafts of irradiated mouse embryonic fibroblasts upon which the undifferentiated hES
cells were maintained. To determine if cell proliferation occurred after grafting, some animals were pulsed with
intraperitoneal injections of BrdU, commencing 48 h prior to sacrifice. Fourteen days after transplantation, the
rats were transcardially perfused with 4% paraformaldehyde and the tissue was processed for
immunohistochemical analysis.

Figure 3 shows the fluorescence observed in sections from animals administered cells expressing
GFP. Surviving celis were detecled in all transplanted groups. The undifferentiated cells presented as large
cell masses, suggesting unregulated growth with areas of necrosis and vacuolation of surrounding tissue (Left-
skie Panels). Immunostaining for AFP in an animal transplanted with HI cells showed that undifferentiated hES

cells transformed into visceral endoderm after transplantation. Embryold bodies remained in the graft core
— 24—
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were large and flat rather than having complex processes.

A summary of cell types and markers expressed at different stages of differentiation is provided in
Table 6.
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tyrosine hydroxylase
glutamate subset
glycine  subset

The presence of neurotransmitters was also assessed. GABA-immunoreactive cells were identified
5 ihat co-expressed p-tubulin 11l or MAP2, and had morphology characteristic of neuronal cells. Occasional
GABA-positive cells were identified that did not co-express neurcnal markers, but had an astrocyte-like
morphology. Neuronal cells were identlfied that expressed both tyrosing hydroxylase (TH) and MAP-2.
Synapse formation was ideniified by staining with synaptophysin antibody.
Figure 4 shows TH staining in cullures differentiated from the H9 line of human ES cells. Embryoid
10  bodies were maintained in 10 yM retinoic acid for 4 days, then plated onto fibronectin coated plates in EGF,
besic FGF, PDGF and IGF for 3 days. They were next passaged onto laminin in N2 medium supplemented
with 10 ng/mL NT-3 and 10 ng/mL BDNF, and allowed to differentiate further for 14 days. The differentiated
cells were fixed with 2% formaldehyde for 20 min at room temp, and then developed using antibody to TH, a
marker for dopaminergic cells.
15
Example &:_Calcium Imaging
Standard fura-2 imaging of calcium flux was used to investigate the functional properties of the hES
cell derived neurons.  Neurotransmitters studied included GABA, glutamate (E), glycine (G), elevated
potassium (50 mM K' instead of 5 mM K*), ascorbic acld (control), dopamine, acetyicholine {ACh) and
20  norepinephrine. The sohutions contained 0.5 mM of the neurotransmitter (except ATP at 10 pM) in rat Ringers
(RR) solution: 140 mM NaCl, 3 mM KCI, 1 mM MgClz, 2mM CaClp, 10 mM HEPES buffer, and 10 mM
glucose. Extemal solutions were set to pH 7.4 using NaOH. Cells were perfused in the recording chamber at
1.2-1.8 mL/min, and soiutions were applied by bath application using a 0.2 mL loop injector located ~0.2 mL
upstream of the bath import. Transient rises in calcium were considered to be a response if the calcium levels
25  rose above 10% of the baseline value within 80 sec of application, and retumed to baseline within 1-2 min.
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The immuno-selected cells were maintained in defined medium supplemented with 10 ng/mL NT-3
35 and 10 ng/ml. BDNF. After 14 days, 25 2 4% of the NCAM-sorted cells were MAP-2 positive — of which 1.9 ¢
0.8% were GABA-positive, and 3 + 1% were positive for tyrosine hydroxylase (TH): the rate-limiting enzyme
for dopamine synthesis, generally considered to be representative of dopamine-synthesizing cells.
In the cell population sorted for NCAM, the cells that were NCAM +ve did not expfess glial markers,
such as GFAP or GalC. These data indicate that a populatlon comprising neuron restricted precursors can be
40 isolated directly from hES cell cultures, essentially uncontaminated with glial precursors.
Cells sorted for A2B5, on the other hand, have the capacity to generate both neurons and astrocytes.
After the enrichment, the cells were placed into defined media supplemented with NT-3 and BDNF and allowed
io differentiate for 14 days. Within the first 1-2 days after plating, cells in the A2BS enriched population began
to extend processes. After two weeks, celis took on the morphology of mature neurons, and 32 + 3 % of the
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O o 1 lits T, e s 8BS biga Boiiad haiepan S e Gaieliig B8 gu@#l@aen

af t er abeitic guidg Ajter foungpysyiheaggrestes e qoliasted arrbaligwsddo seligdn eentfipenived. b | n

r et i noi Gumeant(wWad\thes aepiaid,dd ehe idregatep @ers tpiatee oote Ipbig L{ysidd 4fd fibloaettii vame

