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for interventional treatment is only about six hours. Beyond this window of time,
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heart, pancreas, nervous tissue, muscle, cartilage, and the like. ES cells can be derived
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ons SSOREAH0RYA 3 WA RN Sy o ERRDSEE L ondproris

The Ifresrene doiobwre memonﬁr% th@te;blhﬁpotélﬁ rstechh CEIRY, €6t bxahpld Mudind ES
ortjon GABAer gi c neurons (e.g., at |east

cells é)ﬁ%&lg grg%te mf‘hé RrepRrtigR ob A@@gx;g;,cgregrqn@ (¢-8r gt least about

O%)g q“h%rp%}c%ﬁtagg 6P Gg\]ﬂ%réﬁ nte{i’r%ngrge&?étéc? 9&:8&{% topcfelg #ftods of the

di scl'osure”1s h t han pr&vious
presentedibelosire SARRer @m pne»uom;ﬂysdcﬁsalnbedbﬁethbdd | GAB Alefgic neurons can

pot ntial. cell d therapi es, for exanpl e cel |
be ““?12%4 £°6 Slfirp ﬁlﬁgﬁla‘ﬁy-basef erpies Rt v g qellyEsplacementgherapy,
or to dfea0 he@b8egAerafifd! dRBAersIhReAGLSnal | dichyid] ﬂl@ludfr@' for example,
exanpl e, stroke, cerebral ischem a, ep| sy,

strokepa CRIHES N I@ham@eaeylepmntﬂaﬂgnm s dimees éluntmgton s disease,
d oth
R e I BB, £

di £f eren el an,.in vi
0017, 5} THE &R Heehelis nro PRt s eSSl Pt ins g viro
culturealbtsined\be rd@fféreﬁtiatlh 2&1&1‘1&)@8& Gtent R6lls, th'Heirﬁﬁ Qi tiéaat 6@% of the
neural cells_are GABAergi c neurons, cells that exhib

differegiigted prugal celly ae Gy ﬁéﬁtﬂl%@gon% eeliscthpisexhibit GABeuge Rewron

phon A REANOBN 55k A P B oty e

GABAalgeqomemronscm(pﬁéeB@rAﬂi)GSe GeRaT, GARA-Aarceoptdt, 08 GAIBA-B receptor,

or a caRytathéfad), ey SEBES o dorst A SBUHSHSA%, 45%
50%, 9@%@ 69GYT0%, 9994 969! £ cP; ha 5%6&%% %f@%fgﬁé di e?ernﬁﬁed cells are

GABAer gi ¢ neurons of pro era
GAB gaBisategtans oe prasinse GABZe| Prsferatdy, th@GmBAmngﬁBA'oas er cells that

produl IR ol RGO TG E S sl e E st ik b gell. In

other ebbdipepts] tel differ@dhSfled @éIPFd)}ﬁﬁétroﬁtaléoe SthprRRO Ul 1edR ébout 15%
dopami nergi ¢ neurons, east about 10%/0 gl utamat ergi c

dopanp{gergisn Beurams, | adeast abowlt 189, glutemetesgie rmpitonse atr &ast, abaut 5%
serotoggx?fc[ neﬁp&ﬁt atﬁe/ﬁst) Lﬁ&?g@ atggﬁgﬁd?gcyte%t atl lgaas’? bou?g% as%rocytes or

a combination of these amounts




a conbi nation of these anmounts. 7 WD 2005/021704

PCT/ 1 B2004/ 002847 [ 0019] The present disclosure also
w@e@siogigs4 met hods for generating differenti at ePlCTE2004/002847

popul ati ons from pluripotent stemcells conprising the

L S R R M T R e s
populdtiens &ehl Huliigvtatseat cdie rcoﬁi?ﬁﬁﬁ@ fHRASMOWAE sepl:! s t hat

are positive for nestin; (c) expanding the
ne) leRpdRAftiold MRS ARIRAGR e cefi®! | S; and (d)

d erentiating the nestin-positive cells to generate

a (&) relawringthepldipoisht sterpoglis tatseleet foyneambirogéniigr tdils that are
cell g . i.p ifferentiation nmedia which conprises

cyto Péﬁgv‘%@?a@s abi no furanoside (Ara-C). [0020] In a
pr(eJ expaadingrthostsinpositive Rerbprob@Rfoe Billsshein cel I's are

ES cells, nore_ preferably human or murine ES cells.

[ d6? ditferentigting theayeptinpositivescells tregenpiaicea disferentisted aell her
i I | i . . i t }
! YA 5 Sl S Sk Bl 8A SRS

t hes eytosinbBydeAchbbdiuemoside (AtatCur ed under conditions
whi ch sel ect for neuroprogenitor cells that are

[002]osi Ini veprbferred eghbotlimém] tiex pRpibetehly stetl E&llsi 8 EHells, more
Eﬁl?r“ otent stemcells or enbryoid bodies in

prefe thﬁ?%%m% cellsef erably for 6-10 days. In

ﬁreferred enbodi nents, the serumfree nmediumis | TSFn
[002H er yln othercerphodiments, thelfhave mydthasds ftlest dnclindeythé step wfl eslturing
e I f ors selected fromt [
the pord S0 G i, LG TR B 0 FEefBiaBlY these
embr§dib bobdiea ste cgltamt tinfiercdoaditions ahichgelettYor AiBoprogenitor cells that
fibropectin. Preferably, the ITSFn serum free defined
are PosLidyS, Hr agHHh ifeeexample by wultedng thepheninstent stem cells or embryoid
bodiek iR OSLAL fil ti L. pref .
o S L mefiiih, o LARRHk &1 Bhys I YRR embodiments, the
serunmiee opdogeisi ITSFn cedubsfred defined petiven abhigh pesfanblsendtides one

| eas bout 60-75% pestjn-positive cells, nore _. .
or ma? 3plyp B fitor Steiech BOBONS (EHH HESEnE o bl Sodiv gelenite
basic FBESHI4RE SRR BActoraRRkferBR; SAANSRICHR- PESELbNE HeSTSFn serum-

0022] I'n certain enbodiments, the above nethods
free defipechmedivacearapriseh insslimpodium sslemitedirangfartin, and fibronectin. In
tin- LV eurgprogenj,tor cells of step (c).in ..
prreREE AR R HBAROSA. B! aflngSlfal etk e
preferiblgf emalrlsy at ldaet BTt GRIBNS nedtinARditive GRIKh&RSprefeeab¥ about

mpre . sol uble quctors sel ected fromthe group .
80-90¢eRestinosigve pelispand mestorelereblyspout-dindil% mesin-positie calls.

neural -i nducing agent. In a preferred enbodi nent, the

[0022heurla coririu crigdimamrit, the attssi methpdy dwitlaest ingludaw the step of
expanﬁiglgtﬁ% péé?i’ﬁ%:o)siti‘)e %e%%l’o%%ﬁitcprrc%ﬁse 6 se[gp ?crfbﬁf ‘Eﬁ? Qytcpangigg media,

preferably for 6-10 days. Preferably, the CNS expansion media comprises one or more

soluble factors selected from the group consisting of N2 supplement, B27 supplement,
and a neural-inducing agent. In a preferred embodiment, the neural-inducing agent is
basic fibroblast growth factor (bFGF). In another preferred embodiment, the nestin-

positive neuroprogenitor cells are plated on a culture dish pre-coated with poly-L-



positive neuroprogenitor cells are plated on a culture
di sh pre-coated with poly-L 8 WO 2005/ 021704
weAnsB2004/ 002847 ornithine, poly-L-1am nin, BCT/EB2004/002847

conbi nati on of the two. The nestin- p05|t|ve
ture

neuro o ni tor ceIIs na be ex and
om1ﬂ§8?l Ejgfgglélb °%6r 2o /&M Pa?r?ﬂ ‘?fagg UT‘%&'I 0 }H’o J{?Fﬁuh@‘ésmve
neuropRGRAit6eLR HBY baleiparlded G YOS 0H WeHally phds€tirst one or more

nitrogen. [0023] The nestin-positive neuroprogenl tor
populatipp douimgpr Ehese gpllymay alimbe pryoptiesareedaintliuid nirogendi a

for 2 or nore days as set forth in step (d) of the
[OOZiﬁbov@hﬁemhstmspOSltﬂreefmuatmqgenttbne oéllsf earentprefeiably npmiven  in

B27.
it oRGTRn 0 .4E T BB S i Rb (Lt bite @Bpg-petiods.
Prefefa!bl}pﬁlﬁ &He%ﬁtl@ﬂmpﬂiuﬂﬁrhﬂﬁ codipriRés KD %up;ﬂ&ﬂé&PBQ@ §1EB éiﬁent or

own in the differentiation ned

s are
both, ket basicc BN ROy . etor GG ﬂmpmﬁ@mddmfnt(odnmeltt), after the

neurokgo%e&%rl g 1 rtﬁ‘ f% her t%%l dfﬂg?rl‘glg a;}gg glpg Q%;%éllltg% rcgtosme
ﬁ-d—A@ﬁlﬁﬁ@ Ifa’@holsuﬂ@ (AC)y QNéS celisO&e %rﬂTé}Q:Lﬂ)thfbﬂeﬁt dithefemitiOfdH fedia
X gmﬁr ovi des net hods of generati ng GABAer gi ¢ neurons
withopi eRFEEHRY &1 & bt days) mate reefaisblisiond2 days ching t he
neur oprogenitor cells for <cells that are positive for
[0024 st Tﬁﬁ PEesntd diseloswst #lse insgyidese methods refpgericrating 6B Aergic

e 55008 SR, AR LRSI b o

cells that e posiiveubt nestidl, and diffefenriativig mélmﬁtuﬂ?ﬁﬁlﬁvé/\bdlh to generate

Ara-C, they are ref rab) y. further erentiated in
GAB §eigicshaiprshy ohl ° PlhiLithe Argerse o Sfdetaphijor tae nestin-

posm{/@ é‘e“ﬂs a?@@&l{'uré’(pmgcﬁ%reﬁ{laﬁc;ﬁ%&?é%tﬂ A% tﬂ'l%fa:@ E{éfecrably further

ferentiate into GABAergi c neurons dsi
dlfferﬁétatﬂddm dlff[ﬂ@ﬁiiﬁionl media e&hﬁpu’reﬁlrae(ﬁb cPdefnmblys at lehe abotthdd99%

ko O S Do 8 e
1002505 GBohreIaRAL e A o IOt ey S Bre s by generate
d1ffer&§ra9e%%e@“§@ﬁﬂ%dhsn%§éﬁn eférﬁbl?&:@??n@@gﬁgdtnwg% f}meerglc

nmet hods are used to generate erenti ated cel
neurops ;mﬂrapr&fmblyvahouh 7 i}?@%éﬁﬁBAyrgmnwmme amd most ﬁxﬁfesmy about

959900 AR NSE e B EL 20 R e 20 e
differeiafed%eetl 1 ARAS) \QhJGl‘i‘ WESTREbLy! ddnffRist abButeTH 96k, 'Rphfinergic
these nethods are used to génerate differentiated

neurogse | ossapygfeatly rbouiA0-¥AYp depasmiaerigic oemprs, sadatost: preferably

7 r n r

L TR T -

generaie udlﬁasantlaﬂed oalb tpopulztiensg bivitich b preferatil§- Mpmse about 5-20%
serptoneygi c or, gl utanat erg rons. In oth

serotoB AT PRI B o GRS BF BB AL JOrRSTheErotonergic or

glutaxﬁdtér@f?:r@ﬂi'dr@t sl &8kt reﬁf’a@ AP 'i‘§d3OWée?&oRérgfc%r%&t&naterglc

ri se about 5-20% o odendrocytes or a
neurons n other embodiments, these methods are used to generate differentiated cell

populations, which preferably comprise about 5-20% oligodendrocytes or astrocytes,



9 WD 2005/ 021704 PCT/ |1 B2004/ 002847 nore preferably

about 10-25% ol i godendr ocytes or astrocytes, and nost
w@e@smeEad y about 15- 30% ol i godendr ocyt es or PCT/IB2004/002847

astrocytes. [0026] The present disclosure further

rovi des .an i jtro transplantatjion node] to stu
morefrAeEFT iy 10054, 4 b S e G i, Srmpttprabty about
15-3@Yoldligb@dtdratlyRd os Bdttoeytepr €f erably neuronal or neural
cells, in a host-like environnment, such as a brain

[oozﬂnvi OB Peéent lEi@éloSIﬁP%‘ e gr%%%ﬁvi%%@ﬂﬁlaﬁﬁﬁ&d bR to

erein are cultured wth adult brain ce
studyp theef efftdoty, svevivabilityy anil pfooctiomehity o ldiffereiapdde cells, \prefambly

Aer qi ¢, neur ons.ar.e..plated onto the [t )
neurqfabF pSL PEL A'R ndkiu® Sl Sichi's, ShAm guitoamenty, For
example, | GABNA e8gid heldts, destiiied Rérefne hrrbbiltuted\Ralh 206 VA8 cells,
survival of the neuronal or neural cells is

prefegpbly peyraker hipppeammah selis. abrefesably the GBAwgicofeurans are plated

: r ahi.C [ refe

onto BEH{BANip ol CH1s The et htohffurcl Udertl BoPhAG 520 days,
morei prdi:“et:zﬂbﬂﬁﬂ; wdvkt atdthecsahligal af ghé hdﬂﬁgl)/alb@ ngﬂfuuh €&lisas deferdihed.

adul t brain enyjronment, and nmay be used to treat
Prefefi ot g‘@@n@%& Bl s 1€ dicponal o Doyt sHa Suri e #aae preferably
90-99%9 Qf the ThE RIrGRENTA %ig?lcéu?ﬁ't}ﬁlera@ R8RS AR TRI"Ad Jikely to

for treating subjects wt neur odegenerati ve
functiginsior aie raguld roraie wneirehmeits ead esaybye aded i seatr hewyodegemerative
& iub' ect !Qai roprogenitor cells or differentiated
1501 %ﬂ#’%ﬂ%ﬁm #}Sg §&rived from pl uri potent stemcells,

or ampl e rine or human ES cells s descri bed .

mﬂzﬁer e&ﬁ‘? rgﬁ‘?n'[: §eOSHEr f‘]\?‘éd?rﬂ@ & ﬁl"ﬁ]&iﬂs gﬁrs“o’e%‘@g u%’glquo with
neuroge%e%neﬁa@iﬂkaﬁﬁﬂﬁéﬁs R eh@R¥nal n((i:i"gléh?»ess hini6@fin x%g’gl Subject

fferentiated neuronal popul at1 on ma

neuro@mgepii}@r cpdls foo diffeventiated newsopalragils gelgvadL&m phlripbftent stem cells,
N e E T .

also B @sedfos ictll Yéplicementethbiaby iff the SubRRANAIFOE ekdifple, a differentiated
nesti n-positive neuroprogenitor cells; and (d’)

neurogpk qellonplation Mgy bR demeashasfollysi t i ve cel s to generate
a differentiated cell population by culturing the
c ép)l expapdiag dichitenesf pluaipotent stedicallahi ch conpri ses

ihe. (3 d--Ar.abi na, f ' Ara-C). [0028] .1
b Rl SRRl SRR e o beodeP i e By e
of spaitivveddbr adstinf urther differentiated in
differentiation nedia wthout Ara-C. In preferred

ePotinsading the nestin-poyfiecneureprogeniier eells; andor e
Iy i ) f . .
] S8t AR LD oY B RS i e
cel | popsidationdy ci;ltmimg)ﬂha celppdh adiffatatintion neliawkich comprises

cytosine B-d-Arabino furanoside (Ara-C).

[0028] In another preferred embodiment, the differentiated cells of step (d) are further
differentiated in differentiation media without Ara-C. In preferred embodiments, the
subject is a patient, more preferably a human patient. Preferably the neuroprogenitor

cells or differentiated neuronal cells derived from pluripotent stem cells are

10



10 WD 2005/ 021704 PCT/ 1 B2004/ 002847 hi st oconpati bl e

Wi th the subject, for exanple if the neuroprogenitor
wa@edosm21004 differentiated neuronal cells have PCT/IB2004/002847

essentially the sane genone as the subject. [0029] In

histo&ir#%e?%ﬂeéfxgﬁﬁ di rrentbss?t Aer)ga:ngﬁlg dﬁp ?]l}m et oggogg@;tpr #&lls or
 diffehtiated 884rbAal S MAVE cSlchBANAREEARY LABIAM HASLA, fe%vt es,

are isolated fromthe differentiated neuronal cell
0029j0pul@t MBS h
O SR DAL BIS TUfBAbR Bopibéifle, sdlloflergi, and
glutamateirgic sieaoes) as ovellhas gmbpcﬂtstsucﬂ'hsslegodemirbsytesa&dvﬁtrbcﬁ& are
0g or diff ti ated neuyopal . cel|
isolaff SRR IR BBl netngealicil poB o 614 R uishedbio e patient
In a prefiied iR, GA]BD\%@%%H@&%tddﬁﬁmgﬂeﬁe@rtgecgé s@ject. These
neuronal diseases, including but not limte
cells,sps Hiell, ag apEBprRReTitos Hundifferanpinted pryronsh cll rp@pnlagons can be

admﬁ%t%?e@lst%ctg gﬁ\ﬁ!ﬁ& S(? %atsa %.:fe%@%ﬁ neﬁ%% %%é%%{lv %IFO %rglsog 'neuronal
dlseaQeQLS)cluchmg Ibepﬁyt, hmlttdd ab hﬁ’bké;l\d:%rdﬁrﬂ dschensa, @ﬂ | IPaflénson’s
ai,n anxi ety, and gther m)od di sor, rs.

dlseasﬁaefg g ot disepsgy A&F e 1isegce SPE cerd injury, dmyotrophic
lateral %Eieﬁfsi%”?&i{,d)t hSiaRy,; ah %a@Ng &1%@&%?' 4 W%Fleasb chronic pain,

adm ni st éred by transp antat i on,
anxiety, agsh lother i mgod hhsoai@’s r eGThesel bubjéotst madyh elsbrbn rtreafedt be cell

cepaSHR b0 e SRCEL AL L DS PLSEI i

examPRBYGEHRGFARIR thY Besited RENSIhtOthe BRI ONAL s egc% ase
conprising the following steps: (a) expand| ng a

[0030} ul t An&thef eRfbHiiRAt %Fgm?gﬁ Iteh s§1]ps1£r9)1s CUL L ddGe ttllégtmg a

pl uri potent stem cel neur opr ogeni
subjeefewitly atrisutodagenerative idisowter foo meumenalu d‘lseaée',‘()orm‘pm’{githBQfOHMng
nesti n-positive neuroprogenitor cells; (d)
‘differentiating the nestin-positive ceIIs to generate

iffer ntlated n al cel |l population by culturing
tﬁ% ngﬁCQmHF Pﬁﬁiﬁﬁﬁcﬁgﬂla whi ch” conpri ses

c %P@ilﬁﬁn% %e%hﬁﬁ;ﬁm‘rﬁ QtehrHécRe Q éiié?:t ?(ﬁr }Jr%bro g@l%jor(c%?l% 1f'hat are

transpl anting a therapeuti ca anmount
t he Riisttiverferndsined neur al ceI I popul ation into the

stem of the patien [0031] In a
p?‘g 7@ ﬁﬁéﬁﬁ%%%&r%]ﬁ?muﬁ%uﬁqpﬁ? CRter ‘i’?ils’st emcells are
med)i differentidtingethe k&Stingkitive célly t6leB@dratd b &l BéreMehted neural cell
enbodi npents, subject is a patient, nore preferably a

hume?PPURFEER éﬁ@ulﬂmr&tbe a@lsyn@ﬁefquﬁmfa@p@medmmm eernptises
cel | cypRmd (RE12ihs AltheSRRYARAH D] W th the

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

steps:

cell population into the central nervous system of the patient.

