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By way of illustration, pluripotent stemcells can be produced by direct
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fw



DRAWNGS Figure 1 is a fluorescence m crograph show ng neuronal cells
obtained by direct differentiation of ES cells on a solid substrate using
a m xt ur ewofo3dodsber enti ati on factors. The three fields sheomuseredat| 5
taken fromtreatnments that conprised neurotrophins and the TNF-(3
superfam |y antagoni sts noggin and fghlisdatin. A nunber of cells are seen
t hat have neuronal processes and starn tor the neuronal marker
R-tubulin-111. The proportion of MAP-2 positive cells that were al so
positive for Riguresiisnefilvpdcaxy masgrapmshowing kewrorfabeellsl opaingdigrdijedt differantati®) was

3.Sr Q'C gh dc{?]g? <diR%h a'ébnsatgrussn%te%@lg&@ n@w&hme@ﬂuamm&s mrtﬂgéfleﬁasqmmr&ad |'s by

erentia Yl e of %I'I ve neuro i
when Sundfep é’P’@ﬁ'Ff‘tﬁ‘F’éﬂ th@b‘?‘ﬂ"@”%‘?f’é‘e‘ﬂ?té?to%? ‘?ﬂ‘i’ rI‘eaJFﬁI ﬁ”pﬁ ¥ dredang n\RPQ'%arfcﬁe
TG (3 dJollistatifi.arinumberrof agjlo aiestesn thalggivngurdnalametessgs hndsstain fan theMpuromh matkera) |
Yi el d wastbddh-iinerhe BRGEst MAP-3 b&ltlv@E&§ €At Rerd falsE (pBdiIve dr ltyrdstethodrexylasd (anot
m togens_ Lin Lc acid increased the nunber of

neur ons pﬁglf)eaﬁég‘%?a?’ﬁgrﬂ'c nelﬁ?nsi‘%as)aw 48Ted % he roportion of neurons staining
posi tively f diigure grsbewsnespegiaipignrakingeurprsHyony iz eqlls by direct diffprgilieion3 b ¢l
aspeet s Elibulfkbige R&NG Mshidhwheh ufditeebinfidter @M araplaB oM@enirimaridi caltugsd vyt the

(r:nu![ E);relngl%iblz%fer;a{mhf gr{tﬁ ? %@ E%qﬁ nQtha(?\g 'fo(ﬁ‘gtatlr;r{f-‘ga%?%ﬁ)s W@J \ﬁas fF:rﬁ'B &ng]fcuir g
nul ti pl ePresaresRystem ell dagisd Pyl rﬂowmgansﬂﬁ rRgtmentc dTangli §)- d?et'?ﬁ'% wcgwgfe%ﬁed e

neur ot r ophbe of fnabrar Boduddt(Pald IC) bt tedgren Sheaprabortion 10d heungia i skadninggrositivelyddr, t he

cells c 1) dBARS Fahd 8vgh about 40 doublings (Panel A), ret ai ni ng
prol i feratl veg@ca ac??mfand t e abi | | ‘S‘c{f%erentl ate jinto req#eurons

20 ('Panel B) .Figtrgd e &%R‘f&ﬁ@f LYY “5‘5 entalp was 'Pf“aéedrﬂyft‘ H‘F‘
epi der neb fogn empigoifl actiasr ThEGHS we!balsanccultdredbn oiidgess, sghjestvolifferentiab trypsiigition)) |,

br ai n- ?edgb \iRd pU@tHFoQérf H\leé:pdcs%'%é)fn « RN ccﬁ&mrﬁ%o@ﬁtélm mltB eRs Q\H_eu%}rophlc
generat €

opyl at ecur sors t|on
o bduced=dt | Wh L Br T aproRpi heguteer e Sdle s w4 it oG8
per cent #§ealogflingsdPariel AletetainingmraitgeatiyrrapAcit iiftgﬁhe(@éi'frvéO dlﬁerentwéwtwetmeapworzss used
for doer npalBydi fferentiation of the precursor cells can also inprove the
production of_.T it , | 3 t has
been di s_coverFe'%J;% E%ﬁév\sﬁnﬁﬁ %gabﬁ th% J%ta ?ﬁturgﬁgéﬂ&%lgﬁﬂmafg %IF aSA
pr esencdibiplagegrandh &gtor éﬁC’rng:r @'ﬁ'f‘ﬂ%t’t"?%@el’é‘ﬁ@?h“‘s factgr (RAN) 489 W’QYPPWWI %T Pl
deri ved dehahted Spudatisrenadmisarkil predutsgis vic upbi ditferetiatisheprbdicad &dn poplistiond ypt C

charact ecro#ngrgseg 374 f'I'H %%M@ %eleeééraaderc%ﬁgde of %qu] EJ\?L rth@ﬁo%ﬁlh‘tgoﬁ(?ﬁ% I A:g h ?ﬁ@co@ﬁ% II S are

sui tabl e screeni ng condi t1ons rel ated
to aSnorysed it 'F@‘é“abﬁ"”et’%atﬁé PLABYRT e%‘iﬁé’f %’H% caplso E%"t"@ eé’FfE’B‘f’r‘ﬁ%lgf JEPopiverhiiss

i nventi qRariesB)i | | ustrated by cell popul ati ons obtained froman 35
established |ine of human enbryonic stem (hES) cells. Differentiation can

be initiated by several techniques % cri bed bel ow, such as form ng
enbryoi d bodi es, or by cul turi nﬁm@—%@@% on a suitable substrate in
the presence of one or nore TG~ (3 superfam |y antagonists. Precursor cells

gr efc@bt ai ned, ha%b&mlé?\%r&qm\:vﬁérﬂ&hrﬁ)&eﬁt@@m%%ré?é]&]lturleb l’h&ﬁ&ﬁeseﬁﬂﬁof‘é@lé&é@j cag
e ur ferentiate e
from hEéﬁ{er "| iating ageniS B%Fg'ggo"eogc?rra etrc}?et ?lsraort?mﬁrldatby h'?h gfﬁoc’%ﬁf}%dcou%\fw?‘ngs
as showrpherptyPicghrractaisiics of Ratkigrmiewn)| oy"s el p@rcwéqrs inese pAlle afgfuitakioder use He

cel | s r efn@j Sdrebhihd and Grieeaply ¥t doAditibné feRite@nd Ababrenaiitidt of tieaietiogs dyetafhons, as shown

in Figure 3( B1)he sﬂ?én? epc%%&fséﬂ bﬂﬂfg“?ﬁv@%h aniIlL%trateé' by cell populations obtained from an
35 established line of human embryonic stem (hES) cells. Differentiation can be initiated by several
techniques described below, such as forming embryoid bodies, or by culturing the hES cells on a suitable

substrate in the presence of one or more TGF-B superfamily antagonists. Precursor cells are obtained,

which are committed to the neuronal lineage, and which can be further differentiated into mature neurons.