g'lgiogl) g&ls %%mﬁfer}am%edﬂﬁ 6MI§R&@1F1 leﬂ@:ﬁédtw.twﬁz (Tn@ti éténd(m}gérzg ﬁ%@gL IE@I;] Hﬁiﬁhes
rat her t avi ﬂ) ic\?l)%rpl gd'bc%r t(%(':' E‘ges m%}‘aér:%y%?msbeﬁl"f’ %59%&' 1%5 d%‘# kers
expr essé%!s‘%ﬂs di fferent stages of differ ent iation is provided in Table 6. 1 7
NOV 2004 WO (t¢ BBlvbie iMciddIsetach 86ioliFaBLIdE teee de thob yqeatedNa tripsiniging ~1 min
( | mTUHOQS‘.&rEH} *&ﬁd Bhtﬁ& lad/ ) 554%*' dekshiof? Bt %& dlysmgﬁng Qdrhi &?ateE Mewletl GRhmbdd Sides-if 1

¥ i M ferpricoa e bRy g e oo AR, 6P e PP IS A s
p05| ti v@%ﬂﬂfb‘@ﬂP’t‘*&%"°ﬂé39’Pﬁ§Eﬂ§§@'§ Nest i nsubset A2855ubset NCAMs ubset
13-t ubul i n | kel stog@iljbBaF (Gitieb), 10 nghrL BORE @bd g2 NTiIs et Map- 2subset GFAPGFAPr ar e

Gai CGai K AFPAFP; g ng/mlL bFGF, 5000 ng/mL sonic hedgehog, and 100 ng/mL FGF8b
¢ 10 ng/mL bFGF alone
20  The cells were maintained in these conditions for 6 days, with feeding every other day. On day 7, the medium
was changed to Neural Basal medium with B27, supplemented with one of the following cocktails;
» 10 ng/mL BDNF, 10 ng/mL NT-3
s 1 pMcAMP, 200 uM ascorbic acid
¢+ 1 pM cAMP, 200 uM ascorbic acid, 10 ng/mL BDNF, 10 ng/mL NT-3
25  The cultures were fed every other day until day 12 when they were fixed and iabeled with anti-TH or MAP-2 for
immunocytochemistry. Expression of the markers was quantified by counting four fields in each of three wells
using a 40X objective lens.
Results are shown in Table 7. Initial culturing in bFGF, BDNF and NT-3 yielded the highest
proportion of TH positive cells,
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muscl e- speci fic actinmuscl e-specific actin NeuronsAstrocytesd i godendrocytes
] 3-tubulln 11l GFAPGal C MAP-2 Neurof || anment (NF)subset GAGAE?@WZ &yr osi ne
hydr oxyi %géigg@ gl ut anat esubset subset The presence of ne W mtters
was al so GABA-i mmunor eactive cells were identi fiedUSK/1p4¢1;
oo-expressed P-tubulin Il or MAP2, and had norphol ogy characteristic of
neuronal cells. Occasional GABA-positive cells were Tdentifred that did not
Co- express neuronal neBEKETS Coltifbnd TacPréducing DbRFiiegid Ndtfons MOr phol ogy. Neur onal
cells were Identified that expressed both tyrosine hydroxyiase (TH) and
MAP- 2. Synapse forpation _was lTdentifiled by stalntng W T synapt opnysin
antibody. Figure 4 YUYt ai ning in C&Jbﬁg\ées di f f esRRAbioadieMatfareom t he HO

line of human Eg Fgl |s. Errbrx%? d., 10 bodi% PEM¥fai nt ai nad pesiivel 0 pM
retinoic I l"at o _fjbronectin coated plates in EG,
basic FG-, PDGe,mwrd | G- for 3 glays. They wergs@ext passagedsspnto lamnin In
N2 nmedi um suppl_e ted wth g/ mL NT-3 asglo ng/ mL BDNF, and allowed to
differentiate fulther for 14 95 The diffefShtiated cel %9%ere fixed with
2% for mal dehyd®,®.er 20 m n &AAQBM t enp, and28den devel oped.7ssi ng anti body
to TH, a markegr.for dopam nergj,c cells. 15 nple 6: Calgj | magi ng