[0031] In a preferred embodiment, the pluripotent stem cells are murine or human ES
cells. In other preferred embodiments, subject is a patient, more preferably a human
patient. Preferably the differentiated neural cell population is histocompatible with the
patient. In another embodiment, step (d) further comprises differentiating the cells in the

11



patient. In another enbodi nent, step (d) further
conprises differentiating the cells in the 11 WO
wQe®5/0220404 PCT/ |1 B2004/ 002847 di fferenti ati onPOET2804/002847

for 2 or nore days, and subsequently differentiating
di ff tlatlo di a that daes,

et he P
aittlefni iin Yol o S ot And sPmse Rl o atogribe egle in o

U

second diffeéiation R6dio dhaenbs, nSP \BARLIAT Gidtfiy BLs
isolated fromthe differentiated <%réural # ﬁ?gb%o furanoside

(ArayGdpul Bt pesferssdd emthoriimentsr GAHA@rglh enw@}Se@tq ifaated from the

S0 ik AL B a5y BTGB e o
brainn efirthel exybjeet, apriefeeabdy Sior dfahs;ﬂﬁntﬁtﬁw orial céhtifagfbddments, the
sel ected f n?éqt he group %onsn sting of Parkinson's
neurqgegenetative Aisprdar g neurogplsdisease is-igtCledfram the grospanoasisting of
d [ ) ellda
Parkiafs BRCe AR s 4t RURARIES ARk, T8LE Moty Homentia,
multiplej seteyosis, m;ﬂbﬂia;‘m’lama i m‘bgﬁadlvess}ipmrmgieﬁr Fd}&ﬁ)sr;])mal cord injury,
roke cheni n ot her
amyoixﬁg%al?%éfm %ctler?ﬁ%( @%ﬁ?rg%‘?’ ["“é‘g’rSP Ayl ati on or
neur onal cells derived from

diff
wmﬂl ur ﬁbB&’@h?"’gP@ﬁ%@B@ the narepsagqnitel gelh ppviatiomar Biffenendiated
neuro"an cé&r@e?ﬂe&%?ﬁbg.?ﬁmtefni? stefi gém*czgsl ?e@@ﬁl%)edﬁé ?ﬁuéa?lsbeaﬂgd to

drugs, for their ct on't
screes sempowidar fadi exbmplngmalt echlaveles ahd drugj fcal theieleffsct @r the cell

oo S Bl BRE PS0hl B e TR Ry Sho ot
The cb@posxdtah Blso bd sERARAYDEN &) bR t&‘{c];a\éfyt@tn%ﬂiumﬁo d@bf‘&anfple

the conpound to a popul ation of di ent | ate neur a
a componnd cars e ﬁvael@at@m@d@ng theeeomeproyind 4md popwlptien nfdiffeeentiated

\Y not func onal ct [ VI
neuraf U (T35 RBAGEAY s RETSLY RSt B Wit
phenodyfef efumm]tonait ﬁlelty of athet ehractetidtic rogdhel %ﬂi “ﬁthnﬂﬂff%fentlated

ondi tions buf not_exposed to the conmpound. The
ne“fa’g ﬂg‘oﬂﬂ'a‘éedc op §aikar ondigions Bpt Botagrpreed toothgeompaimd The

comp¥hifis 8h Herb%i/eeﬁéé §61 of: U%ﬁ?lkdgfkgnﬂ{%%ﬂ%é% 591 rtaggéf]hanges in

synthesis, rel ease,
neuropgrsniiter synthosis, rrelnaseocbr uptaekeryabeodlisdi scl osure is a
nmet hod of generating an in vitro transplantation

[0033hodeAndther enthodithent o ke, presefipdibdoduge 1shemé@bd @Y\géi%ratmg an in

ol ating adult hippocanpal cells
vitro taqngﬁlaleﬁa &?‘% Wgﬁ%lrfaf %f‘dar%l ¢Fily gomprsing thedelomsiae steprl s t o

generate a Focarrpal cell culture; and (c)
cul t(@ isﬁb‘hﬁéa‘ﬁlﬂ higppgampsheellse hi ppocanpal cel |

cul tyy Bissdl h vI fthenura

t he (H)v rS%can%l I cgl ;%u H%r@ |gnp etfehﬁ o ogerqu;ate a
errbodlhmpd)csammycﬂmulmré andmtl on betvveen t he neural

cel I(S) cﬁ'ltqmlng%e@rlapge?lcs %ﬁ%ﬁe h1ppocampal cell culture;

wherein the survival of the neural cells on the hippocampal cell culture is evaluated. In
other embodiments, synaptic formation between the neural cells and the hippocampal cell
culture are evaluated. In one embodiment of the present disclosure, the adult

hippocampal cells are isolated from a mouse. In certain embodiments, the neural cells

12



culture are evaluated. I n one enbodi nent of the
present disclosure, the adult hippocanpal cells are

WO s@wbateod from a nouse. I n certain enbodi nent SPCT/ER2004/002847
neural cells 12 WO 2005/021704 PCT/ | B2004/ 002847

tured, on the culture_are, for
cultug ”ﬁée igRegagl cB GER e T Exarmiles G er i dongrinergic,
serot@hét %ﬁiaﬁmﬁ&%l&oﬁb%rodsn @ NRRereOROSHIARRL S ghgl béﬁs such as

cel I's suc i godendrocytes and astrocyfes are
oligodgndroeydes and ashecyissse euliped or ﬁielhlpmnlcampd celflveltarew Thk neural

cells Co?' éthsctl %llsg!:ﬁlﬁiée&é glrl e g}f)gég rmgp%% s Pfg? Idﬁgy EF% ggggasmg the

methbéﬂ discﬂosedrhehe_m ae Foy‘(leﬂvw orlisubdtad Bﬁoih\ér fkhets Well RAsksn to those
V\ﬁ nownb%o of skill_in the art. Preferalg
of skyll th dhe arty epgfer ﬂ%&% Hrlegsh @bort 0% of she sewnl cellseenlred: o the
| t o
hippdtaRPRACEPAlIES lsﬁrvﬁrg uf%)f‘ %tgl%%ﬂ x{y/é’éf( g@&/e ﬁgeééﬁlﬂg abg‘gw}(  70%,

nor e preferabl
80%.,31080, pr 86 % rle d)ne ptﬁfd‘rﬂ@nmbodgnm,t greatetthin aioot DOBAFGKBAergic

neurGA Aer gl neur ons vive after one week of culture.
%‘ﬁl%’—"“%@%@ﬁi’ SEVERAL VI EWs OF THE DRAW NGS

HRE PESERIBTIRY AP peE A Sorra BBANEYGa o

pects of the present dlsclosure t he

10031 e 3bt RUCSRE” dFmRets fomp eet dhe (erent sprsifigsgion and are
incluli&f 1B afilés éi%ﬂl&ﬂﬂﬁat@ﬁ r%{ fsg&l;ts BP@% ?régérﬁ‘%&ﬁ%u nthe 1nvefnt18ns of

conbi nat | cription of” speci
WhJclerdamcberrbettﬁr wrdestoidebly hrefegsnoe t QHB53r Friope! rof the@hmlrigs in

ran sentatl n of .the derivation o
combs A Wd‘@ﬁ@ﬂ?@%ﬁ Ao ?Pf‘élfe:?fe@dl@entagrem}wd begeipp
ﬁ\jltr transpl ant at i on of the GABAergic neurons with
[0035}; Serors degtammgtie r rpTesenttionm ofi e uimvnuon of

tatl,
cunk Gl et L TS LSRR 0
GABAergid meairédns wiitl hippesanipat sairorsuderined fromladsit nwhine Ibram.

i ncludes: (1) expansion of undifferentiated cells;
[0036]2) Fignra2ishowoh dingtumynitit lepdbetationdf tﬁeeitqsstfopﬁmﬁhe ES cell

T TN
of undffeEréitiatddr Qéll%m(ﬁ}{) 'T(%ﬂa’%f? &feérﬁ?ngéi’dl Yoditd: f(8% %Qltekfi%ne Af nestin-

neur onal Fi gure shows the’ l'ocal | zation
positiy¢ celige (fblekpanision ¢iﬁan¢s§ns)051$we ealls) cmd AS) idififergntiationtdfeneural

proee s Q08 PRt dions! B8, ()t arat e

nd ( 2. The . .
["037?mnﬁ 'é*‘a%?‘?%tfg\% Me‘s@ma ngl I@?%“&gﬁfaélfeéﬂ’y ipyRereactivity
in the@eRAME] SopulitionREvél ROBI tinyR BELLR: (2PBAR65 28d L6356 (0)
days after differentiation.
GAT-1 and GAT-2; (c) Glutamate and GABA; and (d) Nestin and MAP-2. The
immunoreactivity was studied in 4 different stages: expansion of nestin-positive cells,

and 8, 12, and 16 days after differentiation.

[0038] Figure 4 shows co-localization of GABA and GAD-65/GAD-67

immunoreactivity in GABAergic neurons derived from murine ES cells using the
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[0038] Figure 4 shows co-localization of GABA and

GAD- 65/ GAD- 67 i nmunoreactivity in GABAergi c neurons
waleooswedod rom nurine ES cells using the 13 WO PCT/IB2004/002847

2005/ 021704 PCT/ 1 B2004/ 002847 net hods di scl osed

et s B sl RO SR S5 SEnE o i 0B o
and GABAET 190 s8tiveaiello m%@%@&e@@ABAe[rQ@ 28lroft Sl GABANS
the gene expression profile of

[0039JABAT ire- 3 Shw HRPAE féx?resglé‘r? ﬁﬁffﬁe N MBA@I%‘I(ET?@I&&{ kSecific

and at various stages during the 1n vit
factogs in eyrinetESedllsnandfat vérewe staged dmngrth@m@m@\drf&irﬁmatlon of these

t di ff t d
cells ﬂﬁ{)’ Aﬂ% gceﬁegl@)ﬁs g'[lel&’i mﬁa&%%_“grg ! ef'f ent | em nuere]ég p@ﬁ (Un),
embrwm baeis:hl (EB)X pﬁémlczeleétﬁﬂ@ B, Cife\éﬁn e%an%ﬁf %NEW 'Zatda9§‘ of

4 days of |fferent|at|on(D

(D
dlffefﬁmﬁi?t&ne@-%ﬁ ¢Ays @dafferem@uom <H o8 days cofedléﬁaxmmuamn -8); 12

days oSt iokoneh 1512000 St SEOERIBHIPL RaSE ofe Fepwiam of
e i it st e oo, o, 004 Y
md GRY ¥ pbgroniy ev%fgpﬁg CARh exisaon arsnehsaried moal stages,
mclud—iﬁ% x5 the ENBRFEREREIT P BINA G DS %Jé]yr@% H‘@os@ﬁ%& ln? the nestin-

ection, nestin-expansion, erentl
selectiqrg ge%m-@wnml, e Ak diffenentiated spages ot no expréds®n was present in

te [ stages. VI AAT
the uifibich BT M SERRR VRS ARATEoRHRER aiciserved onty
in thesdiffgrmtialpaides Codracdisthyddsy 8 aﬁ’@ﬂaﬁ 2Y ot difRfrentiation. Interestingly,
differentiation. Interestin VI AAT was not

VIAAY pae BeletpETsea aftes 16 dpys @&dI%plfen@a tiomt | Ehei epressipe of the GAD1
embriifS 85208 Bhalin st RIHP e AREREERuRE TR Flalth o

housek&piitd gdhe, Ras daeseiiaallistged ostie defrected in all
stages as a positive control. [0040] Figure 6 is a
[0040$0'TpEigﬁiré \Geisaf %Mﬁ;hﬁtﬁé afl Yo Qﬁ'n { ?Bbﬁ orge{ién\(@? from
rom nmurine ES célls. The total nunbers of cells a

muringiB eallantThe t(lat@le@lmbbrsmf meﬂrsaatldaﬁﬁeMrsmgemufﬂafdraumwa@ counted
rivation.,

using FRPHAREHEN 61y 387 16 ey ol achv A ESemi vz s Gviion of @
nestméﬁinﬁve(cbDls NER Ddaydiof ﬂﬁfeﬁeﬁhhhﬁéﬂ Q8. 12 days b2 dRYehtifion; and

differentiatjgn; and ]() asof di fferentiation.

(d) 167¢rys of ditfercpsiationsy Ahe ol Séﬂeraa@mtmedgwmdmgm {bttatal neurons;
(2) gNRMhABSex ré%%ozﬁgll @; a@% € 1§hog4) (t%lﬁiﬁ QX%P%%I%%% (TH)

expr essi r OSli ne oxy]

expressina; (&) (HHBexpresswnon. [0041] Figure 7 shows
extracel l ul ar GABA | evel s as deternined by Reverse

[0041Ph asElguH BBhdRes exraveinder GABA davasra@ rite2fiRAMY Reverse Phase
P- HPLC |nt e follown sta nesti n-expansi on

ngh ormang, q‘&i Ghromeiegrenty: i( -Péli’i@) -in theq fgldovsing stages:
nestlnfgxf)&%'icﬁﬁm}ﬂt BQByd &F diffdrentiation (D-8); 12 days of differentiation (D-12);
and 16 days of differentiation (D-16). GABA was only detected in the differentiated
stages, and confirms that the neurons derived from murine ES cells using the methods
disclosed herein produce GABA.
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and 16 days of differentiation (D 16). GABA was only
detected in the differentiated stages, and confirns

W bas/oetted neur ons derived from nurine ES cel | SPUEiB2G04/002847
the nmet hods disclosed herein produce GABA. 14 WD

05/ VA A 02847 042. i Jr e 8 shows )
[004%0mm r@g‘}‘a%h\‘? i rhl%ilggr% qjs VIS bgsa‘f?;rvsgn” H’%nefigg Celly wsing
the meghay dlsclmedrhm’em%ed i3 dh}@ﬁthlﬁéxfeﬁﬂlamoﬂf\hﬂf a&ﬂG@\%ﬁ@Aorfeceptor

tlbdlfferentlatlon(ﬁ%) nti- GABA- A receptor anti bodies.
antibaliS- o PREEERSIC Y b PL éeﬂwege nestyees immuyrothisrescence with

antb@mmgfﬂeé@ﬁﬁ%ﬁy&ﬁ SWl ant i - GABA- A recept or
anti bodi es. [0043] Fi gure 9 shows i munoreactivity of

el | gV, the h
(00439°, Tk 00w LAIUELR i 3r E8l it 4 R b 5, S ysine
the nmthqu GisBlas&l hereiaptiier 12 dmysl dfaﬂffaﬁntla‘@%ﬁrvﬁﬂi arai-elAB A2 B%eBéptor

b(ﬂgc Ils Wer % e i munof | uor escence w t
antibQHEs. RXENG @8@3/@9 'glﬁtCP WEtePositve Apn impodioRresqancR with
antl-@BKFErédEymh@%dﬂé}pM] The present disclosure

provi des nethods for the efficient generation of cells
of neur al pkirRgges RN rom
pl uri potent stem ce]%eéRﬂbfl[E%wc@lg f%s ger@?gﬁég\] her ei n

00442 SHepRn 001 b keSS B oA ey o o

of neﬁis&BHnesage that degpdififiereptigied ﬁoﬁﬁph&h?ﬂl%ﬁlgdté‘m c8ldl The cells %$nerated
ergic neyurons, as wel| as glial cells suc

ut
heret |1Pi}g€"2 M GG 08 miedide r‘%félytwﬁh the | phenefypier ehasapteristics of
neuroBﬁfg%hl'ﬂorarcgllé dG‘AhBAér Qﬁhﬁ{é% '5§ro%%1[('g2ft Gid Sé(l{l{éﬁiaterglc

m)rpooglca araterl

neuropyj astwell as glw aelly swhs emlgadceﬂrda:yt$ fhaad eswcfcyésl | Cells pehérated
rein, the

{
heren?gute rﬁgérﬁ% u?%{ggﬁtﬁfé?c wﬁegsthssrqo@@f ﬁ@]éagmtgimcg,hand/or
cell ntaﬁébri evlifth aeetddilly pprodRdR Ao SORI flthe %ﬁldf%valﬁﬁmg such

V\g q»egs neural or neuronal precursor cells, and
cells. a5 used hegein, the tarm; agropmgenitorsely’ds frtorghangeatiawithrthe terms

neurafbf H@LFroﬂﬁ rQQé?ﬁth @éﬂss oy %Je‘flhasaﬁ?lﬂﬁu an%lro a rgﬁe%ﬁrrsilg talls, and

neur a ur ons
refers gb iaadell rthz&coan %enaate qmb deng Yhat are ather aturgad Q:BIH GGy &Sneuronal

