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2. DESCRIPTION OF RELATED ART
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disease, Alzheimer’s disease, and schizophrenia are destructive diseases that are
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structures in the forebrain, and their degeneration or abnormal function is associated with
Parkinson’s disease, schizophrenia, and drug addiction (Hynes et al., 1995, Cell 80:95-
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rain cell's I'nneurodegenerative disorders an

dopamietrpinaluretissan besitiliB izFi/E AR dBRi b4 MAENHONILl prevent

0018] .. The present disclosure relates to inproved
or 1e ?%’6%@ It APEBERFCPHO wﬂ%fﬁ%ﬁ a ??}FO‘if‘@ﬂl%,gﬁ‘é?s&ﬁ%fﬁPfs and
neurofs di&hsdshal |y differentiated neurons, from pluripotent
stem cells such as human enbryonic stemcells. For
exanple, th wﬁaﬁl i 96 DR ates that a
popul ati on g“)f uman %ﬁ%ﬁo@‘??@t em ceﬁ@ﬁcan
i fferengi 460t i pr.op ' 0 0 .
[Oomgosi fllgev ef"lfegérn%t 3(/1 %8&8%3 E}e/%r Sxﬁgagéﬁwgﬂ, ];%eﬁg%(geci%? i & roducing
neuroﬁﬁi’%ﬁﬁtor{]oeﬂs, ad @f&lrﬁ's(rjteﬂhgihﬂl}nﬁﬂbfﬁlﬁﬁatéé élgumn@tfrdne phiripateatistem
60% . The present disclosure also enpnsirates that_ a
cells soeueat h%albfeﬂ_ﬁ)aw St yGHFc SPRrXaBPpies thepresent disclosure
demofitfab & B é[_%t)ﬁulh@(grp ofhufhd Qﬁpﬂgﬂ)ﬂﬁr Libaneefh cif gﬁ?&&ﬁfagé fhto a
neur ons. e percentages of dopam nergic an
high mepationef gegronepositie: e heosine tydroxylrsti (T¢1)s @ spdefic marker for

et hods of th t discl hi ah h
doparfiERh TP o ekt L1578 RBOR. OUHY: ol Hoders ity als
demofiGfaRIs XY pBHSRHAL of Hsh EMbBRARS 3@ Gk lofin fkdieiies into a

_ phenotypic characteristics of cholinergic and sensory
high mpeepooiien ofs sewetonergic astnoosyt ddeaperceitages deh dlopayinergic and

from human enbryoni ¢ st.em.cells. 00 The present
serotcfs FRTPES EPOTH HoCoap e o bioesd 2t PRSI GRRBhre are
highet hadpreAoMslY ldescribiell inwtRo Rt B @@thdls distlossdehéreiat i also be

primate pluripotent stemcells, wherein at |east 60%

used & gepaalsdiedls evighthapbenobai shapdedrsisa it rbpbinugivetndopmsory
- I

s S ARLR AT ARE sl B BAEHPR iy et
nbodi nents, at. |east .gbout..30%. 40% ..50% . 70% 80% _.

10019 TS sEsboop SN AR § Bl fel dopliagpin B viro

culturd @B JAH YO feRtAH AR ESprinldie pﬁii‘i?ﬁ&ﬁi steinel1§ Sitegei@ hSleast 60% of

provides a differentiated cell population in an_in
the differensiated| qelis are BopanRaerSisynaeise CEPRESSatyFasinephydigidase, or are
[ rei east % .
B e S e e e P
least Sidne B0%e AU BOBNTE%, 80%) BG&] 959 @uDI%OSH the AMffer&fged 1M are

80% .90% 95% qr 99% of th 7 .
dopamineggic nf?urons. ° The preosent cﬁiscﬁosure also provides a differentiated cell

population in an in vitro culture obtained by differentiating primate pluripotent stem
cells, wherein at least 30% of the differentiated cells are serotonergic neurons. In other
embodiments, at least about 40%, 50%, 60%, 70%, 80%, 90%, 95% or 99% of the



WO 2004/ 081172 PCT/ 1 B2004/ 001246 differentiated cells
are serotonergic neurons. In a preferred enbodi nent,

woOher4psitmat e pluri potent stem cells differentparas2004/001246
i nto neuroprogenitor cells or neurons are human

.. enbryonic stemcells. [0020] The present disclosure
differenititedpeatls | e senvtanistgic nfanonsg;e die raaprefrgredi gnilkadimenta thedprimate

. neural cel Latjgns, from pri ri.potent stem
plurigdFf St Sl BRRKPHATS 1 BETRE0LTRE Sy RS o g
embryouid s cefis. pri mate pluripotent stemcells; (b)

culturing the pluripotent stemcells to select for
[oooneu PRy ?&géﬁttdagcl&%&é 81sb WabviaEE meRRk toy eh@htinpe diffefontiated
Cc) sorting the nestin-positive neuroprogenitor cells
neuraf gell gapuletionsniromf prigaie: plpopatentvatern edells ;coppyising the following
differentiating the nestin-positive, NCAM positive
‘cells to generate a differentiated neural cell

popul ati an by culturing the.cells in a differentiation
it cxpepdioe pulfte o! BHEVISRPOSR SAMNE, the pri mat e
(F?'((el!lyblréd?ﬁﬁﬁg Ehe%lﬁr%&&lt's&nﬁée@ls ) S f&'ﬂéﬁ&@ﬁ]g(;enﬁ&edals that are

s. In"another preferred enbodi nent,
pl urpgstiverdor mastimy cel |s used in the above methods are

preferably derived.using a |aser ahl ation.techni .

68y e s PR St e ot Re Bt B Rliraa S P

i ncl pidaiviekellgt ep of culturing the pluripotent stem

cell's of step (b) to formenbryoid bodies. Preferably,

t f&sdifferentiating the Bedineppsiive, NG egitivmerdls t@ generate ans

whi ¢ I r ' [ ] . "

posi S EEnfighd bl ' PRLAGGT LY Bl o bolRin s Ytfegontiation
pl urmpdibent stemcells or enbryoid bodies in
serumfree nmedium In preferred enbodi nents, the

[0021F €T URR & riRefeirBdlicdiBolfinent, T SleNpre@atd nplifipRertedtem ectligege Uikman
whi ch preferably includes one or nore sol uble factors

embrynsiegtemdretls.oln athemselsrred gabedimegt. dhe plusinpient stem gelinfsed

in o SBLEpAR PR R RS EPEBce

(=)

steps

erri onec

o0 BB B AR e PR gt gt

the phf@dtenfRomt £fls G1%t8eTb) fo MRS dnhbgoid Ebddes. MPreferably, these
pref erably about 80-90% nest‘l%lr%go& tive cells, and

embrymé bogieetrecalimipd uage pondisiony seleet-fppaeurpregesior sells that

231 The.n i n- Lt ; geni g .
B
bodies Sh N@ruan-$iek traddiemi NI prdf@gidcahbéditienisqtie sameh-facg medium is

i mrunol abel | ng 8. . )
ITSFn serum-free defined medium, which preferably includes one or more soluble factors
selected from the group consisting of insulin, sodium selenite, basic fibroblast growth
factor, transferrin, and fibronectin. In preferred embodiments, these methods will
generate neuroprogenitor cells which preferably comprise at least about 60-75% nestin-
positive cells, more preferably about 80-90% nestin-positive cells, and most preferably

about 95-99% nestin-positive cells.

[0023] The nestin-positive neuroprogenitor cells may then be sorted to enrich for

NCAM-positive cells using a suitable immunological technique such as immunolabeling



WO 2004/ 081172 PCT/1B2004/ 001246 and fl uorescence

sorting, for exanple Magnetic Cell Sorting (MACS),
weabi4hspitase adsorption, fluorescence-acti vat edTaeioh4/001246

sorting (FACS), flow imunocytochem stry for

cell-surface markers, or flow cytonetry assa

and fbméﬁsmnceos@mdﬁonmxlmplet Neagpetine el dSorting| W@éﬁbr%ﬂ@ phase
adsor;ﬂea S%ﬂ'ﬁgﬁegge!tntcli\é d ?\e&%rg%% %E&gf gtgqv%/ mcﬁl%q%é‘ﬁ&h%ﬁustry for

cell-suaft e akdry, oot cy@n&@%s@l@%l\ﬂm pfdférredaenﬂﬁidirﬁent@ nigeseBEdthods
preferably about 80-99% NCAM positive cells

will genprmia ROGHIRSGIYE rieedls wikgh gseiveblysempese ﬁm}qaﬁeabout 40-70%

NCAW&#H/@ Jepg r?ﬁneeo u?egﬁ%ig gaggélt?%(% BQ& ]ﬁ@%\ﬁ\{l—%o@ﬁ% ?:E]‘)fse and most

preferebdpaz{hmt) BOFQQG’B lNﬂIAM’ péﬁi\&b b@llsf ofln &eﬁﬂndﬁ&&)dlments the above
expans um co ri ses one or. nore

Preferably h
methods, (e ek Ghes EFB ale TG SHBWES YRS NS Mposttive
di t
ne“m%"&?%%*s% caRo epeld 2%%@?35%;22?‘3@‘?{% ST Iy T S0 davs
Preferhblyt the e(ma@ﬁ)n megiude coraprisgs owe lor freoce smlublE@Qtprs stegted from
hedg fi.brobl.ast

f ]
the et EPatstgior it RIS S St Te s et ghppscine,
progedionBeBisie iBARHIA:! SeowiCAMP B GF) Coplleh AP ERUTRI (h6r (EGE),

sareﬁ)re erably expan ed in culture and serially

sonic b@s@b@g Gty ﬁ@r@ﬂasmowtb @mﬂra& (F6iF -8 amd Dragsderivré Qéurotmplc

factor@'bﬁ-‘ may al so be cryopreserved in |iquid nitrogen.
Bbsitlve neuroprogenitor cells are preferably

o222 eSS S oSBE LfoeGot1,B Py
expan@8P 9 CAMAE Sind tsBBalfl ﬁﬁs@éd:-‘ Rl el @ (ﬁ)ui%@l@ﬁ rdo%ﬁﬁngs These

Neur obasal medi um'suppl emented with feta serum
cells Bay7alsebe orypprsseresdin 1mrqui mtraget YW CAMQ@S@ﬁlvaeneumpr@gmthwells

are ool LR O P g BNV El LA b (@) o e

abovePh@fties@b! yin phferdd fepitRainh@itd, Othematifaedtiatibiieedia comprises
ises one or nore differentiation agents sel ected
Neurobpihn

o gy mpﬂﬁnmm with friplsrlf semor B2d, aeordic ackd, apé Nypcetyl
cystm%%%}\'% Qﬁotg%f ﬁ%:dyclﬂbg& E ' %ﬁ%dch k%)‘ﬁtaﬁ(grp 'é]ifehdfwgg%lﬁr 1nglude

TGF-peeor intariepkia- lfﬁaﬁtb@th (TBEREab] y, mieudiffetentiatbanmedih &ddeh ogmprises

rotein and fi brobl ast growth factor
one 0€ e é}ffer§ré@ﬁsa agents) selpelpd &gy F]PSO%P% ﬁ?‘é“supﬁ é)%?é@%l&samd

N-aceBf1S&)s lPa?@é’lPh Gertegde mﬁ?gﬁﬁ@ ?&c%xe(GIﬂHf)f 8ibeRH1-&fche AMP

neural ce popul at1 ons preferably “‘conpri se
(db-c@hﬁ’ux bralr wbﬁed dl@pt@tmplerfgctor (BIONE) evimine sgnie hedgehbgy protein

b 7 % m n j eurons, and nost
(SHHS 50331‘?9 %&@6 m nergi c neurons. In

certa n di nents, se et hods re used to
IOOZSbenefpaﬁref%aﬁg ﬁg}bemeaf%gwrf@a%ﬁs isglps Ve fieoyed i igeperate
differ@tBid a4l COIPT) ﬁlaﬂ@?&o U\Rf]él%ﬂ Eg%rﬁﬁ&ogg@gﬁ&' CGaibout  40-60%

neurons, nore preferab out “30- /70 tonergic
dopanmawgmseurons more preferably about 70-80% dopaminergic neurons, and most

preferably about 90-99% dopaminergic neurons. In certain embodiments, these methods
are used to generate differentiated neural cell populations which preferably comprise

about 20-50% serotonergic neurons, more preferably about 30-70% serotonergic neurons,



9 WD 2004/ 081172 PCT/ |1 B2004/ 001246 and nost
pref erably about 60-99% serotonergi c neurons. |In other
wenbadsment s, these mnethods are used to gener RLE/IB2004/001246
differentiated neural cell popul ations which
preferably conprise about 15-40% ol i godendrocytes,
and mest prefiaralfly rhpityoRBPat serBorBogis n6ltogsddn dther erbodimgnes, these

st_preferahly ab 60-.99% 0| | endr tes..[LO
methofff ke BREL T Mnda® BilbsRncd el HETRRLAGHS Snig Pty
compiePagbdifr gi5-40%Ur ORgodehd@8yteE U BPFe0 g raférdblyC ehbott  25-50%
. conprising_enrichi n%the neur opr ogeni t or cells for
oligodendnosytesh #nd moskpisEszaly seout 6P-Ofexseligodendracytes.
differentiating the nestin-positive cells to generate
[0026} o p diermmesgint discloswa pravjdes uhethedsrg geheratiag depammnergis neurons

from %ﬁ%ﬁggg%i@§ cég,: Fé‘iﬁ?gl{% igﬁt{lc%zg@)g%%g%%{%%{ﬁt&%eﬂs for cells that

are poSisitE Nfo O fikdtiny Earfee | diFerahifatiap e fel Retid-péstived QBRI to€ pBhetate
neurons using these nethods. In other enbodi nents,

dopantinergic nAsronsdy qulivting the eslain theeresereeeli AgFthReor interleukin-14

it f | p . i L . .
or b RREAAS 0 68 T LSR5, B 4
dopangihergﬂ_f eduedrslsingdhdst m&hddis.ahe@thtn?erglmmngﬁte, th%sg rréeﬂ(}ods further
Jopani nergi ¢ neurons (e.g., .at | east about,  60-
compiieengieching 1§ fr{ﬁtl,lioefﬁgie&é@ GeHe &0r erdlp ahat e ep%ﬂﬁf‘eiﬂrg}@m and
these H%Emilgss%&w, ﬁbﬁ%—%ééigi@e LeHO N Yéf@%ﬁly’@ﬁ?é?&lﬁilagd to generate

generating’ neuro rom neur opr ogeni‘tor cell's, _
dopantioengid siemgne nfeige,hiah dedsh aboetu 661998gari ther calsl diffdrentiate into

cells that are_positive,fqr nestin and NCA n .
dopargiperelsy BRHIPRY; nght RESHsLirHlopse Sk gﬁ gegorating
neurof€ bofh AQurSHOEERIe B, RbRPALES Cenﬁ@l’ﬂﬁg'ﬁe B¥urEptobatitoR @ells for

the cells inthe resence of TGF-03 or interleukin-1

cells fhabrardp positiverfer aesin gnd NCAMagnd aifferenBgingotheofestippositive,

stin-posjtjve M positi.ve cells differengia .
el Balsnie BreReorpeetal Moo de wbFole TS, e
presendReITEEPAtordhsAL@GHH B odlbsth. PPrefralsts, araédipaisout 30-99% of the

_treating subjects with neurodegenerative disorders or
nestlmttWa%%ﬁdwé@e wplls differansieterintagserejonergijeaeqns using these
| fferentiated neural cells derived fromprimate

methops'uri potent stemcells as described herein. For

xampl e, the differentiated.neural, cel} popul ati .
10027] g b ori g SlslorE| Tt g U AR et vt
neuroBédeiBlalvd| dikbiaeise bt Sduesnal edibéuses by Gdidindkterifig tde a subject

pluripotent stemcells to select for neurgp eni_tor

differeioted neveal cahederiyed oM pieppioRt stem)celos dergtedorein.
R PRk APLAA Ao Gl e doRe PR HAREN

e
For exan
0

-
et

(a) expanding a culture of primate pluripotent stem cells;

(b) culturing the pluripotent stem cells to select for neuroprogenitor cells that are
positive for nestin;

(c) sorting the nestin-positive neuroprogenitor cells for enrichment of NCAM-

positive cells;
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WD 2004/ 081172 PCT/ | B2004/ 001246 (d) differentiating

the nestin-positive, NCAM positive cells to generate a
wdizbdsmsernti at ed neural cell popul ati on by cul t BCcTmBRODAIE1246

cells in a differentiation nedia. (e) admnistering a

therapeutically effective amobunt of the differentiated

néd) rchfferenteatingrt S‘atupo sutlthﬁANbp@Sétmer(‘&llS ffeganeTate 2

o 1R s S opietr i @B IR gets W Faittoretiaion

i nt ghédalki n-1f3 or both. In preferred enbodi nents,
the subject is a patient, nore preferably a human
p?é)' RinisRAfg b 'ﬁ?eriifehff@él@/ difebtivPRh it oSthe M fE&abhtsated Rural
human enbryonic stemcells. Preferably the human
enbropBmiopulstien itk |centzal seivions systsnpeli thbFebiedtt h t he
patient, for exanple if the pluripotent stemcells
[0028Ls ecPrlamrefbl}e sthe rdlffaiehtyatiolnemsaaangledmrr"éGﬁs{ﬂ be intpﬂd:likiunﬂ[& or

v, SPA AT S TBRSARL R 0BT SO0 BSR4

patlen@sﬁﬁ@q}ié EstirRate OpILEAPSIEMILRAY (c88s R Gubi@l kB ohi @”tehh &ells.
fterentiated neural cell population and adm ni stered

Preferablytihe }pmmanecmbryﬁhESsieln@ellls are |Ims¢¢qump|a‘gblphw@1th the patient, for

I a ural.,cel | ulatlo
examly i SHE PlirBiehy YL 2uu e, RER-SFlBlly (68 JehE, gongpe s the
patienfl € UnOSRAE emBbdinfntl %@pﬁﬁh@rg@d, sefyisrengt, ehalReaes, or sensory
including but not [imted to a ONS i sor der ,
neulomar Rt naléginalivglys essecyte A4 e.o}rg@de@dmcg@as are Hsplatedg ifigm sthe
dlffer%nC a e%s geur%lpkglg)po%ﬁfagpepsér dsr{n"ilnf%é%g& ot gt'hg éﬁtﬁﬁtr aIThese cells,
mcludﬂﬁ@ﬂ%ﬁﬁﬂkﬁénﬁzh&i aélrhiscellr gopathtion) sinceeatinyiistered to the subJect to

transpl antation, for exanple by transpl ant| n
treat MR TRIGERIGSA edBIAF o5 neupRnal Jijeates b@%lb%not

hmltegt ey gﬁ?o disBRIE, SPmkﬂﬁor? b f Jiglag0t A%@&é?%ufl@éasﬁ,e lth@itington’s
erive I's as

rom pri'mate uri pot ént stem ce
diseaste spinalbestd hajuey nammtrdphlwkamialt sn:lemmeéALSb ngpdlepsys strbke, and

. exanpl e [l ecul e S eir effect
ischergi  RasToepeton iRl G HUGREICTEh Py SrisD RSy f, pyRly by
trans gtﬁ@&ésr‘red 4R iR@ROBAAS RO &P be screened for

neur cell toxicity or nodul at| on. A conpound can be

[@ozggva' llﬁa{)t‘ﬁ?r Q%ﬁb%ﬂﬂfeﬁ@ 'i:ﬂbed %&9&%@ defra RAP %ﬁ&é@ﬁo&f primate

fferen neur al s and conparing t
pluripteny steal gelleas ﬂbmhbtherpimeuantbﬁ peed fouseoden aoadpouadst foriekgmple

or ot her aracgeristigs t he..cel | i th .
sl R IF i AR e St P e R FR sl el thp activity
of theQn gél}é ONFheb BEmPRIndS X RS 8o L1 sBRes@MRRURELralF@Ell toxicity or

exanpl e, the conpounds can be screened to determ ne

moduldtienhek compyunelf dapdte eibntedyi adding tho compewnd toed population of
dlfferé%t@ (ﬁ%lﬂd} frlg%%ﬁsc%mfl% gi%tfik fva ymgrrf)%oﬁﬁy, pshen&&pg,@unctmnal

activity, or other characteristics of the cells with differentiated neural cells cultured under

similar conditions but not exposed to the compound. For example, the compounds can be
screened to determine whether they effect changes in neurotransmitter synthesis, release,

or uptake by the cells.
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BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NGS

[0030] The followi ng drawi ngs form part of the present
wepewioBiwati on and are included to further deronaBroat/en1246

certain aspects of the present disclosure, the

i nventions of which can be better understood

ERIEFDBICRIP I QF Ty SBEVERMYEWS L RHE IP]ﬁA INGS

conbi nation wth the detailed description of specific
[0030F b oEhierdoliawipg edraviings foemepart ¢f00®1 presémyusnecificgtionwend are

1nc1ud§$ g(hﬁﬁ’g'lg? géﬂl{)r%rgia X relétécis ggl?etc}/s 03' tﬁ%Prei?&g ?'a ﬁﬂOEI{% he rHv%ntlons of

whichn€ati BB g ivhaérseed |b"y tdfaén@r & oh8T8tNALRAGE Ith@e Wirh\hmgs in
the nestin marker; (B phase caontrast photograph

combigatiorewith the detailedidprctipt pn §f %matﬁmb@ dEngmiyRresenfddisyein.
serumfree conditions in the presence of selected

[0031]r ovifigufead tshows npm&gr@]gemtcg wells FedvrshWiom FACS embrypsicsstem

nestl n- OSI C rived from huna ryanic
cols: agrtit RERERy il i O s SRRt ey, SRS LR e
1mmuﬁ<51@h<ytﬁzle3wm& thd)Gestidnhairet 8) Gelal Iﬁ}asé'\lbdnﬁfhst/\@]i(ﬁoglﬁp@bf Ghestin-
with anti-rabbit FITC (B) shows an anal é}SI s of cells

positiyealls\artavare expasdedmder serporfies songiionp stiihe mspsengeg| selected
Aabeled with anti-rabbit FITC (secondary
growtfi‘%jc (%)ody) In this study, about 50- 60% of the

est 0 ive S or
10032] o BFuR bV S PR iR o P BN SF bl A g
embryxﬁi%vkteﬁxs bdlisvendC Ribbled wieh INCAIMEFIQO: hl@@@h@ﬂbwmepysﬁt &Mthe

cells that were sorted using MACS and repl ated

unlabelpd sells, e eresreated svitl] WURAPbILIGTI cl13) shayislaa gnalyss of cells
that Jer@&%%&? v buI %&%&%{a\?@ﬁ&bﬁm Algfl %nél % eﬂ%ﬁ‘ﬂ %1{1 -raWF%TC

yoni ¢
(secorely antipdiPS] InFihgrustad sdmmomw) }@If&ﬁ@ rmeﬁlmlﬁosrtw oslls were
positive for tyrosine hydroxylase (TH): (A
Hnmmpﬁ%ﬁﬁ@ﬁleﬁwgg@@ﬂce anal ysi s denonstrated that about
60% of the neurons were positive for TH in an

[0033knr i Bigure Gdpardt $Brarefilucamoviaesranisepf NGAMmppsiieseells

deﬁvegf@r?rhgllﬁn&éﬂ%%bg%ﬁg gt%l% %II‘El ﬂ%@%#ez sroﬁg\ﬁgﬁgtel\?zﬂpﬁgﬁﬁ%pﬁg%’on

tissue@xharsilass. and dlfferentlation of unsorted
nestin-positive cells. [0036] Figure 6 is a

[0034Y epfFﬁﬁ% atal e df 48 0fre RGB! BideEraghy Of neurons labeled with
ol goﬁéndrocytes Innunoflourescence anal ysi s

R&Adenddktbah@diNdﬁﬁmpbmnmlﬁab@bwaBmB@ﬂ&of t he isol ated
nestin-positive cells stained positively as

[0035p] | gBigand Soshpiiasthe zesdfite? 00 A6 R8sl pasiPET fdrB3 OB eOhykizd6ylase
(TH): m(ggﬂl o gﬁégre;@hg%%%rﬁg% S?lggrtls%rtalte\éeth];tl %21?%8‘%]8{3 the neurons
were positive for TH in an enriched population of NCAM-positive cells using MACS;
(B) immunofluorescence analysis showed that about 40% of the neurons were positive

for TH after the expansion and differentiation of unsorted nestin-positive cells.