St andard fur a-gFF’rrsggi ng of cal%lhumfl ux was E}é%d to Investicslg@?]e t he
functional prop&Bis es of the @&S8A cell derivédkéneurons. Newsstransmtters
studi ed includ BA, gl ut & ), glycin G, elevate ot assi um (50
mM K i nstead %’?B’S%Amvl K), ascor |if"(q:\'Eaci d (cont%r%l ), dopanmi ng,mgcetyl chol i ne
(ACh) and 20 norfepi nephrine. M sol utions c#ained 0.5 nW58¢ t he
neurotransmtter_(except ATP ONM inra i ngers (RR) lution: 140 mM
NaCl, 3 M KC, 1 mM MyCL2, 2‘9’%%0610 2, 10 rﬁ%iBEEPES buf f er ,“3% 10 MM

gl ucose. Externa# sol utionsoastaes,set to pH 722k,usi ng NaCOH. s@eil s were

per fused Er_tie-TeCOrdimyg arber—s AP < L 1 g SOt o wer e
appl i ed by Da application using a 0. ¢_rdnidngddhed N ECLOr TOCated -0.2 ni
upst r eam b-bask @rdbiat drowithiigooriFGR) Tr ansi ent CA+s&4° i n cal ci um were considered to
be a resphms®y ¢ al cium | evel s 25M od¥Hif6%e 10% of the baseline val ue
W thin 60—se ' at-oh—and-—+et-urned-t obaseli-ne—within M n. -26
WO 01/88104 1 7 2004 PCT/USO01/ 15861 Figure 5 shows the response of
neural -restricted precursors to various neurotransmtters. Panel A shows

t he rat i Otipéndesipehay rertdin beapfriicpnaf gierinybrdjorcaslséribedimihis disci@urk heraemtieroboing| | ps.

Addi ti on Ofpiihibfor VBrthdab EeS e bk lafd cah Be ArPRinGAdaSsthAPRY £1ing Yrom 8B 8 Gr the | angl es.
Panel B shows the frequenéysn%koﬁg,!glsc% ggeeé}g&@e;’gbgtm%g‘sponded to specific
shows

neurotransmtters. Panel e cohbinatitons of neurotransmtter
responses observed. O the 53 cells tested, 26 responded to GABA,

acetyl choline, ATP and el evated potassium Snaller subsets of the popul ation
responded to other conbinations of agonists. Only 2 of the cells failed to
respond to any of the agonists applied.




Exanpl e 7: El ectroghni ol _M 10 Standard whol e-cell patch-clanp techni que was
conducted on the hES cell derived neurons, to record ionic currents
generated in voltage-clanp node and the action potential generated in
current-clanp node. The external bath solution was rat R ngeR@y H0 ution
(Exanmpl e 6). The internal solution was 75 nM potassium aspartate, 50 mM KF,
15 mM NaCl, 11 nM EGTA, and 10 mv HEEEAIMSffer, set to pH 7.2 using KOH All
6 cells tested expressed sodi um and potassiumcurrents, and fired action
potentials. Passive 15 nmenbrane properties were determ ned with voltage
steps from-70 to -80 nV; and produced the followi ng data: average

capaci tance, ( &, = ; : EpfifiateSplafisdte m) &ang  42.0
MY access 1'r§sf%9}ear?1g§r ?ég?r%t:lﬂ%g@gfral gféﬂgfral\/% pﬂlirﬁﬂecélc&rrerﬁltt%steme(rpgsgeterm ned
by hol di ng t heomptising:at - 100 nV, and stepping to test voltages between -80
and 80 nmvV in 10 1 C , j : : OWPROI-&IRt shtaifdd® i sodi um
current INa = -53 %eﬁl E"?@E%ﬁp%?ﬁ@%e aggdlg%t%g{slég%élljmwgﬁr?ﬂﬁt@t?ﬁé@é{%?n 113. 1
pA; | ea(densi embryo;abd. 7 20 7.78 pAfpF;, IK(density) = 48.2 10.4 pAfpF.
Figure 6 shows resul fr.oma i exper i ] Aafd10 i and
pot assi um current 8 dﬁ%ge@'\gl{gg %’Yﬁﬁémggﬁsg%gﬁﬁagriiggg%to tsgds%t W%grt%g%erlg S

bet ween - 80 apHar@6terixed aseinghplogemy op teesamalline fof -pPSOcelis\andregramitiedsteowns

t he i nward (N?' and Oait rd.eﬁKé@ §P§k‘Pcurrent-voltage rel ati onshi ps
observed. SodiqiM "YPTALGe1S, 904! 78S 8" B¥Pween -30 and 0 mv, reaching a peak at
-10 or O nV. Potassiumcurrent activates above 25 10 nV, becom ng equal or
| arger in gni tude than the sodi umcurrent at vol e e 40
nV. Panel rr% @hmgefa o §anYaliRg Medl ﬁ@%ﬁpg‘t BY"E 'ﬁ'ﬂ@‘?@%ﬂét@@ {bs%'ﬂ t"?egg‘ponse
to depol ari zi gemptisingt i . Cel | nenbranes were held at vol tages between -60
and -100 nV in -80 or -150 pA of curren and, d arjzed . for short
durations 30 Exarrﬁl@"@?p'ﬂﬁmr{ﬁ'lg "U@I['ff%e'ﬂ@qcﬁﬁgéfcﬁhﬁhaﬁgural Pr ogeni t or
fcel I's Enbryoiﬁ boa: ﬂﬂ‘fegﬁﬂiﬁte@lulchU][pﬁﬁu?ﬂoﬁ,gmﬁﬁéiwlami lebstl 6-8p% Ir:neuidlodegs,aci d
or 4 days, then plated into ef i ned, nedi um suppl.e te R FGF,
PG, and | G- Shavegienzst; sa Ang oLy g6 SHBR 108 B Gl SRS Fond
sorting or i MEHPRAGKY Sprédtiny feijskdlyiaeaiNGAM. or NCAM positive enriched