Neuronal precursors formed from hES cells can be passaged in culture through about 40

40 doublings, as shown in Figure 3(A). Remarkably, even after multiple passages, the cells retain full
capacity to differentiate into mature neurons, as shown in Figure 3(B). This powerful combination of
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action of the compound. For example, the agent may assist the differentiation process by inducing or

assisting a change in phenotype, promoting growth of cells with a particular phenotype or retarding the
growth of others, or acting in concert with other agents through unknown mechanisms.

Prototype “primate Pluripotent Stem cells” (pPS cells) are pluripotent cells derived from pre-

40 embryonic, embryonic, or fetal tissue at any time after fertilization, and have the characteristic of being

capable under appropriate conditions of producing progeny of several different cell types that are
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pPS cells can be maintained in an undifferentiated state even without feeder cells. Feeder free cultures
can be supported on an extracellular matrix (such as Matrigel® or laminin), and cultured in a nutrient
35 medium containing factors that support proliferation of the cells without differentiation. Exemplary is
conditioned medium obtained by preculturing with cells secreting such factors, such as irradiated primary
mouse embryonic fibroblasts (or fibroblast-like cells derived from human embryonic stem cells),
supplemented with 8 ng/mL basic FGF both before and after conditioning. Under the microscope, ES
cells appear with high nuclear/cytoplasmic ratios, prominent nucleoli, and compact colony formation,
40  typically expressing characteristic phenotypic markers such as SSEA 3 and 4. Further elaboration of the
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In one differentiation method, pP$S cells are plated directly onto a suitable substrate, such as an
40 adherent glass or plastic surface, such as coverslips coated with poly-lysine, with or without a neuron-
friendly matrix protein such as fibronectin or laminin. The cells are then cultured in a suitable nutrient
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because they are more resilient to manipulation, and will retain a greater ability to migrate to the target
40 tissue and integrate in a functionally compatible fashion. Progenitor cells can be grown either on a solid
surface as illustrated in Example 5, or in suspension culture, where they tend to form clusters or spherical
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detectable” if a significantly detectable amount of antibody will bind to the antigen in a standard
immunocytochemistry or flow cytometry assay, optionally after fixation of the cells, and optionally using a
labeled secondary antibody or other conjugate (such as a biotin-avidin conjugate) to amplify labeling.

The expression of tissue-specific gene products can also be detected at the mRNA level by
Northern blot analysis, dot-blot hybridization analysis, or by reverse transcriptase initiated polymerase
40 chain reaction (RT-PCR) using sequence-specific primers in standard amplification methods. See U.S.
Patent No. 5,843,780 for further details. Sequence data for the particular markers listed in this disclosure
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35 following which the cells are scraped from the plate. The cells were then dissociated into clusters and
plated in non-adherent cell culture plates (Costar) in a medium composed of 80% KO (“knockout”) DMEM
(Gibco) and 20% non-heat-inactivated FBS (Hyclone), supplemented with 1% non-essential amino acids,
1 mM glutamine, 0.1 mM B-mercaptoethanol. The cells are seeded at a 1:1 or 1:2 ratio in 2 mL medium

per well (6 well plate).
40 After 4 days in suspension, embryoid bodies were plated onto fibronectin-coated plates in
defined medium supplemented with 10 ng/mL human EGF, 10 ng/mL human bFGF, 1 ng/mL human

15



10 central nervous system according to the disease being treated. Gafts
are done using single cell suspension or snmall aggregates at a density of
25, 000- 500000000868 | s per pL. (U.S. Patent 5,968, 829). Cerraiusoznieudral

progenitor cells enbodied in this invention are designed for treatnent of-

20Ut OGN « AORRASEH® THEEHGSA PRL oL XU Sra SHELL S Y1 O1 Y

has beef ina variet nditions 1 ncluding epilepsy, stroke,
i schem mgr@tﬁentmhzn'eﬁtwépmyngcﬁ@@a ¥ Dopani nergi ¢ neurons nmay be fornul at ed
15 for treat iatg Rayinapoels wih Seamel, mdphBlégy gire ovsetred NEhefneuralHivestiisorg were' s

di Sease’ldeﬁﬂ%\?_ EQ!%_ &9 rfj@ ncorﬁcprbtr&ﬁl ne@t@\r Qalhlﬁﬂ léﬁ&' th@rabé‘éﬁ%QBf I?\Qkﬂfecspécﬁfcer al

scl erosi s € neur pro nltor eqtlated

cel I 8 a(‘,’EfS?ea‘faH@P Markers sP‘it"ﬁ'\‘i"‘e ReYeR aath o Pf°§?ﬂb3’| Feé'a “ieFF tdﬁ@'f'%/do F?nPB%"'VS
phar mac eulysidydtecciOANd snd AZBS, Fooyrpme teisixty parseitobthegells esxressed BIFAMpara k8% under

suffici ;%ra,srégéeéwsl Asané‘aem@a by fm%tyxt;métryh wgatsboamon btk ﬂ@AM—Bosnﬁ@Eegg?HﬁB@Hd
pr|nC|p es I n 1 on rea err