[0036] Figure 6 is a representative fluorescence micrograph of oligodendrocytes.
Immunoflourescence analysis demonstrated that approximately 25-30% of the isolated

nestin-positive cells stained positively as oligodendrocytes.
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expressing the neurotransmitter Serotonin.
Approxi mately 30% of nestin-positive cells, as well
wea0emerioxi matel y 20% of NCAM positive cells, ReT@B2004/001246
i mmunoreactive with Serotonin. [0038] Figure 8 is a
fluorescent m crograph of dopam nergic neurons
[0037] rmFighesh 8| ésd a tepresepiative dbwyesesnge ot ogrepin exfr penronal cells

expre%sﬁ%cl gbﬁg@ﬂ%ﬁgﬁ% é{{;ﬁ% C%{legm)r%%ldli?aﬁ%&i@%a 8{‘ Bérslfllﬁ%sﬂive cells,

as wdl0@8 Ypploxghiately920% &f BETAMIRIRNIvE hedllsh & etd emBRIn6RAERGEWith
of MAP-2-positive neurons positive for TH

Serotquiypani ner gi ¢ neurons): as shown, the percentage of
neurons positive for TH increases over 7, 22, and 37
[0038} ay sFigaref 8)istanifyorectiitaniermgraphi of dop§radaic Fugonsdmbiuniotabgled

raph, showi ng a quantitative analysi.s of diff t.
for THIrghER BT Rl iaie Ak el 2 phPotisaten of ol b
(A)B‘ﬁﬂiuﬂiﬁ;ﬁﬁB‘?MAP&;'(@}NhMl%’@(DﬁﬂA‘E NCAM posi tive cells
were al so i mmnopositive for TH, approxi mately 30%

r eg: n . , I
10039 g i OB AL BIa08, B0 P D MR PRl Sloirons
positiyfdd TH (dogammeigic naurand)aas showpiths baventggaofneardns tpasitive for

.analysis of diff nt uronal.. cell popul ations after
TH ingre §?’?fnf&?tdar@i ﬁ%ryéﬁ g’é&‘%"bﬁi‘ff&@nﬁ%ﬁ'n- positive cells
as anal yzed by i munof | ourescence: approximtely 40%
[0040h¢  cifiguireld st brs granhyabowing squmkiive aptlip ek differsat pepronal
cell Jgul BRSO RRERANOARMNRREAATUARPOS bbb Cinkdly. 603, of the
rotonin; ~approxi mately Yowere i noposi tive for
NCAMMagdnrenckiiscyere, aBodinappropesitiat by THY) apgrorimately 30% were
. i mmunoposi tive for glial fibrillar acidic protein
1mmutl@s>ﬂ1ﬂ,vgﬁh~§?rm@.nn¥; apd éEErP@é%ﬂt%)l.S%’ Vs 4MusopeRidve T GABA
and gRPAYR: t he gene expression profile of human enbryonic
stemcells during in vitro termnal-differentiation

ot | . Y el " .
(0041, IEEEe Pl ol R LA li®fiTe 8 A0 8P el nguronal
cell p@jﬁ#allt‘nﬁs aftor gxpandio endediffeentiatino fmestin-positkyradedls ananalyzed by
) cells; and the remaining ti poi nts indicate the

IMURRHEPSCEROC ay s APRERFISLERE 4% ¢hor B8 inesiRspPYRYs apells  were
; a .e : S; eg,i o
immufBELHTL ARG T6L et SO o IRUHORBIAS TR Serotonin;
approgiiopdely 78 givera enmonspasittle s oNgoddndrocie; bnd PpRoxamaely 2%

N -
B RN S G

durin%l?i? 92?%?te%ﬁﬁf‘-)iif?e’f&fti% & %E fitse Q@ﬂ’l’% GRAY: 1 th&RBndifiéhs disclosed in
dbrai n phenotype o these cells.

Example 1: UD= undifferentiated; EB= embryoid bodies; NS= nestin-positive cells;
NE= nestin expansion cells; and the remaining time points indicate the number of days
cells were cultured in Neurobasal medium and selected growth factors as disclosed in
Example 1. Transcription of factors specific to dopaminergic neurons such as Nurrl,
En-1, D2RL are expressed during early stages of differentiation. Expression of the

dopaminergic neuron specific gene TH was observed in all stages except undifferentiated
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[0043] Figure 13 shows the intracellular |evels of
dopamine in cell |lysates as determ ned by RP-HPLC at
w@2003811and 37 days of differentiation. |In therporTaB®NOEN1246
of growh factors, dopam ne | evels were nuch higher
(4-6 gln1) than in untreated cells (1- 4
stem q¢dpahaebsgaee efcanycxpression oEDBE ¢andiamed thei mi%bwrphtmotype of
ﬂm$e&$ﬂ 22 days, while the level of dopam ne was reduced
37 days. [0044] Figure 14 is a bar graph

t th KCl d I [
0043fi{ T3B e 13 oWl Satraf HIRE 1S i Ao GRE R sl Tysptes as
detern@bb® by RPHPLB 4t days @&1 3 ﬁ%ﬁr @ﬂ"&ﬂ@l’dnﬁﬁ?tlon The tieehleSence of
were stimulated with mnutes to

growth fgnters, dnpeming lsvxelsmermp@trﬁngber (ﬂ@tymﬂxmmlrslu}i@amtcaﬂs (1-

4+ nernfffs N bl et bt BGREE BURERIRIIPED S Pehfp 2y, whit

the lewIE AT diihibERRt At st OF dIWE I NVENTI ON [ 0045] The
present disclosure provides nethods for the efficient

[0044]Jenq?1§hi'é3114 of a B8 &réiph Qém&%‘&raﬁﬁ% tﬂaﬂm%aﬁsléﬁ'do ine release in
differentiated from pluripotent stemcells. The cells

dlffergmatadaqelisi culhefc@mcqndxﬂoudiambdmnmf@r Ap22,|37rdaye df didfecentiation.

The GRS Pusap GuBTEEY “Bl o8 MAERH 85 iRlien &3 g oretion of

dopangiie] fhe esultike, sugeﬂlaﬁlﬁn $/a5 ¥taBRizEd lWith ASY% WEhopRssphoric acid and
astrocytes and ol i godendr og%t es. Cells generated

sodiupanetpbiSulplitq kpforeianalays By RPpHBRGt ypi ¢ characteri sti cs,

nor phol ogi cal characteristics, and/or cell markers,

whi ch ar DETAHEAD PESSRIBEIQGN &F BYELNYSENTIONKi | | i n

the art of evaluating such cells. As used herein, the
[0045} er riTlenprasenp dwgbﬂumcprro‘aém thetheds firéhe hﬁimalgbleeremqmof cells

of netg?lglﬁﬁaggﬁma& il Jlﬁjelg }{yzﬁg(g?rl %ngrr)lpﬁgcge%tesﬁm tcalgs( utléehcells generated

hereind §MPERE BuP 8090y 1ihiddd 86 eBl thig th® PYheRRSPicC BdrSoterivtied of
as neuronal precursors or neurons, or glial cells,

neuropigEpNiEes cglls, opa@.p@ggw,s@r@onqglp; @p}mgglc gind sensory neurons, as
e G

phenodyirc e]mtacftélﬁﬂﬁemtrﬁbrpﬁslbgich]! cinsacydistibs, apdioptslbgarkehs which are
cells to differentiate into cells of neuyral_ |ineag

readily gpgigeioteddry, thasryal dall m deat ok FoH2HRS sk Waﬁsoweg herein,

e A HGE AP P WAL DR BT Sebriece

or “nej]rélflﬁe@nﬁoradeﬁﬂ aeluefdrs ted Icall ¢leat che gersezate fpmgeay rthattxee either
ations, includi nr% t her apeutic .a

neum%%ép%eif SrePhPs AGHOPAaPICEHSOTS A RIS, OF gt ety Bichges elial
precursBrs\Qs@HQAéD %%181¥go%€f{drb 82804/ B 2t6hoad ediﬁ‘élé’é%ﬁeﬁ@reﬁn thvolve

SCreeni ng, such as scree€ni ng a corrpound for neural
culturu@ ¢ellscm|ac¢qnyblmtlomha° soliihilé Factors endrenivitammentah sonditiend which

encourage e rc%ﬂs to %e%ferentlage Z o 6cl:te he%¢ %fGUIp { ﬁ%gz{g%.o rInagd%iltlon, physical

separation or manipulation techniques can be used to further enrich for a desired neural

cell type.

[0046] These precursor and differentiated neural cells can be used for a number of

applications, including therapeutic and experimental applications, as well as in vitro drug
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differentiated neural cells such as dopam nergi c and
serotonergi ¢ neurons, as well as other specialized
woeusmsal72zcel | types, from pluripotent stem cebPCE/1B2004/001246
offers a potentially wunlimted supply of these
neurons, with trenmendous potential benefit to .
develgpmasing aoid) a¢reenisg fshelr pngpreentid dlesmpqungfpaeural cell toxicity or the

- rodegenerat i:ve..di s r n eur | ..di sease e
obitio) S8 AOEAFRE N’ bRiich ol Al e RRtegoh o& Bl na
differfiiatid el ¢elIpisuch lay dobemidefseand GerotdiRrgi€ @lebrons, as well as

popul ati on from whi ch they were derived, and therefore

other §pgqializad mearpnaheelhitynest Hem Rlyripotgeingam epllstofterp arpaientially
im0 Y0 B PP FROUERRREEULBRAADLARL 6%
sufferingafisine delsitltatin Odetidodepenceativo diismrdérs odndt heurpmad sdisdases. The

disclosure is directed to ipnproved nethqds. for
Precu@%@ﬁa%?f%@enﬁéﬁﬁ SR} ?%%%?%gg% Bevei are tpaly] he progeny of the
cell pgélﬁﬁt%@ﬁ]oﬁl RhidRB8y SERE Yl%%éa, $hehdrERle wi!have @fsentially the

I mate enbryonic germ (EG cells, that have
same geporac tagrthe tpacent gfopolatibm,ainnludingua grasent wphlatien that has been

dapanm nerqi ¢ heurons ot her enbodi nent is directed
genetlf:%%f %F?f{l g‘&“%‘ﬂﬁ%@@?ec&gner ating neurons from
luripotent stemcells, preferably primate ES cell
I0047E_r prasemodimcricfithe preea diselogre hsacil%fe_fegﬁ? Sppiogedmethods for
gener%il mat gdﬂég ceIp S 8 }&E%Qgigﬁué’eéfﬁfae?% %Eh@gt usedrg}?lﬁc tsﬁgggs)
cells petprmige amsbryost gaome (BE R bEls, Huamha S chahdterissics BE midbrain

S R T
methd[ag gﬁ% ' éhgsﬁé?ﬂng BleBrond Hod §1tuﬁBQteﬁtnMérh QRITE HréferabBPReinhie TS cells

' used herein, the term "dopamni nergic neurons"
or primgtecEGtoslinghatdak chamétsrisiies of hindkrpie seurpys, su¢has serotonergic

hydroxyl.as th ate-Jimting enzyne for
neurofly AR HEREE: Brlsktis OF B &St Toh B sl it ed Methoss e most
prefer@bi§RbRNt IR cABW BG adIBMThES ndheRRMrd Gerived drdd@ yRiripbieht stem
or no expression of dopam ne-(3-hydroxyl ase.

€ [ - ny .
cells o pulitring: the cehe iy hepressnea Ylocariginesaiuble Tagters ag enyiroppental
condiﬁ&&bi c system and neocortex, and reside in the
ventral mdbrain together wth several other classes

«0f neuro includj ng ot or._neur.ons. 1 ner.gi .
10045f o, SRUEHER AL A AR P G " o DB cels which
expref Ghrdsi®s hydl@Ryasd (TAYdhe Q%ﬂﬁhiﬁﬁ%ﬁnﬂﬁrﬁb foetbgarine synthesis.

novenent, and reward-associ ated behaviors. The | oss of,
Prefeigblyngapaminrs gicoirarons $eprale the newretrarsgr ersdopasine, end have little
Par ki ' ' ei I ti
o noFAEA5R Y SR O e o AL 6L DRcre
the stAstuds diintie rsgstam, s nedoortet,gind residel i s’ venahbmidlmain together

whj ch te th t itt .ot oni
with %]agfgrra gtsl\ﬂbc%m/sq%%r@%;gls i cﬂ%%&é&%&%@. eﬁo;?a%ﬁer%?c' neurons

are sﬂﬁg@i’gw Tdcyidh "i‘fir'tﬁbe%lb st%%aoﬁigf&e({fghffabfh@tﬂ r20 oht®ll foRtukl reflexes,

a slow, rhythmc pattern o )
movement, and reward-associated behaviors. The loss of normal functional

dopaminergic neurons results in Parkinson’s disease, and their abnormal function has
been associated with schizophrenia and drug addiction. As used herein, “serotonergic

neurons” refer to neurons which secrete the neurotransmitter serotonin (5-
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firing and are concentrated in vivo in the ventral and

ventrol ateral aspects of the hindbrain and innervate
woused4/ogar7k s of the central nervous system i ncl edirmsRobdieni24e

cerebral cortex, |linbic system and spinal cord.

These neurons control |evels of awareness, arousa

hydrogeRefaminehn $eraenergintrekeons Tmcdbhbweaa slowhghythmiopattern of

firing %ﬁ% rgléegcg?lr e%ltr%teﬁeftj Kzz&n ﬁ% H’s ﬁ% aalnd B’Slll gla? as%% 0%%}1e(lnhdbra1n

and is@vat® piuse phuds of A4 Benirkh efoas @Wtetﬂhﬁahdlﬁg r’clie icérebral cortex,
directed to inproved nethods of differentiating

limbig, sytepotech spigeleparde| These mesrons roaiselolguals tar aveasemass, argusal,
behav\llﬁl z}.ndaﬁoa d%%k?h dTl; %fn"l“cp'lrla?tf&lgcno OCHU%e%th?Jll%lg / %ér’ﬂl%l{sallas been

cel e pheno ar
linkedctel dggteasion, cdlap:reasime(mdtdmg sicidal Wehatior)c@&ld shizbpheniaal
| i neage. The pluripotent stemcells can be human ES

[0049F €l |'Bhe pRdert hdisdlbdubeie directb@®do NBprPRled CREISIE 3R differentiating
dopani nergi c neurons or serotonergic _neurons.

The
pluripgteat estam d¢edls | by meurapseLenidpracelds, tas oilll 8s da@ @efifferentiated

populﬁ)t cﬁiu' Gii lpr gl?sucﬁzgfn? efhg ?Ill)s ’ne‘ﬁ%%%@gp d%.hd/l)f] cellular

ain'e odlnents ¢conpris

characttbt&ucﬁ sinlitintdgelis tof psuralllinehg@OPhd plutipotemtfstgdh Uéllmh&i&thuman
mcells_ are isolated; the pluripotent stemcells
ES ce ? eandﬁh%fhéfe%wteﬁmwl edllsccan b dORRTIPSEE, BPHENEOTEsRIpnergic

neurohs"‘g?l'le SRl BRBIoLEE AR FHlGtes fo cell|§ Icéll g(%flﬁlgg? ?Il(ﬁfglbed by the

s ‘are expanded to provide su |m
d1scloaai endtbdds. 3.InToertapd lmnlmdlmfmts sthemlisdbied arethodsl tammibe the
foll i.n susﬁpensi on to generate enbryoid bodies. 4. The
ollowdng SBT 4 bodi es are replated on a substrate and

|ncubated in serum free . nedium whi ch sel ects for
1. n ety PEPY ek @PHE@PII“SS’C% a@HSa%r@ isodnded; itherlgpotsisyiem cells are

|
el IeRTPRUbAES EEN drSLEpHAL L Bl BebSRIAlch @ihiaug.
2hk%haphnmmﬁmﬁm&mlaﬂmkmﬁeﬁﬁﬁ&hﬂﬂo$m¢wdﬂsuﬁhnmﬂﬁ&m@mgmﬂnmmd
nsi on nedi um

e anded i n an whi ¢
57 PREBOEH SBb et ot culfPa I8 HRrERE e EgRie embryoid

SMﬁMﬁﬂl 7. Nestin-positive and/ or NCAM positive
neuroprogenitor cells are differentiated into mature
4.nelhreoersbiynidNensliesbars atplatedionrn sulvhtr@ih apd rrmubs‘@é in a serum-free

conbi.nat.i,0 I ubl e fact ner.vous
S TPt OB Bar TRy Pelbd SonbTe e BrBeu

5. Saustinositivelcslld Aetseméd Ot 1@(51111@@1&1'6%1’151%%ul5ﬁ6n @Eb&@ﬁosﬂwe
di scl osed herein for the differentiation of cells

nefgf NCANIheage

6. Nestin-positive and/or NCAM-positive neuroprogemtor cells are expanded in an
expansion medium, which comprises soluble factors related to the nervous
system.

7. Nestin-positive and/or NCAM-positive neuroprogenitor cells are differentiated
into mature neurons in Neurobasal medium, which comprises a combination of

soluble factors related to the nervous system.
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frompluripotent stein cells involve the use of
specific culture conditions, which direct
wdizbdsmserei ati on of a remarkably high proporti @aTaB2004/001246
pl uri potent stemcells into specific neuronal cell
types. Pluripotent stemcells are derived from
[0050] Pr eSEuitey ofMPRwrippidnt Boam Cellsor fetal tissues any tine
after tertilization, which, under the appropriate
[0051]CONGhé bdtods ARlos@bhéeindoslitel@ffesatiaion of ttls efnarallincage

different cell types that are derivatives of allhltégrd’ee
from pheinetent steor sellsemuolye thg uspelotheriic Coeqngiiionsy Whigh quect

. f L . '
aiftrefiy R Ui RS 20 OB pf BLiBfine pALLAIPIAS Spicific
neuron@PBEE typs.t Pluiipbfeat stoini ctle are derbved epr prprembmydnicnembryonic,
cells of neural |ineage. PlLuri po&g%st em ](é%l s Hions, are
or feta] Hesugs eny Gimeagier fertilizatian, Fedch gn APRIPEEe CRPHitghsy

EGecel s, .nref.erablyenr]
o SRSy P16 0 mcrl b i

layers §én@loti e, nsesbdere, titbedafran).t Gelipof ntiuydl dineagedan also bg derived
from sfgmoglshieit Aoar A Paeggrsvug kb ¢ St odftoRtare or
be repigg'é?e[t&tﬁléd 1id icte{lf éﬁﬁ@ﬁhﬁtlﬁl@a@l. UplLRpStBMt stéhh @llCablude bt are not

ecursors ce acquire a nore specialized fate. ﬁor d
S an

limited ¥xamphenalmndi§ tell emt EGt eallscpefershdy pamskrepiobypan Fiflice
i.s characterjstic.of a. particul.ar I '
EG cqigogBriamls, haidifatishRotibiabEh R ol P ind bihidly to
divideccﬁq:d: prbiiféﬁfie UsRANNQY ¢h Buldire. Adeused @ereii,ale tehe ‘Idifferentiation”
ce

mass of a bl astocyst. These bl ast ocygjs may be 1
refers ite ol proeessFwhreby sediflercatiatpd PlHrRgteng st Psllsgor precursors cells

. prei nmpl ant at i y f LD de1 9 henotvpe which
acqulrg are isg%ﬁl?a}}%gg ??t%g?& © 13 or fé(ré% g?r%%ﬂdeh% 505 T e P Y ed
is chaR¥tegioy e pafiallad deieypenattisod i ntracyt opl asmic sperm
i njection, or ooplasmtransfer. Human bl astocysts are

[0052pPbt %rhegré‘fé@éa GAVEIBSIO I BN dells antl EY otllitines ubed herein are
. donate their surplus enbryos. These enbryos e, Ué?%fr
derivefidrom dacimnethcellynass o€ e dlastacyst. ddgss PIAHECHRS PHEPC SAlgted rom

t t. f Tizati
recovetBd i Hap K BTgec Wi BT APCa OB TPty PP Telizaton (VI
for ex@lnple SAMRdsClegiided By e@iventiniel énssmimtion, anrasyloplagatcegherm
.. oocyte of hunman or_non-hunan origin, W %h S tpen donors
injection; ubelewn fintey eHEpan PlsioRsth pokgHup e TomLcwpicths
bl | vefd h
who Yoéglzt%ﬁﬁyéérgart# glﬁggrr g%glugme?@ﬁﬂﬁyeTﬁ@s%nerﬁﬁrygﬁ hRSgdedefdr rédearc

were cryopréserved at an
purpogéy hft@r acgtiaipg writderabhdwebintapy contenh frent thesel eo@tlespoy ApRors.

a bl astocyst sta nbryo. . The. devel opnent ;,of
Altrmitebiob SO ImEN g SRRy SO e e e (ks oo hiibltint