ﬁdisclosedhrﬁiéi l ve culturlng cells
Pfec“’isﬂfs n‘EHS el o walighpal HBE lahlere@ﬁwrm%ﬁfemtas, or

oligodeBddicites n?hé/\ﬁ‘l'eﬁlhdﬁﬂiﬁél%éﬂq{%rél@ ﬁlV%F‘}Cl c%lt&x‘?nogé%ls

ghl%tlon
into cells of neural l|ineage. The net ose
of solyjde actprs pad gt\@mem&bﬂaycmﬁémns wlnkélremellragéﬁtﬂiAeelgq 1 differentiate

u from ot 04 hes
into oMM AR PR o e et reretagly B e drive
GABA@picaettonh @omflurigReltiskat tRS, | ncl udi ng therapeutic
and experinental applications, as well as in vitro
[00450" UTThese precursor and differentiated neural cells can be used for a number of

applications, including therapeutic and experimental applications, as well as in vitro drug
development and screening, such as screening a compound for neural cell toxicity or the
ability to modulate the function of neuronal cells. Generation of precursor and
differentiated neural cells such as GABAergic neurons, as well as other specialized

neuronal cell types, from pluripotent stem cells offers a potentially unlimited supply of
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devel opnent and screening, such as screening a

conpound for neural cell toxicity or the ability to
wore@aloat7e4 t he function of neuronal cells. Genepel/IBE204002847

precursor and differentiated neural cells such as

GARBARIYT Gyi []. er, spegi.al i.zed .. .

theseneur ong’l %(l:lgflu&ét?ﬁ%gg,&sf ?ﬂ“&?ﬁ?e?‘ @E &t P‘E‘?‘Qﬁ?"é@ judfering from

debilgitimy seveodegerendtivel disordent bid heslomll BirkysedlindBdObut not limited

2’205/ 21.70ﬁbg’CT/ | B2004/ 002847 these neurons, W th

to strpXe, ASCHEBi8s HBRgIen 8 dissessetnilersye chramiowen, anetyy ridathergnood
: iy ' I rat i rs_and.

o PR AR AP SR b b h G e Bbicatly e

progesyrasfktbe el glopniation tftont whiphothey watkes dased, eml Hep&¥re will have

opic pain,  anxiety, and other nood disorders. The
essenffy? Hiecine.grhome 25 diemmerikpeptlaan A1chiting 3 pamst poibieion that
has bb&f @in6ti@IS altyRlCRdnshorinle orfaREEYg.Of the cel |
popul ati on from which they were derived, and therefore

0046M | | ANgeLerre@SSRBYAIA . rent
[ 6gﬂopul at | orr1r,_ i ncl udi lf:]lléty%ft g‘gr%g%&%g%%gtafgg ‘{’%g‘ieﬁatﬂa@npmved
methesise for geameratiog] GpBalergic aubprans afvsh oplosiphterstr stémacaifse tefetably

a0 B A8 S5 TSR Bl 5Bl et

particgRii§pREfeied GABOERBHE, e WiARTallaB & BGiRn 517 r human
preferably mamralian enbryonic stem (ES) cells

ITs,
ES cells opBihisliad hesgepems @rgdarivied Bom platipstent stem cells by culturing
the e 8 3k RApce dFeEl D ORI TR HiarcodenEl SRtiste s

hes ns. ar.e deri. rom pluripotent stemcells
roo47] 028 BERY RG%int e EER LABARRE SR acltbto Beonsirpels tht
express0 | piblitef aetsRERtea it ABMOIMABRAGATNGI PicflSbly] ?t%ﬁérﬁﬁnal

... As used herein, the term"GABAergi c neurons” P]e er to
differ¢rdighion af GAdiA e gicmgrrons ipiobiss themchvative, andrregdatioat & thdrgenes

: ' . Preferably he term nal
reaurg b R bt o St kot h alltpsee In ot
prefereet énbddimentanGAB2gupiatiearns fexpriees BAGBe GATBNIA @dd (MBA-B
|1, as_vesicul ar packagi ng and

CABA Sy fist s, as . :
receDtpy (GABA ProREorthe Shemisal Gk elBanye i, docnbABae (GAD),
and GRA®VsARS kEXAFe 1{9 ﬁﬁeé‘bgﬁxﬁl%si%ﬁ ??rf? Pghgﬁ’ﬁ@gﬁlsgécggs?&d(&)%sg two

. GABA bel ongs“to emc
isoforge oA AR feagrat¢d3BBD 1 andr(dABADwhish tateedpegssahatywgioud et éle in

: si.S: of . l.ian speci.es express 1wo
aiter Y Bl ke, o (500 M EARY SRS HouAcD: Cthond GADGS
respectixgllyewhiel ivindicativeOofhie ¥ddtiveintoleldr nSlsSllin QDQ.'? Since GAD6S

regions. GADl and GAD2 are _al so known as GAD67 an
and G R gre thg speERes\thatyynthpsizeGABA;, they bath caa befusedhes markers for

I ' masses; 4.0 _kDa, Since . 5 and .
e A B e o 8 Rl e PO AP o g i
transportar GHAUS) dis asquiredk for thé @ynaptid ematkdomd gf GHEAR! 8he is also a

neurons. |n. additjon, the vesicle inhibitory am no
markeléc- o ﬁentl&ng éABAerglc neurons. The pathoger}iesis of several

neurodegenerative disorders and neuronal diseases appears to involve the loss of
GABAergic neurons or a decrease in GABAergic neurotransmission, including some
forms of stroke, ischemia, Huntington’s disease, epilepsy, chronic pain, anxiety, and

other mood disorders.
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transporter (VIAAT) is required for the synaptic
packagi ng of GABA, and is also a marker for
w0 d@so2fgd ng GABAer gi ¢ neurons. The pat hogenesPGT/iB2004/002847
sever al neurodegenerative di sorders and neur onal
00481 se Y the Ioss BAer
[ 2ﬁeur gﬁgspg%fi?ggsglroéxgrse elgl (ﬁreé%éAQr ﬂ Psthods of ‘%gff’li?ﬁtlatmg

pluripatedtu Shemg celisréntof neurSprofersiof QJ@HS aSGHAM A, into a dlfferentlated
epi | epsy, chronic pain, anxiety,

popugﬁm ! 1261&12%{%2&? Phiotypic gheleswap sndjon vclhllar characteristics
sumlﬁqy deﬁg Q@ ﬂélg‘glzﬁxfe%g& Ofd 3 ﬂaﬁ&%? %Iﬁ%ﬁﬁ?lﬁ‘leﬁitl paﬁélogent Stem cells

directed to I nproved ne eren
are nmrmeu pnohwman #S nel&selwmch ate0 differentiptedgiat heural edllss preférably
into a dif ent at ed fopulatlon of neura

GABVA\%W% I‘I’?Wpﬁgusdﬁ% r?B? g &Y tﬁ‘ﬁl euditions. aHeg eresewt) digglosure also

relateg Nar @ik ednidsédlic §opLﬁéLt{HnE %Jrod&eﬁq}yl ﬁleoélsﬁgs‘éfi allne baea jcertain
In a preferred enmbodi ment pot ent em ce

embogpents, the-dsdesed melkods Somptisesthe sfdilo&\hngsteps:h f f erenti at ed
into neural cells, preferably GABAergic neurons,
LusAmgpslation bf plugipbtent stern @alts dre dsvdated; ke plugipetaht stem cells are

di sclo e also . rel o cells and cell popul ations
pL%&%&%ﬁyWnpagrm@ aﬁgéﬁl Sret hod: In cert alonIO
2.enmigdplEpdtent stede cdlisHed HSRAILMRD PRASIEH ?ﬂgélbrft%tah]ﬂfg material.

foll owi ng steps: 1. A popul ation of pluripotent” stem
3.celles le@ore@blsm wellg nee pulmrecb gt emspasiom e pérerae embryoid

prigfagdsabl y nurine or human ES cells. 2. The

pl uri pot ent stemcells are expanded to provide

4.s UFlid enlnybidsbatiési arg replated ioala substrakb and likbubRel ¢At Sh@ilfree
i n suspension to generate enbryoid

cel | ar‘%uculﬁﬁi ure
bdﬂ?‘ﬁ'ém Fyerapmaenivs cellse replated on a
5.5 UlR! m@d@pAidenitdiC UARL Gk e aﬁldg rlﬂma.é SﬁqﬁnHEl?'rH”&l{fﬁ%' Which
sel ects for neuroprogenlto
nwﬁwpllsc&g@mbﬂ@facm tetateal te thmmmisd;ystaman expansi on
i ch. rls solu e factors related to
6. trrﬁfeile ”}’%’B%g %ftcee ?ﬂl&ﬁ}@@@m Reyronsdn diffegendiation
dirhddiui nbteﬁhﬁﬂy' 1he OmHEihh'lr oGNS chllbAlbfid:S 08 rk()lu@k' ®lLtors

medi um preferably the nmedi um conprises a conbination
oftelgigd e Eher aerveps systematasdwelb asheytosines ud-Asgline nfiransside

Wgélz?g? cytosine (3-d-Arabino furanoside (Ara-Q).
Sources of Pluripotent Stem Cells [00501 The

[00491:12' lﬁﬁmhegel n &i)sr the differentiation of

[0050] The methods disclosed herein for the differentiation of cells of neural lineage
from pluripotent stem cells involve the use of specific culture conditions, which direct
differentiation of a remarkably high proportion of pluripotent stem cells into specific
neuronal cell types. Pluripotent stem cells are derived from pre-embryonic, embryonic,
or fetal tissues any time after fertilization, which, under the appropriate conditions, are
able to differentiate into several different cell types that are derivatives of all three germ
layers (endoderm, mesoderm, and ectoderm). Cells of neural lineage can also be derived

from stem cells isolated from fetal or adult tissue that have the capacity to differentiate or
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frompluripotent stemcells involve the use of

specific culture conditions, which direct
waledobment i ati on of a remarkably hi gh proportiBeT/mg2004/002847

pluripotent stemcells into specific neuronal cel

PL uri potent st cells,.are derjived from
be rebAFnmEd i RAER bl TiSSie, P1fiosfalegs Gals' Bty puare not
limited foahathdalibd BS @il @id EGHeR{) prafa@bly hidnARPbPREG RIE or primate
conditions, are able to differentiate into severar

or hugpan B9 ells and EGiopfles Prafereblyy thedwmdifcaentiated plfripotenttshme eells

. (: d t od . |
have 6% Dhpafl ) Vi A0 BloMtor T SAARHhn D bt R8 ey BB the
term {‘didfesinéidtién”orefdre toad processdulicreliyl wRlifertdthtedvu@pdthe stem cells

capacity to differentiate aor, 17 WO 2005/ 021704 |
o DU HAS AP B S ROB e BB A5 Tl PR b dibfersntisied: eell has
a phehbtypa8MichRk BRrRaé i o%'ﬁ%ﬂi‘til%lﬁia{' Sell tg%é lggﬁs Gt are not
S,

limted to mammal i an ES ce and preferably

ri i e ls.

0SS5 e B T

derived froinptbe émter selbmassedf sblastacsst. t Tiese dhawicysys iy Bk voltged from
' in culfure. As

and proliferate indefini.tel As used .
recovﬁ"eegéﬁ Hf"otf% IhZFiPFﬁ‘mB{aF‘PS?%ﬁ%‘P%F’cﬁ;Y" QR 64 o fgrtflization (IVE),
for CWQ%M& ealizadhy bekRRtibB %Hseﬁlihﬁdoﬁoﬁrﬁfhkéépﬁf{me sperm
. cells or precursors cells acquire a nore specfa i zed
injectfoy o1 opplasatepnpien, Hyman astasysts ateeebtainkd fioascouples or donors

. ' N ragteristic of a particular cell
who ROGAAKP Bl Sl 5B AR50 LR o e
purposss afdrl seqaitthgESrittel nd voRGtadE @Endief Gofh HeSe céifflésV&ddonors.
i nner cel]l nmass of a blastocyst. These

fromthe :
Alteﬂtﬂhé@ltyog&agpey%waw flegied by dransfenef & wawatieceld or pellimgdeus into
' Ld | t d c2or fromin vitr
on enpided b3tk B Rl oty BEREY Bicted ol il blpvetor
to thefbjastawiystestageo rizie blelrsmem';tm asddo?ay alss haeyeep lb@spieSerS&E lofresult
Lnjectign,. or ooplasmtransfer. |Human stocysts are
from SbEN ST ST OTB R Hooralich e oR dlouet 1 continue o
devel§lPnns @ blRRIckst S| eibrid PTNOSevelUpaR AL S ﬂtﬁetﬁ5§o§/§@§1d the

. for researc purposes after acquiring witten a
inner ¢el] massawill sy seqerding emihe ispeniesc anthire svedlrknvwmdp shose of skill in
the arf\ ternatively, blastocysts may be derived by transfer
of a somatic cell or cell nucleus into an enucleated

onsa oL S Rl DT B B s
as blabtoagst eI ﬁecHﬁi;qrgeanMl Rh&Pn RAMBsPELEKIR i AR &E(’}ﬁglt? gsé %tgﬁdard

) result from enbryos which were cryopreserve
immugesurgesy teshaigucsa@ivany ¢2ove Natuge 282 54 89,t 1981 Maging Proc Nmtl.

I ) k ryo, The devel apgent.of hoth th

s, RO 9818 S o8 P R ol Modd
cells mmycbe dérivgdt feorh Ifetabgeei @Hls, apath @iy MethodK WeIMknb®n tH @sRe of
...0of skill in the art. 005‘% Miurine ES cells may be
skill iy 6 @Miatsul, et 9lo GellofA: BrteP4pIl AN dneaspotated gen by apference).
To maintain mouse ES cells in an undifferentiated state, the cells are preferably cultured
in the presence of leukemia inhibitory factor (LIF) on fibroblast feeder layers (Williams
et al., Nature 336:684-687, 1988, incorporated herein by reference).
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as bl astocysts using techniques well known to those of
skill in the art, such as standard i nmmunosurgery

wo ewblo2qoes (Evans et al., Nature 292:154- 159, pAR8E2004/002847
Nhrtln Proc. hbtl Acad. Sci. USA 78:7634- 7638,

each |ncor d herein ef er nce
[0053 ¢ %%ﬂ% ael STIBAY sldsv\f%*efrﬁwe? P%togya‘b 451AS 5 Standard
1m1ﬂ§$1ﬂ§er5fq§$}ﬁhﬁj®e%5 |dl1§f:ﬂ§§¥¥{‘ it 7.8, hpeft@ntqflos 43! 78'0nantdh@2@(5 806,
Mat Sui 0: 841-847, 1992, i ncor por at ed
Thomsem @t ol dﬁc:eaceeﬂ% 1:19‘95 114‘70 1998)nandi ReubinnsB eegl. ddlatuge Biotech.

18:398E P00, o BT b Do iR aBRnPh P Bt cats

denvéciiﬁlt My ﬁxhh‘r?ér oI1hé WE&@M@&{ td 61@63'61' sHiRYE KIS 4YChd b@%ed B the
al Nat ure 336: 684-687, 1988, i ncorB%))r ated herein by

disclosed meiiinds) 2 prefewed owbstiment7oses hawan £ odllsoderaed l{ywwque
et L8 B0, AL 3034 bt SECERE EaAedpere by

referedc@cl IﬁSl&tbf,l msim&hoEéioéa”tés Sddls . frdin Wuﬁ%ceihﬂlaﬁs &10@ bBStcyst
ef al. (Science 2 1 147 1998) d
throu&beﬁas? r%ﬂetwatofaaaﬂ qihg zene @ﬁa@é tr%h%@e% @? %‘deﬂ)tocyst
whictEffths %H%bfthx‘é%r'l%k‘ ﬂctﬁé B&%ﬁkﬁs‘i’ tﬂ%ﬁ@i ﬁrhi%)ﬁ defik %f HHner cells
Al t hough™ES cel derived in any nunber of the ways
mass kamobmaspiratsde Tdaf:sesneils kan then he frther calturpd tousstadlisin ES trell lines.
di.scl osed ods, . a preferred enbodi.nen es. hunan
This @il § TR ety oaBhe i Gb% s REGUER O stlh St Be Fiks ect
mass (ithSut 1pdEigdingNRe ciVeriZdhal ddmberfned % to6&tiutd/of itERAIMOIEESd In

herei n bix reference). In brief, i s method i sol at es
A

additipry| B cell Hpes gﬁéletaﬁﬁdelﬁlrtgeﬂus teghydquss Impastigeargaiyaan ES cell lines,
aser t e lsug .

can b OHRA LORE AR oF Tn? gl ecllrale°a el Bit ekt hich

mmmma@r ther gskoof By erahsmikiien lolf asimalymicroébes aoghe it céil diakd.s In
e.inner cells cg&ss can_be aspirated, These cel l's

anoﬂl%raﬂn olimeple hpman G cglly argrused dhpt aeg detivednirem praperdial germ
cells gﬂle in hifhag f&tﬁ?ﬁﬁgieﬁﬁegﬁ 8, P%¥M@9ﬁ99@6ﬁe GaY %‘ﬁainblott et al.,

the 1solation o e I'nner cel mass
1998, \Hr®¢uNttt1 Aeald ripoi URA. 1951 35261873 1, cacki spcwﬁbdbsmmuporated herein
b fErocgdure of immunosurgery. In addition, ES cell
YICIPI®REY: generated using this technique, in particul ar

S eI li.nes, ¢ be.isolated.in the abs,
[0054Ef "21%9 S g@lﬂ Tpss e b maitane: FRituLS frpan {Ag rentiated
state 10k R ﬂ}bﬁ)ﬁge& P&idd @tkmﬁé f@f‘ Exa{nﬁlﬁé‘ SVerSsHeORaf) fand@ Bhffthin a normal
m crobes to the ES l'ines. In another enbodi nent,

euploiduiepyotR®. cHirngn @Seceus wytbqaanomhelog@any identifieghby high nucleus

o xRy, BRiTho®blFhl 558 oLy Bl A Shs
distindtQR8, boRieas andaslbmiefead areSitien f4Her 86 A GSIAIS Hi@&aNES
speci fi cal '%rl' ncor por ated herein % ref erence)

cells qre alsa prederghly impruporepesivegyith marksss forpuman paripetantfitcslls, for
examlge's‘s%ﬁs' §‘SE‘R AU NS ﬁﬂnfﬁ LRLED TieA at @o f %e?cnﬂg&’ bY@ thson
for exa € over one

et al. r(ﬂi99$)alReuhnnﬁf el (2000), Buehr 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, ES cells are able to form
embryoid bodies under non-adherent culture conditions (U.S. Patent Nos. 5,914,268 and
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eupl oi d karyotype. Human ES cells may be
nor phol ogically identified by high nucleus to