Ther apy g éeﬁf gl.ﬂ)fi gaﬁg{%‘l ﬁere wds(gg cotlai:fa_llzatlon wetE gh rreeqﬁeis ﬁuce:\h as 8FAgal>r

| munot F&iGpihe b%ﬁ5@08'mr®tl%/ﬁpp&aw t@%?@@éﬁ‘“é&ﬁmn-‘(}&’h’oﬁ"ﬁdg’[‘eSl{WﬁpV'éi‘%’l 9 Yepr ess,
1996 andss tiRERkAREEE-tubuliBlIEs NMXH-2, ahdi @ safayate SubbbpuBadnl exprésseliiGFRRr S8mdof Law,
Chur chi l 4 é‘e\l \'/wﬂ‘gr?ehgnﬁ mo?q(?llglg VA %_otagle g&ﬂ?@f%l Bdtr?ﬂ2 ndCiRiA'wP n@c!tﬁ the %Aw%ﬁwed in

a suitable cont ai ne Instructions for a desired purpose, such
as the @@e&%ﬁnwwup@w%ﬁnma*ﬂ%&m%%"%UfP"? e @\?e some neur ol ogi cal
abnormal i ty. The5belTpuputhtidnk esteniyritex aiffpleatited b rgniading thedcetissinfaumediuan containing

non-| i mthengf {hlalnlﬂ@%éngt bt r?:%ntgf\mg Qérr{glnﬁuhﬁﬁot@mﬂgg' m‘lé‘)t sndOfo h@ﬁL'bFﬁ(rﬁ&Hnl'éBn
EXANMPLES @m ferenti at.tl on “5% 139 E‘]’”ﬁ? ?on mat ur e
neur'dns ”PHH‘&W“'@FPB"E’Q NE). s'?'eé‘ﬁq"f HEEpxigns) gr%ﬁéfeé e[%lee?lg AP P%yéd " ee

cul t ur esierivad frofe swbrydicbbdies maiptaingd Inyetingiclag@EAY showgeonere MAPE21 BYsitivepells (86%)

bodi eﬁ Weih€@ndlé REHGAGY AtholiHA Q¥R). EFARfosifRicellsWRRDeaY RIpatehdst é@gﬁpoﬁflveggs cells
wer e harves y, hatin m n

fol | ow H"&““Aﬂ‘?"g%e%ttﬁ‘w% &'r yergy ergesa(?rgj fggg %th%g L% ﬁg%&?f&%&éf r&:'iaﬁs%s cells were then

di ssoci at ed iThe @ree¢ngs Ok priRBsMitisr 8!’@‘65'? M’aﬁéﬁﬁ%?eﬁeﬁéﬁf‘ irprayroreggiive Gelle weteat es

( Cosfoar )identiriea thae eb-expressuaypasiin of or 80¥e Kad(Hak momkaody' charBiErstic ¢f@etrong) caind 20%
non- heatOcagg?o(ﬁgl' G’%%lslﬁ%sce Iwgllqula%)mr%c\j/l 3 Q’dgﬁ?&; %re‘é\é T’\ghrélngi’ r'ﬂQrF'er?so%?ﬁgd' &

am no acl
seeded AFirogytelike 'B?rp*PbSV r ey Glisywarg id ﬂ?%‘ﬁ?t %@?S%P?th Desine f‘¥d’°;5‘V'3‘°teé$H 40
Af ter 4 adayaPin Spuapgeiosiaton, wasiidentified by dtangesthseraetopiysit eatibodt o

L' br OnECt in- C'I‘P-ﬁ&t@iﬁ'ln@ |v@§ %sér%d |qedcu|tln&dd|ﬂ@r€|rhlut% SteRPIhe NN tikdohuntan 16 Bak L
uman

BT B0 B o PodepsEe SR A 10 ) R e gt bR iR s e
adher ed platestin &Gp! kasisF;GRaRBGE @ndl Gheyddlayso Thay yﬁ@t@“&@ﬁ%ﬁ%%@"%!aﬁsﬁ"l B N2
form ng rﬁednﬁmb@wnted/éo‘th a6 ngmui Ay, anHﬁD)ﬁg/ﬁ\e|BJDNFV\irfdhlldW@drt@ﬂﬂérerff%pdimergry wer e

obser Ved|4 Qe 'ﬁ"ng'd | rl)]t%e% Elrs%)eresflx\é@%?r{ 4°/L ggrgtfb}n(allq%ﬁ{/d?%ir%@ lnlir?atp&ﬁi tgf’n?é?aturgr BrdU

i ncor porat’ i neage speci
di f f er erff €D B?Ye'ﬁeﬁdk’é'ﬁga”t'm&yé?f"\’/é "P?éiﬁff@h%?Pa%'ﬂ‘Hg'@F‘?' & progenitor cells were
i derdoi fi ed as positive for polysialylated NCAM and A2B5. Forty one to sixty

percent é?(famélg'gz ﬁrﬁilcll\e% g@ﬁaﬁi@%%dﬁ%@&ic%@g 20-66%

Embryoid bodies were cultured in suspension with 10 uM retinoic acid for 4 days, then plated into
defined medium supplemented with EGF, bFGF, PDGF, and IGF-1 for 3-4 days. Cells were then
separated by magnetic bead sorting or immunopanning into A2B5-positive or NCAM-positive enriched

35 populations.