popul ati ons. The 1 nmuno-sel ected cells were nmaintained in defined nmedi um
suppl emented with 10 nghnL NT-3 35 and 10 ng/nL BDNF. After 14 days, 25 :4%
of the NCAMsSQ baderefol %eﬁ@rraﬁn&/‘?\@u?a_l REfE FrokE primateOplumpitent stef (pF®)ESdliser e
GABA- positive, and 3 f % were positive for tyrosine hydroxylase (TH): the
rate-limtingcempydBg: f or dopam ne synthesis, generally considered to be

representative of JdpnRghARatiorEdRSrisind dndiffblehtiatbd g&lls! otRgipBl Fkdreransor t ed
for NCAM the cel Iase%}ﬁgltaﬂﬁwaere NCA?/I ag|1dnnot exprests?bgl ial markers, such as

GFAP or Gal C embsy addt a | ndi cat e that a popul ation conprising neuron
restricted precur %%fffe?@,ﬂigt& t°ﬁﬁ) g;?o?ﬂ bR d clinpRsihg Yat! @Bt BB Melirat Ladllyr €5,
W

essentially uncontam nate I'a @pr ecursors. Cells sorted for A2B5, on
e

the ot her handhatagtesized@scbgiagiprggany efether sanae dioe PRt SRS ARE VEIFNG: es.
After the enri%ﬁﬁmm the cells were placed into defined nedia suppl enent ed
with NT-3 and and allowed to differentiate for 14 days. Wthin the
first 1-2 days after plating, cells in the A2B5 enriched popul ati on began

to extend ppoge ! cefi€lilom bRANKte PluliPReALERALSFE) Qlisat ur e
neurons, and 35 S{dig, (OF dehelabig URGIGE s isT AL Dlipg A RO e
cells were MARofhppsingtive. Inportantly, 3 1%of the MAP-2 cells were
TH-posi tive, whil oftiord cBMpridRG urfERAerATE BPSAGdlk Vhtaifb SRord re
indicate that a p%pgﬁﬁgﬁogwgté?rpgéﬁpg%g?%e cr) r?al neg ?r om hESalceI | s that
conpri se progembrys,sanflor bot h astrocytes and neurons, including those that

synthesi ze dopami € differentiated cell population, comprising at least ~25% neural cells,
characterized as being progeny of the same line of pPS cells and expressing
MAP-2.
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Further el aboration of conditions for obtaining TH expressi on neurons was
conduced as follows. 5 Enbryoid bodies were generated from confluent hES
cells of the H7 line at passage 32 by incubating In 1 ng/nLlddVdgRnase
(37C, 5-20 mn), scraping the dish, and placing the cells into non-adherent
culture plates (CostarV). The resulting EBs were cultured in sug&ension in

medi a cont a9-nAngystess fai generaing apyrat caliss fromeprimate cpladnatent sterar (PF&V celiay s |

t he aggregat eEoMﬁﬁﬁngﬁO' | ected and allowed to settle in a centrifuge tube.
The supernatant was then aspirated, and the a%gr egates were plated onto
poly L-1ysine andaf¢alr perstation ecmprising1 ondiffereatiated, pP8) ¢allsrehtaibed fom am
(DVEM F12 11 gwwfegﬁgzed with N2, half-strength B27, 10 ng/nm. EGF (R & D
Systens), 10 ng ' (G bco), 1 ng/nL PDGF-AAA (R & D Systens), and 1

ng/ ML 1 GF-1 (R & B diffpeantiateyl. calh @op@igtionr comprising dt t lgastt ré&% aedrapreglis.f er at e