' f ' i &l 1s tharosimilsted bodevel
n AT T e g it o

to theR(TAstd BROGA 0 OllR4Bast§oyeis Bpedmpyralse haye breRwryOpLeseives.or result
may be derjved froma bl astocyst. uUs] t inue t
from CrMEYSSUTER MY BORTe B Saraip ZaFad fERR0 continue to
develb $nto 2 BidPockB0stagterbhbr#6)0 T8O @evelopment of both the blastocyst and the
inner cell mass will vary according to the species, and are well known to those of skill in

the art.
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Thonmson et al. (Science 282:1145-1147, 1998) and
Reubi noff et al. (Nature Biotech. 18:399-403, 2000),
weacdy/speei fically incorporated herein by referPemaB2004/001246

Al t hough ES cells derived in any nunber of the ways

known to one of skill in the art can be used in the
[0053Hi sdirosadel onbumed S eellsrredyebe derivedblvetn raeblastocyst usingratandard

im oo & Bl Bot . BN A5 A 520 BB
ThomEkﬁf @u az WScieficf 232218) 147N 1998)&@fnd R&ibsnoTELhRM (mairatm&ech
fromthe inner cell mass of a bl ast ocy

18: 39?14%@@90) &3y smmﬁ&alﬂsomcemoowﬁdthe@@n by seterenge. pélthcmgh@a’i cells
derive 1l oy AR RERAIRYs SPIERLO B0m o M B0 kP B Re e

disclo@efd mthotl$) e pref@tdds emH(ﬁﬁﬁleﬁtamseb Guasni EScells d&h&&ea}ﬁehlnﬂque
then be further cultured to estabhlish ES cel

method, q?égser abtafion ((Shapial &Na. 40240kt é@@%ﬁgallavelea%@raﬁd herein by

refereﬁ’&? OWG i€ thRhehben %@Jtes‘:@éllls Srdfth tﬁe{'ﬁmblﬂgﬁf m%% bt 2 BBRBcyst
hout uridergoi ng the convention

throughr losee dibtation fof |pamsurf cbhmmgrargplluchda anxﬂttophezwmdeﬁs ocf ¢hd blastocyst,

whichygRES =R aPEaTe o Pk e e Sgeit dpdgEinich O ot Rhe cols

mass &n wpﬁabamirh&%r&n@bﬁﬁm&m bé meﬁeﬁ Sulaied ﬁﬁés@abhm Esh:eu lines.
m nimzes the risk transm ssi on of ani nal

This tmhmcwels adwartta@ogsb@@mse tiatlews theisoktion i@ércel@nb%ﬂnen@mr cell
L{H?a]‘g ? are usted that are deriv f: In
mass WHes g |g°‘&§ lr‘ﬁ’ CEFRILO3, ‘é‘%l%ﬁrs‘%n?we T r‘? SRS SRR
additiéd) BS cdnligdt gdieratddl, € ﬁ?sztec}ﬂi‘%l i6llhr Bimal ES cell lines,
1998 Proc. tl. Aca Sci :13726- 1373 1,
can begolategeiai tiecahseyoei ok @nb@nmaéogqném@dnantﬂxpd%f@de%@) which
5 e I i Ngs |
mmm{&ei%t @irkex%{knf)g %&B t%ng?é&gg O.If i a m?&%belgfetg:'%le népS?oP% gmgg In
anoth@egnmigslimént] homan fRG cebksaaﬂel wedvent o6 deneal fromnphmordlal germ

t | | d t E |1
cels figignb e RBmghQragmaieTiy () GeREEH: B BJOhPEh HIETRIon ¢ ol
1998, (f’¥(fco Rla8S Ah RSP ys AT ddi 9"‘?@ 11 394C I8 érPec@ir&glll)f ﬂ%g@g}ated herein

ony fornation, with often ~distirct ¢ ers
by refargdca)ol oni es that are often flatter than nouse ES
cells. Human ES cells are also preferably
[0054] nmurrefeedty,i B cell linedredrkied mafrddinddiraoullrelin potuediffebbtiated

state E'a'p?mfl%ds@e%xo?@s”?fhégés b EEOBRJe PHei sy saband mai g pommal
euplo ekégﬂrcﬁ e, flm%& ES( ge@lg%aly %B@g@ﬁgl%k @{)&ﬁﬁ@%%??fﬁgh nucleus

|ca i 'ncorpor at rel y referente.
to cyfepkimr atfloy, pfmmhamtanu&@lx; elnldscahzot exmgsformbtial,i wigh ofien

. .. phogphat ase, n ot her e di S
distinf rApopdss gt ESlants il are et SRRPORE BocH e Hie ES
cells ﬁ@ arséghﬁéﬁmty iR RNWith an&rd fdr BumBR bR oMﬁt ES cells, for

18 WD 2004/ 081172 PCT/ |1 B20047 00124

exampln (S_nStEfé‘eﬁ,aS%laAH’e (G MY antigens @dCERA TFAQsas @ﬁmlgﬁdlhy Thomson
et al. bﬁ%?)? Ige%gin%?f ¢ ?zf.i (280(%,6 'Hufir and Mclaren (1993), each specifically

incorporated herein by reference. Preferably the human ES cells also express alkaline

phosphatase, as well as OCT-4. In other embodiments, human ES cells are able to form

embryoid bodies under non-adherent culture conditions (U.S. Patent No. 6,602,711,
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differentiated derivatives of the endoderm nesoderm
and ectodermgerm |l ayers, as well as other desired
woebd4/Bireages. [0055] Pl uripotent stem cell s, PCT/IB2004/001246
particularly human ES or EG cells, can be propagated
i continuously under culture conditions that maintain
incorporated dierein iy zefengber) an{lihedel ymbryeil bodice rmanabe dsed 4o ederive

. ] s must kenpt ,at an appropri ate cell densit
aitferGig P dsBy PR o B by s AR C B G sPE e Thaes. ¥ wel
as oth&rmuem&émimgégangi ng the culture mediumto prevent

themfromdifferentiating. For general techniques
[0055] € aflifgothi Eh Eelfsykbﬁi‘bﬁlaﬁ? Qufish Y b8G Bfs, Cah b8 préfiated
practitioner can refer to Standard textbooks and
continugyslpwendef oeulainginditioBs that rRobieimt sbe,cells in a substantially

.~ Jer.at ocar Ci and. enbryonic stemcel]s: A
undifiggelifled SIS 17 R iRE e RETP R FprBulTRs Gl Qipgy angrpppfedty
dissoctited Bed sdRBifureCuvtile @Hu@ntlﬁéﬂih@ﬂ@ﬁ‘@ khe &ftdre Ad8rudsBio prevent

Ki t ano 1991, Biotechnology 17:73-106; Spier, 1991,
them &gy difiepndiating. oFercgenstal teohgmes pelatimigrtotpell gwifupm anchodiring

i | . _ . . ,
e ol pRLARIRE£5F TS0 B ot Bl i i 5.2
Rober®00.1‘ Tkmoemeindmas atll pibryoric St E3ls: 8pedctRpEapirbddd’ley., IRL
iincorporated herein by reference. ,1%0056] .
Press Fidiql $4/ortin Ay Amsinsell PR, AT Py FisferHOE SRk & okitano,
1991,'@%&5@10%}3??’:%-1@@ K8ier, TREICLNC @plin.lﬁé{%'éﬁncﬁ.r 9:39517'95 Birch
of one ti%sue type that are’ co-cultured with ES cells,
and Aamttioorri®90 dBiocarocessvTechnaie A :25h-70h Xuhettdie 2861 ¥4t Bisteghnol.

1910fp Pt kot o e EaRieE T o Sont riSF55 chach spicaty

incorptdthd karembytierkdese of skill in the art (U S Patent
Nos. 5,843,780 and 6, 200, 806, WO 99/20741, U .S.

[0056EZ

s / !
ﬁ%mubﬁ?p%% QA9 2R Buiahch ngﬁ.iﬁ%%d% 'on\/zﬁra,g%/e (?lﬂe'%%%r.cel]s.
FeedeT lvell fleyde ard eollsrofporef dsabltyper thdueesco-culturdal tvith 8% cells, and

ri
ch speci 'y 1'ncorporate erein by
.prevents differentjati ES cells, Feeder layers ..
provid & EiyPRen M el 9 L5 FBY SBaEt P Uaag PO b gpatil
differ&ittafl6h. MRS I6r clTRYRE B dells on (EQfer 848ALE WRUSB W to those
enbryoni c fibroblasts, human enbryoni'c fi brobl asts,

of skillumndlre 41 O SbPatsnt Nok &,%4617186 apd GROh PO U.S. Serial

Nos. 51045 asid ) SRR, FIROLPTS , Bt G frmtyrad oo by

refereBéedS TRE Ecedér IEyerPREfetaBly fobideh, ihIBBHE @8 prevemb diFfdréntiafibn of ES
prevents the differentiation of the ES cells.

cells. dregdarlaysrs aretapipally apgralysenic dibrablast {rederdaye @f jeherdiuman or

rousSYIEETP L 8 LA TAOONE, il aAION BTy

humae fifbestil ase-dik€ eellsrad nicsénchngalt dells gledvwed framdhwha@b edobtypnief stem
19 WO 2]804/ 081172 PCT/ |1 B2004/ 001246 ES cells. The

cells, (TP &RYS- ser um nmay be ani mal serum such as fetal

bovi ne serum (FBS) or ) ) )
[0057] ES cells are preferably cultured in the presence of ES medium, which reduces,

inhibits, or prevents the differentiation of the ES cells. Preferably, ES medium used to
culture ES cells is supplemented with a nutrient serum, for example a serum or serum-

based solution that supplies nutrients effective for maintaining the growth and viability of
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fetal calf serum (FCS) (U.S. Patent Nos. 5,453, 357,
5,670,372, and 5,690,296, incorporated herein by
woeb@rosnice) . The ES nedi um may al so be serum f PE®/IEAN/001246
98/ 30679, WO 01/66697, U.S. Serial No. 09/522, 030,
each specifically incorporated herein by reference).
ES celiy ‘EhenpirientoferwnimaydiecaniiSalnsedinusuchi ashfetabaving erunm (FBS) or

it S ESES) G514 SphnOURCER R R LEIEAP Zo000,

1ncorp©faﬂétb$1€re@19 fbfferéﬂ&) 90%6 B9 BfePum SHAPLRBERY @Q‘uﬂi—ﬁ@e (WO
or FCS - ner cagt oet hanol (0.1

o8/ 30@7(9?1 “WEXIH66 ¥r§n§e@@| Ne. 09/94- Oé@;ded_Cthﬁlﬁnﬁlbé inorpgrated

t GH
heremf?y n%%@érgilrl]clega eidxxggg % %ﬂabger g%'tng r%{}%ﬁ Wi {h eﬁ'%m %B aa%rmg ES
cells 1.ﬂ)1ﬂ]m¢lce‘mna)d1ﬁéd Eagls’g Ynddagh QDMEMF)Wltlﬁiht UGB ﬁyrﬁf/ate w1th
ES nmedium for culturin

high Shibonmopeir ZRBre (GIPGOL ypElmeBiod v Higie S e, b
merca tg%{'ﬁg%oel( n?%g gé%é%éé%l%ﬁ l%l%{l% gﬁdg zlt‘ﬁg P'}I( Sﬁ% n{\%e 2 mM, 4

ng/ml basie Eidbsahidst gfovﬁhlfﬁhiora((bl:ﬁ) (iP/QJlmlapBiildﬂ-hﬁl 50 ppinilestrépiofdicin,
@?}@8 I%S C al so be cultured under feeder-free
and 1G00; Yrgplep J&?@P@%lﬁbl it faeigs (LI Asaxemplaef @Qa@msp@m free
. ki '
A TR e
medmﬁBQDME_B’DC(GIBICS!), B¥n iKalochOut SIO(a?%ulﬁ&iﬂee replatement, GIBCO), B-
mercagffifatgl {04 mvhiion Bress e mitaneion (00, prb Lo &%?%xna T

on a suitable culture substrate, for exarrpl e

[0058]ext Eceslls may alpbe cwltured, Bpder feedserfier gultyre )coxldsegms@ nMethods
for cu]%&#@eﬁg QRis B a k@eﬁhngge clIeed Sl \;Jélf“ﬁnw L hSSe ?{' ?lﬁll in the art
pr efe suppor e

rably use con oned nedium
(U.S. @ubMNoonO&IBOOE%E Wlbndii/t)ﬁ@mﬁd U8 diSerial Noprlemsqﬁ;w, kaach

R T
preferélﬁ’ﬂi gﬁ)\x}rﬂ)r@a SREbI Bl fe Absttitd, 6 &%ﬁ&e&{ %@a@élluﬁdr'ﬁ?a i£, such

condi ti oned” medi um whi c ort €
- as Ma@lﬁd@ r(Bn@fonfDIEEnG@h)l o lwinitioutFesddrteandultates also preferably use

conditiged BieARioh B &Pt e SRR pLES s CondfftRd meBis Buiiged
by cu[’f@ﬂmglra tﬂ%@d pbpulagldedrf sigsh h@idd %nfb%'ﬂ/dn‘l’df %B%El@&é”m human

bei ng condi ti oned by another cel

embrypgic Diyoblagioedbsm aspedium dorl a;sufﬁm@rtégﬁr@de@f hmeetm pryduce

R T -

differeatipiboid etllternativiehe thesiebdee gt dult@reah fcumblne%l’bﬁitrMeﬂ)lﬁEar matrix
differentiate int

whi.ch, caus emt
with aﬂéﬁ?%’r@d@@ﬁ}l@é aigepided fresh ) Fhﬁqweemﬂwlg (being conditioned by
/ | RO I
anothef (Ot BRCATES b BRP 20098010, &MY MedoRfiHNGEn by

referergelk cuI tured

[0059] Preparation of Neuroprogenitor Cells

[0060]  Isolated pluripotent stem cells may be expanded and then subjected to culture

conditions which causes them to differentiate into neuroprogenitor cells. For pluripotent
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according to differentiation protocols disclosed
herein. The pluripotent stemcells are cultured on a
weuddaie2substrate in a differentiati on nutri a1/1B2004/001246
medi um whi ch contains differentiation agents such as
sol uble factors and growth factors. Suitable
stem eellsstor advence alang bl nburml difterentiation pathedys thescdliscare cultured
urfa coat.ed with a positiye-charge, . for exapple
accorfil |8 s ERROE Rolsrold il Bebundfe muroiGh et aisare
culturék tohag ghitati@rsub@iatd ¥n QOAPRARHASon nh@fen€XRARINE which contains
fibronectin, or a conbi nation

. i | am nin, or l\/htri(gel(r{l, I
differqnigtien fgems shdy pegolubller fagiosh andgrasvth faetorse nSuitehde gstrates
. r o) u r h rolif.arati
inctudify GG el B RAR kS, Gl B woRBye shtres, fop ppmpte
poly-Ii-¥ypas, orgpudysraithinacdubsieateneoated With exatidellal énatrix components,

differentiation agents. As used herein, the term
for exegyplgufiRrangeiith rleminineps Mairigsl®y er iscambinatios therqop  Preferred

T80 SRSy UL SRR e,
and sdivivad r efhtlesited oneur8uicélhigess ahd biney fiadtde onencd wehee buitable
e are . not limted t neurotrophins, mtogens, stemcell
differqntiation agents OWHISF‘E@F’E?F’_%,’: GiTRoERRaer B T s Jp Proteins that
bind {oCr&eptorsT G-tHe JeNCE AL | Wikh tHECpribRrPYB&AT 8BMakdivating cellular

_agoni'sts, neurotrophic factors, antloxidants,
proliferaigroendadidierantiotien. Snidatde selivhlal fadtastioclude bahgreswot linlited to

fagtors .are quite versatile td nul at i el.l ul.ar
neurofgii, SRiefngl ek 40 e oy sty rsteriip ors (e
TGF-@tsmgéﬁalﬁﬂ,?_, ST Bf Sipetfamilp addohiztsl Abureabphit YR&Srs, [REE&EHants,

Suitable differentiation agents that specifi cal ly )
neurolsansBifitag e anh surNivdle fastirs.at Many sfluldeufeoliess acelquite yyresatile,

. . .are. Lim est.er.one. e

stimuyiFs YARIE A8 B8 i RhelolSy iy BB GRER, EhRLfperg e specific o
particlilaacedftgpdst n, neurturin, sonic hedgehog (SIT), noggin,

follistatin, epidermal gromh factor (EGF), any type

[0061Pf fSubelel AfftrefifiAnNadeAfst At dplebificAXABRloRrdoehihé differentiation
FGF-8, basic fibroblast growh factor (bFGF)), growth

of neygprpl el itppesrintlate bt argonad lingitqdapprogysterprayipatrescyte, daminin,

. . i i | - h . L
esorfiSHSSHT OO0, AT G, SRSk R oo,
epidertien ghoedh fesrqBGR) dyftagd of fikrBE)growthrfanisf (ont:tghple FGF-4,
rowth factor a (TG-- g% transform n.? growt h factaor
FGF-§ basc Hbpopiast gromfh fastor BFGFDarortiaend gifiswniaienciigior 5 (GDF-

5), muiie of % neh SRR P RRRIRELEE O o Bpile s ovr-
3), natestropbith Ade (NBH),0ptuic dedietdme@GRNPIL, facwl | (BN )RC tdnsforming
, mdkine, ascorbjc acid, _ dibutyryl cANP, .
growﬂ& g%?&‘?ﬁ t éT,dGiéhesL Maggﬁagllng cgrw'@@efaet'er e%ﬁg&TGIi: gg}a [péatelgl-daxived
F,. B S L \L- ,
srowtfPelly (TR A inphinSomh fekher BOR L She, mophogenic
proteind (BNPv: BNMBaY), pkedl prel ulriaed neurbtroplés faxtorn@DNF), aetidode acid

(RA), ks i opiepad e nad oMb dopamite: and Heands to eeptors that
complex with gp130 (e.g., LIF, CNTF, SCF, IL-11, and IL-6). Differentiation nutrient
mediums may also contain additives that help sustain cultures of neural cells, for example
N2 and B27 additives (Gibco).
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[00621 Pluripotent stemcells are first induced to

formenbryoi d bodies. Enbryoid bodies are plated
wdizomaBiy2ont o a suitable substrate with or w PODUB20841001246

extracel lular matrix conponent such as fibronectin or

in, and cultured in a suitable differentiation
[0062]n ut rl’ulle‘tnotfrré@teunpelbaq@@ diasttindyoed fo fermipmbepighbedies. ofmbryoid

bodies arllé la?e% %gﬂ% 1¥g cl).ﬂltgﬁlgl Lﬁ%tﬁaﬁeuv%@ gr %’gﬁﬁ% %%Bgée'lltuia‘( Fnatrix

neu opro

compohBAf agshehd ﬁbtc&he@fﬁn e Uainin, P4REC BiileREd it @l hitablen ddfvpdrtiation
enbodi nent, the pluri potent stemcells are first

nutrienfJyedinay adaptedrie Prampiet & ffsrpatiatimsing neurpRIpEHIOr GRllpysuch as
nestin- %851@\/99} ﬁxlgpf&ghﬁorb%‘ﬁﬁesNﬁgtgngeﬁé géflp %ﬁarl?éﬁ ch‘a‘lfé.lc{e i 119 f trl%ﬁral
precurbas eulld. ufreahdtlter rmtbrodﬁmm ﬁ[eqbilmmovmt btenr celxlstakmﬁtst saggnegated
wel | as \Mhh on on re of the differentiation
t

. a

into aageﬁwgenqopgtce &P@#ﬁgea ryoid, Rogiesstfpp sxgpple by

culturiﬁg lhSpl ng&t@ﬁ’c s?éﬂ? E:é’lg 1ﬁ s0QL6Sn, AMeddSRfls BRI éhlturédrlﬁ nutrient
rm™e ol d bodi es' er to an aggregation of

mediunh Witk oe mlﬁhautes;tnue,l assyv@]basewﬂh ede mhemre of the idpfiferentiation egents

ited S B r N R DG SGRSTOn, Gul Lt o OF Y eIt 0N Liciy

the te&ﬂ@ﬁﬁ@élﬁ%ﬂﬁﬁ’eﬁfé}% b a%;ﬁegzﬁﬁ)naﬂ difeaaitiae Rfls g&Rirdtéd when
Preferably this aggregation of cells is surrounded b

pluripgientnristemy gelésn gesd grawn nasbsgﬂ@sl@nb@thm@s ary pyesgiomy i gpenglayer
culturecseI 13131 1(11 \Egglg% (519 ?e h%lY]r S&%%?xrgﬁ%}?% %Elzs rrlo Ok oa%%[re@atlon of

cells. b@deie&bly tthik Sagg@egetlblh eoft oeltisl %@ﬁﬂﬂour@leﬂHﬁy k@m&mm@ endoderm.
mar kers of various cell ty such as neuropal cells,

Embryeid hadisp ayrieally eostain celly ﬂ%\fed(:@msa thige srylayersneaiedan,

e T S o R B A SR S A

cells b@ammg/madmrs:loﬁcartms ckle typeb,| sich an neauss cehs) haaﬂnawpméuc cells,

| sat e. ably _ the differenti
liver Cﬁﬁmnsaa gc etlgqlwe ||%> 361 I8 dm magiTe &gt W&? 5%35 fos %in behave

ﬁmcm&féﬁgf'lflde(alffﬁjehtwtté’(f’@e‘ﬂsc Gr Qf?arﬁf% ajcped c&r‘afactn'i\fs'b%llﬁ lén cause
pur poses. he enbryoid bodies are cultured
an embrytoid bochsego pldsa:fh §tﬁffénabhydhc défiferentmtion] @f iphuwrpotent stem cells is
tla for ex 10..days of
controffid s TGP SneRiperthL oBF s BrieneL kg alb%wegtlgpxmwegf eranl y

t he substrate is.coated w

[0063] e?‘i’?l%ry"lidrhﬂdlﬁﬂl A cgllyqre& @pgf(%l{e?hcrg!@lguggécwnt 51ze or desired
d1ffe1éfﬁ9% Hod, by &ﬁ?ple QﬁérVS |1? Qg4 Gf E‘lﬁturcl: X théh %lﬁféhlcﬁﬁ?Q substrate.

ronectln nbi nat 1 ohs t her eof
Prefergblip filer safwbtyate hmcoataklwynm ckttaodihda raatex [somipennt, m&mdnyg but not

i8Sy b U6 bbb BESHAC) adlB, o

combifAEsHd! @Rof Ur PlaRia tgyftﬁ@ re@ibri @it mu&f aIte afell adiesttigedilts , the
for exanple in ITS (nestin selection) serumfree

substrefefwiteant risierngntieceeliss Tes ewbrpid bedienae thenpiiured under
condltfo%s tg encc%&?g grncggfre%eg%l cﬁlegt: tgi%n%la{g ?e[fﬁ,aiﬂr %&&Impiﬁnin ITSFn

(nestir® Qﬂléc?eloﬁ) serofl ot Rfinkd medRBi Whidhas sélestredot h&tlﬁkpbsltlae cells.