The immuno-selected ceils were maintained in defined medium supplemented with 10 ng/mL
NT-3 and 10 ng/mL BDNF. After 14 days, 25 + 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-

40  synthesizing cells.



expressed A2B5, as neasured by flow cytonetry. A subpopul ation of the

NCAM positive cells was found to express 13-tubulin IIl and MAP-2. There
was no cowbacabisgati on with glial markers such as GFAP or PCEaIS®/19Ehe A2B5
positive cells appeared to generate both neurons and glia. A subpopul ation

of bt he Ilot AZB iefeli %oﬁm5ﬁ§§'@g & I@dﬂwltﬁencéllé khavaeer?{Aﬁ/l +RNGld ﬁot%&ﬂ% Ii@l
subpopul ati on expr Wi neur

doubl o SETaGE G Ars TH® REAINIeHB I Arresiain AuBErDY Do RS

posi ti verrgsorsers adan dres isclatad adireatid ffoay hRroell saltywasn essentiaty gheoatamingled | 9"3'

popul atimgrsyygre further differentiated by repl ating the cells in a rredi um

cont ai ni ng e 0 the t ogens b

( NT- and 1 ﬂ PoHed B?ralér%de'?lﬁve %%ndﬁga}reo %%Cl%qf’ g)%%e %E%N’%&J;OR ur ons
wi th extastesyige /;\iteo&eggrecammrtbe eqlia Wergfrlaged 'ataaaftned/ mgdig suPPiempRted with Nkt ARfed
from emBONKF did atlied So ddrettiate R d4 idaysl eviihmahefiratcl-2ldayRafter plaowe cellsdr the MIES- 2

POST L1 Venfidl Borrafdh g ntt@ésaentd%ﬁgsssea'maw@gekwcm%& ofithelrriomtbiog/Jr fkture

positive ce vvereos en In "ﬁ) tive Wer e i fied,
but the "eRPPS R 3 %4 PRe G %iw?’F MAPRposilve- | Qﬁa'ﬂ‘ét\?l*r?é" %w%’)@ ?ﬁ”%‘ﬁ%‘% s, The
pr es®nc eposifivenehile@inly s a0 Blevers GABA éshwoadive s Siese daja indisBA-thatmpapiatiac of ve

celI's wek cag Be b8 ton@ s LBRthaE SorX&Y RSRRiItbrskidr dothlidirdctited Ardd rRtirofd\RAudignd had

nor phol teristic of neuronal cells. GCccasional GABA-positive
cells qgc}/ &Ggﬁ)({qlﬁﬁ'z&ﬁi"'faﬂ’éﬁ di d not co-express neuronal markers, but had an

astrocyt e- | i Keirthas elgbasition of congiipns feapbtairing di-gereasinadierony wasopdygied axiptsssed
bot h tyrexdnfdf Hoyies ey hameatddTikdn coam@ntVEB-c2lls dbyheafrsiee hiqrassabé enbyiacubatagnt i fi ed

by sfzai nj @Q?W..Q%e%x B epé%%nhga%@@ﬁﬁevdisﬁxﬁ%ﬁma%elvm ﬂasa%wr@ﬂ ngg{are .

cul tures ated T Ine o
bodi es VRS (RestaiPhi THe destiting BRNKA'S SR IcSUSRENEOT 'Bf“eﬂ'”'aé?%a'”'f‘%@?? H1dai0 ont 0
fi br onecdlitansoeiitbie dcid pAedr esr days, Eeragglogesesoverd3ie)lecRiO@Rd allotred 1Gfsetfloin aZemldfyse.  They

n r t h L
}Qﬁrg gﬁgabfgaﬁ% nﬁ& Q5 %.L,aﬁanrusp add, Mo tnEREh IR URRS BRRAIAG Yyt Diydite BG

ntiate furt for 14 days
The di fff@Pé?Ff'?a?aé%f’ E!@Fﬁ g %g ifezation Q‘é%“%??'ﬂé% %i? éF%PﬁWPH%H{}E«S‘Zf S-S 1
r 00rR0t erfEr Wingind, EGFRARck @ Rteriid 1@ halpb BF @S (Giigola h n9/b D GEAATRIS %Smm)eﬁncf or
dopam neyr gL |G§J1|(ﬁ&[53§,51@ﬁ§)np| e 2: Enriched popul ations of dopam nergic

cel l s Enbryoi di es re tured i [ on W aci d
for 4 daysy Tﬂwgn slwae eea owe ttaqmf and rghfergéS %?rﬁee d rré%t c]ogechM %%EE@%%F
PDGF, and miGtSigma) 9nd Patgd éfay%x 1Qi*e=|ells§~em/@n@ HOWéWS'“% emlp@m@opompd frgh enambenhead
sorti n? shdes! iSRRI hétlim foF eneﬂé’ai/35rnpomdnJmV»easqnenN§BeAdea_ dcu_s Nteiarw?saem&mgmgg 35
0 al | I nt al ne I n erl ne nmedl um
Eugp S ed"e"g 't%wg?dsrﬁ_ggﬁlﬁ‘ee'g"& gié)(}@ o ONE, AT ter 14 days, 25 t 4%
of the NCAM s‘orﬂ@e@ﬂ/fébpﬁcf (faibeR Wﬂpmﬂ-%v %Wd\ﬁé ng/mpfNT-3whi ch 1.9 0.8% were
GABA- posi tive, anelymL bFGF, 8000R5mLReSd fiddyéhod, @hd 100mamiLIFGFBY dr oxyl ase (TH): the

rate- limting z opam ne synthesis, generally considered to be
representative g‘? %p%gr#;aéqn 40 synt hesi zi ng ceI ls. 16 WD 03/000868
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i sol ate ectl fromhES cell cultures, essentially uncontam nated with
glial o g/mL BDNF, 10 ng/mL NT-3

¢ 1 uM cAMP, 200 uM ascorbic acid
e 1 uMcAMP, 200 uM ascorbic acid, 10 ng/mL BDNF, 10 ng/mL NT-3
35 The cultures were fed every other day until day 12 when they were fixed and labeled 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 1. Initial culturing in bFGF, BDNF and NT-3 yielded the highest
proportion of TH positive cells.
40
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PCT/ US02/ 19477 TABLE 2: Conditions for Producmg Dopaminergic Neurons
Culture Conditions % MAP-2 cells
that are
days 1-3 days 4-5 days 6-12 TH positive (SD)

EGF, bFGF, PDGF, IGF-1  EGF, bFGF, PDGF, IGF-1 BDNF, NT-3 20% (13%)

(same) (same) BDNF, NT-3, EPO, CAMP, AA 24%  (3%)

{same}) same plus EPO BDNF, NT-3, EPO, cAMP, AA 31% (13%)

{same) same plus CAMP BDNF, NT-3, EPO, cAMP, AA 47%  (2%)