for three days, oAbl s ' 'g%@ sﬂ.[bdﬁ% ted at
1.5 x 105 cel ggr\%\gﬁﬂzegaﬁééog%%fgro@épiétlytﬁg ngr? hﬁgr?‘lf l:’%]c(gzlcljsa;t(reﬂd -V\%| C asra'vlber
slides in 15 proliferation nmediumfor one day. The nmedi um was then changed
to Neur al sal .pedi upp! nged w - B2. tLhe. | .owi.ng
growth coc %a?‘l %'Egr.gnﬁ%]eig#ﬁf%gﬁé@ 1 a’wh’i%i "F;Tébh%%%&la{ Ieaagg é@%n@l\jﬁ% NT- 3
10 ng/ mL bFGFcells) @baragterizes @i beihg dyedeay, ofandink06f pBS ndells GEained frot ay/ mL
bFGF al one 20 _The cells were najntained |n,th nﬁgﬁ%@ns for 6 days, with
c :

feedi ng ever y *BPHEAELPMIBHEd 1 form Neyffo ‘&q"ﬁr@%\ﬁ&é@ d to Neural Basal

medi um wi th B27, supplenented with one of the follow ng cocktails: ? 10

ng/ mL BDNF,_1Q ng/m_ NT-3 2 1 .CAMP, 200 pM ascorbi.c acid ? M cANP, 200
pM ascor bi 07~a8i ngerfﬂt'ﬂw el @BRE'M'?L’DCWH‘FE "N%—”g' QWW%"%@H%PE'S"& W Zd
every other dgylisuithatactbtived asWbéifg toregenyeotallingecf pRE delibalbtaingd tloraahi - TH
or MAP-2 for imrunocytochem str)y= ﬁxgrg sion of the markers was quantified
by counting f 8WPYG ANdLXPresSINgRPNSRINAES |'s using a 40X objective |ens.
Results are shown in Table 7. Initial culturing In bFG-, BDNF and NT-3

yi el ded the_hi ghest proportion of TH positive cells. W 01/ 88180 1 7 NoV
2004 PCT/ Ubo4y differgntiatagsicell ‘popuiatien culired fryvitrpy 6RMEBNSIRE BbIS2st e éi neu@ur ons

5 ays 1-6Cult ggin, GRAMcIdrRed 46 bRy @r@@&ﬁbﬁ/ﬁ%&@apsl des LdbMinéd @ropy an6- 12TH
positive B, N FB, N26%.5% B, N, FCA, 35 %1.0 % B. N, FCA, AA B,

N2598. 7% F, 1embromndexpogssingf=tubplin lllsca  AA3498. 9% F, F8, SCA, AA, B, N21
5.8 % FB, N289B. 5% FCA, AA26%. 1%

9. A differentiated cell population cultured in vifro, comprising at least ~25% neural
cells, characterized as being progeny of a line of pPS cells obtained from an
embryo and expressing MAP-2.

10. A differentiated cell population cultured in vitro, comprising at least ~50% neural
cells, characterized as being progeny of a line of pPS cells obtained from an
embryo and expressing A2B5.

11. The differentiated cell population of any of claims 6-10, which is part of a system
for generating neural cells, wherein the system further comprises the pPS cell line
from which the differentiated cells were derived.

12. The cell population(s) of any of claims 1-10, wherein at least 30% of the cells in the

differentiated population have morphological features of mature neurons and are
NCAM positive.
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FCA, AA, B, N22%. 7% Fact ora abbrevi ations B-train-derhred neutroraphic factor
(BDNF) S - sonic hedgehog F -- basic fibroblast growh factor (bFGF) CA -
CAWP F - FGF8 AA - ascorbic acid N -- neurotrophin 3 (NT3) it is understood
t hat cer]Eal n adaptations of the Invention described In this disclosure are a
matter of routine optimzation for those ski]Jled in th n

| npl ement etB-wihe 68l Perspiation(s) #f apy Rf F‘ﬁﬁn%ﬂ)ﬂﬁ' W"‘?ﬁe'"tﬂge %34&9{%‘?[ 7! %ﬁg scope
of the append?ﬂeﬁérﬁh@ poibul&tu&l%& ngﬁ'bl‘fﬁdﬂexgéséyﬁemfor generatlng

neural cells fromprimate pluripotent stem (pPS) cells conprising: a cell
popul ati on conprising undifferentiated pPS cells obtained froman enbryo;

and a diffgyeqphh %%I?Poﬁﬁétlongg%%ﬁ* bpélalrrféofrm 'vﬁﬂé?éin Me difaehtiated Yopatic iscel | s,

characterized as the sane line of pPS cells and comrtted
to form neur epapulation ef neyrml pesgienitor cefis, thaving the charaglerislis thalculiwing i ng

neural cells LoQMdi WhCadidd A0S St AP RPSlo Wb mitsuF" ich! Pdayg cel|

popul ation conprising undifterentrated rentiated cell
popul ati on, cgamﬂraesr@)Cdt popdation- IBG%Qﬁe%!rlaaStc:iﬂ% of th%@ﬁé@ﬂéﬂ“@@ﬂo'aﬁcﬁel ng