period of 5-16_days. Preferably, the
Nestin is an intermediate filamént protein expressed in the neuroepithelium. Preferably,

the cells are selected for nestin-positive cells over a period of 5-16 days. Preferably, the
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WO 2004/ 081172 PCT/ | B2004/ 001246 | TSFn nedi um used
for expansion of nestin-positive cells is DVEM F-12
weupplsment ed with one or nore growt h fact or speeiiBmIL1246
fromthe group consisting of progesterone,
putrescine, lamnin, insulin, sodiumselenite,
ITSFnt mgdigfrevsed for @E@ﬁoﬁlelﬂneﬁ@%osiﬁ@caus BOMEB/:Fel2dsupplsmented

0064] This h t el | ul ati on whic
with ko6 tnot¥ sBopt BEBE FIGHS B, tRoRoug st §f progesterone,
putrese?hléaléﬂﬁ?ﬁnoﬁlsﬂﬁf ts&ﬁuﬂh%leﬁiﬁé itfabgrern, 8FcresHal E6#, FGF-2, FGF-
adhesi on nol ecule (NCAM positive celis. NCAMis a
8, andRIPNEce narker characteristic of neural cells.
NCAM positive cells can be sorted inmedi ately after
[0064hestThis fetregeneousetdlls papwatinel whichdinchues nestinapdsitivet bls is

subsene?l{ P#f)%.ﬁ%%fd\{)ﬁesﬁfe’tlgé S‘r{oﬁ Le%neﬁlﬁpgdg éfeg ;Jclg urcg"ﬁsilorq molecule
(NCANDANbSI6%E celNe ORCAM QY € ontRet mBGtet RBaaOL S MNoE hlealra1 cells.

anti body or ligand that binds to NCAM followed by
NCAMposgivganells icom befsorthd lmm@dnafdxc aftmynqs@mpgﬁnz@ dgellcare] selected

o o SRR LR B SO, oo e

cells ael doekefd ifas Ncafdmomitmmenﬁ IbyOE @SR EAE &h@@émsthitﬁdarp gitibody or

sortin }YM fl ow j nmunocyt ochem stry for
ligand; it bs Fftaé‘éc Kelawed by ihe yangrasionyof gap@,clﬁ@ﬂly recognized

cells %ﬂlﬁgle@&’kﬁg& éaﬁ'gegwguch%h@uh : ng %ﬁ'@ Jnggf}uorescence

sorting,i fior tranple sdlid fphamdisadpum dluomgspendemaﬁeated) edl forting YBAES),
contaminatjn or harvesting techni qyues ar e

flow lmwn%mg‘xnw%w <& léPff%?& wprkers, (IRY qmetfyAssRst & magnetic

cell sGHRE MRS, ORRE b kb ds8r ﬁ%ﬁhb@ I‘E@&M ?Uﬁlﬁ&élﬁ i fc{ﬁgmg but

exanpl e by MACS, enriches the “population of via
not hne@du fo- phf&mntwb pdatings imxpmespéaiiyc NGMVIof ocoatrminati@- 2€%) or

ref erabl to ab 60% 80% nor.e eferabl about
harvedisg EBrianes, o St aPET il 1060 oSl no8, etes TpopBkyTed
embodllﬁleﬁf%e s@ﬂih@dth@%ﬁstmlpbﬁtﬁméﬂﬁl fdr RREMBR B* Viaersereatiiks the
e

from human ES cells by culturing the cells on a
populias @rvlanl@@ﬁsimrpqﬂtweze hexriressinlg tsf abfopb & 0%e prederably
9 pr dj r Yol t u _
to abdl 8Re-3EP HRRE SR el sV Ru G Pl pRRafERy sy abou
95%- 99%.non adher ent pI ates to faC| litate the devel opnent
of enbryoid bodies. The appropriate nmedia preferably
[0065F ONtiaiohe lValiaébrt htheleaqu%& 66i6s %dgeh&a&:blﬂﬂhﬁ miaﬁltaﬁ@s cells
with 10-20% FCS. O her suppl enents may al so be added
by cutmnngm éhgreellsaon saubzwtqmglqal riate zn rthe chpanoetofidpeder cellsiin an

comols AN eSS0 PR ] b B0 B o e

platedain AuveddHeperd rlaved &6 fébﬂ&aféaths degélépmeest élhBry@fﬂJbMﬁij The
bodies are replated on a culture plate coated with
approppaje/or@e@paaprqferlahly cpptains DMEM with high glucose and is supplemented

with 10-20% FCS. Other supplements may also be added to the media, such as 0.1 mM

2-mercaptoethanol, 2 mM L-glutamine, 50 U/ml of penicillin, and 50 pg/ml of
streptomycin. The embryoid bodies are preferably allowed to grow for 4-8 days, and

then the embryoid bodies are replated on a culture plate coated with 0.1% gelatin in
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WO 2004/ 081172 PCT/1B2004/ 001246 |1 TSFn serumfree
medi um for sel ection of nestin-positive cells.
wénefsmsaioky the | TSFn  serum free nedi um cont aPaT/1B10e4/001246
basal nmedium DVEM F-12 (1:1) or |NMDM medi um
suppl enented with the growh factors insulin, sodium
ITSFrs sgrami-fires, medians farrselestiomiod neétlnlqmmelctqeﬂ$ \Hmcfctab‘o}etlmdﬂ‘§Fn

s s REFLATEBF5S W e B3B! P PLLS! oo,

suppléyiésted owith SBeakRWEAMBRS inkiith, C8ddiem Ié]@mte transferrin, and
NCAM positive cells are subsequent Iy expanded in

fibrongetiy, mhlmemtsrf@r pestinpositie eellse t he percent age of
neur oprogenitor cells and further induces these cells
[0066}1 0 ddopprefmored atiliddiment; thet redtippesitve pdls. arPseftad b MACS to

st NEAVRERLHE LSRN AHFE HE e RleaHlS' S5 in
medlu@m REOEIE Rkips 6 GhcragseP®leYpdredn¥apl 6T, ndd@dptogenfibp 'cEil‘é Afd further
am nin, collagen, fibronectin, WMatrigel(r),

lnduceo?h@% &¢ Isdﬁsadomé e differentinied n@ermtyp@s;l th@rabhs rtbs NCAM-

posif S0 SA0AGL) W G0, pBP i BOBRLG 510 S ALRGR P

comp@iemas sudletas epolydsying ﬁ)@ly—lct&ﬁﬂllﬁhéleﬂﬁmﬁnﬂ ebtﬂlh@en fibronectin,
ferentLatl on. The cells are cultured in
Matﬂ%%l a A5 FOMbRadMsthereef. Bresawing eiveiure dish sttty exiracellular

matm??&ﬁh@rﬁ%ﬁ&eﬁh@él{ﬂ al?(f'gro FerE'f?Jn in- 9%14 sJoﬁ“ﬁ%e?ﬁaS a8 Gl eg‘ijves
om group consi stin er ne, putrescine,
betterllasnlm for dqpamMielrgm R0ehu rhf@érenatmm Theandisetel aultupddCin an

e Bt B T ot e B
growtRafabtofUkdEctedBRRANYrSWP chhsidtiheP6f pR)MEMetond! ng{u!?@s%f‘ne laminin,

various factors present in the expansi on
insuli, gedivinp a¢lenitep tahsfewing bEGE, IS, d%@% FGF-2h&GFes, cEEN&g &DGF,

16717 &SRR TR <o ERBiehshoto it 16 e Bofsah By particulr

mechak@m Ok ¥ Belidvied A& BEdeetariRE TREAORBRESRNt i Ehe expansion medium
nesti n- positive NCAM positive precursor cells are

contriytp doulee wsﬂralb insrdape imthe Hesrenee Of aayronal Tiells end dinther daduce
mlderilnSﬁeiup(ﬁjﬁ ?fégg 8%’ cgl?sstc‘oag(g%ft fiv dgﬁatnlxiggr ! I%hl btvhe. In preferred

I Ngs an roze se

embodmtehtsutthanljleshﬁ%smfve dNClAgvigiakitiat | precurp@t eslld aé.re [al@@@&ﬂ to
Dff gnt %gon of Dopam neygi.c and_Ser ot onerg

prolifqggld 9k ] Tese cells 6 a@e rhiet sriakke maeae@degaraédeast thirty
popul%tur ; E % Anfi NEo B E)gdﬁlrtﬂbls alOsafole gﬁ'ir NossC8f fdl?ﬁneé%nlljt}agon

ferenti at Into high prop ions o
potenMurons for exanple dopan nergic neurons and
serotonergi ¢ neurons. The neuroprogenitor cells can

[0067R! s Differertistiohen Diiphhfih@sid AiESerofiner@t Neagyises and
ol i godendrocytes. Preferably, the nestin- positive
[0068}an d/THe d¥GAWERREItE] dfls @%ﬁaﬁ&@r&%ﬂin‘g% 1l6ehnbhods isclosed herein
anded from 5-60 days in a
can be rther differentiated into hlgh proportlons of mature neurons, for example
dopaminergic neurons and serotonergic neurons. The neuroprogenitor cells can also be
further differentiated into astrocytes and oligodendrocytes. Preferably, the nestin-

positive and/or NCAM-positive neuroprogenitor cells are expanded from 5-60 days in a
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WO 2004/ 081172 PCT/1B2004/ 001246 Neurobasal nedi um
which facilitates the differentiation of the

wonogasit’er cells into termnally differenti arPetB2004/001246
neural cells or mature neurons. In a preferred

enbodi nent, the Neurobasal nmedium (G bco) is
Neuro§essh |raedivmewhight faciligiesrie differapgiati®e of the: (pngesltglr cells into

termlrﬁﬁgf érgam u?<({ ﬁ%{%rc%gsc‘ gt{%é edgé}%&r@ th]l r? Ex%d ?r;lelmr% gthe
Neurobhﬂahhnddﬁiﬂl (Gegcoy edsupplentshtcdphite 109%CHBS dr@@ﬂ:)BN and one or
transformng gromh factor beta 3 (TG (3

, 3),
more gioRik fastars 8 e@j:etbﬁwm the gtayp congigtis of Intedeviiny B dibusietpyclic

v SERLRLS, 5 B BN S s (OB i B
factor bBtad (31“ GF-B535, Q&n@ﬁ’fﬁﬂﬂig?@hh fabr @]e(l"frvﬂg ?éurfﬁﬁﬁ' SHH, ascorbic

i ncl udes one or nore o the fol actors:
acid, BIANE; FElikd, RGOS, NiacetpivysteBBINE-kitTig@and,38tindie acitl yNTH3, BMP-2,

o D SRR i TG S S5 one o mor

the foﬂl@ﬁ/hﬂg tradtGrsbY IeARMERYS NEb-3ANEP OGDAE, PhF gzlze rleRALGE, SSHH,
that pronoted the differentiatioon, prolifefation, or

ascorbifoetid,oBDNFe FAE e, apd dfecttyl arysteiel dn afldigi68) diferehtiativl may be

rcentaeof h rogenitor c
faciivfle Ay SPURERETE RitFe, O ol F dpaPE el pRoSCineighmnintion.
prolifedgtiong 68botR lof el rdg Etdfeﬁﬁé‘ﬂo%ﬁs for exanple at |east
about 20% 25% 30% 35% 40% 45% 50% 55% 60%

[0069]65%Pr3fgrébly7 9 tgﬁ%ceﬁété% of 0 ‘Fle Ceﬁ’og@ﬁlto? 9cé¥l§)fd1f%?§ntl te into

I n “addi ON€ neura type, for exanple
dOPaHdnmm HRYrQgisc Swe@ndlgsc neveignsh er foligodeadraoytes.f foegxampln a least

sout BERVSB14 S5t L SO S 88U, oSy YDA,

90%, 95INeY ab®l bhghandlls.f | Hpascﬁﬁslmcsn@%aﬂang;euf ee&ﬁrf&ka%nple
sol i d phase adsorption, FACS, MACS, and the

dopanmg@rr@ﬂmenaﬁeh@ ﬁmh«vemnﬁftdh@om ropokition ef déﬁmntﬂa@d neural

IVk IL [
cells RRBNL S Rnghinr SBNLOE WIR mEfte S1efi g P RERHRgEE Sna
fluoredtiende sop@ig;@@ﬁ@@ﬁp(eaéwdtphﬁ&%ds@fpu&o RIS amcs RelfeNke. In
[Q070] Uses for uroprogenitor, Cells and
one p Wﬁ‘@r gRbodiment, rﬂ&ﬂamuwortﬁd [rouehd melatienrdph 6gdhiositive

cells %@l é}?paﬁﬁgd Ok SFERLLALS dmn g}% @'}tmaﬁg ! 1111&39 eg%fn'gbﬁge her gi flgh

g., mature neurons,
percentdgcd alaheth 0% pf éq)annmrgiamemtomlsl zed for various
applications, such as therapeutic applications, as

[0070Mel [Usas fdrd¥elirdpridenRo @S eRSSIEDIfIé+0nkiated mﬁmﬂr@eu@f
various conpounds such as snm mol ecul € drugs To

[0071]t heiTheehduSHrSgdditof REEE and VittSrentINEP el el ﬁ&cﬁb&? Hefein
used to prepare cDNA expression libraries to analyze

(e.g., mlIre QIEYFASs |a8irpqms,t ench oligpdendensateske chrs beastilinstl| foasvarious

BRI TP SRV P OB
screenity oty ar@0s BdEPesds RB¢h as?dmall molecule drugs for their effects on these

cells. These cells can also be used to prepare cDNA expression libraries to analyze the

expression patterns of these cells, as well as to prepare monoclonal or polyclonal

antibodies that are specific to markers for the particular cells used, using techniques that
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WO 2004/ 081172 PCT/1B2004/ 001246 are well known to

those of skill in the art. These cells can al so be use
woOheragenati cally to the benefit of individual BCT/IB2004/001246

suffering fromdebilitating neurodegenerative

di sorders and neuronal diseases. [0072] The present
are well ksivasiorthogsrafiskilbin themrtt Hehessseellsfcan hlso e mse fhreoapentically to

ce and .. di.fferentiated .ne | cells descr.ibe
the byt Br Wfvialus sibeRhs Boft aASHBhe SEhtRabRRi Hoorders and
neurohdldixkisesl i N a subject in need of such therapy. For
exanpl e, these cells could be used therapeutically by

ra I hha; j | 34,1 :
[0072f ”ﬁﬁhﬁ%@ehf‘ glstcl'a@lﬁb;ﬂrdtixﬁgés Bor HHYE QsePS¥ BB %Wgﬁh%gﬁfeutor cells and

___Intrathecal sites o CNS, dependi ng
differentigted seeural eabls diascrivedbberaip tor esatozel .cefindseervelsl systamy (BRS)

el 5 bl Glect 5 SR OaeT G SRS bl BRalbul Whsed
therap@itFeall§ &% Srad atﬁﬁiﬁtﬁ&ﬁ'dh‘ébﬁﬁﬁﬁ@ﬁare&l?ﬁxaﬂ@r PaattieBs QiteSof the
i sease, . zheiner's di sease, Hunfington's di sease,

d
CNS, dppandingcay theidijaass or epnditionohsting: treatedr Thesesesile menyi be used to

) ... ERI S st roke, ischem a nd the like.
st E4PLor SRENEP St B et AR BunR, LLRud G cviaiog
neurodegbadrative alisveddro dgsndofnetifonall idigasddewiclel ege rkldhionts disease,-

di sprg,ers or_neuronal diseases characterized by the
Alzheyaeien disgasco HwHingipect digepsco rspatal (Ropd inREY.g e yAEeRhin dlateral
aIe td tiation of a
Sdem?gg?g@é% 1?%"%?1 é)t}%g?’? éc@%@\%%%%ﬂf&%%%bf dopam nergic
eurons k.ved. fr | uripgtent ste cells .
100730 oGRS REdRE: o R BesSehbsSPans u8fles ) iiods i treating
neurodugbedhtivendisoddes @ esesial dibeawk Qhbriattefigddabeshd dedBRb@es or

of treating neurodegenerative disorders or neuronal
destrughiafe 4 SOPIRWEELS cRIFAY Yy HEiRisERIoar £ Hansplantation of a

theraptgﬁ%aﬂ %E‘fe&f’ve%&g{t %gﬁgﬁiggggé{&%g@ﬁyd%}éwd from v%lugﬁ%ﬁrrl]tt stem

ranspl antati on ect
cells, pfeferablyt wreary ipburipeteno rsend e:e]ls_u edn dootinr pmbodpnémnthes present

discloé}er[%%eiq’ltﬁg{o;;eetég | hugggpgllgacﬁéggﬁérgtg\;q cﬁéoerat}rggi'lggdmnal diseases

charadd& @A egengs aHégéﬁ?ﬁ{i&?f der d%fru&?dff ogyel seflit i€ Ingurons by
treated” by engrafl:ing a therapeutically effective

transpbamtating off 2 tewaputiogbn etfertiveedrhamand seditdicagie mausansdderived

neural cells t he sent di sclosure . into.the
from RibRicet Slaa” selse MEBPR, Tltet RSt RS or pretere °
humar@pRieat sufiring&tdns ai itufdedéiRtbive Aitbidet beAburbeal AideBlis Bleated
aneliorate the ph%/5| ol ogical effects in a subject

by engefing by thaeoausdly crifesties amounégehenamromngaitor cells and
differe?}lti];{eg rn%gl;all aLgd of ﬁl%gﬁjese%? lalsito %1% GDioaRe rﬁ%{igﬂt.e R%e WEQ Rerein, a
€.g., dopamnergic and ser otoner gi ¢ *neurons),

“therap&iticalty tffsctivaRehoaht gsfdensisasyinesint k@@iézbht {therest or ameliorate
therapeutically effective amount of cells used wll

the phygiokoeicab siierls iRceadient capsrd B Hjeelops, dampegupy degengration of
differe?z%gltreg glgﬁltscl%l ggl?% 'gﬁéﬂ 2 AL hORon Pk NERahlinerb R GnA SR dtGitbraic

neurons), astrocytes, and oligodendrocytes.

[0074] The therapeutically effective amount of cells used will depend on the needs of
the subject, the subject’s age, physiological condition, and health, the desired therapeutic
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WO 2004/ 081172 PCT/ |1 B2004/ 001246 effect, the size of

the area of tissue that is to be targeted for therapy,
woOher4@gilent of pat hol ogy, and the chosen rout eCofiB2004/001246

delivery. For exanple, treatnment of a disorder

affeqtin% a larger region of the brain could require a
effect] Qreg@ze ofirthe areaf ofciéisie thay iadhibevtargeted fi)érthpt@n:t/,u the extent of

pathoﬁgQ/r eb 8hos§ rﬁOWie ?ft ﬁ%lgve?%m lrﬁ)o?reextaﬁ% eg&%n? df a dégo%der
affectﬂigVeﬁ‘Iér%ler?bn bf §RURainWohild ﬂégﬁﬁ’é @ﬂ@g&l'fﬁirﬂbeg bAtéls t@fachleve a
| ow ce oses. The cells of the present disclosure

therapeyjc (séfegionpieat eanpageds ot smabiet érgpteregionan Sillsnay i dsp be
oamisf SR T5 ol FRFIHS s FUERENE GeCloRl SO nSR LIS sl s o

low call dche@.S The celiseaftthe provédt dagipsegahssbotomsielely dﬁslmemmll H»éore
may be administered in a nmanner _that aIJéovvstarzmto
transplarigtiong Such g5 4¢ &ereate anenspersind et singlesgells, of meagy pompletely

dissodiEP Béifoké H&rfsp%ﬁ tatibH ::%‘l%ﬁ ak %o @rggﬂg;kﬁ%:algo%é?étgﬁteg oF! 'c@l'lse nJi“he cells

ar ea. sul't rang at can
may bﬁdadnmmst@ecbm aanamar thae abowh éreap tu giaftadd migratefte dhe vigended

from bout 100 t o .about , 000 neurons,
tlssueaﬁafﬂ%f ePYPtHS AT %matgad%ecgm@é’ JRRISBETE00 nour ons.
from about 1000 neurons about 100, 000 neH{ons
100751rher%§81§%h1% T8RO REIRAPAIGHS BerRImBUaTedda pphicve 3 thorapentically

GRS SRR OBy s

about250@MO0M) r@0rddE0 or SRQﬁO@bOMOlneuréﬁs (60abomf, TIAON00 neurons.