(same) same plus EPO & cAMP  BDNF, NT-3, EPO, cAMP, AA 57%  (7%)

These data provide the first demonstration that adding cAMP and EPQ during derivation of the
15 neural precursor cells increases the percentage of neurons ultimately obtained that expressed tyrosine
hydroxylase. Studer et al. reported that proliferation and differentiation of mesencephalic precursors in

18
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TABLE 3: Test Factor Groups

Group 1 Group 2 Group 3
Neurotrophins Mitogens Stem Cell Factors
30 ng/mL NGF 30 ng/mL EGF 8 ng/mL LIF
30 ng/mL NT-3 30 ng/mL FGF-2. (basic FGF) 3 ng/mL IL-6
30 ng/mL NT-4 37 ng/mL FGF-8b 3 ng/mL IL-11

30 ng/mL BDNF 30 ng/mi. IGF-i 3 ng/mL SCF
30 ng/mL PDGF-AA 30 ng/mL CNTF
Group 4 Group 5 Group 6
Differentiation Factors TGF-B Superfamily Antagonists Differentiation Factor
TGF-B8 Superfamily
150 ng/mL Noggin 37 ng/mL SHH
30 ng/mL BMP-2 30 ng/mL Follistatin
37 ng/mL GDF-5
3 ng/mL GDNF
30 ng/mL Neurturin
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Medium containing glutamine, B27 and test factors for an additional 5 days. Cells were fixed for 20 min

in 4% paraformaldehyde, and stained with antibodies to the early neuronal marker, B-Tubulin-lll, the late
15 neuronal marker, MAP-2, and tyrosine hydroxylase, an enzyme associated with dopaminergic neurons.
Cell nuclei were labeled with DAPI, and quantified by visual inspection. Results are shown in Table 4.

TABLE 4: Direct Differentiation of hES Cells to Neurons

BTubulin-1H MAP-2 Tyrosine
Test Com.poun d Groups positive positive Hydroxylase positive
includedin Gell Gulture Gels/  %Total  Celis/wel TS/ % Tota
Control 102 — 2 1 —
Treatment  4,2,3,4,6,7,8,9,10,11 0 0 0 0 —
Treaiment  1,2,3,5,6,7,8,9,10,11 362 6% 132 14 0.2%
Treaé’f‘e"t 1,2,4,6,7,8,9, 10, 11 — — — — —




Neurotransmtter 100 M Di butyryl cAMP 10 gM Dopam ne The experi nent was
conducted as follows. Monolayer cultures of a human ES cell line were

har vest edwby3sioomsebat i ng i n Col | agenase 1V for 5-10 m n, amrdTiUsem1BCT api ng
the cells fromthe plate. The 5 cells were dissoci at ed by trituration and
pl at ed -at—stbconftuence—onto 86— welt—tTssue cutture prates pretreated w th
growt h fawawoeat equseds Iveg il gei{r) i gzg<nockpf DVEMyggedi um (s6 beco ¢dk) with
Knockout $¥rum Répl acenment (G bco BRL) conditioned 24 h by nmouse enbryonic
f eeder cq*l e day after plating, the nmediumwas replaced with

Neur obasa Nedliduen’( &%t 1 BRL) s@ppl enented with 0.5 mM gl ut amine, B27
suppl ement (G bco BRL) and groups of test factors as described bel ow. The
cel | s weeatne6t f ed Iy resh urob | Mediggm cont ajni ng @byt am ne,
B27, and t €St fa?t %Sgé;osrwlﬁd‘lagys 2#5%9 1?/§ays tgﬁe cells were harvested
by mcubq.;eagnenqn trypsin for 5-10 m n, repl ated at a 1:6 dilution onto 96

wel | ti tljréep?&t%slodﬂetreate‘d vmth’l'am n|n 0and fed2dallywth
fresh N Ved o —t6 - —for an
addi ti onal—5 ndtaiptermlwl I S vvere fi xed for 20 m n in 4% par af or rral dehyde and

stained wth antibodies to the early neuronal marker, R-Tubulin-I1I1, the

| ate 15 neuronal marker, MAP-2, and tyrosi ne hydroxyl ase, an enz rre

associ ated wi th dopam nergi c neuron M; s la g&_}h DAPI
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Tyr ogi NgpowkBs Fatedpound G oups positive positive Hydroxyl ase positive
Included in Cell Culture Cells /~ o0 Cells / o/~ Total Cells /Wll Total
vell well Control 102 - 2 1 Treatnent 1 2, 3, 4, 6, 7, 8 9, 10, 11 000
O - A Treatnent 1 2 3, 5, 6, 7, 8, 9, 10, 11 362 6% 132 14 0.2% B:
Treatment I, 2, 4, 6, 7/, 8, 9, 10, IT - - - - - C 20 WO 03/000868

PCT/ US02/ 19477 Tr eat nBABLE®: RirecEDiff@enti@ion®f hEg Cdll§ jo Nebr@®3¥8 11% 162 16 0. 5%
Db Treatnent 1, 3 4 6 7 8 9 10 11 6 - 2 4 - E: Treatnent 135 6,

7.8, 9, 10, 1 2BRdAotnd O- 2% FrunlhGRl TeRiaely 4. Broshe &, Penel 11 17

-0 2 - ' Hydroxylase MAP-
Included in Cell Culture positive positive positive po smv o
cells also

Cells/Well  Cells/Well Cells/Well posifri\éefor

Control 4 4 0
Treatment A: 1,2,3,4,6,7,8,9,10, 11 12 8 3
TreatmentB: 1,2,3,5,6,7,8,9,10, 11 268 12 4
TreatmentC: 1,2,4,6,7,8,9,10, 11 12 0 0]
TreatmentD: 1,2,5,6,7,8,9,10, 11 372 48 7 15%
TreatmentE: 1,3,4,6,7,8,9,10, 11 0 0 0
TreatmentF: 1,3,5,6,7,8,9,10, 11 196 56 0
TreatmentG: 1,4,6,7,8,9, 10, 11 16 0 9