progeny of th roman enbryo and

expressi ng ppfeleﬁggyf@?eégw gﬁé %\Fesyg{a‘g‘rébggrégeneratl ng neural cells from

primate pluri po]'E](cant stem (pPS) cells, conprising: a cell population

C s

ComP |51 00y thL LS BRAIRE B S Bt B 301k 3B BB Fondfore

(1: gar a(t:) t Ier i z efl laapmpbletmgommgmm pofgeniter celisyihavingdhetharidedsticl thataawtudngthessi ng
tubulin |

pl uri pot ent sPQWA[ﬂﬂéS)%X@ {’]éedo Nc-lgﬁg?e'{azsitq%ﬂ: }%@ rfci "%g%‘{’fa{‘ Ef)dr?pnﬂ &s%fyr?
unld: ff gr ﬁlnfle |t ?gﬁdergic?s ar:ebll pop\hatmmmokvmuclggt)/wast e%T)oﬁ/tbll;el cetlgl im rt]hh ﬂiffermtlaiedt ed
(t:)gl ngpplroogeny Pgpu '?‘f?gp F@sq)"ﬁa'"‘a?'yi’ﬁ@”%ﬁ?ge;ﬁ eggre:m ng amgg“ iegN?)?/
2004 5. A systemfor generati ng neural cells from pr| mate pluri potent stem
((:2|P|S)S gglt ;Is%ea_cg ?18)%4 Zﬂapp%latlon(cs? of Far U| é|8.rrhscoﬂp{i whéreli ndt'hf f chife ha@tnsd PPS
morphological features of mature neurons have at least three of the following
characteristics:
a) at least 60% of the cells show calcium flux when administered
acetylcholine,
b) at least 60% of the cells show calcium flux when administered GABA,
c) at least 10% of the cells show calcium flux when administered
norepinephrineg;
d) at least 60% of the cells show calcium flux when subjected to an external
potassium concentration of 50 mM; or
e) at least 25% of the cells demonstrate action potentiais when subject to

stimulation in a whole-cell patch clamp apparatus.

17. The cell population{s) of any preceding claim, wherein at least 0% of cells in the
differentiated population are positive for polysialylated NCAM.

18. The cell population(s) any preceding claim, wherein the differentiated cell
population is a population of neuronal progenitor cells, having the characteristic that
culturing the population in the presence of neurotrophins maintains capacity of the

cells to proliferate and to form tyrosine hydroxylase positive neurons.




enbryo; and a differentiated cell population, conprising at |east -50%

neural cells, characterized as being progeny of the sanme |line of pPS cells
and expressing A2B5. 6. A differentiated cell popul ation culitagmdyyn vitro,
conprising at |east -80% neural cel I s characterized as bei ng progeny of a

i ne of pPS cells obt ained from an yo.  an neu onal
cells, glit9 €aerel pepulalign(s) °fia"¥6P’&F?Cf"é9 élﬂtm aYYd"@ée'EéF \eaﬁobfﬂl% Bred in
vitro, CO”p“éiﬁﬁﬂenﬁétehgéﬁﬁIan&p%ﬁ?@éértﬂosm@ﬂiyhﬁmylﬁg@r acteri zed as be| ng

progeny of a line of |'s obtained froman enbryo and expressing
pol ysi al yl at ed NCAM 8. Adifferentiated cell population cultured in vitro,

conpri si Ngogit ‘qf toa@ﬁ/%a(]ﬁyéd an &lel-,éa.n RAIMACHREreRCat 1885t 9 the My Of a

line of p a rom nmoryo and expressing 13-tubulin I'11. 9.
A differenti ap@ejn\@eqalls pmtpauﬁfar@wateﬂ nqnutayon BXREST Brosineipidranyiageat | east -25%
neural cells, characterized as being progeny of a line of pPS cells

obt ai ned from an enbryo and expressing MAP-2. 10. A differentiated cell
popul at i on2tulheircetl popukation{s) ot emyp presedipgclaime adereineslis duthe diffewntiated

cmoryo and oxpodathg hBRSHR Sendical Taired ) CEheresethifdd (RRBE. ) o1

clainms 6-10, tmbnsdnptasepart of a system for generating neural cells, wherein
the system further conprises the pPS cell line fromwhich the
differentiated cells were derived. 12. The cell popul ation(s) of any of
clains 1-122. whaethbd fat obteiaing rﬁﬂn%lqa‘reddnmrcnells that lare bapabtd 6f produting aemll

ot ve. - 31PRUIRERCra Pk ArY b aPeinp Ry oS B PR Smebbh, .