W@ ydosplEssm rati os, prom nent nucleoli, and conpEr1B2004/002847
colony formation, with often distinct cell borders

col,oni esth are often flatfer than npuse ES
6 60@2& &a C%h%mor t6ig by rgference), Il"éq:sgfe 53{91@,b0d1es can be used to
derive MIEASHRASE dHRatdsioITRE KEdodedn® mEiBHh, Rha kLB
cells, for —exanple SSEA-3, “SSEAA, GCTM 2 ag(% %ed,islayers’
as welkas offre desigd, cefldingesesr i bed by Thonson et al . (1998),
Reubi noff et al. (2000), Buehr and Ml aren (1993),
[0054ach Php@otefnt csaﬁnh yeells,n pantlpmlaﬂy eBS har &Gh chlfs, r efme be nprepagated

contlgitﬁlogfggr abI %\l;l\én?r:gdl %ns tjm%{n?p?% te ﬁg: eéﬁsb 2 ral ] ng tantially
undlfchﬁelﬁﬁtkédSstété eB8lbRs nQstiRNEpt ﬁ"éﬁraié?x‘ugn?@ ¢be 8eﬁ’sﬂﬂghd repeatedly

non- adherent culture conditions Pat ent

dissogiated pand sgbeiyreriowhits fregundy rxchanpag/thagdone dEAMT to prevent
them o%%lf%%r_%nna?i% h P'o ggléé% r%&lﬁﬁql}'}?g%‘ {;Ibg ¢ 08 [ erﬁl?cgl)ld culturing

r m

ES cellsf ﬂler;ﬁmultlahﬁcbaﬂ&?éfet/ﬁi stufRrdfexbbek A A EER, fﬁ?é@ﬂ@]&l E.J.
and ectoderm germlayers, as well as ot her desired

Robegtsan, “Yergtoggecinomasamsjembryanipyers ﬁ@llssﬂerﬁm@teqall gpproach” ed., IRL
PressPE{dl 168734 {1 %%11%%9?9' bﬁn %0{&3 g{zrg 48-33: Kitano,

contlnudus er ur e con |ons
1991; Bintevhhology r176735u16$ tsmar,u 2991y Cumn @i, e]BmtﬁchﬂéleQ 39549 Birch

and. Agaony R Hqprocsee gl SR 2AT06 Bt h e 081t Biotéchmol.
19(1dgr9ewe Btd Eelﬁéé%ﬁﬁ&'dl‘gzé(ﬁe CaHbdr YT £ sg@ﬂ' 3B 3Péa%}i%ﬂéc1ﬁcany

em from di fferentiating. For gen tec ques
incorpasptgd hewgin bty wsédrénceul ture and culturing ES ceI |'s, the
practitioner can refer to standard textbooks and
[00564 evi Exaditiohalty, @Saaqilsea:re E.lltuted ifRBB emddsiom 0on a layer of feeder cells.
stemc

Feds 1505 5561 OIS S SIS, S ki i, oy

providiai BivirohfR#t inGWhich tlQOES‘ celll AbP SRV vith8htAindbARimSsubstantial
Ki tano, 1991, Bi otechnolo g 73-106; Spi efré% r%%u Slantia

differgntiagion. oMeﬁhodg, for ew g ESe @nﬁgedegﬂaygts ar@img:ll/lqnawhdg hose

o s B PR GR5 NG00 bl og 44 oy, 408 e

Nos. (230@310 3438@1@1&]9/8119 ,0225WIp 01/ 526@3a@&peﬁﬁ@illy&ﬁ&ﬁp6ﬂa€eﬂ| HeYein by
or orated hereln b{ r ef erence,
¥e

[ 0056]
referenelq 1hp drede] loyer preferaplyaredipces.dphibils, @apteﬁergsdﬁ@mnmﬂ@mows
I f
cels. (688 1Ryer: BEAACAR) driombr{BRE Shrchficl oD U B B thhan o
mousendginp farwxdmphumema erabnyemit fibrobikkts thutdae dnfbreeiit Sﬁbt’ﬂiﬂasts
nder 0|n tlal dlfferentlatlon

h“mm?/@gﬁ@l%% F E ?w %@5&41% §Hivedefioma humapcerabryppic stem
cells, M\ﬁ$TO|@Qﬂ)§I\ﬂ to those of skill in the art (U S. Patent

Nos. 5,843,780 and 6, 200, 806, WD 99/20741, U.S. Seri al

[0057]NOS . Eﬁp&lll@ f%reﬁﬂ‘&i cﬁ&(r&fll%htﬁgéresé{)@ g%ﬁ§ }eBim e\ﬁi‘ﬁgh reduces,

speci fi caI 'y I ncorporated
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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reference). The feeder |ayer preferably reduces,

inhibits, or prevents differentiation of ES cells.
wo-e@doe1bayers are typically an enbryoni c fi brG/EERN04/002847

feeder |ayer of either human or nouse origin, for

ampl e use enbryonic fihrobl asts, n _enbryoni
ES offfg Dist nBeR Sefiinint Betipishl gty Tieh % JHRLbosine sefim (FBS) or
fetal Ne2S aRARMY EHCHE(US. desténteMok.r GMsBBERN e yRNi £,dS 1568990,296,
. cells, or STOcells, [0057] ES cells are preferably
incorponatadr kesgein byt ueerencel e As arsed hersinyEBSUREY Raiused ineplaecef FCS,

R bits O .y oy

ond B h a4 CPEs SRR by 165 (1 S b (WO BRI AL o7
U.S. iSerialiplol @02@30Weddh spetificaliye iMcogorated héein dya@fréhcd). An
ex sgu or. serum _based sol utjon_that ﬁgup lies nutrients

ftolle FSrmedipm vaithserum fpreculfng BS £Hs 15 Rbeqepy mydified
Eagl@m%@%ﬁ%?%};&’%%&i@ﬁ%ﬁ%% lﬁ?ﬁ %g;lgb%ectogfbﬂt (70-90%)

nutrient seru e ani nal serums
(GIBE®); wepemented FBS) FBS of FCS (10a30%) di-orer¢aptosthane). €.1 mM),

non-£SeE R BP R g LT 2oy PUR PR cap e AR g astaganih
factoﬂngg 1, $68n] penitilaCardf 507tePml st?%ﬁéi ¢Gf. TRE B8 V%éﬁi‘tﬁn By also

ium may al'so be serumfree / 30679,
includd 1 6@BE0! of L. @ike®an inhibiteay faor KREF). 030 exaanphte of suitable serum-

ecifically,.incorporated rein i4 renge). .
free £ Biighis® ' b RSE TS et Fal KPPt BHepti™ iontip agies
medifH EM)| GIBIME20% Kndakdiuk iSRA (a SexGimerée fpHickiient, GIBCO),

( DN l\/e W t hout sodi um pyruvate, wth high glucose
p-megqsntosihangl 10-1g0M), nqnegssrotipl amsing pridpel ek @ t(glurzssn@il mM.
FCS (10-30%, (3-mnercaptoethanol (0.1 mV),
[0058]0on- ESxels mwly adsol oocultrafisundesfeederried cudtune eoriditéona. Milgthods

ng/ basi.c flLbrohl ast.gromh _factor, (pFGF .
for oilpfifeges PR i nteedtdrcrulienite i oyl osefkilin the ar
(U.S.medbiunNdray0a)/e022263) c il e03169026) 1S, 0§ erked UKEN18/235,094, each
inhj bitory factor (LIF). An exanple of suitable serum

specifipadly moorpetefnhersin byl neferengg). EESceslissin 8 fgede-free culture are

et RSO REE -ty ST A L o
as Mairigel®) (Bc_acg? ghi%lmam% aat Ea‘mmin ( Bgeﬂ:ﬂﬁ‘}:e cﬁmﬂgegge r}iéésfan‘ably use
condigemmpfﬁm%%tpssa@@ B @ ieier bentiiohsioRetim pepared
by cGRRfHgl aORSst PRIAMA of Uth&lU ik NemBSoke! EBrdbtis® or Ihumam.

feeder-free culture are well known t0 those of skil
embryoni¢ Hibrehlast qellsSn Pubediumiofor 20 sffioRap peded W time to produce

“ 3/ 020 . S, . Ser.i.al_No, .10/ 235, 09 eagh . .

condlRe i oiehlrupbl e afting 8 B GRER provwbstanta

differegtidtion] AlRriatiedlg] thefeRieLbé billnr@ts copitthesnbltvacah@imatrix
on a suitable culture substrate, for exa

|
with @ gifeckivp FACiIM ket §5 Sdded desh tootbe BE Fathop b eenditioned by
) k . | '
anothld SHEIFRNURY P Qb1 200061958d, | SEABIN LESBIAR herein by

referepeeywt h of ES cells. Conditioned nmediumis prepared
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by culturing a first popul ati on of either nurine

enbryonic fibroblasts or human enbryonic fi brobl ast
w@eibs®2i7d a medi um for a sufficient period of PCTHEB2®GH002847

produce "conditioned" nedium which will support the

[tyin f E ells wtho ubst anti al
W“%fff&&%&-ﬁﬂléii#m&&;@}ﬁ t he feeder- free

[ tyr n co xtracellular_ matri x an
(006§ & didlered Ripiirnt Hem 0 s Bg cxpasdrd fo s sebirete @ culture
condMdnB a4t B theriP R biifeRRBdtetitito ﬁ&ﬁ’%}séerﬁt%}r leefiyy p I(Muﬁpotent

Publ . No. 2003/0017589, specifica I ncor pora
stemh@;llgﬂﬁ agyanceeflong: ﬂ@el)eurﬂldlﬂfﬁeﬁﬁﬂﬁ)‘nOﬁatH’ﬁdy,[tﬁéﬁﬁms are cultured

Pr.e on 0 ur.o Cel | B2004/ 0028
accodyBP Bl ietenhBlio BHIMRIO HEHb S e The RagiPgent Stom. pebe are
cultugedd oh h@ nsuﬁalﬂb esubsiehtd Gn CMll di fférBntifion dhﬁth@tﬁsm'é o S@on’cains

themto differentiate ,into neuroprogenitor cells.
diffeysntiptiqoegants suchess sodwhle facsorachndrerewd! daotprs. heSumiahlleadubstrates

N X T —

poly-ﬂiehyana or 'f)bbyohhtlﬁmep Qlileyitates toa e aVittS exdfRellulat MbfRdcdMboRents,
e substrate in a differentiation nutrient

for egaé’le;lliglg %‘W}% g JamsnsP DEF s FGF cpnllagen §n hugen tasniotishmembrane,
or MaRigHia, %rf@%lﬁ?tﬁglgth gyt ?re?&gdoqlﬁ'ere?g%ﬁo%bﬁﬁq?nt Jnediums are

substrates Inc ut ‘are not o so
thosesthaff amﬂcthamdlfwaﬁhn,adlffe@nuatm, ehdsgeival of desisstiphanral cell

typesp%ﬁ’ mggl ﬁ}l‘g‘f 01%';? lgpy O h!élﬂf entlaﬂgﬁtl rag%:(rggrp?\g%sg he\zll\'neltnhthe

term Fgromei €I refb@ b Pidlein®ParbinE & re&ﬁﬂol‘@&?ﬂxe\éell RUTRR with the
. amiotic nmenbrane, or Matrigel(r), or a conbination

primary gpd of petipting eellwlar prokitomtioar dififerantietion. mSuitahis soluble

L T e e —.
factotsy ﬂﬂﬁrerﬂmaﬂomﬁacmrl cegda th& Smpenfﬂﬁﬂyﬁ TIGFp |Swperfamily agonists,
ents. used herein, the term

% %]\%:f Qt I ation, q%g
DeurattopGAaCcters ggioxi ?Seﬁl"é‘r?t@nﬁm&feéﬁa #ad wtvabfagtprs. oMany soluble
factors %ﬁ;@ RGBS Ser@ARilE,\Binfiffdtl nlgsdéﬁ{ll?lc ?w%&hmt ﬁlﬁnﬁgﬁé Jiffevent Eeit }Ipes

of activating cellu proliferatio
whileditherearerspecific trpartBuwilarakll éypesl ubl e factors i ncl ude but
are not limted to neurotrophins, mtogens, stemcell

[0061f] act Switablegdiffstdntiafi@c agrrnﬁs thelt ﬁ}feefﬂwlly @héctitadeahit Qifferentiation
ﬁ@grfam ly), TGF-0 Superfam |y agonists,

of neﬁ@a%o‘ffi”o%% inclyde Jyug arexpet limitedhin Brogpsierone. (miresaing darginin,
insulif N dfi ¥é1¥1ﬁ{e Ss%fétﬂgﬁ%ehoggéﬁﬁﬁr rﬁ){%gglq ?Ulﬁﬁatln

frags
versatile, sti rruffatl ng ce ul"ar
epideemdlf groavth fastdr (FEE), anywtiype aft Hibroblast egopeici factor,t (Dytosme

L. pes Sui t bl atio
pa-ARBN Bl drmicp v 2 bt Bl 8 pahers
of thefnmwm@i famlily (ePRS grdiithy @&t&UKN@FF A&irotrdphid eF (NI-3),

g Qgest erone, putrescine, lanmn
neurotrophin 4 (NT-4), brain derived neurotropic factor (BDNF)), transforming growth
factor o (TGF- ), transforming growth factor beta-3 (TGF PB3), platelet-derived growth
factor (PDGF-AA), insulin-like growth factor (IGF-1), bone morphogenic proteins

(BMP-2, BMP-4), glial cell derived neurotrophic factor (GDNF), midkine, ascorbic acid,
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insulin, sodiumselenite, transferrin, neurturin,

soni ¢ hedgehog (SHH), noggin, follistatin, epidernal
w@e@oki7hact or (EGF), any type of fibroblast gromBR004/002847

factor, cytosine O0-d-Arabino furanoside (Ara-Q),

A R TR AN = M
CNTmeﬂmthpphlaad&L(djT B usedRHERT FHRABIND “ﬁbl&)%sldfﬁov@ﬁ Hdor” or

concderived neurotropic factor (BDNF)), transfor
FGFyrefgeshto amie sujtable fitmeplastagrowihy &vscfrodmwg fiprovaniy ofrgmnm that

cxreBE S AT, (TPhnehl ELELSCHISE LD FRRASE o,

those rodr gidilb gee rthes agty atde Mnﬁlcice(lﬁiv%ré ,noBMHn&)i toQ EG@LI ¢&didic ﬁbroblast
c factor i ne, "ascorbic
srowticlafoo F e Ao QPR sy hooioN) GOUBA (bR GPA (K-
- J
o S ol

also CAStaulsﬁgilﬁti@B éhat helphsustagr enltufdsofolsluab tellyy ﬁ)MelxaﬁlplBtm andB27

iy TES) B AR b Do) S5betl SUA 25 S

acid, élﬂﬁdh&&eﬁtﬁﬂ@*a&&l BretroP i ih hRPHERE ?neﬂﬂﬁé 8Rblosd HAkih et Y
of FGFs are known to those of skil in the art, and

|
[0062¥ |nC ’Hféegi%t%”steﬁ:cg m(}?ﬁ?regﬂééﬂngecﬁe %Pp’é%% étglﬁ-@ g'blrﬁv%lves {nducmg

the cellp gouforng gmbmo)d bedies. SEmbr}dedelb’s(ﬁezplr(tbﬂs ﬂfrot@ﬂyl-'(ﬁﬁ) a suitable
nd FGF-9

substofE Rl TAPUine eaycelbd AR sqoragdEnt P, AREORERD or

lamini®y ahd icoltered tinl aeshitdble HeMErdAtifidh | rHitridn® Ene%ﬁﬂﬁﬁh@pté\@ tAPRdmote
B27  additives (G bco). Preferably, th
differegtiptien e ingrioprpesaiet esllp.ewuich ais mestm—plosxtm musopregannor cells.