G - = not determned In another experinent, cells were cultured in

Neur obasal Medi um suppl enented with glutam ne, B27 and groups of test
factors awolefarses harvested with trypsin at 8 days, and replwsvBd4iDr 5
days. Results are 5 shown in Table 5. TABLE 5: Direct Differentiation of
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25 Figure 2(D) shows the benefit of omitting retinoic acid (RA) from the mixture where dopaminergic
neurons are desired. Cells were differentiated according to treatment F as previously (left 2 bars) or
omitting retinoic acid (right 2 bars). Including retinoic acid increased the total percentage of B-tubulin
positive neurons somewhat, but decreased the proportion of those neurons staining positively for tyrosine
hydroxylase.
30
Example 5: Proliferative regeneration of neural precursors by serial passaging
The neural progenitors of this invention can be passaged and expanded in culture,
demonstrating some of their unique and beneficial properties.
In an exemplary experiment, human embryonic stem cells were harvested and placed into
35  suspension culture to form embryoid bodies in knockout DMEM containing 20% FBS plus 10 pM retinoic
acid. After 4 days, the embryoid bodies were plated onto poly-L-lysine/fibronectin-coated plates in
DMEM/F12 medium supplemented with N2 supplement, B27 supplement at half the usual amount,
10 ng/mL human EGF, 10 ng/mL human bFGF, 1 ng/mL human PDGF-AA, and 1 ng/mL human IGF-1.
The cells were cultured for 3 days, and harvested by brief trypsinization as follows. Half a mL
40  0.5% Trypsin in 0.53 mM EDTA (Gibco # 25300-054) was layered into each well of a 6-well plate, then
immediately removed from the plate. After waiting 15 seconds (room temperature), neurobasal medium
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follistatin in direct differentiation. hES cells represented by the first
bar were treated with the factors of Goups 1, 4, 6, 7, 9, 10, and 11
(Tabl e 3)wowsonsgO0 pM cAMP, 5 U nL EPO, plus 30 ng/ nL FGPC/US@/odp7 20 2).
Virtually no (3-tubulin positive neurons were forned in the absence of
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suppl erert—w e is s
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pl at es wer Goaktait ed Wesshgel niwel T of 15 p 5| ne@ésl gmen#iRd274) ,
fol lowed by 1 mwell of 20§ nfSHifan ’%Béceﬁ I”I a FﬁFn COHy#yroxylase
23017- UJ.O) overmi ght—The cetd pel tet—fTom
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suppl emepds, badF, 0g/ ML NT-3, and 10 ng/ mL BDNF, and plated onto the coated
wel |'s at 500, 000 to 789, 000+t | sigér wetl. Aftter 5 days, the cells were
recovered by conplete tryp5| ni zat1 on, counted, and replated at 100,000 to
150, 000 oe¢t-$,80Rer wel P4in nétit pol 37’*1+y5| nefl ani ni'n coat®d welTs in the
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p4 ++ ++ - - - - -
EGF, bFGF
p8 + + - - - - -

20
Thus, cells passaged in a combination of BDNF, NT-3, EGF, and bFGF abundantly expressed the neural
progenitor markers Nestin and NCAM.
Figure 3(B) shows results obtained when these cells were induced to terminally differentiate in
BDNF and NT-3 alone. The cells passaged in a combination of BDNF, NT-3, EGF and bFGF produced



Figure 3(A) shows the growmh curves fromthis experinment. Cells passaged in
BDNF and NT-3 15 alone stop grow ng after -1 week, predom nantly

di f f er entwetodnogsssit o neurons. However, addi ng EG-F and bFE@ETIUS0Y/va7nedi um
allowed the cells to continue proliferating in the precursor form The
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many of nidgims angk cultured for a following 4 days. They were then differentiated in medlum contamlng
20 10 ng/mL BDNF and 10 ng/mL NT-3 but no mitogens.

Adaptations of the invention described in this disclosure are a matter of routine optimization,
and can be done without departing from the spirit of the invention, or the scope of the claims below.
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characteristics that they did before freezing: 60-80% R-tubulin and MAP-2
positive, -5%positive for tyrosine hydroxylase. In a related experinent,
cel | s werwogsoosesand passaged as clusters rather than on actaisour®77 15
substrate. Neural progenitors were harvested using trypsin froma 6 well

pl ate when nearly confluent (-3 or @4 xu3d05 cells per well). They were then
seeded at -2.5 x 105 cells per well Tn nonadherent wells, and cultured in
2 nmL neural basal nedium containing B27 supplenment, 10 ng/m_ BDNF, 10 ng/ nL
NT-3, 10 Ingy differfi@ated @eitipabOlating/ quituréd-@FvitroTeereie lal leashe PA% PEMAPBEPOsite] sl ng
day by exchaﬁ% iﬂgcmdcferlét‘a@nat Wb@@og@ﬂ@f@hﬂédﬂbﬁ?ﬁht@ BllripatehttdnOPP Sk etls, Brity S .
They were t I orm reo%g;oﬁo romegéum containing 20 10 ng/nL BDNF and 10
ng/ mL NT-3 bl?f’e?"lg ?o ens. K’cﬂgﬁt ations of the invention described in this
di sclosure are a rf’eﬁYteémreQ?ﬂyf@WtWW@XV@ml m zation, and can be done wi t hout
departing from {hang§Rédst aefamine@pdrinétationon, or the scope of the clains

bel ow. 25 24 WD 03/000868 PCT/ US02/ 19477 CLAIMS 1. A differentiated cell
popul ation cultured in vitro, wherein at |east -30% of MAP-2 03|t|ve cells
have the @hdt &itferentiatopicell pprulation gyitured dn NirgqWiReIH At lgagt ~ﬁé> Hfa“p‘P? Glisen the
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t hat they are pkogreyyreldse dodamine updn dativatiat e pl uri potent stem (pPS) cells,
and have one or nohg Dvigh Bfich b8k P4 ABBGSdE Rosion MDY o PLRIESH, dathgs! ne
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cell's accorgdts@nd @ cemdi siel or 2. 4. The neuronal precursor cell population
according to claim3, which is capable of at |east 20 popul ation doublings
in culture, and which after 20 doublings maintains an ability to form