| east 1% of t Hiefershtihting prirhdte plufipbfent steim (@PSYicglispul at i on express tyrosine
hydr oxyl ase. 14. The cell popul ation(s) of any of clains 1-10, wherein the
differentiated population is a population of neuronal progenitor cells,

havi ng t heaghar et for igrodubig améunéum bdi]:ﬂ.llatibﬁmdlﬁtprmﬁatmﬁllhnmchimttéﬂ 3 and
BDNF but no added m togens, for ene ﬁl‘t eé%ﬁa 'E" E &lgc?ﬂtll .an_in_which
at |east 30% &Ffpst)FF@"%eqC’I"WﬁE‘QeC%WE%BT%gPY:Q GFEsMBAU Pt UYAVYAR P Bns and
are NCAM posi bt ifiorel laddédl ené@blroptmy | dtid @nes br Oifno»mm:\dafedChrﬁttogﬁnér dlil wherein

the differentiated popul ation is ul ati on_ of neuronal aqr _cells,
havi ng t he chéifgtantiatedicel PPHBJF“Q:’UFtQ.W?'Sng ba#ing WS@‘PW%"% 'g’o‘g'é{]ie'm 3 and
BDNF but no agded mitogens for 7 days generates a cell popul ation in which
at least 1%of the cells in the differentiated population express tyrosine
hydr oxyl ase. 16. The cell popul ation(s) of any of clains 11-14, wherein the

cells havisg TRRLRARSPE Qi 25 akndrén thd rféllinh BorllaE APfeabENR Gt mbrRAsddetinr ee
of the folTowing characteristics: a) at |east 60% of the cells show cal ci um

fl ux when adnheuwrstrephins andtwogrgneeiadded mitogens.

25. The method of claim 23 or 24, wherein the mitogen(s) are selected from epidermal
growth factor {(EGF), basic fibroblast growth factor (bFGF), platelet-derived growth
factor {(PDGF), and insulin-like growth factor 1 (IGF-1).

26. The method of any of claims 23-25, wherein the neurotrophin(s) are selected from
neurotrophin 3 (NT-3), brain-derived neurotrophic factor (BDNF), or ciliary
neurotrophic factor (CNTF).

27. The method of any of claims 22-26, wherein the cells are cultured with both NT-3
and BDNF.

28. The method of any of claims 22-27, wherein the cells are cultured with both PDGF
and IGF-1.




b) at |least 60% of the cells show cal ciumflux when adm ni stered GABA; c) at
| east 10% of the cells show cal ciumflux when adm ni stered norepi nephrine;
d) at |least 60% of the cells show cal cium flux when subjected to an ext ernal
pot assi um concentration of 50 M or e) at |least 25%of the ¢ 0
denonstrate action potentials when subject to stinulation |n a w?ug e cel |l
patch clanp apparatus. 17. The cell popul ation(s) of any preceding claim

wherei n atod eqfd rr%@r/&cpéfa% o Elanﬁbﬁl?F m&éﬁrtﬁ'@&é@ta@dcmam 8h fiBfdna@éth Posi tive
e e ce

for polysi a 'yl at popul ation(s) any preceding claim

wherein the di ffer enti ated ceI | popul ation is a popul ation of neuronal
Progentt of s eihe m Wc&t}ﬁgm@ré&ﬁ rirlg Bﬁsa.f@r@ritm.hge%etﬁ@s BARH gt i on
in the presence o neu hi'ns™ nmai nt a| ac s to

proliferate amdw cmammgrramtmeambefor@mwang)n@h nievr@trnelmns)ﬂ@d mitggens7 NOV
2004 19. The cell population(s) of any preceding claim wherein at |east 1%
of the cells in the differentiated popul ati on express tyrosi ne hydroxyl ase.
20. The ce81. Tbpmeaihacdof ary affclaimg 22r3k edinpgsing arevdiffateatiating the hESacalls By of

e o ase” Biinterfibi dofiel Berdte LhAIRY Wil i AAPHI b ifpRhe > | V1 oS! N

hydr oxyl ase. pul a 1on ng clarm wherein
cells in the differentiated population have been genetically altered to

express te ase [ ever se ans neur al
o ecur sor -t 88 Tiehod g gf catas 298, Bishy sefectfb 49 iogBlif el bter " 0
at | east 1% t wreqsdsitive Higrds2BS/ drasotysiahdated WEAMI | s, conprising differentiating
primate pluripotent stem (pPS) cells. 23. A net hod for producing a neural
cell population fromprimte pluripotent stem (pPS) cells, conprising

cul turing ps.ogemetiodd tdﬁes@E’&m@I a Scmqsﬁmm fop nheural mgu dbﬂcutyororrrmoelulatlnied

neur ot r ophi ns_and .qne or lﬂ fﬂ ﬁ unti | aﬁ‘i\a ?fr tded"cell
popul ati on |S°?fBP'&?"Fﬂ38@P§WQ|@? Hrecﬁ%ﬂ’%fe a,1Pe cpmpoys 3, fiftereq cbe 10.