60, 000, 70, 000, , 000, .90, 000, 100, 00 50,0
Therapeyficisigcesinopnt e“ﬁ%(? efipadm §155(§er6‘8 %@?]5 g%da‘éﬁﬁ)ﬁ
abouttl@ @M%o%ﬁo@éb@%'o@o PE3,000, 20.00b, tgrooef 3@000 35,000, 40,000,

har maceutical Iy acceptable ¢arrier. Ranhges of

45 ooe,oﬁ@em,r@wqwomoc 80,080, 90,800 al00;080, 15Ghe0WU 0,408y 250,000,

3000835 83800,000. 8. 19066 530 s Sty s iy Bcooer of a

pharn#@e@{281 5 Cact %@abl@'daﬁi@l , RaPzdd 06F Z&Qeﬂt%mﬁ@dfsédl’lslm a carrier
100, 000- 40, cells/pl, 150, 000-50,000 cells
]ﬁ) gwp cells/pl,

include; dor exranplenb)-500¢ epllsdulg 18P¢-40,00 tcsllsfuk r5&’ﬁ§1345
[ I f ffahC [{@B 7
15,00f45%00 e IL/gg tzbg)ogpsglﬁﬁigag{eﬁl?@g%%ﬁdo%o% ({o'toec%ﬁéf% [2848b-40,000
cells/ilhaso D@Q}EO 000 oelts/Wif etcprBRUNBEHES of kelil @tﬁﬁédanﬁo atteghsplant site
neurq% ﬁel | s argﬁsubst antially pure of any
will alsqaffestdherapsuicdicagy-ur i pot ent  stem cel I's. One strat egy
for removing pluripotent stemcells froma )
[0076] her Bgre therapeptie prnphicationsi 4t tie qffeanpreferablenthag apqrylagjops, of

precuf"sm L6t Her trgﬁltatéagﬁ%u?ael?cgeﬂg a\()? g&éééaﬁﬁlally p%ﬁee of %i/ qfnhi’fferentlfated

resse In un € expressi on

pluanHnC hstael eflss @oei Medegyt Her piisvipgtdndpade mtaﬁl tels from a
Suitabl e pronoters that are_preferenti al Ie/ expresseq. . .
therapegtic mafat@rléﬁtw dieasfeetdhe celly @ithra Vedpiothar hae? geie mdich is

plefeﬁ?%ﬁ'ﬁg}:e és@éttem(u ?férer&fal‘gégjée% @B Ly n%%?sgo%wﬂwﬁ%@l@% Sainst

expressed i n the vector or exanpl e
the pluyrtpotent cstetrin eceﬂe;l | Suitabiles pramotarst thet rare refetentially lespressed in

undif} el ect St t?xe tathepa%e a@\%'rslect%nlsgr{]pta?s]; (’?’ER% promoater and the

OCT-4 promoter. The gene expressed in the vector may for example be lytic to the cell,

such as a toxin, or it may be selected against by the application of an external agent.
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27 WD 2004/081172 PCT/ 1 B2004/ 001246 [0077] The
ability to generate dopam nergi ¢ neurons and
weeomtosniee gi ¢ neurons from pluripotent stem ceCiABAB4/001246
di scl osed herein is of great clinical relevance for
transplantation therapy for a variety of
[0077 heurlBweabdlifs rta tgeneratdi dpruimergiandumes aah sérotdhsrgasEsronsotom

- pdopam.ner.gi c.neurons can. be yused to frea .
pluripfER B oS POATRS et B i SPBisr el St B ptantaton
therapytfochvaidty 6hasr6ddpeh& ety dislere bAdhbdrb®d distade€For example,

regul ation of postural reflexes, novenent, and

dopanpipgigicqoesersc rat bel Usedh 4w itigatsneuredegeneraiteedisendrisnandnheuronal

. ' j ren] and. dr.ug, addi ct.ion. a |1
discasty SRR e R TR e B A R Bl pfSpFrctoncs
movemesijl ind nreRardcbgssciateti behpns) tlopnexamslb RarkimshisNWisease,

i.gidity,. akinesja, and postural

. trenpr,
schizopffegHanind ditgcaddictinn.cas veall ardsvians dusi tpdraamaays iethsr ingawes that
result SEPSREoANRLL €6taiti ARNuEH Q0 AhY, trerﬁg{, ‘H\g?(ﬁgf gfa‘ﬁgs@z?, Yha E)gstural
d éeg% ive dr

can be used to treat neuro nera sorders a
abnormelitiesnsuich ai skiass® adipsid) @phegie haidasdnsoiyzeeklday. Additionally,
abnormalities in the reqgul ati on of food |.ntake,
serotofi i HENQat FBR P6rIsod, et MsudReReragate isgiirs rAgraevronal
discastd/RHidtORre SRABGENARA by IabNormalibd P RS GEhAMtidnUBE Fh R intake,
and tenperature regulation, for exanple various
hormoggy sesreiton csiress eigspsnegyi dainanud oinhenndi forcties, seang). activity,

- SSi roclivity to suicide, violent L
cardio AL £HGRICRS A MepBérdid EabisoB i Piile et brvebisgic,
neurolagiol @xd afthat disdades, A, neGlAl ZRPRESHM, aﬁ,roélﬂ%% k#icide, violent

anot her enbodi nent, the 1p.resent disclosure relates to
aggressie  sharivhi bpessivewompplsiyge behavier eantburrmeniabulimiay aland

. rs with neuroprogenitor cells and differentiated
SCMZOE@%%‘%T cells of the present disclosure derived from

o) ) RGP U BB MBI AL i
of ond &f tdkd BEurtBY KevivAdAL0SHRR uRipkddenit&s céll@feind ditfferentiated
er

cgﬁrﬂ unction with, in conbination with, or a he
neural pealis rofs theapriegmnt (fisalosurey deriveddfrersl prippisniusten hellsetontreat a
) | 5 J re Ls~an st anc i
renod BRGNS Al Bt Bl TR S PHBOL A8 AR oy e
administentcacirted 06,1 lilrtl]t btmjuﬂoth Ofwith iAU rcﬁmbﬁlaﬁﬁm @ithe rdrodfta]f the
. time greater than would occur without the presence o
admingsfratiory aﬁ a@réesmﬁ Felital As usesh Resping & cherenal suvivahyagye” is any
' t r: G ; ' ' :
sefSEA) SSRGS 4 1P IRATMIEDLs sl e

factor feagitroive f@RNPeriodrd tives greasentthan wecllacofiNGE)out tiel fireseytce of the
neur.otr

L T AT
includé Nt 4oe: ndt Hmitdd-tolQliallddRed hBSlrbphit itk&or ?L‘}I@N’Fj} effel owth
(1G-1, IG-2), and transformng growh factor beta
factor (INGE)( 3ilianycmepdipphic] fotpe](COINDY, bsaik nisvived achtrephic factor
(BDNf*“f, %Bﬂ‘ﬂo&o&%t 13%1\?’?’-3;, Reurd ro{)l¥igﬂll ﬁ\ﬂn-hﬂ tﬁ(?ﬁ , MY 1%? Iﬂ\ﬁ‘Ja, insulin-like

growth factor (IGF-1, IGF-2), and transforming growth factor beta (TGF-B, TGF-B1).

[0079] GDNF is known to have trophic activity for embryonic midbrain ventral

mesencephalic dopaminergic neurons in vitro (Lin et al., 1993, Science 260:1130-1132;
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mesencephal i ¢ dopami nergi c neurons in vitro (Lin et
al ., 1993, Science 260:1130-1132; 28 WD 2004/ 081172
WOeCH40BR0®4/ 001246 Lin et al., 1994, J. Neur oBOEMB2004/001246
63: 758-768). Reconbi nant hunan GDNF has al so been
dermonstrated to induce sprouting of dopani nergic
Lin et il IS, T N ¥ikréheft1635T58-R18).aRecoriBifight hufSma. GDEErIGS also been

Absir. 19: 652), increase dopam t ur ngve t he
demon:sw@ti dinducpispioating of éipﬁalmel%aur Bperg in Ao, {Pi‘égan eggp, 1993,

e

(Mlllef' or nht 1999, 8bc.r¥¢itrbst . afbstr. 20sI3I560)1 protefct nﬁlgfpm agals&t feOHDA
ocul o (Str 1993,

0 t..al .., . Neurol . . . .
lesions, 3d mnmyow%mﬁ £t pruoAdghi 6ok Al SRtgits pEpigph e in
oculo ?ze&'f gl ﬁﬂpe}ﬂ@uﬁﬁr 9 L4MEYNNBDNR G & Gophis!factor for

erson et al 1993, Restor. Neurol.
perlphhmh Bmsory neBrdifs; d@ammerglcha:grdne,eemdghm ganglfar(éiﬁ@dwson etal,

ceurrin I th in
1993, i Mot SR G0 aat gt are Sophof iR bimally
occurfifO&] ddeh YS®UnREHE B i bﬁ’o t(Hbfﬁ and BadeYED8S, Nitufet 381:161-
treat” refer to both therapeutic treat ment and
262). prophyl actic or preventative nmeasures. Therefore,
those in need of treatnent include those already with
[0080]’ he Aeuseddegginethattenes Greatmas? oof‘tontsent’d refer '@l ‘@,@bg]@qrapeutic

teats i SRR O B A1 A GRS P FD Lty Sl B in fsed of
treamféﬁt HefRe Blost RReMESBR thedichfddREeHepat @ rdlsh’)@dd#?o@ @heﬁmnalra@aase
any mamal in néed of treatnent, including byt not

as wellj a5 thest mowhishethe neprodaganesative disosisrws wearonphispasgds to be
SRQr Aanj

s T e L, R L4 e

need dﬂkﬂaﬂn&ﬁ rigéluling hafmétrlaitaien thuiiahd) pnﬁlatﬁspamlgkmn&stlc farm pet,

ce , differentiated neural cells, Qr both
or spagts| imﬁn%lﬁ: Rk 2p AeSe ROTSER, SBIF.oEFR: Pigsy satf-¢lc- ot Iaﬁy%p’&fe oSy
condl{l&iatthat wosth & b@ﬁé}ﬁf frdm & bARL AR tn%{n‘o?fb oBhitdIORAR] Hﬁfegérﬁqated
urons are those assoclated wt roper post ural
neuralr eefllsmeboth nypes wEeells afihe pessanicisdewod. aEleaaniemaf/dlemlers that
uch as_ Parki nson' Sggl sease, schi zophren

would,Beei; B SPTEHES B SGrGunHERS PPRGR: Aol ae B it

1mpro&y& Bt 2 t%@ Ny eREROt DA LG & ASMCRNS BeRaitl@SQuch as
aracterized by "abnormalities In awareness, ar ousal ,

Parkitneh v tiseaseanchiopbrbniataakdedrug nasidiationg  Byamples ofj disarders ' that

B

abnoxﬁiaﬁ%éiﬁf Swarbikss, rwusai sehdedtehid foo Gitake, eadlading bui adt limited
cells of the pr esent disclosure are Al zhei ner’
to aggmesion, Mmeﬂswgt otinguding e sicidah nPebpyiedh s SRUAY %§ema and

anoregliél?bglii\ls;@%t § &qo}{&?‘s HB{ 9%13%&13(3951%31%}{1 R Si5dn? SH B ¥ the

carri e
present disclosure are Alzheimer’s disease, Huntington’s disease, and Hirschsprung’s

disease.

[0081] The methods of present disclosure may be advantageously carried out by
direct transplantation of neuroprogenitor cells or differentiated neural cells of the present

disclosure to the lesioned area. Methods of neuronal transplantation and cell culture are
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direct transplantati on of neuroprogenitor cells or
differentiated neural cells of the present disclosure
woaod4vs117esi oned area. Methods of neuronal PCT/IB2004/001246
transplantation and cell culture are 29 WO
2004/ 081172 PCT/1B2004/ 001246 well known to those of
well ke toithosetod skillt in the gut, e.&), B.S.FRat.. N, 5B, 55]243(55%; anuRlaklek,

550,800 g P S i R o

et al. 11999,,J NeuNﬂ:k&hﬁIar SR6SHEd R )V LR8Sri LBul. V@@OEk qvelﬁb 15658 :71-
Exp Neuro 156;8%471 83: Br ustl e e

83; BS’é?ﬂér%éll 2@%99;5%:1@31@6 2857R4-Spiehdhi enerifigally, mom@tp@@erem by

n odj ne
et e SERTRE by R TRBHLY B b oy gt
be 1mplrzmﬂedr1h ehe substahtia 918 b Blriatuni 0 & Patiént Sulfedig! Fogf Pakinson’s
patient suffering from Parkinson's_ _disease. The cells

dlseaSﬁa T ey mpwReddelivese alona fr &b camhivelio Wikl aibet fastors, for
of r
examﬂlé‘%%ﬁf‘"ge R AL B S v e b Bomaciftally
acceptabkeemmcﬂé e Idedilyclsech hdehidey ; wcmld: bnlamnve thec btabilityu bnld delivery
Ignhag%e the stability and delivery properties of the
properligp pLthe 2] The present disclosure also provides for
har maceuti cal conpositions _containing the cells

[0082}\hj chiec Rressrt Alispiasiest @lsod PERVidRs 405 (heEmIcsuticshi eqrapositions
) h I
contfE" 5 ol RORCTSS, 0 SHRRAELIE S50 SALEBARN Sp o
liposoinres} térdpmrticles onmidracapadest Celld of-theprsendtidistlosorgmay alsg be
ni ¢ _exci pi ent and prepared uynder conditions,
supphfaaé& a}frgr@&ffq ﬁl?aémfiqey’ag%lézpmp@shtlep CARESNg an 1sotonic excipient,
and p?éii)‘&}eﬁ' ﬁ&&tdoﬁ&tlonﬁﬁlﬁ rﬁé sBff it &&l@ffo{nﬁ%r&hnﬁi inistration.
formul ations of onposi ti ons found in Cemilf1
GenerTh priagiples Stfemedieinlal Tmamd@ﬂcamt aft edh cpm@emormhi:-sr &pyd mndell

t d
Thera bl B DRI b riess Thig6R, vapdelbeE et et o
Morsth &YW, Sktidabh&ls a0ambrizge [ﬁﬁ{férmty] Prekd, 9986, afid Plente@¥poietic Stem

Churchill Livingstone, 2000, speci i call

Cell Tiatasppde-aBalh harisicn & . flaer @il Aduingsona1 2090, pecifigally
1ncorpla§at9c§ gllelt[eﬁg %90%%{%%@ ”Aﬁ&ﬁonﬁ}yé ﬁg l%a?ﬁ?% lﬂ%% a%} t(% administer a

phamﬂa@ﬁmﬂch_lycdrﬁpdsh@nadoﬁaumﬂg aneatbnaf suriieal el looliyab tlwurea in
be achi eved by, for exa‘g& &I ocal |nf usi gn. during
¥

need of reglongat, Whigh awyibsachigy IR apnglen Kocalginfusigs) g surgery,
1nJectlgﬁa£]§ath¥¥91€ﬁ1%bﬁ§ 39@15&%@&@5 &ﬁ’é}ellﬂesugl_fl rﬁ?lagtr&ﬂsoe of a porous,
non- por ous, or ge I nous material, udi ng
non-porent) rcarglatmsux:imawﬂals inchsting mmmm:rms;emcb as sildstie msembranes or
fiber [0083] The neuroprogenitor cells and differenti ated
Sneural cells of the present disclosure may be
transplanted into a subject as either a substantially

[0083} o moldien B ooty C%n@&eﬁ@%%ntw&d el sgkn b thecpiepent
discloRfe %a@ftﬂe%hnsﬁarftg(? ﬁft@%ﬁ@k&lﬁs 'afi’ﬁ%?%%ﬂ%an&ﬁ& homo genous, nearly

homogeneous, or heterogeneous cell population. A substantially homogenous cell

population comprises greater than 75% of a single cell type, such as a dopaminergic or
serotonergic neuron, more preferably greater than 90%, and most preferably greater than

95%-99%. A heterogeneous cell population will consist of two or more cell types mixed
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popul ati on conpri ses greater than 75% of a single cel
type, such as a dopam nergic or serotonergi c neuron,
wounom/ogreter ably greater than 90% and nost preCeamsdbyoo1246
greater than 95% 99% A heterogeneous cell popul ation
will consist of two or nore cell types mxed 30 WO
in a st cOIB pbpERlaf6/ foB2RAAHROADAMIndrgic anegiang) eero@hbrgic neurons,
S LA B sy GRE b o 88 2 ot The s

may a‘?éo' ?@%@[ﬂkﬁkﬁl@g% cred %zt&%M&@%ell GAGRNNBUhERSer 4 iR |th@lart to

y al so be genetically altered by
expresrsed)mmdbasv\mobhicnfwmm cerowihs ctsirs, sikgurenal survineal sfactorsp or other

ress o el ease tro c fac S rowth factors,
erofihy SAw St 35S AR o6t B prfh UL RS s,
peripHeRANPRLHSIS bﬁtéﬂeogmeﬁssﬁéﬁa ‘Phe e dIr 9tdihot§1€6ﬁd éﬂell type

nervous system  peripheral nervous system or othe

combinpensefor pRfeinue@ressioprisaseesnllnkgowelty thegseot skill in the art of
atlo s for pro res g y

molech 3 BBk otk S BO o D, LBar SSE ALy G A
Laborh@fy Raisll B Feie € ok 8hin® Kartwk Iﬁboraﬂcﬁﬁ Q’;resk/,t)CeldLﬂ;ang Harbor,

Cl oning: A Laborator Nhnual 2nd Ed. Cold Spring
NY, SPﬁiiﬁ%ﬁllYLW%ﬁ@ﬂ%veé reft#0- Spring Harbor, NV,

specifically incorporat ed herein by reference. [0084]
[0084]ro alth kehieveesonressoinoel tsophw Sastiore, ot Hactorgy peyranal survival
o 25 G5 PR Mt ASEoesln BAPng,fireed

neuralédik &F Y prasend dlsﬂbwnaj s@t@bllei’fe@ﬂatbf}eelaﬁaﬁe o4n be denved from a
di scl osure, suitable regul atory elenents can bg

varietyeqfi spueresy ad anayy be ireadjly ofelestsdr b one gfqordingry skiflgingtheyart.
Examégeg %g#%lag?ry?eg&{lﬁ its ﬁlrcﬂid@ aaﬁi’an%i‘?t onh 'brg&%te?rénhancer and RNA

I"enmen
polmﬂef@eslﬁﬁdhlﬁgi se@dncp B)Emmeﬁr as errﬁmscmaal, bmdthgRMAuence, including a

NI T LT TR
markeH gﬁgir zﬁ) QX he Encﬁaﬂ)‘rﬁtb@ &b tﬁ@ '?gédn{’olﬁah‘@ TBSIESule.S VAR @Sombinant

s€le al so be 1 ncorporated into the

moleqube orapibe anﬂroduabde oib ¢he fﬂhﬂpmtemmn ielis, or s MI@OWO’D gells
trodu ed| to.t ent,. stemcells

or dTgip b gerel eI Aevied BPRGNTH ERBREFA SuhsRa b, i

dehvéil?r‘!iéhﬁ%sf 69 M thio Rlsélfnicﬁl@!i entixfiheliR GFl ddivetisi Itd@ﬁmlqﬁes 1nclude

del'ivery vehicles or_ in vivo techniques.

retroxmhmt@s, asfeneldtal weetgrs EMVm@ctqwlmaéom%phﬁwa} ggchniques
ors. enoy I r ect

such ﬁs pgg%%éecgg%y gﬁui atranfge%fml 3{1]% %&%@%ﬁﬁoﬂ §t' Qilum phosphate

precipita68)] dtjoftdr nfthoddNelotvh a teeet footransfea of Icﬁsatmg)mnombmant cells.

or cal ci um phosphat e preci pi tatl on, qQr ot t hods
The genefigally rqlt@wé calflq gy beepgapsylated dp miprospheRes @3&8‘5&“%1‘(‘
in p1oquJn ¥ 10 the{@ia&i%@f& G&hh dac k&, eph &lolsserf@)éy&ﬁare well-known to

I'n mcros eresan I mpl an into or in
thoseps‘I@IXedmﬂ yhet art,t el diayelas e&mhmir fmameaqude t 1nsAumbePrebtaéc Glugrent
npl oyed are I-kno

t hose h t,
Protog@,lé Haa)}\/lg]@cql% olo,gg,r k%n%ﬁﬂ@ Szh e Li(P eNay: . 1997,
1ncor&ﬁ'§1feﬂ Akrein by reference.

[0085] Clinical experiments involving neural transplantation in patients afflicted with

Parkinson’s disease evolved from basic scientific research using various animal models
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Protocols in Ml ecul ar Biology, John Wley & Sons, New
York, N. Y., 1997, incorporated herein by reference.
w0QOBHB1GRI ni cal experinments involving neural PCT/IB2004/001246
transplantation in patients afflicted with
Par ki nson' s di sease evol ved frombasic scientific
of parkimseniprates uedipignty axf iether fatal embryvnitatesve &l Maraneuronal tissue

s AUHAPIA I8 L CHORAOCIZ S Bl P R ST L
cell gﬂéilsdma rpeoeitied ecdiRagetieaf it LACH Fj’h‘ﬂ@ &ﬁlﬂaﬂ%@m@rcﬁ%ﬁmlnerglc

rEa experinentation wth fetall dopam nergi c nerve
deﬁc“é eftd gpsipics Mpsere fignetion disd agimeadsireige xperimbain]l desitns of the

nlgrosﬁfa‘i‘zilt(ﬁ)g&lﬁHJe 5%‘?& nglo am ne | C \Mq?es%hcge;pbél}q ngygtt%hen from

restor
14-16 [dey .ohmnmryos heve beeg radia&r[tag’bbaély ‘éﬂ]?ﬂmeﬂ Q& &owﬁak&ﬁﬁoﬁ%ter
muri ne nesencephalic cells taken from -

sestars OB i RSP RO MASGH e e oase g gous e ipprasive
treatmbROCAUHIRRD SARR L0 ArCRER NBGoUET D315 Ba0), fpperestingly,

these agennoossppde és Ithﬂegestatmahlrr@et at(Whick KopadinSteaé ﬁléuroﬁ@ 9fdergo
Interestin

3:415-44Q)
their (0L ESision FRPIS o to0s: T deGompi Srupl. dg8-400-5h splia
grafts 6DEABRYORIC %&eﬁ@ﬁﬁ&féstlsgﬁ@%%‘?so ﬁfflﬁés cﬁf&@qﬁto %Eg lsus&ensmns for

di vi sion (Lauder and Bl oom 19
transplantatige o Tgpical Weovivel ratps aff tsscloiuspeﬂsrops,nhmvaves dnacepbal ligited

be d t
to ot 1Bt 8 Bl PP Fafherdis B B ofasal Vs BT <iih. i
495: 473&%96 S#ice RmbrivAEMedenciYE: RERS 1sJ ﬂd?‘atp@l{% soh&em%arﬁﬂlé?glc
the grafted dopaninergic cells (Brudin et at.,
cells—fggfﬁbo;gglq 1-NO% o gagdotag@qable 28l a1y 3ur9B)ng @muanergc cells—
| s. not a pure so
o e T BB PR (S BBt o Bhing B a0 o
150,000ivahllecedls it srder & &ferctivaly BmpeRaEi foed Pamine@bit $ossany
graft of dissociated nesencephalic cells preferably
[0086]c onPedferablg, rthai aam t@atnsﬁl%?t QRQayP ofl% QR0 alGostf | Aiso
in order to effectively conpensate for dopam nergic
incorpqrgies . sopasp gEenpraff eprng ),andt heesgrwing theanspbpmgemtwreqm and
car por.ates so
dlffereﬂﬁatéd@el.\?ﬁlgct%g?&"orqisg %%ﬁ%fsr f ?\s/nfrﬁ%ryt f% eﬁ%ﬁpls 9%@5@13&1 age by
cryopresetasomndr shof'tf wrﬁntstcah@j inepreddrva&Rn! Snddffm. Us@ﬂyﬁprgserved

tr.anspl ant ery, far exanple |ong-term storage by
embryqﬂlg,al,s% Fﬁ $rue dias dieen tsugessiily sfoserk fomup to 70 days and

transplBtEP &4 H@H‘lb@'ﬁﬁmoﬂgﬂt EURPLESE rPfS%ess ﬁx%@ln%?sg?rga Vel 78,

nmesencephal i c tissue has een’suceess
New Yippk,t Bls@0erdd988)apg. 68 I-aﬁ,smeatficeldiy aohimed abtetn bi reference)

o oA P50 ST S e SRt e
by refesdes). f It Gad bl)!o b@éipdé?l%}ﬂ{r%d l?l@drt SiBrydhid %E%@g@g ig 8@@(&111 be

primate (Collier et at. 987, Brain
Successﬁé@é Pﬂliﬁl,faql laftet nwopmsmatm hafesemceplmlicr iidsee et @)so be stored

short—té}ﬁxs n > & hg%eﬁ}e A 1§rs1 Ergeﬁnglg att m angbsugsequently transplanted with

surv1v1ng graﬂ volumes similar to those for fresh tissue (Sauer et al., 1989, Restor.