Nestif$e ool il NS SLUE8h ol Ptodied Py 35 Enb B Sl
the plukn;ﬁdterrtesn&m akelingret fist phgregnat and aSlidﬂéfb%éﬂebﬁs 4V pbpistion by
s to form enbryoid dies. Enbryoid

d
i rmiigy gpEVd bﬂgﬂ%ﬁ o cﬁxﬁléﬁlﬂ{? grtgring stb?ﬂ&ml@ter&uﬁgmr gells in
suspeﬂMdnh Phes¥l e} Ein ﬁé‘cﬂﬁr&?ﬁ?hﬁtﬂ 131! 9@ éﬁ%m{h%ﬂ{ ﬁ?’@rﬁ as
ture &

fibronectin or |amnin, in a sul
well a:ﬁ Wﬂjr ene | ait nmne r\njtﬁlﬁediffermdamm ades didtedo alventid epromote

il SR 9 LS ASHER” SR o Sh i ha s

cultureddeih [ESaillkeédigharigeuerirsst i ¢ of neural precursors cells.
In anot her enbodi ment, the pluripotent stemcells are

[0063]f i  Sts BGQr REkRnedhd NER, a‘eﬁsﬁ%ﬁ@%%afégbu%eﬁ%?'t% &Oauérggdtfaﬂ of

by form ng enbryoi d bodies, for exanple
dlffereﬂh@tefﬂ)l agHls pgenemateds when pliripotént stewsqelinsire rgroﬁ?h emesuspérmon

it 3, B0 S5 b e BB A M v

undlffeieﬂtfﬂd%dl]lsah Itldna tisn of %élﬁd H’@ﬂ:&‘ﬁ)l Qs B @n of cells i
dfferentlatlong(?@ggells in the enbrymd%é}g?(gs cors 18

surrougsiedibyipinifive gadodenn.i Babeieid edien typically egnéain cells derived from

all three germ layers, ectoderm, mesoderm and endoderm. In mature human embryoid

bodies, it is possible to discern cells bearing markers of various cell types, such as
neuronal cells, haematopoietic cells, liver cells, and cardiac muscle cells. Some cells in

mature embryoid bodies can behave functionally like differentiated cells. For example,
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cultured in ES cell nmediumw thout LIF. [0063] As used

herein, the term"enbryoid bodies" refer to an
waosegedi on of differentiated cells generat ePICTARE2004/002847

pluripotent stemcells are grown in suspension

: Ur e overarow i n nonol ayer .cuyl tures. Enbryoi
sctiv Sotdtlerpullic REAY R ol A PRR b2t it ndiably the
differagiiptgadt sloripdtetedténs cofff &f ntblivd kb isat APEIBOREN eggcan be
ObtaiceI ! s is surrounded by primtive endoderm Enbryol

ptherapsptiepuosednt ai n cel s derived from all three
rml|ayers, ectoderm nesoderm and endoderm 1In

e
[0064&,“ uthe kmbereid hbdigoans culiurtidesntil itheyi sagosufibieat $ive or desired
. ' n.cells bearin kers of variaus cell types,
ditter@h R0 5 lephe e B ‘{aﬁaéﬁﬁf*ﬁﬁf&r DreteIahig 48 dabbvaid then
plate@htosa wabstr@r diraferdblis e sulBirhts - is AR CRIth %xhﬂcellﬁﬁ} Yh#&rix
e

enbryoi d bodi es can behave functionally Ii
compgpqntssr Wekudige §uic apt Jimitegr te pelipldysing ply-200mithine7 Gaminin,

collaé:ég,-r R0 %&&fﬁé@g@ygﬁn&%@n@%&g&? leﬁgg Zelgl?lgs}'y(?lﬁe%odies are

cause an erbryo 0 pul'sate
preferdblyf ated dirattiyoonto fhepsubkirgio twithous dispersigg kige ¢efls. The embryoid
cific cell types c

. | | h b
bodie§ %, i EflaPS ides Bitons do (sBeRase Bty Gifaertisgiey qfcthe
platedodils @0 AB@ofs | dr WNpRrsdr dNEYE (Sr%%%ﬁ%ll{lglfe [g?‘ltbg?ﬁg ﬁé%{gs may

or desired differentiation, for exa
be culiigpd inog sesuint figealefipedmedia thatds Seletiye forarestin-pesitivepdalls eaich

-SUbs ...Preferabl he substrate is coated
as IT%F;% Enézdi r'ac‘é‘[t%g%‘?egﬁaet%? ieff?ar}élghﬂ’g’ff&#@ft S%%IC.G}Z? Mo 5b"ﬁtpla"[ed
directlyodn hisubdtete bed paltired i YerhmereenMfiied nRIdRin B B8lect for nestin-
..lamnin, collagen, fibronectin, Matrigel(r), or .
positivg ntslisat | Hlegtin nisr @8f intymeedisie r filgmen oprotein aexpressed in  the
i#kREAbl Y plated directly onto the substrate wthout
neumgﬁiylspeirilgl ng the cells. The enbryoid bodies are then

| t diti f th .
t006s1", LAEREIEL <E8R% 0 Bdhot InEERI BT for Stmiion 45 embryoid
bodiesNDPIFAL:Hr B0suppRilesited FRikh 6XA6MMBre drb@tLABIYOideBAHES the

may be cultured in a serumfree defined mediumthat
group | gonsigting: of eprogesterene, i puisessine vieminin) snsubinc hsodium | ebemite,

[ e [ d | urkpate stem
o5 1R 181V WA ) ATy AR
defined uhedinmdisi ITSFe rmedifime evhitdf isnegpleedhtet with #8) 8etHehto insulin,

o i, e st ekl ol o e e
condit{ddQ6Rl £riRfied add ¥.16! B8ysS Shéta fxfe?&alﬂfff&f\‘/gfl\jﬂgg R $5&8red

iu
for expansion of enbryoid bodies IS 12
embodimepis.c yelgetéan wiithh thn eabove nisrun-gireo wil¢firfed ¢ tnedins edneichexd the

I : onsi sti ng of pr Sjerone
poru . Rl BRI, TR Mok OGRS SRRl to b
80%-90%, and most preferably to about 95%-99%.
[0066] Next, the neuronal or CNS precursor cells generated are expanded in CNS
expansion media. As used herein, the terms “expand” or “expansion” refer to a process
by which the number or amount of cells is increased due to cell growth and division. The

term “proliferate” may be used interchangeably with “expand” or “expansion.”
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transferrin, fibronectin, FG-, SHH EG-, and BDNF.
More preferably, the serumfree defined nmediumis
wo T®F021medi um which is supplenmented with the POI/IB200W®2847
insulin, sodiumselenite, transferring, and
fi bronect| n. GCener al Ial the cells are grovvn under
Preferghdy dhe €Oy pxnagpienfmedia comprises »Mminimgd egwpptial medim such as

DMHENIAF19T 2l ¥ sxﬁébgerz%rﬁéy @Ith la&‘dlﬁ{f&ftﬁ rh% S&% g% éﬁ”neural cells,

selection w ove serum
for epample NS archB27 pdditivest i Tire GRS \ebcphiswnnnexha alsp @s¢ferabily includes

one o gugrE Bt GG riBE PP SREBIT SR Io Kb o 6P Bomrerms e and
to ind¥@¥de: thk fé‘?ﬁé’i&{é&%}?{he %’én&ﬁ#ﬁnpbﬁ m&érgl%@}{ehﬁ)ng eﬂﬁre@d’lﬁgle basic

are expanded in ]Eansn on nedia. As used herein,
fibroblggt grevwthsfactex ﬂ%ﬁﬁl“), at wekbap aﬂnsr tagtors @mtworm@l Q@Mgmeuron

e LA, o 088 et

grownﬁﬁ thd €NB &B@ansi‘ﬂihym&ﬁa MIO El %,Vth)éﬂcblﬂb are preferably
xpand", or_"expansion." 2005/021

platefﬂvem szf@ﬁ@a/tb@zzﬁmtwéheérw@nquﬁ@abﬂs%aﬁsgur@ﬁr pellgi such as

S 1 é U
surfafQTRFAS Swith Bol P> SR UniHRE BT Bllagen,, Arpogestin,
Matr'ga@,airnombinhtuasm;s:hﬁ‘ﬁoﬁ]eural cells, for exanple N2 and
B27 additives. The CNS expansion nedia also preferably

[0067]nc| Udese erﬁbtﬁin(ﬁéntﬂﬂfe&enﬂﬁwlwboﬂi&dufej FRegANtem Burine ES cells
encourtg roliferation of CNS precursor cells and_to
g

by cylfyging & 0Bf 3 béq‘t@%lygl@ﬂ plate Hetherapenss off foaigmetlgiin an
appro?;%%%: ?dlg.fs ofv\gﬁf@ggl uriffe '@acélisbe{rg rﬁsﬁls&rcﬁt%dl, 526k Mple by

ctors that cont
exposmsﬁeh'gism, fellovosd byf M@mgmndﬂgemWaﬁeln@eélk 1nuo smalicclusters.

Thes r abI )ﬁheél %Séﬁéﬁ%{)@%ﬁﬁ%ﬁﬁg 1ky, QN Q%Ogeza b Sala 5iehes that

prefeﬁ@g} Bé.v‘ér@ﬁdn\‘adﬂeﬁ% SRR @hﬁhﬂfr@&e%fsaﬁa}éhm&{t%ﬁ% @éllsathereby
surface that permts adhesion of neuronal or

stimulpting difgentiagion gnd susiatier of gubryeiddedissalbel CQuStahe cultured in an

i be. Lv-L. e hi | am ni h ’

oorrBHE bt O ol s SR, Ol AP, SR 2tEM v

high E6s€] o knoekeuteDRIBMN rsapplembited &t RO LRUS EBBSY & knockout
generated frommnmurine ES cells by culturing the cells

serunpeplacEERteRs Wb eiher WPBICEIORIS Serfeis hmersepiogiancl ckrgdutamine

9 [ ap Pr.eff [

(2 mff]) pid aRSBcAPARORAALS i hoflzed U LRE RREM off WBE drd the

embryad bodips ame allbwed tvgdwbyrefaraldp forgibeutdt-® deyk d own of the
cells into small clusters. These clusters are then

[0068p! a}1 Edarﬁult;hemnw@ﬂirﬁm ibtiab fbﬁﬂﬁ‘ﬁﬁﬂ ﬂawdremia(fjehgaeméd ﬁb?]ghﬁﬁén ES
es. t t rerera ave a non-adnesi ve surrace

cells gaﬁ%lﬂﬁrﬁagég% 4ellS o ¢ hermaelosirl nivle & absencg @f dgggler cells in an

appro%ﬁht@lﬂl&ﬁé ngre@érfﬂflg rtl%‘ﬁﬁrﬁé:} B8 & mee%ﬁﬁ&hﬁﬁ b cﬁfg?é'ry Shflthen

odi es. The ce are c ture In an appropriate
platedrizd nmdhaxent a)laﬁm te fiditatediha nlevelbpmbntpofeémbiabid/bodies. The

appropngte théiia D%%eramy contains 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
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hi gh gl ucose or knockout DVEM suppl emented with 10-20%

FCS, FBS, or knockout serumreplacenent, as well as
wordsn2suppl emrent s such as 13- ner capt oet hanol , PCT/IB2004/002847

L-glutamne (2 my, and antibi otics. The nediumis

chan ea nd the enbryoid
2R ERa, 23k efiduRtn 0P ok clopomeitio, cadusOatgiml of
strep in.[ 0068] I n anot her embodi ment, the enbryoid

bodi es are generated from human ES cells by culturing

[0069]he QGld: Eli‘"’io Qﬂ%o‘?ﬁés%!ré)ﬂb&?e hmeorir&g,tb &18? g%er}gﬁlﬂ?g ona

f'eeder c an appropriate
cultubeuplate Eﬁtaﬂetvhth Qat% tai Q;z%cg@ttﬁ-dlm sﬁ-md%e&&hemﬁmafw stleétion of
s to facilitate t

ated in adherent pl at
ne““ﬁ’é B&%f N st 5 oells, Brsferadty ﬁﬁ%m-wmv&meum Rrefgsehly the
rmﬂ-%@@ﬁéﬂ
b S 160l BRI ORI 8 83 B i
growm gétoﬁ‘é W@dnﬁfbuthMﬂEdS am@umht}aas séleds ﬁMﬁb§tlrWﬁ)s1t1ve cells,

cor 5 B4 RERETORFEARS 020 L Rt S Lol M e
growtit faﬁptmﬁmﬂhosodlﬁﬁ@&km&f trahsfbrfia, A1EEBIEASHRACI es are
i sol ated, the enbryoid bodies are repl ated on a

[00703ul t Bfe@er%l?t the§® ﬁ&lﬁﬂpﬂﬂg&rﬁtog ot CN® Pgec Hebif gfbfélably nestin-

serumfree” medi um for selection o neuropro enl t
positiyg gelisronexd wpkered de ONS, expansien mistlia wikish Bnntpmsudura]!mducmg

sl 08 R0 My RS JTERLAT 980 85 pons

precuggopsit mﬁacekample b SIS r&ﬁdﬂi&iﬂn M&dﬁh chrftaifls MRIEMFY P ahedium
se Iecﬁ&n for nestin- gosmlve cells, contains the basal

supplepgntediEN. (32172 and bHGF o The newppreaeniter os G evensasdells are
o obled B R S8 0 MR BpsBP U IRAEY ot

poly—hé;asnm; rpolyehidraithine, JENGinr etlagag ror(whibsnat]bﬁﬁfcwé&' YAlthough
are next cultured in

Sti sitive cells,
not v, s EORA B o BRrTUA e 3 5 RGeSt hesswparious
factork 352606 id BRE CRQ 86Jandion Gy e&ﬁhbtﬂé &6 4he %'?/ér&% 1ncrease lln the

referably GABAergi ¢ neuronal precursors

percelgtﬁg@@l@y@@h Selbrandelgitherdoducgidifferbiviarior b2 ﬂrﬂsGAlBtﬁerglc neuron
B d
phencR BRI Maltholifuge e BBl i cgf grown i the

CNS expapsied eddiarfonfdtdags. cul ture di sh pre-coated with
extra-cellular matrices, for exanple poly-L-1ysine,

[0071pol yﬂiﬂe@éﬂﬁdﬁvnrtﬁ,GABKkﬁ'i@Neﬁmdsagen, or conbi nations

t hereof . AIthough wshing to be bound by any

[0072par T HedFopiBEARDE §éﬁls p‘rétpafe?l &@éﬂ%g tﬁgﬁteth()ﬁfﬁﬁclased herein

various factors presen expansi on

can bgokthet diféerensiatade irdy drigh Ipropocticnasel nmturb eneupmsp éort axpanple
| | d furth d di t

GAB:%% g‘{%ﬁeﬁ%%%ﬁ%sf gl f& a5 gapaawlﬂgrglce rsero{g)ngrcglec an ?rtaGnQatlerag% Reurons.

The neuroprogenitor cells can also be further differentiated into glial cells such as

oligodendrocytes or astrocytes. Terminal differentiation of the neuroprogenitor or CNS
precursor cells is achieved by culturing the cells according to differentiation protocols

disclosed herein.
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phenotype. In preferred enbodi nents, the

nestin-positive precursor cells grow in the CNS
wezpansizon nedia for 5-8 days. [0071] Differ enPCHIB200#/002847

of GA] BAer 2i ¢ Neurons [0072] The neuroprogenitor cells

p .he net hods ,di scl d herein
10078, =P BaHeigB i g BeRr-DPaits AREPIACHR OB s‘agrw gHended 2,
3, 4, "SB%UVGS eurns, 15, qr3 exalig, 1ARAGHILCOH GWSQHS& dl?ﬁrentlatlon

wel | as dop anlneug serotonerglc and gl'utamatergic
1

medlﬁe*MhJ@hiacﬂltam the &pteag@tmm of theenblgomgeralos ®rb@Ns cells into
d into glial

terrmn#ﬁ%ﬁgée d' f {rgg}a I,cel Sc%rrn&%t% Urcas, Ellit (icilﬁon r}hﬁ'eren’uatlon may

be fadilitdte bgR¥ittaidvding QbmE lde all W&l@fa@ﬂ)@ﬂhﬁ@fymﬁ{otﬁﬁe differentiation,
precursor cells is achieved by culturing the cells
prolizgeationdetiepth of thefresraprgeaitotor ({iﬂ Drelbvkech asi BEGHs dgr example,

26_ WD 2005/ 04/ 0 0073
the <3 nafprd SR B RS Sty be TR R dor i GRog el in
a dift@btitioh emedipasaething Dﬁ,EM'F 12 nfediuf o2 N8uroBddal Bl medium,
12, 13, 14, 15, 16, 17, 18, 19, or 20 days in a

Supp]@nlﬁflf@fl avith BES,ON2, Biddpra edmbihaticachereofa ety arvgthout B-FGF. The

fferenti.ation,of the neuro nLto
dittoidyids R iRediF e T sonfiln BT HREP SO na] oo B b ngsrtgpmainat
differefiitions or IGABAL#did @Burodli JibRY &of |e§i Fl@ ARBYLC, ben one preferred
facilitate by V\Athdravmn]gﬁsome or a of the factors

embodgyenty, ﬂ%ﬁ%ampa@m@r for PRt GellE i a5 cultpred | inf diffgrantiptionomedia
contalf*ﬁ'ﬁ_%é?i Eofpieoﬁlae&r r{?&{“ Qigﬁ; bh Phel Elél@g% GelikErenfittG Iﬁg‘dla Wlthout

exanpl e e expan neur opr ogeni
Ara-CRS 566,15 5@y 10e1Hi IX dBeid,i m-,ed by, T8 19ybE B dayss o bhather

profefs B B Rb R BRUAPORCHIE B S SepRerRIEd i Fereptgtion
medlzi\@mat %?amQDMEWfQ' Hédik Sy 'ié?ﬁé'n?é?if withiN2 @B fo G dag/n next

The dlfferentlatlon nmedi a may al so contaln
Cultw@d myhf&rrermaon ined il thétzeontains DMEMFAD oeedisssuppleriented with 5%

FBS %2? %nf Rﬁa@ ff%r °O4aé’ﬁaraé1§%“gh}§ S‘Eﬁg}’fﬁ‘ﬁ{n t¥1f> ﬁ!%tgé d{f{%ren%é? &P media

withoDEAFLOrfoaRNbdays, preféilyqeldegs.are cultured in
differentiation nedia containing Ara-C for one or

[0074'[Dr ePl‘é?éf%ly,aﬁl %%H;ﬁ&céiﬂéééeuéfeﬁie 'ﬂéuﬂipﬁ%%ﬁﬁ&t bé?lts' (ﬁffeﬁﬁt@d‘[@ into
GABégrglqr@eurqrw, forspxamgle ab ﬂeagbab@ay%O%J 26 &rﬁﬁ%,efis%,p%ﬁ e‘lﬁf’/e $0%,

550, SO, 156, A9 OORSORDIAOL, PR SRS, B o ot

embo @ik, Fth2 ptﬁldp(ﬁelﬁttmﬁh&m!.@t ?aﬂ&eﬂ hranbil2di fleebnidatéd fa@éor@iﬂg to the
ext cultured in differentiati on nedi a

day;
methqdsydisf RESIDNERITE Eenieh 0 st SHET PETFeRage Bh 158} am 60%) of
GABE&@C Rorf an GdlifRion He %ﬁgﬁ?@ﬁ%@%&ﬁb&%@# @%ﬂze'& 1ﬁéom

hé same dlfferentlatlon me out
a POPdlaan opdidfeeantibtey nedrati eglls by[10€tlidds Welbkeovarl _tcythosn & il in the
art, s%eli CaNtA unoIabE:l?x?g Nad" ﬁgoregc%gclzet %E)rtfn?gl, lf%r ch:JIa];n% & nstohgt phase

adsorption, FACS, MACS, and the like. Other differentiated neural cells derived hereln,

for example dopaminergic, serotonergic, and glutamatergic neurons, as well as

oligodendrocytes and astrocytes, may also be isolated using similar methods.
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GABAer gi ¢ neurons, for exanple at |east about 20%
25% 30% 35% 40% 45% 50% 55% 60% 65% 70%

wQ 205/080% 85% 90% 95% or 99% of the cells. PCTIB&1/002847
preferred enbodinment, the pluripotent stemcells

0078 e Noncbpe e SR and Mot vt s 07
east, about 609 . of BAer.gi.c neurons. In_additi_on, )