24. The net hogogilatinaiagtatdingteradlynNof femim®d1-2m cetérmirivsy ainyl paeriotsipuo @r nore

added neurotrophins nd t WO dde to The net hod of claim
23 or 24, V\/neF"&?qP"f'ﬁ ﬁFQ%?gth?)g‘a @‘agé?%@ttgﬁmfﬁg%tﬁ%df'g’emammﬁ?mﬁ Mact or
(EGF), basic tolIatiignk cﬁéﬁ?’é\hltrf ASUrar cell B>ty or PdoiuRtien - der i ved growt h

factor (PDGF), and insulin-like growth factor 1 (1G--1). 26. The nethod of

any of clainms 23-25, wherein the neurotrophin(s) are selected from
neur ot rophgg $hé Aerednin cﬁrr ézhcsu SrRd1AiMeEsS, %Mbﬁéuﬁ?@ﬁé 6r naed 6fithé RIMblwing: or ciliary

neur ot rophi ¢ factor 27. The nethod of clains 22-26, wherein
the cells are'cmﬂ&tﬂmnmﬁthﬁbm@ QQWP:?U"‘&HCFOBBW""’ZB"SrThe net hod of any of

claims 22-27, ,\wWhgh&idinihg wheflel thetbompdlnd et idifty BPiHe &ito beHhaihtalied:

in culture;

e determining whether the compound affects differentiation of the cells;

o determining whether the compound changes neurotransmitter synthesis,
release, or uptake by the cells; or

o determining whether the compound changes electrophysiology of the cells.

35. A medicament comprising a differentiated cell population according to any of claims
1-21 for treatment of the human or animal body by surgery or therapy.

36. Use of a differentiated cell population according to any of claims 1-21 in the
preparation of a medicament for reconstituting or supplementing central nervous

system (CNS) function in an individual.




-33 17 Nov 2004 29. The nethod of any of clains 22-28, wherein the cells are

| cultured on fibronectin. 30. The nmethod of any of clains 22-2? ﬁogﬁrising
| pre-differentiating the hES cells in a nediumcontaining ret AADY 10k o
| before culturing with neurotrophins and mtogens. 31. The nethod of any of
‘ clainms 22-30, conprising pre-differentiating the hES cells gé@ f?rgipg
enbryoi d b¥di Use bet ar differantiatedn gelhi Ropulalion AGeeNg 0 A A CEYBRsT-23210 The
net hod of any ' icehf?8 RENBGY isySteANYCNEPFadciohni arl | s
that are pos{#??%‘tggﬁsggég%%[?n%gmioglheiﬂat ed NCA BB@CA ?ret hod of
screeni ng a cioaiyislyald for neural cell toxicity or nodul ation, conprising
preparing a culture containing the conpound, and a differentiated cel
popul ati on according to any of clainms 1-21; deterninin?|any phenot ypi c or
met abol i ¢ hahpecell popustionis), methed, rarsuge: off amnpresediag clajin: wWhergdn thenpBnd;
and correl al LOg Ha0€ el OBy i AN BEtboys? b Gid the Yrod@i s BhétPeelis34.  The
screeni ng net hod of claim 33, conprising one or nore of thefollowng: ?
determ ni ng whet her the conpound is toxic to the cells; ? determ ning

whet her t C ffg Llity t : 08| i i
culture; ~ de?@#ﬂ%ﬁgul\%ﬁﬁ@é?pﬁth@iC%%&%@ﬁ%??@ﬂ%?ﬁ@?gﬂ%@af?‘%npg t he
cell's; ? det ecetisrare pumbn teirdrydnitestemmgtisind changes neurotransnitter
synthesis, release, or uptake by the cells; or ? determ ning whether the
conpound changes el ectrophysi ol ogy of the cells. 35. A nedicanent conpri sing
a differentiated cell population according to any of clainms 1-21 for
treatnent of the human or aninmal body by surgery or therapy. 38. Use of a
differentiated cell population according to any of clainms 1-21 in the
preparation of a medicanent for reconstituting or supplenenting central
nervous system (CNS) function in an individual. 17 NOv 2004 37. Use of a
differentiated cell population according to any o clainms 1-21 for
reconstituting or supplenenting central nervous system (CNS) function in an
i ndi vidual. 38. The cell population(s), nethod, or use of any preceding
claim wherein the pPS cells have been isolated froma human bl astocyst, or
are the progeny of such cells. 39. The cell population(s), nethod, or use of
any preceding claim wherein the pPS cells are human enbryonic stemcells.