di f f er ent i4at&g newional \PessUEeLt Get RGPUkRien ARFPITEI o CRIMaBnhichois c2pabisost at iRastu?] ng
with NT-3, BioplfatioNTdodoliagedin &litre, Bt whioh adleteed RbdbO@RMBaintéins An slityotb foro cel |

popul at i Ons’dlfﬁ;%ﬁﬁééot Jng F;%at.ér{a%c Rlirg t agmha&quonocfumnywm,@ﬁ@cBm Gt-2Lfg _and

the wundifferentiate |ne rom they were obtained. 6. The
cel | popul atVeh '(EifméT’dffFH%wgf"ﬂ whi ch belongs to a set of cell popul ations
according to claim5. 7. A nethod of making a neuronal precursor cell

popul ati on, £ Q5K kwd) &4 ‘populations, consisting of the cell population of any preceding claim, and the
undifferentiated pPS cell line from which they were obtained.

6. The cell population of claims 1-4, which belongs to a set of cell populations according to claim 5.

7. A method of making a neuronal precursor cell population, comprising:
a) culturing primate pluripotent stem (pPS) cells or their progeny in a medium containing
one or more neurotrophins and one or more mitogens, and
b) harvesting from the culture a cell population in which at least ~60% of the cells express
A2BS5, polysialylated NCAM, or Nestin; which is capable of at least 20 doublings in culture, and
which after 20 doublings maintains an ability to be differentiated into a population comprising at
least 20% MAP-2 positive cells.

8. The method of claim 7, comprising pre-differentiating pPS cells by forming embryoid bodies before
culturing with the neurotrophins and mitogens.

25



a) culturing primate pluripotent stem (pPS) cells or their progeny in a
medi um contai ning one or nore neurotrophins and one or nore mtogens, and
b) harveswong/obosesn t he culture a cell popul ation in whi chpratr/usezsi477 60% of
the cells express A2B5, polysialylated NCAM or Nestin; which is capable
of at |east 20 doublings in culture, and which after 20 doubl i ngs

mai ntains an ability to be differentiated i toa ulatl C. risjng at
'east 200 NHPe 218 Pt IR 728 Firepriing oo i gelt i ore o mafe oed o b8lg ™
pre- di f f er eruit@ing wigh ther®upgbphinsby f or m ng enbryoi d bod| es before cuI turing
wi th the neur otrophi ns and mtogens. 25 WO 03/ 000868 PCT/ US02/ 19477 9. The
met hod of_ cl r|S|n cuI LAdded
m t ogens Bet'dF é"e%c?gf)ftcﬁar'ﬁ ﬂsmgnse '391 stntl? %le 8 E%M#H&I}gte%k W% claim
7-9, conpri gP'ﬁ@eééW@t’ﬂ?F%"@%P\l@'efwa!tmaéiﬂﬁ@%@"to a soI i d substrate but which
are released fromthe substrate by brief enzymatic digestion. 11. A method

of making, ags&n@yhamge&wuﬁo% #%gurLorQQI%knﬂétl'oP@om&@mEr' sing: &) culturi g

progeny of t cells m con g%g 'Eg:
superfam |y ant a?@&\‘n'f“ﬁ'ﬂ%pm%ﬁ’?)ﬁl ohire Ry vels iy ﬁd”ef"r“@rﬁ°f‘tﬁ'8'“%8?‘f ﬁr ’B°"éa |TGF-B
popul ati on isopedamihantegotiggstd 50% of the cells express either

pol ysi al yl at ed w&'ﬁmgﬁ%m‘i iﬁg'éblluﬂa 4 bdil-podidatior] MENBR LN REst BboCdr BleMPellsloxprkter ei n
t he nedi um f ther r&e,; re neurotrophins and one or nore
Fihcpaogbies G &Py i i

m t ogens. IFaim 12, wherein the cell popul ation was
pr oduced by pI ating the pPS cells onto a solid surface without formng
enbr yoi d 120dine$neod 68Jidim aggmeeattesmedidn fufititecomeins @de of maeé Adéumdtrdghink3ind wheer ei n
t he cell popli;lm%;lrma s produced by culturing progeny of the pPS cells in
a medi um cont 4 ni ng oth noggin and follistatin. 15. The nethod of claim
7-14, wherein the added mtogen(s) include a mtogen selected from

epi der mal 13grvetntettbacitcim { EG-vher&iathie celf popwlaibh aast propucect Hy pfating the pRSxEEBFINfo

pl at el et - der aehif kX Fodies g dgdeied)- | i ke growth factor 1
(1G-1), cﬁ%ﬁgs%g%&m%%urdtér%%&ﬁfns |Iﬁsé udle ggegrtotrophl n 3 (NT-3) or

br ai n-derl ved neurotrophic factor (BDNF). 16. The nmethod of claim7-15,
wher ei n t e Tddwthodiot aaiw g4y, wharsinukeced pgrulatienpwaserdducedBpPC)ituringzprogeneofiika hod

of clai m 7- Ifps e@Ph mshiltg chesHadoGodditana@ilsatiat | east 6 tinmes in a medium
conprising an added neurotrophin and an added m togen. 18. The nethod of

claim7-17, wherein the neuronal precursor cells after 20 doublings
mai Nt ai n tn Thabethadyoft aim of- t, dThEfeisr BAtEIEAceIQIBN(E) IHBMIR AtTigay sakeciedifom at
| east - 30% adpiddiiat grovatd ictot (EGFK e&duﬁubm&mt@&sm fhotdr QEFGFE plajetht-ostydcenthlfactar

cul turing WI(},BGHT ar% ns@mﬁe 8,150;{}14?1 é&'@ﬁ arlRHFne Me@%?oqro rF éneuﬂo?roph-il;he

met hod of clal uronal precursor ce ter
doubl i ngs rra?(l'i‘tTéﬁ)?fbéﬁ‘f‘ deétl(ﬁdlWet"ﬁt“{pa'cf"@PFﬁBBNF)f erentiated cell popul atl ons in
which at least -5%of all the cells in the population express tyrosine

hydr Oxy| age HHaMdtriol b ctirh NG5 \Wnbrain k-3 dedBiien(@Niheidacddidnbidetin E#o).n0 added

m t ogens.