1007415 0° GhE A meEogrbiionei e BERFertvied: gl i Bespnd hercin

(e. g.,p@ﬁﬂﬁﬁirgi@,n d&fansthérbR! @éibfoﬁbxl%lﬁjc, Nl %{étaﬁﬁ{elrﬁc qbéuﬁi%g,g%d well as

. _well known to those of skill int art, suc
oligofdendronytesnand ragtreqites) | aanr be aviticed Jor tvirigys Rpplicatimy| sach as

j i an.. FACS, VACS, d the like. .
e gl SSEY Ay S50 5T RS bl Brcpips o
varioex eomppaunde sach asesngillcmoteelodanps o theirasfbod| ot tBERLRIET These

neurons, as well as oligodendrocytes and astrocytes,
cells g, alsp dis ¥edta greniey CINAngxpEFSTION dHbrarase dwalyze tharexpression
patter?l\llg Qpiagd Zogﬂ‘», FCGLEl @%P)gpygﬁagg Ex%zlgélggﬁ%]r g%)@%ﬁ)ﬂélos[nﬁlbo@g? ]:hsat are

Neur our ogenitor Ce erentl ura
specifio Oy Birrkenefon ¢he ptiadandello usede bing sovtinidués thateat wadldchown to
neural .cells describ her ei n e.q., GABAergic
"h"seaogg%ﬂ i & _‘3‘3%6& Sl GPcilscs g gl@? Hiekppstiady dorfhebenelt of
individgaldekhff@fg Hdnd Od&sy, _tr?e%rcﬁ@%erﬁ?attﬁrg C#is6ikrsC Ad P Reuronal
. utilized for various applicatiohs, such as
dlsea&eﬁerapeuti c applications, as well as for in vitro and

in vivo assessnent and screening of various conpounds
[0077§ uc hThe peeaet | disvidsecuprevides g thousd bihe meiifepedgenidor cells and

. the cell.s.. . These |1s can al so be used to prepare .
differpiie T ity feibrcfored 6 geans Rreent Nar@pieiiegmerative
disordedd &Y Asurélal lURRERs € Whioh RBrddBldr ol Eﬁlgt%g ?gﬁr%d or d|ief :}ncthe

nmonocl onal or ;&l%l ycl onal anti bodi'es t spec
central geryguk sysierh dENSH or gpinali eond.aSubjetts sn newtiof siwhtherapy will be

' : nown.t o hose of skill. [.n
eSS 5 SR R el o
or petiphdrhle nbevoes isysten (BNS) viAluabal ufefrgrd mehekdpetiically effective

mgtlgbi I i]iilti ng neurg&ggenerat i ve di sorders and neuronal
amouny;” Of cellsis t FHECISRoesHpsameiomte the physielagieab effects
in a stf)6ctUafsedlbyl A€ 10KUEARIRIGN ﬁlﬁﬁi

ne Sd}ihf fer e?]t [ g{ ed ne’ur%%[gg’eﬁgéggfel%rgﬂdbéf e?leclelr%s’tsgc P Seg]tature
neurogsy (pg-edMBAergi¢, odopaminergide greh seratanexzic dewons)enstravyebs, and

oligodBeBR. FhRERPR. iee CUE R be FoR Birabe Sabiy ivusplapiing
them @iﬂidli’;l|int69¥a§bnc§ﬁﬁ£l&ﬁti§trdtﬁbcﬁleﬁfés of trRuchs! (&%{%ﬁ&iﬂg \Mf) kile &lﬁease

treated by a therapeutically effective unt~ of suc

or condgiondeing trastador e functions in the CNS or peri pheral
nervous system (PNS). As used herein, a

[0078}' t helthapre aeliscaiajy ybectided cibi tvemt aawte Lont ¢hrafic alatrage it thd nervous

ampunt., suffi.cient to arrest, or,,angliorate the._. .
systenbﬁfl gﬁ/egll %ée%gﬁatggflggf@aegeneratwe disorders an neurona‘la diseases, which

include disorders or diseases of the nervous system, including the CNS and PNS.

Neurodegenerative. disorders and neuronal diseases include but are not limited to
Parkinson’s disease, Alzheimer’s disease, Huntington’s disease, Lewy body dementia,

multiple sclerosis, cerebellar ataxia, progressive supranuclear palsy, spinal cord injury,
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in a subject caused by the | oss, damage, or
degeneration of neural cells, such as mature neurons
W@ 2008/0217GABAer gi ¢, dopam nergi c, and ser ot oner PCT/IB2004/002847
neurons) astrocytes, and oI [ godendrocyt es. For
d. t.her.apeuti cal |

t.h b ‘
amy(ﬁ}%}ns p]%}:ﬁﬁ?ll S(ra? %Osl?%@rﬁ%r Fgli PIS% § 8’ iSRG HREY 05 ,tra%{ma)%o the
nervdm;t gyslehit agtirofixiEmiy, dndehéNie. @%ﬁﬁﬂﬁeﬁﬂﬂ@caﬁ '&?so?ﬁe?se@a?lealso

éondltl on being treated. [0078] These cel may
be trs%fé with diffesentigtedtrevenl cehs dﬁnv:eddﬁmgelunpotpnteceib; ﬁmscample

e I N —

dlsordelspnnded élSOfdeka saﬁam Obschdinee-Quipiisite &mﬁeﬂm (o) ﬂ&s&&hty
ggs aﬁﬁnerat i ve di sorders and
disorfEite GHERH SEuT eS0T DBk HnEOR et hypsgactipty disorder

(ADIB) @n@%&ﬁz%hﬁjér%?ase Al zhei mer' s di sease, Huntington's
di Sease ody denentia, nultiple sclerosis,

ere I ear S .
007351 R Biogifih s B GRGERSE AR REBEl B g o
preveﬁaﬁﬁgl m&mdgem@&mz divpaiersO | ﬁedratatrdabeased Q:hﬁ%bt‘énﬁeﬁL@y the

ema, inj ry or trauma to

degetﬁzg St ! O < e eg%ccnep;ﬂna y adingstragien of @éherapeutlcally
effecd &ﬁb&t%@&kﬂ%g‘@hmﬁ'&)&%e@ﬁ%@ ﬁ%ﬁppl%?/@t dnt?s?%rfrin o6, Hkferably

with differenti ated neural s deri
murigs] o Tyaere pluripetent stemorellex é’nr?ﬂe@blyd iastomabeyr patigsis adTesing drom a

neurbh S RAOR R0 39BN Rl BBl L SaPHin f erpeuscany
effectivid bingnof 1RRNEEBGHeMROCONR uinal diﬂ"et‘éhﬁalécﬂ Bérall §8HR)of the present
er sonal ity  disorders, attention deficit disorder

discl fhet etienton Whenithe patiappentiers fipm gerhrsbisdlemia or stroke,
ophr.e ]
e
neurops will rpeedaret iangduation anl elmmﬁmatt ot ee‘(ibrﬁjb ofl éfeSsy@iptHiay hbaiated
hg}gsea‘%&aﬁ iﬁtg}ar acter| %y t he degeneration _or
wit e ex Rk GPE FUFBAY IS, samifye disagdersn opmotor

disorders herapeutically effective anount of GABAergic
neurons derived frompluripotent stemcells,

[0080@r ef %@@]E%,ﬁpe%ﬂﬂgfﬁ?%lg? i‘éﬁ]%ﬂnt%ﬁ‘{e lP%eﬁ%llsdt nﬁgﬁdcc?ljl {8 needs of

ref era nt su
the submg:t dhe guinmt "atage,ephysivtugitat c@{dlﬂitﬁuarﬂrtﬁdalthl,l thedediredSherapeutic
at ed a thera eutlcallc¥/ff effective

ft
offect (655 1Y G b BRTS dhat b poben askied o dieeans dke site of
1mp1aﬁ1§atibﬁ1| tliéeé)it&ltocﬁf f)iiﬁolﬁéﬁs(ggt théll18Fd QFUSRirdrial Qie%%lﬁratlon), the

pati ent. \Wien the patient Suffers from cerebr
chosen soue of deliierss endthe treapment siratesyy Ronexamiple freatmentiofn disorder

teig ML ARSH b B ¥ L S5l S B e ERRE Al gp actice o
therapwatie reffegt @fhehh@rﬁpam R eMEANE Bikgd replohh s CRALMID be

i.schem a or stroke such as nenory | oss, cognitive
admugqtgrgga%p@re than pge site in a given target tissue, with mu tiple small grafts of

low cell doses. The cells of the present disclosure may be completely dissociated before
administration, such as to create a suspension of single cells, or nearly completely
dissociated before administration, such as to create small aggregates of cells. The cells

may be administered in a manner that allows them to graft or migrate to the intended
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di sorders. [0080] The therapeutically effective anount

of cells used will depend on the needs of the
wa@aiysmeet7p4 t he subject' s age, physiol ogi cal conPCT/IE04/002847

and health, the desired therapeutic effect, the size

ssoof st B B SR P Rry s BNt ey o ot
are ysed tiel agylogeusytherdphe tHefb! mAfimpaty @ﬁ@iimﬂﬁﬁﬁ? ShndHun® Fjection
hosen route of delivery, and the trealnent

th
prom&nl%&?’igy @%Im’é%t@#pleeg-_ bistogpmpatibilyy withi gher dwended recipient.
Altellﬁﬁtﬁx?eﬁ,'tﬁkgc slafyl%gaf rﬁ‘gbg%kg%ﬁtaggebr ain could require a

ar ger nunber of ce a therapeutic

f f Ll er.t. ion. Cells
oosflL % ohED SGIPRE I Muf BT BBt RERSHUREIRE « FoliSusc
effecytarebe framgstiout i 66 teabotdt /000000 npluens Pablerablyafib® Hbut 500 to

I ell doses. The cells of the present di'scl osure
abouhg&)sﬁ@ BEHANS 1| Forg; abet | 630 aeuseisoioeabayit H00i080 meutops, The

: . i i ngl |ls. .

098 BB USRS Ao SIS oo

adminiﬂtrdlt::)cm)s Therapeetit mrg:amdtioag of ﬁ@ﬁtﬁlﬁ?ﬂf) ﬁdrfi'fhﬁdtéi‘ectl E&Q st?dj‘édt $nay
a ni ere N a nner a a OWS emto

rangeg iy St 100 100,655 10”5 HRerld0a025% 089, 2552508 30,000,

35,000CT0!0880Q4/000286 00b. 86660, Z%?o@?‘éb,é&? dBédol Ulto? @80, 150,000,

regenerate a functionally i i ent ared. Preferably

200,000¢ 26€00Q, 360,800;sHW,008; 4010900d60,800 Her syt 300e106bgells per
merve i oot | o _
microfef o a hilSnastuicully aichotable catrior Rangts ST cpmsepicpingof fells in a

carriet hiacluds, efod eskamptd, Pi0BRI0,000AL41RY 021 D0RE 0,000 ReliFRl, | 5908:28.000
81]. A suitable range of

used _for allogenic therapy. 0
cells/ply| ﬁé,OBII-Aé,O@Qn CES o DUS-50.000 ¢ el AA0ED-200,000” collsyl
om. abul .
10000D 343065001, 556,565 2690 P28 b5 RRBM o
transf3@0 s0OWilhalso offect therafenticefficaest. 1000 neurons to about
100, 000 neurons. The nunber of cells adm nistered

[0082}vi | | Fate fiemabentiavappicationkhét ngindfeh biedéralsler thaV §Sopulations of
ic . adm nistration. Therapeutic

t hera [ ) . .
precufsgR. & AR FTHEdoReta fells e iHbstastinly, Potespfany sndifferentiated

1 ' r e ; , 0
plurSiEh N B, " TECH A Ao m e, Hiingg D i Gl ofgm o
therap0tio PGsparkEio0 (9 to FANEBA, thé @l Fith Z0véd, thBOh4¥09 gene which is

90 0, 100,000, 0, 000, 00, 000, 250, 000,. 30Q, 000, .
prefergRiatiyprees Boneisntaey s dbogbrasipnodovich peleqhe pgainst

the plirpb@ht ls@im QNS PORLMRC ?Hﬂ%&@tjsl ha e gfe?é}lexﬁiﬁlgf Edyftbssed in
“Ranges of concentrations of cells iIn carrier
undifferpphiatgé celloareche tgdmeradd®vete G@Oscciptass (TERTD pdrnddler0d the
I I 000-25 000 .cells/|, 15, 000-45, Q0 I 1s/
ocT-§ Bosifiess Tl feb dpiied I 1<tsstos R IgD cxgile pp T 5 the cel,
such ak@Qo£i00ordOmA) Be slbdted hgainkbBy HRApHsaBOR of 84 b:tbinal Aleft.
The nunber of cells grafted into a transplant site

[0083 | ITHR! glif foeSénetNNE IGWBNEokc BEfrbS2GY - well as dopaminergic and

serotonergic neurons, from pluripotent stem cells as disclosed herein is of great clinical

relevance for therapeutically preventing or treating a variety of neurodegenerative

disorders and neuronal diseases. For example, GABAergic neurons can be used to treat
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[0082] For therapeutic applications, it is often
pref erabl e that popul ations of precursors or

waledobment | at ed neural cells are substanti al | yPEUIER0GE002847
any undifferentiated pluripotent stemcells. One

strategy _ for rerm‘:{ x% pl uri potent stemcells froma
or eV ApHEDdcaengRRYRatiaePens and newonal shisepscs twhicheare sharectgsizad by

oo ST P O5AR, OLGR S, AL SRUBILY, g v

changdsi io meawl, sutls ansgiure threghokd, rahnefyppamo,tam]tmspomed: ksstress (i.e.,
Sui t abl ormter that _are preferentially expressed

the “Hght & ke ERTEDed duf & APRTTRILES i RABGE FOPSr g6 pain

ﬁmcﬁdn@n%f bRIASIE, Gﬁm}g@ﬁ&ﬁyﬁﬁm%@%&&‘% tr&Aeds grepfﬁ@%}l&ﬁson s

ene expressed in the vector may for ex
dlsealeyt zhegnerte disdape, epjlepby,afewyt badyn, demenha, mu;ltlble sclerosis,

e _ cat. .an_exter
O T I
sclerostifAdLR), ar&iSHmidgtcﬁSs degreiaevedl 3 satke, ischemia b@ebtalischemia,

. heurons, fr pluripotent stemcells as discl| osed
injury, of dyagmagtog, egq'eé‘éﬂu SV5tRTe AeurotogiCeipiiye and the like. GABAergic

neurdnl REABRYHeGREH Yo {%ﬁ\c’jﬁ ?gé\)gﬂt Qrtaldd dﬁéﬁgéblrggiﬁgil UGS Ynchlding but

neur odegener ati ve rders an | Seases.
not lﬁoﬁe(bX@rﬂMOederﬁmrzgedc withu cagnétiona and @sycmibgyosudhead affiety

21704 /J B2Q04/ 002847
disoryh RoREL EREAE OB R AR UY SIS og QG Ddgpersonality

disoréts,C Btt@itdn C BEAAC ldfotde A ADD), ahratisR| ddicRShyperd Bty disorder
i nhibitory synaptic transm$sions, neurona

(ADRR); impdipehizaphrenigad rapi d  changes in nood, such as
sei zure threshold, anxiety, panic, and response to
[00841t r eBarkirisow’s d1setme<‘ afmqiént disorddrl dagded byr;&emme) degarseration of

| | b t,
dopai ictsif BRRCIoRS, StUR divgie SUSABRB b Ohdif BHGrBiEn Bt gelkgesed
thera%oof &&@blaﬁﬁn? ﬂ@p’&ﬁhergﬁrﬂ@ufbig 'i‘xat§ thélbRRAGa n@re? 5?& PRient with

i sease V\z ementia, mul
Parkingomes digpase has: ésp@b’équnért @amuitlaallypef@gawg,sbux@ymptomatw relief is

B2 PR IR ST B
of dopshineggic aturoke malysmiﬂ doisafficlt ebcade PLLIASIH’ A disedsd) atidyrecent

or traum tO t he nervous syst em neur ot oxi c i nj ury
findings puggest | thitethersaisaanathes braia reging, aamely &y Bt nic; greleus

(STN, fﬁ%lved iR i/ ﬁ%oﬁ&ﬂﬁ&lég P?Hﬂcﬂigeﬂ" rc(géeagé PRGIRE of gl 1998,

i'ncl udi ng but d to disorders clate
Trendsi Nenrosegn2 1:82138a ko @ yé h DOy ySaench 298:426:39%t yThe subthalamic

rsiof L BSFHR ol 8 B0 Koo g g e .
1988 dla ﬁ)fﬁmrméﬁol eI m S igia dpa@hbﬁtomﬁrpaﬂ&%h ’s dikdaB8 teBfbons
icit e‘i)ﬂractlwty di sor (ADHD), and

10°atf‘§1c1ﬁ|ﬂz% generptg @by W Reusensroisthel sehstangia inigra (Roties ef al.,
r e SS [ n _of

2001, oa%m%regcfl WS 32008 PEQU 5 D TG RFA BBl Re tha GaBAGreic

neurohhienayi also alepenefdie it glatiediasdth Pirkéiseny difeabd dhsplennl.] DOO2,

Scwn&fmﬁez{ggf&g?eurons into the substantia nigra of a

[0085]  Recent findings suggest that the introduction of GAD, an enzyme which is
critical for the biosynthesis of GABA, into the STN of a Parkinson’s model reduces the
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Par ki nson' s di sease has been found therapeutically
effective, but synptomatic relief is inconplete

W@ oosgyErbd , 0., 1997, Neuroreport. 8(14):iii-XpCT/IB2004/002847
Therefore, the transplantation of dopam nergic
neyrons nmay not be sufficient to cure Parkinson's

motog %gé‘a%%lit@ﬁ cPspaciaiet With Rarkpgen'sudisrese (Luaite? tader2902s Science

. i A ' ! :

20 PN IR 40, RO RETELY bl B ML ol o

diseadé, SeteranpBebyadminteraig oy tra8@anting IGABIA ergeurensdis into the STN.
=38, L t al., 2002, .Scienc 98:425-29). The,