Neurol. Neurosci. (Suppl.:3.sup.rd Int. Symp. Neural Tranplan.):56, specifically

incorporated herein by reference).
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successfully cultured after cryopreservation.
Mesencephalic tissue can also be stored short-term
wO2e&E/0days) i n preservation mediumat 4 C. andPCT/IB2004/001246
subsequently transplanted with surviving graft
vol unes simlar to those for fresh tissue (Sauer et
[00871at Greagacement, ond thavextew| to which dscitaft(rSuppivates fsugiriatim,

| fi
are boiltl{‘n:l:na %e{rﬁg tfaeé\grﬁ ef? e Tr@g& 2]?%'}683 yogglyl I Cag‘@iﬁld@fﬁ@erglc
systenPCT/ lnB2tﬁ94h@ﬂ)a1é’1ﬂﬁ¥] i&BhherdcaddneRhRAC IR AL, addctidal§ placed

extent to which the graft reinnervates the striatum
dopanmpergisogratt $hﬁ)‘@rbe&ntshw&@tt@resiuﬁ@moﬁqreasmmphal haye ditleeeffect
d
on s AETERSRHILE o 9080 100G, ) BUSURRL B, 155

Brain 8es.t2 16all4r756 1p! &c echtrad) m@‘hlngaﬂat pla&@ﬁﬂ;&ohﬁﬁ@/ toageras Bﬁi&ﬂml
,, but have little effect on

ce notor ynmet
in bﬂ%ﬁs@& r §°H?€5P%8F %BFWPW urdmals  gifectivelygestoppdaispnareys damage
(Dunn@@%t 5971933% A PSsto1 & cafl! Sv#) %12'39- a'frﬁ gﬁno&e the reversal

47-61 I n contrast, ts place
of aklrmsmxmrhlkayeralbl ]eat)mchzlmmalsuabbmrvadmnﬂ)y bvable tleel hugleus accumbens

oo 5 ek P .8, U
lﬂﬂssliﬁf‘ﬁ*é@f%meﬁrwﬁa@g@f H e ore %p}fé‘ easé%%&%%éng; in
proxmﬂB} ¥ ﬂﬁe%n%leﬁ% %H%e@%%b?ﬁgé f'c%\}of'a}bﬁee k%@ﬁé@%ﬁdﬂlﬂx (CSF)

dopam nergic graft
en\flromsnt BOhod3RghhE to pF@a&STor Wraft eutvivel,t thardspleant Alopstinergic

f ft h f b
Gty W RTS8 o) 6 e b
caudatk ave1a®| Hopama RSAL ‘iﬁ"lthef }%diéuﬂer( Q%Fafteneﬂ)’”%rlﬂ@gf tHafl in the

those regions to rOVI raft survival
caudatg ggictess df a@mmrrm@ ol. I‘dl@gelneﬂcat 24h15-5; PHykergsamézls 1983,

IS on ed.in_the pu n than in the
NeuroGlRERul SRS BLOTURREEILD dh0% P! BTBD bR, ety
deplemf be mo@ﬁnﬁéfglé-hedr@meﬂmhhm ro§trdl NRutarh @t didsB é?%l' ews6, Ann.

J. Neurol. Sci. 20:415-55; RNyberg

I\Teuffoletzoz%6 31)19%%1:116 m@ﬂ%ﬂeqwnnoa@rﬁs) (caudate gRcleooynd putamen), the

pan 9S00 o BRI TRl pes

(DeLopglt&r@eorgcb@@ﬂDsetw% Had®90k AnPhysidiegy, Rectidd 12643 1Nervous
[ conponent s (caudate nucl eus an

O, the t stria
Systen ﬂ%ﬁﬁ@@%@%ﬁ@eﬁ@ e | 447-6h ighesAs. g Am.
Physi {
3o oA g e Gyn el et sk BROBE] ke dopiiifbe
grafts fargetihg Mn&bmderSysbaaﬂed \;(oth Pazkinguh’s @seskhar d,
Mount castl e, Geiger, pp. 1017-61, Bethesda, l\/bl : Am
[0089]Phy ShehewSpmgpnitor el efmat éiffetdndated hatiN cdIB)ieh@ibad Mefedn can
favarabl e site for dopam nergic rafts targeting

also beysedy togsesesnaromeponadssich asdPharmpceptealicoamauadsy seluenis, small
molecdl&??%tla_&e of %g[ BEIRGEIL A wefl! dsS v Ab A G ANELREE Such as

neurafl cel scri herein can
culture conditions or manipulations, that affect the phenotype or characteristics of these

cells. In addition, these cells can be used to assess candidate growth factors or
differentiation factors. For example, a candidate pharmaceutical compound can be added

to neuroprogenitor cells or mature neurons, either alone or in combination with other
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al so be used to screen conpounds such as

phar maceuti cal conmpounds, solvents, small nol ecul es,
woepisiodesy or pol ynucl eotides, as well as for PCT/IB2004/001246

envi ronnental factors such as culture conditions or

mani pul ations, that affect the phenotype or
drugs, ndraaytchpngss iie sheomorphelogy, Rhenpype,lor futetionzloartivithds ghe cells

canbegaﬁsgésgel:cf%ﬁ&gltuﬁ?eﬁd to assess candi date growh factors

erentiation factors. For exanple, a candidate

harmaceut i cal conpound, can.be d to )
10090f, 2., 18 30 the pewgbrogeor fal g SEGieatielsd gpupbsells dgpraibed
hereinghaa}; Be GEtHM RAIAiHH M dnly sRiBOF diffeteatidRO0HoP _%)an}ﬁg, these cells

| B2004/ 001246 drugs, and any changes in t
may bgigepeiisaly modpheshiothaye single drumdtiplergeheticmivdificgtions, ¢ilter in a

. cel be assessed, and eval.uate 0090], Ln
transiif ot Sanfe Hoonin. "ERSSRABRPREPPINER Sts depe Hes B wany
reasonBEsiichl asciel provide sasdified cellefoeigendrberd}y diifeplembmcissi@dfor
.at any stage of differentiation. For exanple, these
graftingeqr igiplapiasiope Terrells ehitheyprensal disdlesure canabegenctigally medified
e [ r a
throughithd e BRACHS (el bl 3 ool dYfbrk i M TR br o
neuralrspycifie pdesotegbtach are welhinowreasthose oB skih iR shd &t.pMaydedells

ified cells for gene therapy or, replacenent tissues
may afig fge f@q&g‘?ﬂe HOYSaeT QrRresiceiain Trekere pr genss thapgan be used to
ﬁlrthefgﬁ*?@rlﬁffgﬂeﬁﬁéteé BEIR ERRed S0 @12&1%)8@{1{ YeOQiL | o‘?galtgrnatively to

. Ir ough thg i ntroduction o ctors expressin
inducesdiffersntiticn imtor pezticuwladeil lineages o Mhess cetlf can be modified to reduce

neur al - speci fi r onot er | ch are I known.to .

or prilHl Bmp¥E ciejoctioR S Bhisplthiaiion” 46 I ocnupetbly puith e

intend6®fbclpi@d. at any stage to express certain narkers or
genes that can be used to further purify

00911 T fer GRIdadt e GeMALHer f | bed ing!

[ ]gel l's, or aal teef ngélic\%té?é; c?%a%ﬂyn%ﬁdg%elgdgﬂeg#gﬁ% 151 iglrg] present

disclogun¢, chesar tells whayr be edldmeérized dnyegenelitallyealteeing shaanviiea suitable

—modj,fied to reduce, .or preveni Jmrune rej | Qn t

vector, o hob fik, SRArER. (of (€OMETRSE GEB FURIPER (4 x hane TERT

sequerlcB ey b8 Gl &M trom AR h or TousBeWRREE/145® LRIPWICE84/DYEL3,
_capacity of cells generated using the present

specifighldy linporpasated Hessein del referage)bes tvedllo e rothee dnipypmalian species.

eneti.cally altering them w sui t abl.e . vect qr

ttern@A8). ERG ol S oGRS TEES S8 0, intSisdn eitods

used t6 Tgedicallyh@odiER Tells afpl @8l knds@dton s o f ARl L ehef £0M These
human or musm 98/.14592 and WD 99/27113,

methody, gfijizg varipys rbigley rieghaiqyenympey of arlaiel) aregenerally
aner r j [ . t ' nd

doseritft in SEbS or TR MojERRE Chnipgly’ ENRbGL Mannal 2 Ed

Cold Spning dbsleat. Labbtaieg Press s€old tSprigg iaiboraNTYY speoifichily Gebtorated

herei %{eﬁ%‘s” known to those of skill in the art. These

Crem Y ITRGHECUt i 1 i ze vari ous nol ecul ar bi ol ogy techni ques,
many of which are generally  described in Sanbrook, et
al . 1989, Ml ecul ar d ohi ng:*A Labor atory Manual 2nd

[0092]Ed' The following examples are included to demonstrate preferred embodiments

of the invention. It should be appreciated by those of skill in the art that the techniques

disclosed in the examples which follow represent techniques discovered by the inventor
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Col d Spring Harbor Laboratory Press, Cold Spring
Har bor, NY, specifically incorporated herein by
woeb@rosnice. * * [0092] The foll owi ng exanpl es RCEI1B2004/001246
i ncluded to denonstrate preferred enbodi nents of the
invention. It should be appreciated by those of skill
to fungiiort Well dn thetpinatice o€ thedioheritigneand thirs edndageebnisideraddo constitute

preer RS ot L 00 BB B S PSR B B e
preserit O dfstldgire O tippRekiatd Mhithenddiachdnges odant Be inad€Nin ARe PpBEific

t.hus can be considered to constitute preferred nodes
embodigienis; Whighaatej disclosggnend stillt plyaia aflikek pr |sitpiar pesulyr without
whd Dhd ght . sent di scl osure,
depar a #Jggit}é’% %n%t]hag]tla Sﬁ(géleygégﬁ%ﬁlgé@ﬁ%an be made in the
specific enbodi nents ﬁ::‘i")lﬁl ch a\re di scl osed and still
obtain a like or siml aP“i?éﬁJ t without departing

romthe.spitit and.scope of the inventian. anpl
100931 o0y PSRl B ening e BT fisfiprs A usate the
derivaibf € Findtofisl RphmencAaTRNS sEdiRctiEne#Shs Harh! A embryonic

functi onal dopam nergic and serotonergi ¢ neurons from
stem g¢llfran embryonic  stemcells. [0094] 1) Human Enbryonic

Stem Cel I s: [0095] To begin, human ES cells were
[0094] sol 9t Hanfandmbrenic Steex Celld:] nass of a human

bl ast ocyst. The human pluripotent ES cells were

[0095Her i Mebledi, dmmemdES sellsun@e ifvlasd aopsths ind tcell nelds af Aihaghan
consent from jndividual patients for the experinental
blastogyst  dhe hpwan plugivpisal kp sellsryarerfieraed frameeaicpss|human plastocysts

after B?faﬁ{i %ﬁsﬁ?rﬁ&ﬁdir{dﬁ@&ﬁfﬁ ebdtRnRf D ﬁ}e' ] rmge[%ltdl wiBF the
of a human astocyst using a novel lTaser ablation
blastotwsthnTopleumaan BB sell tise dsédnhdebifs was Serival frodo. cell bR 6, iddek, cell

i pcorporated herein by reference,. Briefly, a.hunan,.
mass "5 BpBE) HSea ipks Dot 1t Aoishen einiath ah aBEBREH R U-S:
Seriala08 BOI22E1NEY, if oriRE heVds bySefRiRE, BRER% himdS bBRlocyst

non-cont act di ode | aser was " used to creat’@ an aperture

having krasng petleida anaophsetodensi, cad sandinnérecdlr mpssewaoiselatadoand an
t he_huma | ast ocyst. Next. cells, of the. inner cel

148 WS nOERat BRA0 THRE weiflon 67 BieRta o, gPeniraFlHf g zona

pellucRiap@idt @eitfphedodesl dfhthe tithah Bast@Re t NES, cdilkesthe Ghded cell

were subsequently cultured on a 0.1 % gej atinized
mass §leit dsoliteh DynaspBakell Hsiagt ate atniigtinn pdkctitclatieduced| theough the

sl SR SO ey oS
mitonfdimb€ desated moukeffeatdr Calld fsan B dhediurhPhddMnner cdhogksddrived
cell m[a)sl\é%y w(e% B}C'r(r)l)ed. %ﬁg %lsecgﬁ r}rtleed?ur\r,l\/i ctorrxlsislcg(i (2) ggl gcc%(’esl, lnodiﬁed Eagles
medium (DMEM) or knockout DMEM (Gibco), supplemented with 10-20% ES cell
qualified fetal calf serum (FCS) (Hyclone) or serum replacement knockout serum
(Gibco), 1% MEM non-essential amino acid solution, 2mM L-glutamine, 0.1 mM
B-mercaptoethanol, 4 ng/ml basic fibroblast growth factor (bFGF) (Sigma), 50 U/ml
penicillin, and 50 pg/ml streptomycin. These inner cell mass-derived cell masses were
dissociated, replated on a mouse feeder layer in ES medium, and used to derive human

ES cell lines.
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qualified fetal calf serum (FCS) (Hyclone) or serum
repl acenent knockout serum (G bco), 1(r)% MEM
woam4assient i al am no acid solution, 2nmM L-gl ut ROTMB2004/001246
0.1 mM (3-nercaptoethanol, 4 rlg/m basic fibrobl ast
grom h factor (bFGF) (Si gma) 50 Um penicillin, and
[0096150 ddomphobgiceliy thejuinran Ahesks denived haed 4 highsiseldaydyigdasmic

ratio, LY FagEIeT 1 o0 P G GE B WO Wik SSEA-

4, TRES -6/ TRALIN A4S Il e ATt Ptk
[ 00961 Rl\/}érlpﬁg%(é?gg\ﬁky t he hurrga;se’ES ceeﬁzsgogdern vedg’h%]\?e?,o

criptod , GGV, eddt etk CA0opl asmic ratio, and were
characterized with cell surface markers such as
[0097ISSER) 1Culb@eAnd ExpSEion of Hulid Bmbyonitert Clls: OCT- 4,
al kal i ne phosphat ase, tel onerase, karyotyping, CD 30,
[0098}:r i ﬂtha: Bym4£ECHE, cells kivdre antuielD-4Q. prbRRLfEd hdecuidndag] pirotvth
nsi o%@of Hu%n Enbryonic_Stem Cel l s: [0098] The
&f1 o

conditigy rigndiffeiepiiated bwaarpﬁ&crﬂﬂ%ﬁ@p@aﬁ%aéwck vial
were 1%§L§PQ?Y€ i Eg%éﬁéwﬁ%ﬂf Hégnﬁlef]f,@@fllamre&l e nSikRE'of Dull<becco s

renti ated human cel roma frozen stoc
modlﬁedaEaglwe meedivms UEDERMR,A suppl datentel witn 20%hES | dell qirdified fetal

boving S LSV COSh ol 2o SHEI A (VBN foBom 2

L-gluta@h@ 0.1bRWi emér%&ﬁ%ﬁétﬁeﬁ%ﬂsd U%ﬁi lmm 338 9600 @%ﬁ?ﬂtF alThe

am no acid sol ution, L-gl Gt am ne, O.
cells vszermpcﬂgtpd on BOusy ﬁatdep éfmecs o1 & igelatingoated plastiertulture

ceI ellgted and t use
dish viogfiS eyifs The'BS Gell Sordfie cansiief B HER iR G tucose
suppl@h@tedwm QOES%TEQS %MTD%ILE&nﬁ@ | oMY A edkehtsd] Qehisd acid
DMVEM wi t h hi gh 81 ucose supplenented with 10-20% FCS,

solutiony{h Imiy) frmsreanptsthanok mwrnbp@n@slb@rﬁﬁ 1s8/m pirepgoraydie 1000 U/ml

L, 40 rRrL AT SR B ThoBRE | i roos

Smenda:FzSE 11axsc1qmdi REarhisloft RE o E1998d PARS Blatl DAad S il NOSE 005:€3726-
Sci ence 282:1145- 1147; Shanbl ott et al.
137311%%1161#»(11@;&1“6%&5IZOOQAé\B@lregwtec}U%w%Ols?zﬁ 13731: and
Reubi noff et al., 2000. Nature Biotech. 18:399-403.
[0099] 0093e It Srael sE@ere expandad by quitpramg entl tqguladlytmss;agglg the

e oy G PR B 5 SO B e o
with (MRl "]\‘Zlg v thRecCBhIbecco ﬂﬂ%sﬁ%guﬁ@rsaﬁﬁ@ﬁolﬁﬂrpﬁ? 90’ seconds and

phosphate buffer saline solution for 10 seconds and
then tltehtetrg theeall$ matht(h@5% édybsin ot f sérof89o0 AftypS sevohds, tlie act1v1ty of

SRR RS RS R e

scrapeﬂ%dclﬁ'bkén wewe 1nt§05}h?a‘lleéluﬁél‘§ briRKe0stete Wrerk Rk ﬁmtﬂ onto two
clusters. The clusters were then plated onto two
0.1% gelatin coated 100 mm petridish coated with feeder cells in ES medium with LIF

and bFGF, as described above. The cells were expanded for 4-6 days.
[00100] 3) Generation of Embryoid Bodies:

[00101] After the undifferentiated human ES cells were proliferated and expanded,
they were cultured to form embryoid bodies. First, the ES cells were dissociated with

0.05% trypsin-EDTA, followed by scraping and breakdown of the cells into small
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0.1%gelatin coated 100 mm petridi sh coated with
feeder cells in ES nediumwith LIF and bFG-, as
wdesorosbeed above. The cells were expanded for 2eEIBRYF001246
[00100] 3) Ceneration of Enbryoid Bodies: [00101]
After the undifferentiated human ES cells were
clusteysy oThdse rchustads sueek thepanated at atdhm;xtyvm? apprenitatelyd 1xm5f«et1mm1

onto b%n:tgﬂgl%gl Bg&%els%g{éi Eet@ifﬂoP ?6851: (ﬂﬁﬁﬂ ”glsl,evﬁq:c? dll(?%é) | a es used

have Dh@RkdIRYWRe ShrfAideahseirbvents iR cHaBIt] thel%ﬁy Wind \Agggf%ér&?tlatlon
PCT/ | B2004/ 001246 clusters. These clusters

of the,Egt edlls sandafosmption Vf @mbempd doidirat eThesexcedls we'bl csu/ltnted as a

susper%ﬂho cﬁﬁﬁ:% 31[1 @C%{% L%il 6)6153 F i&#‘ tg%%@g d eﬁﬁe%g used to

cultureiGhesadéetis| had  BIMIERIC &vithhBigh pglav®et & Eﬁdok@ﬁﬂTBMEM W?ﬁ&p)évas
stimulating differentiation of the ES cells and
supplengngad: Witk g@ 2010 F (S ar koasloyt stvas aeplagemeniense well as other

R R

use FUrE thése
added delthe BSashetivEM Vithi henibrgbid Podiss seere ralll@md ko utroWMoM4-8 days.

. i.ch wa Lenented with 10-20% FCS or _knockout
Dunné’@%ﬁﬂﬁeﬁn ﬁiﬁl@ﬂlﬂm yas g&ans JQ% %Yﬁé%ays by gprdimsatation gagthod.
I t
i s98a TR h0 Bltrd  EoR0, SEL Gpde

to a capéitiagatubeywipving @e@ggfe@atemoeseum the Elzttonm gf theitsbe,, nsyerating

e o e B A S B 0 B8t v

then r@@fnk@tomB@ ddlturer ket e Ak HRGEndE (SERMSE, TR ShbRORN RRFIR SFere
to a_centrifuge tube, allow ng the aggregates to

collected angl epynodavrreatdevt spaedind igsuspertsied uaﬁﬁ.qeatmeqigumt tdout 20-30
embrym&ﬂ’f@s v@é}gﬂ{eggallaqgc}]&ga dgs ug c&&;r%rpﬁ?%cé%a e‘fv{ﬁ) Q-e[l(f g%laifl?]gm ES

egat es

medluﬁu‘lvithmeDIiFSﬂitBﬁmthed e 2¢nguef the 4-8 days, the
enbryoi d bodies were collected and spun down at | ow

[0010HPeay Sde-tHonsys PRP&aThn de‘EeStlﬁ%‘suﬁ@ HiehBprddepiibr EGts30

enbryoi d bodies were then plated on a tissue culture

[00103]' atﬁgf%eg‘ziﬁacu o e% 1‘1?%(3|s1t§4 hé‘ ﬁéﬁr %gﬁﬁtff@?lswe% éTQéﬂéd by

1ep1acmgdh@E§ ansliwn vofh N§§n|(mesﬁn §eIE¢mm) Merumefbesoditinict medmm The

TS Eniel BB 5Pg8H PPN BePuDIGER) stprgeiel i rgsromth

factorsi ﬁﬁulﬁﬁ éﬂ@g J%,QZ%Y)" @gﬂléﬁ Eéﬁlﬁlﬁes%lénﬁe %@b—%@tﬂl\qp E‘Slglf%ra}l N dnsRErin

defi ne | TSFn nedi um consi st e

(1-10 pa/el) (Gibcreandfbromrasingf - SSugiml)e s sedinm hllCtWﬂafog thenetection
of nesﬂéliggﬁgi?’e ﬁiﬁ,( éé]drRs (:?m%? ro'gﬁ %1 r()l(%ayg ?1%21‘115’ gg | § VYI e@%g’)ﬁSFn

medivanbkifg bepbengstied I&Vérgl Ddgel Miter cOMpetdBeliettiond hlh@ﬂ‘@r(ﬁpibgemtor
the sel ection of nestin-positive cells, and

cells veep charactetypeds foF nestapexpigssion using 1y lrsmgn@faygescmqeﬁe@fn@que
which SHoWH that approximately 95% of the cells expressed nestin (Figure 1A).