17. The method of claim 7-16, comprising passaging the cells at least 6 times in a medium comprising
an added neurotrophin and an added mitogen.

18. The method of claim 7-17, wherein the neuronal precursor cells after 20 doublings maintain an
ability to form differentiated cell populations in which at least ~30% of MAP-2 positive cells express
tyrosine hydroxylase upon culturing with NT-3, BDNF, NT-4 and NGF, but no added mitogens.

19. The method of claim 7-18, wherein the neuronal precursor cells after 20 doublings maintain an
ability to form differentiated cell populations in which at least ~5% of all the cells in the population
express tyrosine hydroxylase upon culturing with NT-3, BDNF, NT-4 and NGF, but no added

mitogens.



26 WO 03/000868 PCT/ US02/19477 20. A nethod for producing differentiated
cells, conprising culturing neuronal precursor cells made according to the
met hod ofwarnwg/afseg! ai s 7- 19 a nedi um cont ai ni ng one or mpca/dSaziwrs
selected from neurotrophins, cAWMP, and ascorbic acid in the absence of

added m t896NG0in&ilror ﬁfogﬂ%hg%g ?tr atéddc%r's.t 'cgrxﬁnglgg E%Fn%r r%u%Héltp?é?:lJr@orf delis made

derivation, nalntena ferentiation neur onal recursor (%Jn
accor di ng t GOEHinGR tedRPNoR OhaRYy ohFlaipp 4i1He m/ed’i*ﬁ’ CoptAiRiAY PR W ULRIPTOP SHE'S
cells with domaewbirapaing cAMBfanfl agbbicsicid indlgpabderae oiaddédrgitogensf unct i on,
culturing the cells with a smaller conbi nati on in \/\hi ch sone functi onal

groups haye bee ved, and th i.dent whi ¢ aclors ired
for deri \afdt |Ab'ﬁetp%{af? rr'geéﬁtg'ﬁ% clo rsucﬁb{‘e ff%rr eerr'l\‘tal at fno'HteB nc‘lf:] erFrImat' 74 ? n%f oq‘gl'tjh d
of screeni ngregurseFpitsATePrdingto fegnedtiog alcany efflaeuf-2t: C?f@?”ls'ﬁg Bifiturngife gely Wit |
activity, Gombihdtidh Bdactdy groWpad hitbialg tdTenceapauig thei celis withe sealidr cgaratiat i on

f cl 1-4 dj f
Claime 7207 by 8h s EnecRgunat nal, i Eﬁﬁn%?q"%” ket it TP

t he popul atlf%"?dﬁa’tdef"{%?ﬂ f“é'mef“i"”ﬁ?nob@ Heplitty W‘l% th the conpound; and c)
correl ati ng the change with an effect of the conpound on neural cells or a

neural ¢ f2 Ah?nghbfo* 3§cree§'§7g TQ@m&ﬁﬁ@%?'lﬁgefﬂg&t&pgeﬁl c@lllsabm%urap@émédtlﬁﬂyng one
nore o | ow ng: determ ning whether the conpound is toxic to

the celI's; CSBPEIRi ni ng whet her the conpound affects ability of the cells
to be mai nt ai ned) icomigining the eompougdd with tHendeth gorutetioh e claifig 1cdo9pd IFAk Pertyigiefe s
neurotransmr;,gdggedgym(h@%@.en@mb@@%g.msqrzo upt ake by the cells; or

det er m ni ng Whetb?% termlmr? aanRaLf'@g tqc R&ﬁ% o? a@tﬁw @péa |}1QIL gc)fnﬂlgtion tm r&sﬁl%

24. A nedi canent ationo or a cel
popul ati on ﬂwm@@WWSWthQCWR?”’ﬂ‘E@‘%t hod of cl ai ms 7-20 for treatment
of the human or oalwrrw'cmd:)mdyhetmge g/l gre efecost thieheammpynd ddSeuldsesllobr @nag lcell
popul ati on Q{ctnﬁ%l aims 1-4, or a cell population produced according to the
met hod of claifs 7- 20, in the preparation of a nedi canent for
reconstituting or supplenmenting central nervous system (CNS) function in
an i ndi viadudihe s@éningsethofl ofzlageld, cgapisihatrieonmork otthaljoevin- 4, or a cel |

popul ation prOduc%teﬂﬁﬁ%meﬂﬂrﬁmgcﬂp@hr{mst%x@@the‘d@lls t he prepar at| on of a
nmedi canent for treatnment of Parkinson's

popul ation(s), Mhetdeisannig} whether Be C%W“%‘ragﬁ‘"é%l?q‘l'@' ¢ hge ‘?’HS tWe’Paé’i't‘H"‘?dH'éC“Bﬁé cells
have been i sol at ewtefmioing shétberethe bbre@uimL grehgesoreudbransiniter pynthgeisyreleésesach
cell's. 28. The cel,.ROpHh&tn9BkS), method, or use of any precedi ng claim

wherein the pPS cells are human errer/onl c stem cel %
e determining whether the compound changes electrophy3|ologyo the cells.

24. A medicament comprising a cell population of claims 1-4, or a cell population produced according
to the method of claims 7-20 for treatment of the human or animal body by surgery or therapy.

25. Use of a cell population of claims 1-4, or a cell population produced according to the method of
claims 7-20, in the preparation of a medicament for reconstituting or supplementing central
nervous system (CNS) function in an individual.

26. Use of a cell population of claims 1-4, or a cell population produced according to claims 7-20, in

the preparation of a medicament for treatment of Parkinson’s disease.

27. The cell population(s), method, or use of any preceding claim, wherein the pPS cells have been
isolated from a human blastocyst, or are the progeny of such cells.

28. The cell population(s), method, or use of any preceding claim, wherein the pPS cells are human
embryonic stem cells.