The GRARER ReEIo0s By iy “GTE HEto ok GO s oF p assoctaton or

in coftbikioRih AfHOIhE adMehiSENROR OF kindpOIER1dS of Ub iﬂ&gfe‘ nedtons in the
1988, Japn. J. Pharmacol. 48:331-339). 1n a patient
substaftishniges: KTsGABA e sagrens meyalsn de used tot teeht Parkinsen’S isease

in coft BAEHIER hith BB dedffe IR MR Sl K3l SURBE20 dyRerdi€ s
that HbR¢ 32)-Pafk&S08%) antith@ir&lepereratBlel braiBRtpratb&ivandtivities.
GABAergi ¢ neurons may al so degenerate in patients
[oosf;w t h AsHekh&SOistasdi :Q8R8s GLAKIAL o lmain1d 0GR linergl! E81GCin the
98(11):425-429). [0085] Recent findings suggest that
nucleup dapalisr ofi ther beain. of Althxgh seellular yadministraioni er tremsplantagion of

far. t I osydat hesis of JGA into the SIN of
eholipdiciials I 4RGP sl 4 RRoeistf 361 S6iss oDl be enoven to
cure PIETdi$BZOD 028 A ezl aINBhHeRhietdlRSloaSiaahé Biaad paitidilarly

Par ki nson’ I sease (Luo et_al., 2002, Science |
the hﬂ@@?@%ﬂz@? .fﬂ?lllf‘ém@f’% patientsapRer granple dlzheimesy natise gdfer a

tremégh?@ﬁs“llosfs.oBf Hﬁ&ﬁ‘%r&nﬂmE%ﬂ(' RERR &a%dﬁcszggg ?iéli A SXHPIRs of

adm ni stering’or transplantin neur ons
hippdcampalt treer@ENhe MjeritGaBAdd are (GABAagicmenrds (Seidl ef al., 2001,

e SRR 0 TR B B SREK ShASE v

found {r2flePeAPbAl icBReQ ocBPRANEIIRL Jintd BEEEIRE b AlZMRimer’s patients
substantia nigra. The GABAergi ¢ neurons may al so be

(Seid, gfed. 12901 ). e by omaerkbertivants GdiBysergis neiurong detiiverhfrpmrpluiipdtent
J 3 f | ant. .pl ant - hase xtr.act or
sem SE4 R BBL0 b0 el ARG REL 95 L 55pocampa
cortexardgion&flthe Bage llenébi MeconDinafieh At (th&@GielntRs 86dhi 44 chbBSergic
[00861 Al .zhejmer's disease involves a deficit of
NCUrogy PHGPAEHRMIBIGAICHIORS ttrgat AlZheine’s patiertdus basal i s of
the brain. Although cellular admnistration or
[0087)  anEksira At ak iabsplef neethéd imptoye dhec ability ofscedls tefshistive various
Ok: el er' i.se it . nof__be ough
neorofi IRty lisighdc i nelidlol Sfhes: ndimRabvic Bl EHRRL o
Parkissoe’sadliseast @aadl Alphdilner’ddisemse, pafellcas! @idbyal ikétemia and stroke.

. hi canpyus, of Al zheiner's patients. For exanple,
Variogy gqrﬁgfffﬂ?n‘ﬁea’ﬁ?"é%%l degengratign apd degthd du¢ prefeged pmbodiment,
factorSBRAR iMducd HebioRAh doMeh&B SR Ynd Gedl) ot Qxé?@%l@ %@a{gﬁ&la} QalGium,

of hi ppocanpal neurons, the mpjority Ich are
excesgu@Aelegicc ofiegintemste( Sei tileast ol oxygROrhdicaldy ate blocked before
neuroggg%ﬁn%%\o%%ﬁ? gﬁttfiag@%éggd rlerl]lra?dgélltsl Sgsbrigcle(fg IﬂeIelir?,a?c}r leygasn?ple

GABAergic neurons, are administered or transplanted in the brain of a patient. By

blocking or antagonizing these factors at the site of cell administration or transplantation,

a higher percentage of cells may survive the procedure.
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found in the tenporal cortex, occipital cortex, and
cerebel |l um of Al zheiner's patients (Seidl et al.,
wWQe@3i)p2170/ one enbodi nent, GABAer gi ¢ neur ons dRCT/VE2004/002847

frompluripotent stemcells as described herein are

dm ni stered_or. transplanted into the hippocanpal . .
[0088]5 ¢ & ofhey embodimentse therpfpsenbdiselasuse relafes hihierreradgpinistration
of ot &Rt RburBEM ARGvaE UshoRSwitl) Rk bifit i

dopami nerglilrc neuro%s tootreat %ﬁﬁéolgmrqr%%ggétgﬁgr??@?mmmd

neurql ey of threpreséng disclostredbiteat aewuradegénaative disohder or neuronal
[ls.t ' erative

. Lty of ¢ suryvive various.  neuradegen .
cisead? I e RlonRE b O RIS K RO i ORI TR 5P ukSion
with,ih Bbbihation withy deiafkeOihe 2detiE@ASiOn N theAle@iR&l d¥BE. s used herein,

.. disease, as wel| as cerebral ischem a and stroke. _
2 “neprnah s vivak fastos” isrny e hance stlieth sauserelwens et iamiro or in
w8 o B ¢ S D Rt B84l M G
occuewithageh¢ preaence alf dheufactor.e Neesmalsirviehlefastorsothat may be used in

or rel eas en raqi cal s, ég bl ocked
[

the Pl Bt R DGR S N S5 el I G S AP echaRite.-

benodi8kdpined e S ¢41pRaRk, hahei @)heﬁd%rb"?t)éﬂ,"pl:ﬁciuﬁ%%tﬁ_ﬁ%ﬂn‘?sts, glutamate
neurons, are admnistéred or transplanted 1h theé brain

antagoRists, pritoxidants, Bysue plaswitogen activator fgldd), Llialydetiesleneurotrophic

t th it f inistratj. .
SRR D T T ———
derived! Tn‘éﬁl\b&oglﬁ@ RERE BONE), 2durdGopif3/ BREBY A neurotrophin-4 (NT-4),

PCT/ | B2004/ 002847 [ 00 8% I'n ot her embodi ments,” the
FGF, AL dfe ANFg; eplislikegrowthtastor (G R-hd o2)atiaisforating giowrh factor

e r [Vi f.act.ors, with .
beta e%?@grlgg% [ I’or géé Id?}g%gngrgg‘l P @#’e‘?wl itétfaé%d SRR O% @Ht%e“"
sourced thue [iraes enunticlagidheaty; e ahfi-strokgt ftineudbode oraendt, veanti-

gi sorder or neuronal, disease. The neuronal survival
neurofegangralivg, QrRCUIRIOIGHHVR APE#SSd prior to, in conjunction
ith, in conbination wth, or after the adm nistration
[0089%¢ IncongoBrefated emmlodiment, havsena shivel faggors e conadministered
_ a b . S
with SNl Splefbrabiy AR SHOTLARES WILER GBISEPaliflthg om
cerebtah éschemwtacr stroke uCuirerelyl, GTABA pgoiistd (@f., bendizggegiats valproate,

han ul.d .occur w thout .the presence of the_ factor.
and pRERATAD s GRLGTEFA PP e 2 ARELe AP et AR qpacky @nd other
neuroPFoRSENE abdiy GHEd e BENRINTRN hednBOlsHE 6 Rk cBfeBral themia or
imted to GABA agonists (e.g., benodi azepi nes,

strokey aWhilsdhese dimgs map helpaeli¢veaymptans aisaciatad tvetjothie stesrological
. i S ntj oxi dant tissue .
dison L TS 08RG0 Shae P8 Wl s BHE s disort,

Consideritigothei@ plitical rbledh etrolle@ichemitepatient] Meédngba§ 0 drugs can be
ciliary neurotrophic factor (CNTF), brain

used téé?'\%%@& nRBIRIQs§2b isPiderscand sliscpmmEsociatrduish steghiei and dschemia,
o o P e o ipipigt s Wik, dring

or after tizergfentiohdministanivh of thetGABAb@ienepddds- p, TG (31),
drugs derived from plant, plant-based extracts, or
[0090Fy ntlhesrother preferred embodiment, tissue plasminogen activator (t-PA) is

co-administered before, during, or after the therapeutic administration of neuronal cells,

preferably GABAergic neurons, to treat subjects suffering from cerebral ischemia or
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sources that have anti-Parkinson's, anti-stroke,
anti-cerebral ischemc, anti- neurodegenerative, or

woewsopr7et ecti ve activities. [0089] In one prePEr/IE2d04/002847
enbodi nent, neuronal survival factors are

~adni_n ; | cell bl

strolE 2 TRBMBIARE s oA RFRLRR sl Binolte Blicr o s lockage
assoqigee lwithl corshleinstlieentn of lstroke Nhhy i '

e.g. ,1 bgzrf di azepi nes, val ;nog%tgl%’, an%mp%%ég?m gﬁgg}?ved
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partioyfarly Befpte RminipieeiRg deropal cRlkndkanyyp it e demegedusie(s) of the
brainU T A iSQser - derjng, t heir

ren TR 8 B SOM el B S SORALEA o HRRRLAR R Wil prove the

survigg el gheondrginistased awuives insthel Host envistnnidne byeuitlbadie dlood
ases assocjiated with stroke and

: 4 di
vessef, IR o A e Sy RRE DR A AR G SCHRDY.ons
ived frompluripotent cell before, during, or
100947 A8 e Bty e Bl st roigront mer Cmmngiireter to both
therafeRitit @R&tmdn Q80 brdpRyRERS &e}’.[;re él?étﬁ{gkﬁ&sﬁ@o q'hgi%ﬂéutic treatment
tissue plasm nogen activator (t- I'S

includes bygisinet bmitedtp tsdneingor eliminating the sphptemstofie particular disease
cells,

. j. Lnistration of neuronal . . .
or diss R A K AE APt o Beso B B ssing disease or
disordenf fRkiederef those Befi@drdd! trdafide T duder
PCT/ | B2004/.002847 str oke. Recombi o st WaadP Aplefiésh Wien o
neurofiegeneigtiye, diserder o1y apworalbidiseasec ast svadk ds| dwdsagén which a

' s [ 4:] 1@ or stroke.in
neurogi%ﬁgﬂg?gc:e ggﬁf&%{] g@?%@g%agld§§e§%2§%§F g{}eézgnte?hgl‘lhﬁﬁgetp%c}s of the
preseietigshrsate ¢andieeused totrest anykdamiabinhied te%icatnént Aincluding but

.patjent sufferi fr a stroke or cerebral ischem a
not ififed {giney mEymth, BP F9FGe8Ie BT oot RO Al Bich ag dogs,
horsed, béts, dheom e, 8dtHl€ (8, mRleCbe! abl¥sdhs> Egaﬁﬁp&ﬂﬁﬁféi’that would

cortex, and thalanus regions of the b
benefip from Eeatamentywieneirepragenitor selbsy diffprantiated matrat edllss 0104ny type

ot R Y7 U5k By

and diskdses that Iouldvpérme¥ie floRe tregiieri Wath @fls L %@gﬁgﬁ gﬁ%gogére, in

arti lﬁeuré@ i n the host environment by unbloc y
particylars SHABA g dgYrops.ovateli Rgrkdrsonisci disrasex yAjeheimads  disease,
Huntinpr’s eibsisé, 0 .00 . used .herej the .

o erms "t o tr %2?3 B&?}f eai neél%%)’ %%trlfﬁét %@?rg%?" cFrgEf‘él}art gaxia,
progrepyveh suprarerctepe palsy, dpimhtg}ng%jm%wmbwca@&fﬂ s@l_leros}s (éXLS),

. vent ati ve neasures. erapeutic treatment _includes
eleof S50 R Hin RS e el et o
psychdlygiptinafadial ButP @bt |IgHh@] 1 38889 dRbrddhsS ¥HEkiveVompulsive

) sl ow ln)g or "attenuating the progression bf, or curli r?g
disordery (@3 pesspnality alisoedess, attention deficit disorder (ADD), attention deficit

hyperactivity disorder (ADHD), and schizophrenia..

[0092]  The methods of present disclosure may be advantageously carried out by

direct administration of neuroprogenitor cells or differentiated neural cells of the present
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di sorder. Therefore, those in need of treatnent
i ncl ude those al ready di agnosed with a

woewsoelggener at i ve di sorder or neuronal di seasPCT/ER004/002847
well as those in which a neurodegenerative di sorder

di,seas e pr nt e The met hods. of
discipiye® g deioregiobe oot abesord B plitationangegh cultire are
well SRR ko tHbse 8e6kilfin kAt BA v . Pal. tNH rssslwsz Yfek and Sladek,
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e present sure
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t a SsO d
conta?rﬂﬂ% t?ls o(%]éllgﬁghﬁﬁ X\ﬁtlbfo%(%/n%lhﬁsc %ﬁﬁ%m@bg t‘&lﬁ%{ﬂ% vé%ll%le utch as
11pos<amxs @tiyrogarsioted; eorsmcnh:amﬁasy @di@ﬁﬁtﬂeﬂgbwﬁnt disslosugde by also be

er sopal di sorders, attention deficit
suppiaci, e RSABER Phasmeniioh Cermrastion CpBIngcAn Ppiopic excipiont,
and ShepRbd eindérrEbAitiordNGhat 6Rtl AFRAEAY) Sterild @R MdmAD %dlmmstrauon
nmet hods of Pr esent di sclosure may be advant ageousl dy
Genegad rprinsiplesy o b‘geduanalefmmgbﬁpmﬁ of rcall i eommpofitions 1s found in Cell

g T

MorstynS& Vo sSiegidte eds) €ahdsiigse Uﬁfhvafsﬁg Prédet 1996 sartel HawMbopoIadic Stem

anspl ion_and cell culture are wel | known to
Cell TheSagh - Sl ! Lo By LawieChurchil), Bivinagioneng000, spcicall

R e

pharn2@eldit@l tFRposiesT omitammlg aheurorkd Qﬁ’vwhl fadeorr lotalputsethe area in

BT e W R
1nJect?(§15 a CatheRP meaAs br %ﬁﬁhf fn%ﬁ{sl y]hbl%ﬁPéh@H i Pl%ﬂt BRI & 8F P¥orous,

ef erence. The cel may delivered alone or In
IlOﬂ'Pé’mﬁSJ oragdlasinows mtmahenclﬂéng oregbrénes, suek assllastia membranes or
ﬁbersneuronal survival factor, and nay be delivered al ong
Wi th a pharmaceutically acceptable vehicle. Ideally,

vehi cl e ul d enhance. t he. stabili nd
[009 4zel i LR \Reuropagepitor, cel ‘ﬂéie ifferentiate G’G%i Wﬂ% fr theepresent

discloBin@GhASbE SdrAinSferbd V4 A@Fect Q8 el L BE&M a0 Ihomogenous nearly
conpositions containing the cells which Tan
homogeneohs, sete helgragsnenys acetlu pepbitiony e Hh cﬂUbstglutcﬂMyabomogenous cell
[ ul S5
popul%it?]e p@g@ n%'gz{tgxlp ggasl}r ’gé"/ﬁa s1ngieb£éif %%% SUch as~a biBg\erglc
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 in a single cell

population, for example GABAergic neurons, dopaminergic neurons, serotonergic
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supplied in the formof a pharnmaceutical conposition
conprising an isotonic excipient, and prepared under

weomdiozizohs that are sufficiently sterile for PCTIEBR004/002847
adm ni stration. GCeneral principles of nedicinal

s L SR 0 e g e
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such @§ 1BicBsmRfeBfiord NShd® @lahsfbotRA 9&"’@16@@615&5%?011“ oF &!&ﬁl’ﬁ' ﬁhosghate

ression is generally known to those of skil
preclpaﬁa ioryfor giice mgtherds knawmmpythe fup for temafepbsreatoe rszaumm cells.

The oShei@iaty 4R08) HULAR L a8l b RPHR) B b BBRE o o
in proSmmty'lg) tharddasedNf, dag@ed tissua] [Protobsl9 eRPIdeedre WEN-Rh&wn to

g]&e ference. [0095] To_achi eve expression of trophic
those 5 A8, the sty and aay desfourb fon exrmpler i vigisubel et al., Current

Protocols in Molecular Biology, John Wiley & Sons, New York, N.Y., 1997,

incorporated herein by reference.

[0096]  Preferably, the cell transplant therapy of the present disclosure also
incorporates some means of storing and preserving the neuroprogenitor cells and

differentiated cells for use in transplant surgery, for example long-term storage by
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factors, or other therapeutic conpounds in the
neuroprogenitor cells and differentiated neural cells

wo@tooshe17ps esent di scl osure, suitabl e regul at orpCT/IB2004/002847
el enents can be derived froma variety of sources,

be read] sel,ected by one of or |nary kil
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embﬁybﬂﬁslﬁééeﬁ&éphﬁﬁé t@i&nﬁﬁseﬁeen%h%ﬁﬁﬂ?r sﬂﬁgd %\JAu to 70 days and
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transaliaﬂé fl 19y hemgaratis dn rodeat (Genilliny eaal ,tl?rag@BSam lﬁmm Résentshj Bol. 78,

Newsil’ e?Fi p?fQS%Egﬂrpt '6@?%'6 gﬁ? aﬁy ?%C%g’? %t?%thg{uf‘frp mf 6e{eﬁeélce)
and prana.‘lﬁ‘()@@iaelt etradl, 23, Brali[ ﬁ&sf @5@3&3%&;\ Blbemﬂ'ﬂé.llﬁ EatoEpor@yd Berein

i.ntro ed tq the pluripotent stemcells, or the
by refgacshs g‘d@ﬁ iptsgrbegi fpigonsi lodi thatesmibryanie mwsmeerhalic eglly e be

succéé_@ﬂhlly s Jﬁ{eﬁrﬁﬁe? ﬂﬂ? RAHGDT MM gﬁ% cskssﬂé'cgﬁl 243 be stored
vitr Ivery es or inviv
shortEmmﬁﬂ 8slapd) inlerdsvmntjort metinimgate® Ci amdlsuti@quemltyrtmnsplahted with

swwf//fl%gé‘r ﬁE‘g) gxﬁ?ﬁ?\élp{g%r ?Z tor%ﬂ égeDl\lﬁgw T \égrcgtoals 1989, Restor.