[00104] The nestin-positive cells were subsequently expanded or sorted using
magnetic cell sorting (MACS) for enrichment of neural cell adhesion molecule (NCAM)

positive cells.
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medi um bei ng repl eni shed every 2 days. After conplete
sel ection, the neuroprogenitor cells were
wohersasieei zed for nestin expression using an PCT/IB2004/001246
i mmunof | uorescence techni que, which showed t hat
approxi mately 95% of the cells expressed nestin
[0010§£i oUr ot of NS4 osithvwe Gedls by Mampsti¢ Bersingel | s wer e
subsequent |y expanded or sorted using nagnetic cell
[00106)or tNe)g, ObES)ositdre eellsi etenerisolatbd neadr sdbjectdd taddx@angion or
| e ositive cells. 7V\DZQO4/0 11
magﬂ%@:ﬁ@fl 6@@“@@%&69 or[egdBentof newpl sellpdbesiRER Nessls QYGAM)
positiéE bdifs, PMCHAG ri@a'rfém%ﬂr {deBific dubQ J&!‘FXTO sort the nestin:positive
nestin-positive cells were isolated and subjected to
cells by rMA@Sousmg NGregnéhe pestintiossivetdelly WedOB)t Hapvested from the

tissue HREY iAo Py SHEaiNg 160 oFout B Oujvei BPEnGa | e Next, the

dissodiBeK Bive cdls HRfd whitRdNesH PBSPARI {thiv&d will Arﬁalmbow?(ﬁ%ainst the
using NCAM the nestin-positive cells were firs

surfack anarksen NEAM ¢Eherpigon)t fos 30 enivutes.uThe pblm were bhen incubated with

MACH RES Rl R bt b RGBT i o8 i were

subje@éca'tmﬁﬂgtmicrsoaﬁngamerh@@m@g@kéﬁny tuhm PBSIf flaﬁﬁ)rfr&fek@lus the
Chem cagn) for 30 mnutes. The cells were_ then

NCAM
magnfr'ti?@llbgl%@ée%m 1h susppesipny mr%mate}m%m qe&@ Wee pisdigd pnto a
MACS s <& g‘mﬁi EbiGfh f\)ﬂfteégr ¢ Q, g%tceﬁ?%e&heh owelt8d w t|h§/ough

subj ec to nag ne er was car e
the coinmlm aRBShe élfdiusrﬁr(hegahee ﬁ”&d:tl(ﬁ).) wab eollattagin éEheq&bithe fabgdredith

the NER Moot il Was MR iee e T o b B (Tt ey

Bi ot ec the cells were allowed to flowthroualh t he
[0010¢h| Beforeipmynesorgng, the pestinreasiiviewslls rgrs anghipediy FACS, and

about %&é\fﬁt&q ?\52310 %@itfv’evc%ll% hgﬁlteks%plﬂééc%‘lg%t @y cg tr{l%rlﬁmth M

(FiguieB3A {uﬁDZB)?] AReff miir@uno¥OHIME SO Mﬁmﬁ thé popnﬂa*tonneﬁomblb inegtin-

cells were. a d by FA t5060°/
POSltlYF‘e%f’(“1S FEPGESRg § SRS s e@m%gé% T e85
ker NCAM (Figures 2A and 2B). After |mTunosort| ng
[301081)/ NACExpansionsd I AM-Resitate Newseiregenstor Calls:posi ti ve
cells expressi ng NCAM was enriched to about 80-85%
[00102Fi glheetsoBedaNG ABBYpositive GEI8 ved) eExqnded byrfinsf dissociating the

cells PERVEEE e FEDTE 214 85 Hd e iy veiR et Rl g Miyng taminin

coate@ﬁl%ﬁe@ Goatairiflc EXRnsi6R mhedlingh ! @Lﬂuﬁﬁ%/ Hel MOAMM-pEENife c@llRdin this
en plating the cells onto poly Ornithine/laninin

mM@oa@@atSpbatﬁeésa@@ﬁpm #Hidn grodifpratien on the dvxparsiaynegdivag The
I t
expaniif oA BShdcu (R BRLLE2. ol - OB R REAA St 76-s0
nM), Tkvelsfeﬁx:pammﬂg/ﬁfﬂ);lmmmsdm@é (ﬁi)eﬂ)(DMEy,l Fﬂ)%estemﬁel I(5-40 nM), and
Lamm(l%c()lol-gg u%%lsd )1"’\2\10800rdrhcl)'lrg1 g?'oew&lnflactors S]ilgh gg bFGF (10-50 ng/ml), EGF
(10-50 ng/ml), BDNF (50-200 ng/ml), FGF-8 (50-200 ng/ml), and/or SHH (200-400

ng/ml) were also included in the serum-free expansion medium. These various factors

present in the expansion medium contribute to the overall increase in the percentage of

neuronal cells and further induce these midbrain neuronal precursor cells to adopt the
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nM, Transferrin (1-10 ng/m ), Putrescine (50-200 M,
Progesterone (5-40 nM, and Lamnin (10-50 gg/m).
woew4ms1imere grow h factors such as bFGF ( 10- 56CcngBruh)/901246
EG- (10-50 ng/m ), BDNF (50-200 ng/m), FG--8 (50-200
ng/m ), and/or SHH (200-400 ng/m ) were also included
dopamienginphenpiypef Tbe cuparaiosinedivm dvas replaisied avarsi 2days, and the

s BN SRR, S S S o

1B). cells and further induce these m dbrain neurona
precursor cells to adopt the 38 WO 2004/081172
[00116CT/ URED AL Lt csRRaHs NSdat S00eN eF YRE celit&tended tm—:‘u:ri‘ce

expansi on nmedi um was _repleni shed every 2 days, and the
processes; echstpingd ppsiiye N@N@lﬁsﬁh inthicheevideniced theireibilty eaéutmt eurons

oL DESE B0 Ven 0 LRl BostoChorb PR bRkt BBt
(Figu@¥BN deiksB Qidlitopfo geRIAICEIIS 8er8 MRerS sall§ DhaRQkEd,| M APflicants
NCAM whi ch evidenced their ability t0 form neurons

obseryed; that dhed¥ . neThargegenébt seliiecan &k sprssagadingr tmd i times end still
. .ear eur.onal rker, (3:tubulin (Figure 4B). These

maint b cHEBIRD B, MRyt ik P obinsFnS oy g ppgent
effectARPth pafhtal (HIEE eMBHotdifiérehties et QOB QDBBE&T dsRhiSergic

can be passaged up to 10 tinmes and still maintain the
neurogxpabi lity to differentiate i nto dopam nergi c neurons,

wi t hout any apparent effect on the potential of the
[0011&F| 1D Diffeientiasronrani Matwiation o CRoapdntinergiciewronsd

dopam nergic neurons. [00111] 7) Differentiation and
[00118pkt UDestelapment o DdgyaninggigineulNas irovise d¢pRAds@ the regulated action

Devel oprment, of dopam nergi ¢ peurons.in vivo depends on.
of exff%?sﬁlilélg%glﬁl@a okl "Hedeio oGHISE Peffvate & P@*ﬁach Hgranseription
factor?Wit%QH{eﬁée—_re-gﬂﬁz&%i t&eHhes h@sfé?&%@érgr_tﬁn%&&%%?%@sponsible for

ranscription factors with |ineage-restricte

increasingrthe skpnassiothef e specifivs setiqbtgenes insickved sn Hreedevelopment of the

sona SR i1t LSRR bR RS By e s

using titLabofte PASTb & fiftb FukRAM! doPEminkLsi € NERYHA ke EidG/1IE FRBR§BHEGF
neur oprogenitors cells generated wusing the above

and BEBt oteae first owithfiewino ddm dbganelirer giNexhe diffwentiatin of the
neurogx{?ggﬁégr% g&isﬁgf‘a ?@%}ig%@% ﬁ%ﬁ;({nwa% 1&5!%(%@ b\%9 &ﬁ [‘iﬁ%‘ig LY in

ron O

Neurobeshl apsdige tbi 00s50Cédylss The Negtopaal ArRARING intbudedMSeutblssal A
i nduced 3¥ culturin% the cells in_ _Neurobasal nmedium

medivmgy (GEgok oF @y $0-29He (ReliriddNE x| andel? i k71 R [Gakro), as well as
. . . 0- 200 -

v 4, PR 80 L5 1
IL-1{§)2Ct-Drifp/mhhesi aBcdrBiet &id (50alsudad) i(Right),s Nomse i

( %& |ﬁllelrﬁ| ?ﬁ i ﬁ)\-Ml(%r | L- 1§ _1592 p.) I(/ h%‘@’( Si grriﬁygwfayfteme
(50-1 35 sbP{E B bt cpB07 (50- WD 16 g igmme) NGLONE Y-Sy iema),
TGF-B3 (1-5 pg/ml) (Sigma), Neurturin (100-500 pg/ml) (Chemicon), BDNF (50-200
ng/ml) (Sigma), FGF-8 (50-200 ng/ml) (R&D Systems), and/or SHH (200-400 ng/ml)
(R&D Systems). The Neurobasal medium was sterile filtered with a 0.22 umillipore
syringe filter.
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(50- 150 nM
(1-5 g/m) (

(1CN), db- cAMP

Si gma) ,

and/ or SHH (200-400 ng/m)

! 88, eLnge L
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( 50P20@B2004/001246
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FGF-8, IL-1B,
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GDNF, BDNF GDNF, BDNF, TG--03, neurturin Neurobasal
medi um Neur obasal medi um Neurobasal nmedium 42%
wees4/BRi72 | L-1 FCS, B27, Shh, Shh, FGF-8, FCSpCB2B2004/001246

FG--8, IL-1(3, I1L-1(3, db-cAWMP, db-cAWP, GDNF, GDNF,
BDNE_ Shh FGE-8 BDNE_ TGE-133, _neurturin, ascorbic
T&@rqba%lsmdium ¢ NawotdsaNeedivah a g aleunimil tisdiueNe Ul obasads
¥euBdm Neur pBE$ 327 medi um |64%6B2FCS, B27, || L- 1(3 shh
FG--8 FCS,” BZ7, Shh, FG8, FCS—B27; IE- D, db=CcANP,

[001 I%k/ s t]\gﬁ Re EH%&A '\@55 ARHES Pﬁiﬁu\gﬁfﬁ%&\!’& Vi ﬁ%et lgfnﬁg asag/@eq%m

the B0k OBk210d ﬁ’i€5|'/a| Ry 07 0dedfchal Nel9pas ahcli@ds Lungammerglc
Neur obasal, nedi um Neur obasal nedi um 20%

neurofscaeroprgiegeurpy doliesfentreytesnEigmeesc 8 6,sana1r’@ While the

ured - basal diu .
percentUHAIANE g WA LRI DRed QBB RABDE e RRE o in
standard/ padture leMSnglp@tqfr&ammgt}@Imed(mwh Qllik‘ﬁgroﬁzﬁ{(5 ﬁbtbméﬁsgslhﬁwn in
eur on and ol i godendrocytes (Figures.5 an

Table 3% “gt i?htéan ’&QF%%W&E%P??FGIE@GI of doRamINgTEie BUEPRS gfnera%th dlor

exampiQ RAE Gﬁ%%fochg Fdr Qs élﬁ%f@ﬁtﬁ&:dr ﬁkcﬁﬁéﬂéetké(t Jv&@’tpﬁgitwe gor TH, a
st'andard cul ture conditions

specifigindrkertor gomumihergateorons.as shovvn in Table 1 resulted
in an increase in the percentage of dopam nergic

[00116]e uBd n€hayecterizdtiod of PififeresticadtioNeurover 60% of t he ES
cells differentiated into cells that were positive for

[00117TH, Tche S@Eﬁ‘dnﬁal@d skl fooll tShpRaBlRed el Céc&ﬁ&hhg "S- the present
[0011 Characteri zati on of fferenti ated Neurons

discl 09[%1‘@7? e‘rﬂBataql ﬁ’P'@\“ b theapvagelhmprphdogscef thet galasas well as the
B BLAACEE B oL iSRS MG ve

camechsutvmlthe aalrb}btegemfa)e RRINPIGA stapebifansidn BY NCAM positive cells)
i mmunqf | our escence. dﬁ%n munof | our escence anal f/SI S was
S

and varigRs T duRe BYNSHRE diereRintion anmeottandahpiesalssvell known to
those &p YRANAIRD aRf ﬁ%ﬁ?@}i@ Osdildtbd BelfkCivbd) g;rowﬁqg 2’ Qr{ef(]j UEmBLN G des

time points of erentiation using standar
precoatadowitle ektsacakhblar toatrives, rimsed with PBS, and fixed for 10 minutes with 4%
paraformaldehyde at room temperature. Next, the cells were permeabilized with 0.2%

Triton X-100 in PES for 5 minutes, blocked with 1% bovine serum albumin (BSA)/PES

for 2 hours, and incubated with a primary antibody (antibody dilution was made in 1%
BSA/TBS) overnight at 4° C. The cells were stained with the following primary
antibodies: early neuronal marker (-Tubulin, NCAM, Neurofilament, late neuronal
marker Microtubule associated protein 2 (MAP-2), neuron cell surface antigen A2BS5,
Nurr-1, Tyrosine hydroxylase, the dopamine transporter DAT, dopamine B-hydroxylase
(DBH), the astrocyte marker glial fibrillary acidic protein (GFAP), GABA,
Oligodendrocyte, Serotonin, and Synaptophysin, all of which were obtained from
CHEMICON. Finally, the cells were incubated with an FITC labeled secondary
antibody. After each of the above steps, the cells were washed three times with PBS.
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those of skill in the art. First, the isolated cells

were grown in 2-well chanber slides precoated with
wexbtrsasel7b ul ar matrices, rinsed with PBS, and PCxaB2000001246

10 mnutes with 4% parafornmal dehyde at room

enperature. Next, the cells were perneabilized wth
[0011&1 29BheTehandrer Xlideo wene PBSrfat uadari nhgtfé@re@bmeucmaope to

evalughd g oRSGHVE Ay by iRelasecatt pluuy® iehoffgind that
a larg¥PércoRa: ofthd UiffFSMalddell9 VRENintitndtbactivé-to H¥teuRI specific

were stained with the following primary anti bodies:
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anti body. After each of the above steps, the cells
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that a smaller percent agi the cells expressed

TH@@&W&I@HMS ebpgapresyed, Nggs-1yaed| DAS, puidhers vasagr @iegalization of
TH wﬂﬁﬁ%ﬁ@xgﬁt&h ?Jg}nﬁﬂr-’e{d‘othé ?é%anﬂﬁérg‘l @&%ﬁ@@g‘é gf £q d%ﬁl fx\ﬁﬁftff)ﬂally,
synapsmﬁouhatlml wiasad entifiadrbyGning odetaihi pcwyitle sjrﬁpglphpslﬁ)

[00119] The differentiated cells were al so anal yzed by
[00120joulThenidr@Blebicb@ntd anaBkisSalvb tdhowid | tiEr ]zhea pickfdée Ht dried

TH(%reen along with MAP-2, DAT, Nurr- f 3- Tubul i n,
NCAMppefive £5 $é%pr§%seraﬁ{£ar1§ afieti e whily TR0 @ypress serotonin
Finat 0 Blon LR, Porp IR 0RY LS oflFOPIRLE ALy
about TH%eastaihéd) lpesltlvallye forCSérbtoﬁﬁn santiy alafut dZ:&%lmtzlilﬁecg ipositively for

neur ons uantlfled b nti t he s of TH
Oligogidratyipe (Rigntts 1ahd fppund 9@%@ n\?@ease [us diftErenty sfages of

d1fferérﬁ1ﬁg&ma¥e %ﬁb\%ﬁtlﬁdTgﬁlglﬁ%%l&lslhﬁ‘lgat@ fﬁg qu?ﬁ:t t¥Radt&\Sics of
ercent proportion of TH-posi t| cel'l's was
undlffcmhuubéamﬂdlﬁéregma‘@d@)s cellH posi ti ve neur ons al so
expressed Nurr-1 and DAT, but there was no
col ocal i zati on of
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TH with DBH, which confirmed the dopam nergic
phenotype of the cells. Additionally, synapse
woaorwmsion was identified by immunostaining W POT/IB2004/001246

synapt ophysi n.

[ 00120]

| munof | uor escence anal ysi s

al so showed that the percentage of sorted
Taldsndr Bhenotypie clasadteristigpefausiififeyertiatddandsiiferesizggd B icelds

bout 30% express serotonin

(Fiqure 10).

In addition

INeuromal ¢etls posi
TH, about 30

i Doenoiatek
Oacsitarisned pd

tGlialeells
sitively for

%@f re 11)
Qﬁ%g%?%i he

d and dif
E | B2004/ 00
Serfonihdi f f er e
GARMNt i at ed Ne
ESymtpl‘t<rzpimys$l neu

R tubulin TH GH
60 A2B5 DBH Ti

ani\ghout 28% St aiggy] posSI 1
nol ogi qaky AP

n are shomp

ferentla

typic @
f ggﬁtlated
1246 Tabl e
ntiated and
uronal cell S
rons SSEA-1

ra-1-81 MAP-

eA%B3 or

rkers
t
ﬁ%?acteristic
ES cells: 42
3 : Phenotypi
differenti at ¢
Dopam nergi c
NCAM Nur r |

AP SSEA-4 Neur ofi |l anent

2 Cct-4

S

C
d

Ghdififerehfidted f
mBssedlonied y f of
Ser gioni n,
gg;]g‘gcgdendr ocyt
At diffey
| e 3 and
Edl fferen
&? 4/ 08117}
acteristic¢
MLl s undi f
@r@ cells |
Aiims-1 SSEA- 3 |
GENF4 Tra- 14
SEhtonin  GCTM 2 GABA CD- 30 Synaptophysin cri pto-1
GCNE_ c-Kit [00121] 9) Cene Expression|Profile
[00122] The gene expression profile of cells collected
t ffere st age s also analyzed. Cells were
WOIZibI cF@BeEBWE§WH}€§$@3by Reverse Transcri ptase
Pol ynerase Chain Reaction (RT-PCR) fromeach of the
[00122| 1 Bwi eqpesexessiopfprofile eff & 1So@élﬁctﬁétaﬁdhrfferent stages was also
di r
analy%g téé;llﬁ Vgé;.E tc?lzl/«gcgerﬁlgf% gﬁelrlgsi ? {i@(ré( é %r&?%;ﬁ%&'\]iol%merase Chain
Reactioal (M—Pa]m thofif @a&ntdfaﬂqedfcm@km@g iseapbatoFdihaf ﬂﬁbloi&i method:
2, .27, and ; days of _differentiation in Neurobasal
undiffgretisfed B9t eslls; nanbrueids badies Mssinspesiive meyropgagsnitor  cells,
NCAME}sfEve Lells, and differentiated cells isolated after 12, 17, 22, 27, and 37 days of
differentiation in Neurobasal medium. After the cells were collected they were pelleted,

and total cellular RNA was extracted from the cell pellets using the RNeasy Qiagen kit.
The isolated RNA wras stored at —20° C.

[00123]
virus superscript II reverse transcriptase and Oligo (dT);2.1s The cDNA synthesized by

cDNA was synthesized from the isolated total RNA using Moloney Leukemia

this reverse transcriptase reaction was used for PCR amplification with different sets of
specific primers to determine which genes were expressed in the collected cells. These
PCR reactions were carried out using the cDNA as the template and platinum Taq
polymerase under standard PCR conditions, which are well known to those of skill in the

art. The general cycling parameters used to amplify DNA products were as follows:

1. denaturation of the template cDNA at 94° C for 30 seconds;
2. annealing the primers at 55-65° C for 1 minute, depending on the primers

used; and

43



and t ot al

pell ets us
woRaso4aisor7ed

the isol at

superscri pt

( dT)312ink8b
transcrl
WI t h d (P

SRlororea o o 41

cellular RNA was extracted fromthe cell
ing the RNeasy Q agen kit. The isolated RNA
at -20 C. [00123] cDNA was synt hespeeaBionomi246
ed total RNA using Ml oney Leukem a virus
Il reverse transcriptase and digo
ditrg, hBNGactiont d1€R° 2@ doby miruies andwepeating steps 1-3
S used for PCR anplification
stHB?ﬁfl c prinmers to determne

genes were expressed in the collected cells.

[0012411 es%ﬁerﬁéﬁ h(&heqachens the produgls e reuthroaghan d pé agmpse gel

using BB AR LA S MaeP I AT

APTHNPS

hown to

F%bDBH

En-1, Ofurskj ddd B-tubulie wee tll addlgzcdeneRBPCR aking theoptiraemtag et forth

in Ta@%%’

aturati
seconds;

m nut gablﬁé’p
2004/ 08117

d to anplify DNA products were as foll ows:

1.

on of the tenplate cDNA at 94 C for 30

. annealing the prinmers at 55-65 C for 1

Pramergetsiisedto ammplifi depamigedpecilieigenss WO
PCT/1 B2004/001246 3. incubating the

r&meion 3

evel Ac)

t 72 Cfor 1 m nuPHmeatquuapueatl ng steps 1-3

CO/
TH (1!’@5 deact i
agar ose ge

size ] add

' CCA%@Q GtETcORNOr @MA@' gsm \I‘DtN‘D@E
r. The expression of TH, D2 n-1

D2RN404 ip) an
usi ng the
Primer set

dGCB-GT6WAG GBI BCAl FAGEC y(BERQ ijgra)pc:R

pfgﬁg{ﬁq m#jﬂf(gét E:SM gélggﬁ)llgé nes :

DBH“%; b@ i

I D NO 2)

W L o
43@5 NO6)

DQR'II [ 44044 PP@G@QG@@WH ex @m

En_ll@fﬁﬁl | I\I\.

) DBH
(SEQ I D Nd
1 D NO 6)

(5 ) AR RIS AT eT A GO, oo

BT ORAT CEBT EATCPAGARRECETT (SEQ IB@QO@ (SEQ
Ene 1 C30060) TG TCA AGA CTG. ACT CAC. AL

Nurr{ §HGbPD NC
NO 8) Nur
(SEQ I D NQ

) THATEFACEIGEIGG PAETA BTG AAGCESEQ BRI 19D

e S g g £ e LU

p-tudink81 76p)

GGA ACA TAG CCG TAA ACT GC (SEQ ID NO:11)
TCA CTG TGC CTG AACTTA CC (SEQID NO:12)

[00125]

dopaminergic pheno

ES cells until terminal differentiation into dopaminergic neurons (Figure 12).

expected, B-tubulin,

The above analysis by RT-PCR demonstrated that the expression of the

type specific gene, TH, was seen after neuronal differentiation of the
As

a ubiquitously expressed gene, was seen in all cell samples, while

DBH was not expressed in any cell samples.

[00126]

[00127]

dopamine.

Therefore,

10) Reverse Phase HPLC for Dopamine Detection

One definitive characteristic of a dopaminergic neuron is the production of

the functional capacity of embryonic stem cell-derived
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(3-tubulin (317bp) GGA ACA TAG CCG TAA ACT GC (SEQ ID

NG 11) TCA CTG TGC CTG AAC TTA CC (SEQ I D NO 12)
wpQOmA8)17The above anal ysis by RT- PCR denonst r aCEaB10h&001246

t he expression of the dopam nergic phenotype specific

gene, TH, was seen after neuronal differentiation of

doparﬁlherchﬁeLﬁSﬂld fo yridute d6pathing! waki éfabiiaesdt by tdirettly Miedsuring the
am nergi ¢ neurons_(Figure 1

1ntra°dh§%mpam1neale%$ wimg Bewarse Rhage @&@d@eﬂ%ﬁcm&% eangentation

o o charl £ Bbly OB TR By SXREEHOF s Wt

solutido pendopanided egjected o0 7 foloma dedhedibtely defore and after each
characterlstlc of a dopami nergic neuron is the
eme?ﬂ uction of dopamine. Therefore, the functlonal
apacity of enbryonic stemcell-derived 44

[0012§b047@99@v20¢iwm2@614=p@émd@ffere@pﬁ@ﬁqq etfgthe dﬁ&!ﬁssﬁgn@tbod
undlff?%eﬁﬂkﬂt%& ﬁgpgﬁsm o] oftlY 3hHaL e Neltn Bb&&&é lréuf@?i%éﬁ%ﬁxg cells,

I'ntrac opam ne 'l eve EPUS ng
NCAM%lt{VRPGdH@J_@)ld differentiated n:keﬂsitla;(ﬂ)z[ted afftec G 29, nend 37 days of

etected i.n each sanpl e s. dete ned. by
dlfferwqaﬂ% in, Nruabasal IR onDefoTe SRR AR hs %eﬁksggl?fe%ated in
Neurdbd€i] R w'ef@‘ﬁl‘gi ﬁfn%!tlﬁ(te@?& ﬁﬁﬁc@d@aﬁﬁﬁ%ecﬁﬁ@ﬂ by the addltlon of

experinment. [00128] To begin, cells were collected
56mMi KGleneIﬂiBS&tfagb% rmﬁutbsh e Appsaimnaely sxd0hoells were trypsmlsed and

t t S.cel nb i d. bodi es, P
pelletR8 porfifient i, ol hooH B SYn et o et ool T amdiis s vith
antloyﬁ&dﬂtss (]0 ?)ﬁ g&iﬂﬁrﬁ%@c%lbﬁbﬁ )Cehd Serlt SR kgd ad 15‘60@ lrprf/miZfor 20

) a%h ferentiation in ur obasal nedi um
mlnutafeﬁbﬁ‘é(?co @@up@natenth@a%@tttastedu aﬂe&t@nduaaré’a" iCnfor subsequent

r.oba umwere first Stl
ceterFHCH B8 e AREALIMAT WOpb B PN Vo RRRREY T popamine
levelsHB&S deirmidedninribié esll 1yiafRs axd raltedkysu ?é’rﬂl@t@n‘@@ﬂ& [ \aﬁfeﬁthe last
trypsinised and  pelleted by centrifugation, The ce

medivgprapgdn Jdbsi ewliuse peaatent W peraerigelyc stabiligedy wxrsh 7:5%
orthoﬁH?) n#lﬂ)ﬂc%@ﬂlt d(sgié%%S&ngmtgm abi sul phite), and

mn for 20 mnutes at 4 C.

10012§Ebs”§a€° SITRLGE afftine t?yoﬁf’ﬁp%ﬁ HforR eI oftgps 6 16 &i8losca

methddip p@idiN asC OGRfitEAidten BY F&%HMPLeﬁabrWﬂarﬂoﬁ&s |H¥§inspos1t1ve
were determned in the cell |ysates and culture

neuropipgenifatcely, apd gl %M—msatéfe eHe didiaet contam amy éﬁﬁfﬁ@@? levels of
doparx\}-\ﬁlﬁtgh #t%tefor;gxg gl?#hop s cﬁ{‘feﬁé’ﬁéad %Jx@éaéalsﬁ"@&{h}d igg/ever the

oric am

cell lymatesinsly@hby RP- H(D’(MQQI] ciﬂitemeéldophmmt éBhearwblyﬁfedltﬂayellular
RP-HPLC fromearlier stages of the disclosed neth

dopargige rsiguhemy tingraTe; a5 g TEes| e TopamRSIEIL NMERNSEL, e cel

lysateNiR}tdaBedP 334 té¥inally matured over time in the differentiation Neurobasal

medium. The intracellular level of dopamine was even higher in the cell cultures that

were treated with growth factor versus untreated cultures at the indicated time points as
shown in Figure 13. Further confirmation of the production of dopamine by these cell
culture was shown after incubation of cell cultures with N-methyl-4-phenyl 1,2,3,6-
tetrahydropyridine hydrochloride (MPTP), a neurotoxin that targets dopaminergic

neurons. In the cell cultures incubated with MPTP, no dopamine was detected in the cell
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neur oprogenitor cells, and NCAM positive cells, did
not contain any detectable | evels of dopam ne. After
woheosfosrgt week of differentiation in NeurobasaCT/1B2004/001246
medi um however, the cell |ysates analyzed by RP-HPLC
al | contained dopam ne. The level of intracellular
lysatey) dya RPrPEC ganialystsantlh yCdn.imﬂe abpatniaas tekeasen mib ethe ofonditioned

O UAPAGESL o DAL, B S, B BT, R

an anhpwfogx@mh factemdi WﬁheT@lﬁetdﬂtlﬁt@(ﬁ? INettodhsdl aM&diuAf also increased
M ne was even higher in the cell cultures that

intraceliiar dopwaingdevgl phthge }ﬁatﬁ&@fabie ®er sus untreat ed
cultures at the indicated tinme points as shown in
Fi guFabld 3. Deparhine conmnfrationaiuigtml) of cdlHesfesdUidP1.on of
dopam ne by these cell culture was shown after

# | Culeutbabndifionsf fof gifferetibtio’ €S| W t h ORIV effeRDei0N]

1,2,3,6- tetrahydropyridi ne hyggochforigg (VP ) 394

1| A0 OREBwH{ Fibiohe™” Ut S Uopamt ferore e ons= it e
I [T 3175 PR P9 P il B
3 1,211' WEhéﬁHMK 1I ysates lhy R5. 1o (‘ﬁrzgl ysig. | -2
4 Iﬁ@ﬁ?tb’a%ﬁten@f‘o%i%ﬁ wih gevehse fi nt493 hel con2l.9i ongd 9
faefgtsum was i ncrease in cell]l cultures stinulated with
5 | SmibHEl witkiSgmMe K1) . Adding 88 arfray ®fogroyh 10

6 | Asotte acil@ldneviei groefient 1 atli ong Beurjobasal; medium aj 0
etefseased intracellular d parri ne llevel of the cell

i Stm%’ﬁ&l&]—[tﬁ%b E Cl Tapte 45 . Tﬁ‘ ai l,_l\'eI :’S'SL’c”ﬁ at ivL

1o

(ggrmmr ) 11T Ccerl lybatco Uy HPEE—#—Cul+tHe——cordi+-0haS
oo AR ool YL i,
made &E@‘é&ébute@civﬁh%t%&ug ]exﬁerﬁnéhtat?bnsfd ﬂglllta&f e V#i‘e%elﬂt %@%ure

N-acetyl cystel neal ong
While Auheagomnosyl@s afndon@h@isabfshlsnwmtuon havié bberB&smm in8tefns of

pretenf Bt img e REECuEl B BB B G 40eR Gl oy
be appli€Di3BE cdnbosifiordshad ep HRARIE kDR 8 Qeﬁ@éﬁlﬁ% é@hﬁ&ic@ %? gteps
and cl ai ned herein can be nade and ‘executed w t hout

of the methods élﬁﬁg@bpdr@ﬁxem whoutrdeparging fisin theecopeent.empirit and scope of
e iUt WLOLL15 SOTRESHGBR?, AR ST 8o ot e

nvent
chemlcally or physmloglcally related may be substituted for the agents described herein

while the same or similar results would be achieved. All such similar substitutes and
modifications apparent to those skilled in the art are deemed to be within the spirit, scope

and concept of the invention as defined by the appended claims.
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preferred enbodi nents, it will be apparent to those of
skill in the art that variations may be applied to
woOher4snpesi ti ons and/ or nethods and in the steps/1B1004/601246

t he sequence of steps of the nethods described herein
wi t hout departing fromthe concept, spirit and scope
of the invention. MreCEABdBfically, it will be
apparent that certain agents that are chemcally or

WHAEﬁgQMIB@Qé&I y related may be substituted for the
agents descri bed herein while the sanme or simlar

1. ragiifferentiwsed celbsopatdtionwesh inAlidro sulelre 8biaidedby differentiating
SubStitlIJt es. and nodifications apBg\rent to those
SRPRERYTHPOens stgpy cells.ovhrseipabieast 68 of the differensiatedicells are
SESRtindPR efmePpt of the invention as defined by the
appended cl ains. 46 WD 2004/ 081172 PCT/ | B2004/ 001246

2. Cﬁ&l ¢l poplalation Sf Cliaith VEBhdr&in the primaiefpheripindnt sleadcatie hie

ggaﬁl aéiorn i.n an if}] vitro cul ture obtained by

TR Uy QRiC S ¢illSnat e pl uri pot ent stem cel I s,

3. Wheifférbntadted @IS3opRRHOR In &5 il ERREEbLEIRE b %ﬁﬂfeqrelf&fa@in
dopam nergi c neurons. 2. The cell popul ationh of clal rrg
1prisapie pRIripotans stemi qells,evhisrein apleast 00 Ysifdhe didferantiated cells

h . ' mecells. 3. Adifferentiated cell
p%gg{ég ﬁ%&ﬂ@ﬂ&&o% 15

ronTrranMn vitro culture obtained by

4. dTlid @tlgopbiation gf clain BpdEersih id ;?m@tegoh_ﬁi@ten@ StemnSoells are
\g;er ein _at |least 60% of the differentiated cells

awcmryorye sigen fllar oxyl ase. 4. The cel | popul ati on

. 4 . : " Ll
i A L
gewapaientstenacelsichameising aicefdlowingatepgel | popul ati on
(6] P e G el BPHGM SRR el o of pr mat o

. _ 7 I . UL noLent
BPY CulR kR the PEFDERL 6 ot oSUckibt AthrblIB BNt bAR! il are
ar epogiheg for mestinpr nestin; (c) sorting the

tin-pqsitive neuroprogenitor cells for,enric t
07 kel B e o Bt PPt et el o bt mgRt N AME-
nespbdtivosilki ve, NCAM positive cells to generate a

differentiated neural cell Npopul ation by culturing the
dé) dfersntiating fiearestin-pegiiivn NCtddirmsitive chllctorgenérses

T@a&ér&ﬁia{eﬁtn%ﬁ}a? géﬂ gdp%qa%iog rby%%ft&fing the cells in a differentiation
media which comprises TGF-B3 or interleukin-18 or both.

=

6. The method of claim 5, wherein the pluripotent stem cells were derived using a

laser ablation technique.

7. The method of claim 5, wherein the pluripotent stem cells are human embryonic
stem cells.
8. The method of claim 7, wherein the human embryonic stem cells were derived

using a laser ablation technique.
9. The method of claim 5, wherein the differentiated neural cell population

comprises at least about 60% dopaminergic neurons.

47



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

21.

22.

23.

6. The nmethod of claim5, wherein the pluripotent stem
cells were derived using a |aser ablation technique.

w@ 2008v811Tet hod of claimb5, wherein the pluri poPemiBRDEMI1246

cells are human enbryonic stemcells. 8 The nethod
of claim7, wherein the human enbryonic stemcells

wahe n@henddvcefcaalmss Rhefeih Beckffabhtatddut2chinpepdatich The
nmet hod of claim 5 wherein the differentiated neural

céPlFleﬁ@F b@tﬁt@houtc%%{pmr@f@geratc NEBERPS. about 60%

PP FBREGI5.% Vs e M PR A cel popuigion o

them;ii‘iﬁefseat eastiahved@ SAeuligddendbotytpopul at i on corrprl ses at
st ut. 30% onergi.¢ neyrons.. 1 The t hod
£ e o FHT AR EOPF 8 GHIF e o THutipolEniceny ools of

pg@gl(?ttbq&m&gg@um@t | east about 25%
ol i godendrocytes. 12. The method of claimb5, further

c dhp methadgpfeldimui?i whetetnethp leunbiswid bodiesstre muloetd to sefect for
ste enbr die 13. The net hod of
CPS F#’Bf) enl%gg&iﬁ%a&gg%gﬁgy@ﬁfae%di es are cultured to

sghe atetiddrof cREMrY mh@&@mhte %m%s{d g%nﬁdi%%ll@!hﬁt REDblitivefor
for nestin. 14. The met hod wherei n t he

n8eftaprosrdentedhy ediuriag tﬂtﬁenlwapcéelp @m «i:ell@ i sgrumpfsest medium.
a t u u tent m cel |

1P BRI, hed e SR BN PSR e
wdefisddmédiemserum free mediumis | TSFn serumfree
defined nedium 16. The nethod of claim 14, wherein
tﬁée qsthodof ckamddg Mhieidhe perges me@umwmnsgw@mr@ore

LRleSadeh Sabad Ehat Eﬁ)u? gffﬁstﬁl hﬁgsoa un'1 Q%%{ﬂe
so lumselenite, trans ronect |
Thensfatlhomdoﬁbmhajtim 16, wher e| n the ser umfree medi um

EF 3@] i.nsul |% sodi um selenite, transferrin, and
of clagg Toghencun the gerpm-iEpempdiva cogppsises NSyl

n@é&lﬁhﬁrs@ﬁﬁﬁé ttﬁﬁsf@ﬁid gnd fiBfondifa, POSi tive for nestin
are sel ected by culfuri '?t% the enbryoid bodies in

séhamethodef ﬂb@mdﬁ; whereinmthe nemrvprogersfor ctlis thatl@e pvm@vmfon
efin

B A by R T . A .
S The fictiodefFREh U1Y) GRsRI tHE ScrAMefr& mBBLA is ITSFn serum-free

defined medium.

The method of claim 18, wherein the serum-free medium comprises one or more
soluble factors selected from the group consisting of insulin, sodium selenite,
basic fibroblast growth factor, transferrin, and fibronectin.

The method of claim 20, wherein the serum-free medium comprises insulin,
sodium selenite, transferrin, and fibronectin.

The method of claim 21, wherein the neuroprogenitor cells comprise at least
about 95% nestin-positive cells.

The method of claim 5, wherein the nestin-positive neuroprogenitor cells of step
(c) are sorted to enrich for NCAM-positive cells by Magnetic Cell Sorting
(MACS).
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24,

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

sol uble factors selected fromthe group consisting of
insulin, sodiumselenite, basic fibroblast growh

wbaciamsii7er ansferrin, and fi bronectin. 21. Thepgeabmd4/001246

of claim 20, wherein the serumfree nedi um conpri ses
insulin, sodiumselenite, transferrin, and
f The owrediof claggd 23 ThBeraﬁtth@ﬂesuﬁ-pmbia’wanéﬁfropmgaﬁmr gellshe

neur oprogenitor cells co se, at ast about 95%
n%ogwmﬁeﬁg agt; apguicd]-p Mﬂ?@“ﬁ@tqﬁ?ﬁ?j of claim S5,

‘;‘@Eép ﬁ{eglghtb? DERYS s r@@?é&ﬁl%@%}?&ﬁ%ﬁﬁ'ﬂe%n—?&hﬁ% NCAM—

are softe M positive cel
diingnmduiraprGednitoSealls iofi step (YWCS)pandidn WodRe®4/ 081172

P / | B20Q4/.0 4. The i cl 23
et Gl 25, Wit s PURaPS BRdgr Pt pHOE! Spft
| &ﬁﬁﬁle%&?&% sglgcté@%mﬁﬁﬁ 'cbhs‘fﬁm%@fﬁrﬁsuh@ @odﬂiﬁﬁsdl@ﬁtBOd

of claim5, further conprising expandi 1%
ntrsnsiferripoininineputiiying, ppesssteione, basieriipe gsjrgrqwsth fadder s

cloaibeiddmal e RS TRARE o nedientl R iastst
ObrofBh EactsrQd Q!%Iesf afd Bratn &lvee h@lﬁiofrbﬁmﬁidw (BDNE).

consisting o nsulin, sodiumselenite, transferrin

| Ahe methodifclaimonehergindhe sellsrasn erovsaa the PPBRYH} Betium for
ggg\@t(ﬂp{gactor (bFGF), epidermal growth factor (EGF),
soni c hedgehog (SHH), fibroblast growh factor-8

( FeEn@jhodarfdldindonwherinthe celbure tulopedcarfdsetiolty paB88dor one
27. The nmethod of claim 26, wherein the cells are
gPOIRATS PP °§>€]ﬁ'él?\1§1gén medi um for 6-10 days. 28. The

mghog fé:tlﬁ)fd d?lc?dl %GWh%ﬁf R Bellshfe Elgfb sV éd ind é_ﬁlﬂf fiftoga

serla passe for one or nore ul at 1 on doubl i ngs.
2 The ﬁ‘mﬁmﬂaﬁh&aﬂmcﬂ‘ whkemimth2 @jffesbrgiation ntedé celririsesaiNeurobasal

c Pl SR VBT Rl ey BeT oRoia S ah agb!
%gta{qgsal medi um suppl enented with fetal calf serum

ascorbic acid, and N-acetyl cysteine, 31. The
nﬁhh ouethsid ofl cdiom % wheteit biedifférentintion aredin uhersenimsispmone

o Bt TR Roteeagh s s Bof i 5r B b AR Seia
NNageil |<g:st @ial eelUlineaderived hedrbfiepid &lciar€ G dibuigpl
factor ( di butyrl - cycllc ANVP (db-cAlMP), brain

deyg Xﬁe@lMFe@b@ﬁM%l braimpderied ppmRfrppic rf@qﬁ@rdﬁm\l F )sawf%ﬁn sonic
hedgehog protein (SHH), and fibroblast growth factor-8 (FGF-8)

The method of claim 5, wherein the nestin-positive, NCAM-positive cells are
grown in differentiation media for 30-50 days.

A method of generating dopaminergic neurons from neuroprogenitor cells,
comprising enriching the neuroprogenitor cells for cells that are positive for
nestin, and differentiating the nestin-positive cells to generate dopaminergic
neurons by culturing the cells in the presence of TGF-f3 or interleukin-1p or
both.

The method of claim 33, wherein at least about 40% of the nestin-positive cells

differentiate into dopaminergic neurons.
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35.

36.

37.

38.

39.

40.

41.

42,

hedgehog protein (SHH), and fibroblast growth factor-8
(FG~-8) 32. The nethod of claimb5, wherein the

woesi4ostpesi ti ve, NCAM positive cells are gr orOTiIB2004/001246

differentiation nedia for 30-50 days. 33. A nethod of
generating dopani nergic neurons from neuroprogenitor
cBhd method ofiplains BB gfuether chipniginglearighing thsmeyropragsnitordells
for lls that .are {tive for nestin, and
dfoFFéfSeth?tiaé?P?@tlY%@?ﬁ@lﬁMn- positive cells to generate
dPRARENBH B Elaih 84! WA LS Mistibpokitive, MC ARL-pssitive ddl6 are
presence of TGF-P3 or interleukin-1 P or oth. 34.

Thidferaptinted to gensrate doB@ineugmMeiPNdt | east about 40% of

b enin gF ERRRob oLt g G8) b dellioositive
PREANE30Hi/ 0 QdiRAf fferdtiatd o dBpansidergic mdueonm 33, furt her

conpri sing enriching the neuroprogenitor cells f?r
c & methodhaf geneeatins sprotopergioReURREIANTOTB BEUryR SRRt S8 b f

claim 34 ' is = id L .
ottt ctifiE e bRMA Rk BAR ol fts fACHIC AR nestin
n %ur N(I?tl)\d,?ah]g ﬂ{}i‘&eﬂ‘ﬁdth@dh@ﬁesﬁh—@bsﬁi% Nuh®-positivat celle a:;st
about % of the nestin-positiye, oSitiv

dBgreEre ﬁﬁr%t@p@rgm%lr%&éaﬁuﬁw@% %e el laﬁﬁf? Bfﬁé‘?nci\"ﬁ'ef@ﬁa‘g’s or
of +IRNE2EA B%ciEr Ot onergi ¢ neurons from

neuroprogenitor cells, conprising enriching the.
n&he ortflodadictain 38eivherefnoat lenel dbout i of the nssian-pesieve or

n [ and ..and .differentiating the

n @MZWGgﬁVF il\lcg@!v‘hllﬁ%ﬁ}flﬁ% JRtoiserg %Oggfal%g?ugmsg enerat e

Sar AkRng Bg‘ir@atglhrﬂhﬁénthyit}? Yhédtbdependrievecdibdrder o reti@nal
presence of TG--(33 or interleukin-1(3 or both. 39.

THiseapetchogrisiing theafollo¥8g sigpst ei n at | east about 30% of

t nesti.n- posi tive, . oSl ti ls

D epenin b ity S oupbERuRERE R 58 0. A et hoo
ofb)t dub@kihg thedplD@pdtenistan Edllsdo naeot Gstagarpradeniter cells that are
di sorder or neuronal disease conprising the follow ng

st epeesitivg)forngsiidi ng a culture of primate pluripotent

e L S N S L N i

roprogen e
for megiderell{;c) sorting the nestin-positive

neur oprogenitor cel|s f enrichment, of {\ICf‘AM sitive

cdi) @i%fere%tiating the nest!n—posﬁ{ve, CAEVT—pos&we cells to gene[%a%e a
differentiated neural cell population by culturing the cells in a differentiation
media which comprises TGF-83 or interleukin-1p or both;

(e) transplanting a therapeutically effective amount of the differentiated neural

cell population into the central nervous system of the patient.
The method of claim 40, wherein the primate pluripotent stem cells are human
embryonic stem cells.
The method of claim 40, further comprising isolating dopaminergic neurons from
the differentiated neural cell population and administering the dopaminergic

neurons to the patient.
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(d) differentiating the nestin-positive, NCAM positive

cells to generate a differentiated neural cell
woapadoaii7on by culturing the cells in a differeariBiooomi24e

medi a whi ch conprises TG--f33 or interleukin-1 P or

b%h; &g%i transplanting a therapeutically effective

afBeRethed of klaim40f whenatni the eelrodagendraticadiborpams natioast

A R o L RIS I SR, i

pliseaspdfeningtineddiseks, SpaPcd m[f&%, SAPSYIN Claklf Wlerosis

c . 42. The method of clai further conprising
|§4J‘{‘§t Pmép%ﬁgﬁﬁt%@n@w@hmr ons from the

di [ . .at ,on and .
i O oF i R0 e o PRRAL e RB Bl el noputstion s
platisplanted Soto iR BAGYGIABA pat_nPCT/ | B2004/ 001246 43. The
nmet hod of claim40, wherein the neurodegenerative

di sorder or neuronal disease is selected fromthe
group consisting of Parkinson's disease, Alzheiner's
di sease, Huntington's disease, spinal cord injury,
anyotrophic |lateral sclerosis (ALS), epilepsy,
stroke, and ischem a. 44. The net hod of cl ai m 40,
wherein the differentiated neural cell population is
transplanted into the brain of the patient. 51
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