Neursli CNeirfdks&Ct (Seppl. a@ﬁip ta amsf %9&?0 Nl ef 1519)396 atg h@d}ﬁcauy
or cal ci um phosphat'e reci ation, her et

incorperated hemeinthy referencs). (Similar @r:hmfluqsmay |bn @rrrpé@m&bﬂom@ne and
presei:fel s ne}lrgpfoggﬁ@&tdeﬁé lalll(y Hﬂ%e&e%{ﬁ%g—: c% lé ?f ﬁ?e)é)&esem %IS%IPSUI'?

encapsu n mcrospheres an
such chndiquestaye Wtallﬂchewdlcstha&eafskﬂl ﬂahmged tissue. Protocols
enpl oyed are well-known to those skilled in the art,

[0097ANnd Kaythbe wko UBe thd ABuS I\Eﬁ)@@ﬂuﬁbr éellls AU Bfer@ftiaRl - neural cells
| ecul ar Biology, John Wley &

rrent Protocols in
descrgéﬁ dergiis (@ prreen\ifoy, factersosuch asrphermaseatiend chmpenrdspyolvents,
r 9 \ D
sl 800 $rok Q06 FURERIRALY s 08 oS AR s s

as cuituweccmelarmlsafr mbipulagors thap raéfeeyr the Nthehdtgpe or characteristics of
ogeni t nd dlfferentlated cells for

these efls qr r%ﬁ%’ﬁf r??(ﬁle]%}ﬁ?j F getivieomoleslp PESPRng- Rlagtmplant-based
extrac% %%Qﬁmﬁiél IRmAR &Ossr'ﬁﬂﬁag- 0 qﬂ }'%% Q0ALQ0%84 Cvatuated using

égpreservatl on, ort termstorage |n
these gelds e v addition n@dsmcnlls@agdupmssé it @skeseodndjdatd growth factors or

m=s nc haI| tlssu S uccessf 1y stored for
differ sy Bor s, ébff e eherme ﬂ-Bﬂ‘E%]g‘i"&?H"ém‘iﬁ fan be added
to nelﬁ@?ﬁigém((ﬁodelllb o rﬁétu@' neurd?fsoaﬂﬁe‘fsdldﬂ% (ﬁ»r ﬁ' Ebnﬁﬁﬁﬁﬁhc\plth other
New Yor k, El sevier (1988),

drugssggiczmy 8ep mﬁb@mmh@im p]@n@tyme,bgr ﬁlgaemehw)wtyam the cells
can b® Eés@%%:? gféﬁpgl/zhﬁa%d h a?llo ter %%ggdlm%ﬁe M?rgxr :r%gg)?ﬁ% afet6 Osed to

speci I 'ncor ora erel
screerhitsr fecws bhxﬂmffeetmmpﬂb&t Gdg.t Iagtbmﬁtﬁbfryaﬂﬁag@)msts) of GABAergic

nmesenc .G cells_can be successfully cultured
neurof 13 ghre ‘?@5@%&&%%@8 (LSSUGE QB AtSERh aPP S ASTES meuroan ca also be
used Bf sbich efdr it bR/ BmBoHRY SOf hélr eﬁ)ﬁﬁé %e'uﬁﬂransmltters

medi um at 4C and subsequently transpla
neurokermpngs, g GykBAL QABAmC séurbhsacant sa eeddo ftest tHer mainotoxicity

of bioldgfAH§ abRAE e&lled! - - 1989, Restor.

[0098]  In addition, the neuroprogenitor cells and differentiated neural cells described

herein may be further modified at any stage of differentiation. For example, these cells
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Neurol . Neurosci.. (Suppl.:3.sup.rd Int. Synp. Neural
Tranpl an.):56, specifically incorporated herein by

WO edosfozriee) . Similar techni ques may be enpl oyeBRCT/mB2004/002847
store and preserve the neuroprogenitor cells and
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specifig pFhotet SHRRICAE et T gt o pf il 58 afor et gl may also
be m@dﬂi%& at ahy stﬁé@ﬂi expidsdRbrtiAeRker® é&fé‘é $hat @hn bB u§éH {%Bfurther

human, or synthetic sources, may beé screened and
punfﬁ@aﬁfmnt@@%qﬂﬁ gienv%&emddumotent rsteatl déllsi onalterhgelyctel induce

candi wt h .f act
dlffe%ﬂl Fet eH]? g?}u u ? zngagens'-or 3§<e g% secan be. g}%gt% reduce or
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. heuroprogenitor cells or mature neurons, either alone

recip9pt.i ' combi nation with other drugs, and any changes
i n the norphol ogy, phenotype, or functional activity
[00991n t Ke wetense theatepbicativeseapseity aficbeBy aenerried. usnmg the present

o e SR GERPR] S BLETSEat HEd  wici
vectofGonthat the9rexprs@ g teddrigrastf c/aiPAe cBinpondde TERTD n THéeTERT

CNS, PNS, or specific tissues or or8ans BAer
Sequqﬁlsapﬁﬁﬁ*sm%he Q?rs\@ deom hyman pomeure@ROrS$14492 and 599127 113,
Spemﬁ%{ o%rlrca smitt (IIQ%ISEﬁ1 ggeur oﬁ%fgﬁoneglgﬁ T (&kgAm lan Specws

Altermagivelyn stranmmpabs «»f mlsnaeelndogemcns tTERIE gomel caﬁ b Iutdréaﬁed OIMethods

used ?I ol o rﬁ¥ dgl nol e es &0?{38 dl t on lshel
%l%e]a ? %reé’iﬁ §5t dS e @t | dhese
methéRS GiliZee Paridi8 rﬁbl@cﬁrayb%g’ywehmﬁqué@ sk @hﬁn%\?\?jée?lgﬁally

of differentiation. For exanple, these cell

describgd 5p Gpubgapkper 4. B?@@,M@b:zam Crhmyng;ekg,@henatqmu\ngnual 2™ Ed.
Cold Ses Witk SAlMUET PR, Sl b REpSeallydppomporsted

hereimby esfaeneens of these cells may be desirable for many
reasons, such as to provide nodified cells for gene

[001(70]1eprWtMszﬁfékln_ﬁﬁ@a{fﬁﬁtMﬂhS&&ﬁﬁBfrﬁh @aRrfting or

i mpl antation e cells of the present disclosure can

[00100F UERChiBad biaidTRSY fﬂ!tl%q: abdt L{gf‘i séifg airnﬁﬂcpgéﬁidﬁ% frapies

vectors expressing a selectable mar Rer’ under
for br@mqqlatrmgeo:rau@drtmﬁla@ase SpEguIfyi rcmpms mgrmt cllmtmabthaﬂrs@mWhlle

there §8 e dnielbfinets e S BpE of ey BB iy 15 cotutr

transplRItKRINS tHi¢ aRORE i§ Bl atCaANeabl§ ep&Enémallstiob N@ne BAI6F hkdle in
differentiated cells derived from pluripotent stem

the transplagtatign of|negrah gells is) the tservivabiligs of these cells, since experiments
show that most grafted neurons degenerate after the transplantation. For example, the

typical survival rate of dopaminergic cells grafted into experimental animals or subjects
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differentiation into particular cell |ineages. These
cells can be nodified to reduce or prevent inmmune
wo egosoeizon after transplantation, i.e. PCT/IB2004/002847
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cultuterenairomgerts dir witenrmgplantatios lchibetised! tb ARERMAIR! tBE COMpatibility
at an early experinental stage.

this a ?ach is still
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experi ments neur on
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disoastl AH1cpP aid bun b G MhGAL” 1o S HEREH oo tibesppigue i
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.insufficient_s
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neur ona deat er t ranspl antation mi
neurof Gle0ietd Goen whiripotent delis 1sfgt laastl 9904 ity tltdmmét h@pbmqoal well

te. a i n-1.ike i rgnme d then_ test
envircgfyef S s, oonlar iy " Y oFEEeBaRpi ah it bt S0%
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 95%, or 99% of the

GABAergic neurons survive in this environment.

[00103] The novel in vitro transplantation model disclosed herein can also be used to
study the following parameters: (1) synaptic formation between and among transplanted

cells and host cells; (2) factors involved in neuronal or neural death after cellular
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It should be appreciated by those o
undiffergatiated, gelise ¢ Kiehefaly ES cells can be expanded at least about 1000 fold

without losing pluripotency. The ES medium used generally included a carbon source, a

nitrogen source, and a buffer to maintain the desired pH. The ES cell medium consisted

of Dulbecco’s modified Eagles medium (DMEM) or knockout DMEM (Gibco),
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cells in fresh medium and 41 WO 2005/ 021704
[0011HcT/ Theoustnposigyy cplés lwem dipsedisged ebing 0.05% trypsin-EDTA and

platec i SRRt ot ol praf8 hpialte S e ston gredie

The ONﬂ/SXpdnbﬁnQﬁéﬂia/ Qbﬂaﬁ@ﬂi IMEWBF 2 GEipl@Rdre %1&11?{12 @PHEmI) and
| ow speed (1000 rpm 5 m nutes

B27 @@%ﬁe Nty Stowtl dagoryivas alve addesbiet tl@d:MS cxphusjwi thedia,

PO o8 RS, YIRS BT bl D RERPAT b

neurorﬁélmectulrsm aticl v&tba&i@mQIdefor Ne glayd)-t60gdnketa¥® a large number of
l;lf ?Sp ﬂgenltor Cel I's:

neuronal cel e cells were grown in the CNS expansion media for 6 days, with the

media being replenished every two days.

»—L_

[00114] 4) Differentiation of Neuronal Progenitor Cells:

[00115] The expanded neuronal prégenitor cells were differentiated by culturing the

cells in a differentiation media containing Neurobasal A medium (Gibco), FCS (10-20%)
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[00112] After 24 hours, nestin-positive cells

(neuroprogenitor cells) were selected by replacing
wob@sia70el | mediumwith | TSFn (nestin sel ectiBe}/IB2004/002847

serumfree defined nedium The I TSFn nmedi um consi st ed

vl oRE Tk Ba7 Surlghin (800 ibecy )ao( s gie) Adgsianli the
dlffeﬁa%h% felih-cd K ?ﬁMed(éétgﬁBt)) efh%{c@@éﬁ%fggcener é$ y?e%, iy ferably

an bronectin (
Ara- e(SlgmweChenncab Wkat B8A)N  tChdtutinghhe nﬁdjrmalfpﬂoga’ﬁwt cells in

" h th
dlffeﬁe‘i‘é?-‘h" By S AER) JRBCUETRY yngeHeH dhey pergatose of

%15 néRioAs Gf BRI utohal PEIMYAl deRROY frorPmaral EsAQIS y After 3
erably about 37 C,~ and between about 1% and 1

days e&ulaﬁm@ﬁ@aﬁerem@n mqéiae(mlmn}m@ ks lhmﬁw Weﬁé’/gmmi in the
|
same iz ulolP PP R .02 16 Ul o BhsTabf om0 mroespiips ol

were cluituredtia rdlﬂfﬁéntleft@h edid icBnteMmpige Afd- @rfoidgld%gs %d the cells were
i mmnofdﬁéor escence techni whi ch showed 't hat

then groxmain; difiereptjatignonestia WEO@MSC {0sr16 dswsiat lepst gbont 60% of the
nen ISP P LY B s BRSNS YFrs SR 1S

0. 05%
[OOIWSt 5? %&éﬁ/ﬁt &%ﬂl a{fy\genglﬁ%ﬁigf@ategr |uf1: ?%I n/ I am nin

100135 B8 BrSNE G BRIb Rl R hoER R a5 callp Pz ynsihrgbove
methéd&ib@{dﬁfs&atéd] that Bdre l(h&@ gg%rﬂf)the HiffleRnvSted oY \k}%lfe 3Heh@hal cells.

was also added to the CNS expansi on nedi a,
The differeptintpdporrpnal wall éxpes genanes a¢cordenm tonthe pretsentnbsnlmed were

evalthre@ g%gﬁ oF\s)f '(i)l%r/e 8%}%1}1/ Sﬂ&lﬁ)ﬁ&ggﬁ S ce o,; Ia% :l edﬁ %\Agfl ahenotypes

1dent11ﬁted |’ognnimmlalﬂbﬂresééhee Cﬁhﬂnﬁndmfueeslém%nallysﬁ Réas %ed out at the
ion nedia for 6 day with t nedi a bein

neurops ?fﬁeansé%?tezg@e %W&ﬁﬁ aﬁﬁ%ﬁd? ayd y dewsrefidifierentiation
as ’dls@fosé\@hirtﬁ@ﬁ}oté%&ﬂ?d%t Py Fﬁ?ﬁ‘l 1§blat£>@9%l?s%erg%?ov§¥%a%grgﬂ chamber

. neur onal progeni tor ce wer e di eren
slidesg ginses with RB® andefixed fon 18 rlinfifesrveitit #%t pamforradﬂehyde at room

rempGi 05 2488, D51 500 R PedohiGubait Diverlore) ARG opes

contaiit | ¥ Revm A 2030 88ruhCabe ®en BYEkAOW B -196bovine serum albumin
Addi tjonally, the differentiati on nmedia contai ned

(BSAYEBSdpisl hepre Fense tenmsBieegi ¢ neuron yiel d, preferably
Ara-C (Sigma Chem cal Co. USA). Culturing the neuronal
[00118} ogBle cells weitel thei rincubiatefl ayvertighitdtol? Gewith acpmnarynamtg)ody

CotRIE AR W, Pk S 10 Ao BR P e ey airgisa wer
empldye® Mnmihé NendnoTRluteseenté t Bivestigation:  Monoclonal GABA, 1:200
(Chemicon Inc. USA); Polyclonal GABA, 1:500 (Chemicon Inc. USA); GAD65, 1:500
(Chemicon Inc. USA); GAD67, 1:500 (Chemicon Inc. USA); GAT-1, 1:500 (Chemicon
Inc. USA), GAT-2, 1:500 (Chemicon Inc. USA); Glutamate, 1:500 (Chemicon Inc.
USA); Nestin, 1:50 (Chemicon Inc. USA); Oligodendrocytes, 1:500 (Chemicon Inc.
USA); Serotonin, 1:500 (Chemicon Inc. USA); Tyrosine hydroxylase, 1:800 (Chemicon
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days of culture in the differentiation nedia

containing Ara-C, the cells were grown in the sane
wore@sa2vnd hout Ara-C for 8, 12, or 16 days. WPQT/IB2E04/002847

neur onal progenitor cells were cultured in

tne. Pisa)e oAb Zoe b (i e (VS A rond GRAP ad 500 (ehghicon Tnc.
USAW Ah@#&v highGnb@atid® éxﬁl@]ytﬁe gﬁ]?]?.éﬁgﬁxbo%b ‘ﬂékt ce@l? D2l whilRd with

neur onal progenitor
PBS @l&Am@atﬁdnwu}l ansFITE] blbcled &kconﬁiéh@ldrﬁl]boﬁy for one hour in a dark

envirGRRe; 35T YR Vart, A TiAattreh OIS ROt GBS abieplered with
moufRigahadied TS| dhﬁnb@ﬁslﬂ'é@%re 8&%%@ %Q&”ﬁ’ﬁlﬁ&s%@ﬁ&%o?@sﬁope to

nore than 90% of the differentiated cells were
evalugte the ramugenosiive ceileindhe diserent stages of differantiationsel |

types generated according to the present disclosure
[00118r e Impopad Tradresteiast dma]cyyis toff dleaiiﬁcmhmatcrbcmhmésqueaba‘d thiteabout

o well as the ot i denti f. b .
90% G Pt SR SR IWARF cwftBaeasting v Yeopppsspecifi
markeB) kugd a9 L(EacHGS t G@al GMGUIAQ]FNI OGRNT-DO "Glﬁ@éﬁﬂﬂs IQABAL 8U&tin and
as well as af , and 16

MAPq fﬁlgvrér%h AN tbﬁ tot%lsnea@él esllsdn the qdi@rep ﬂbws 6806 el @euronal
ol ok PABACUR SGE LGN ALGUIhD G £1BI05E e
neuromt]iu pa]ﬂsafstamwl fbe htyehesi llrm h%ﬁon%lzdeg(ﬂ?ﬂ;)c ?hu:rﬁark?(ﬂefdgbdbﬂm;%%‘glc
. r W % Tri.ton X- In
ne“mf?gnk‘iﬁw ﬁgn %«3@@% Pi” éﬁale%oaﬁlu??ﬂ s gisined fenalptamake whilieahout
5% o¥°fﬁ1@ QéLFRaB SIS ianbY TP ser61%§§i) / tﬁ@ﬁaﬁ‘lﬁ  for I%Qfé'ﬁcbn%{'géé QBons.

erature 00118] The cell$ were en incu
Flllalb’v abotghil 0%t ol tie odlishstaingt psretigodendioopidy. Thenedlbodlure also

1% f
S A TN D T N TN
demoh#tv@sd tigatat Qdhst Mane %f@ﬁ@ﬁlf@ﬁ%ﬁﬁte& #8fbns (191%"06}? "bultﬂl‘é were
USA); Pol ycl onal GABA, 1:500 (Chem con Inc. USA

synapisghs actives 0@ypicahe mlaéum neweons ISR deniips by the Joesence of long

o ETRAE 375150 o ik SRR el ot i

associbtédlOProféihen(MaAP-2)ni. theUSidhal PRSECtBNS hlsEQnﬂﬁBt%ﬁnrﬁ&ﬁratlon of
Inc. USA); digodendrocytes, 1:500 (Chem con Inc.
neuroB%A) Serotonl n 1 500 (Chemicon Inc. USA); Tyrosine
h oxyl ase, (Chem con 43 WD 2005/ 021704
[00129¥:T/ T@é@&m@z@dweﬂﬁ werqUsgg anglyged by qoubtﬂelab@mn&l@ sells with

15&::9 n

pnmag%n/%?trl] t ncu :&gr‘{v }{kl}%gq?% &g |S?f)glr ?/% an %Sugéi q@%?e was
colo cdeled s(F igare 4)Na§}1‘kﬁ6 Sviahdh GAIBS aredtwon gmtﬁﬂrmddhlnaﬁAﬂA%c

el ed seco nt i bod one_houy_in a
ne“fog% 51*? mwre(gﬁ%y% |Sy%t8%é%y %{ R TbR o %fﬁ?téf’éeqa pepsgnal cell
14didn WABS staigbdC pyer L T ktggb

pOpusl i des wgr e obs\g‘rs\?g% oggral @Hgl‘réég%é%?gb%lr}:gr gg%l%p ghing
GADG65/GAD67 and GABA antﬂbodles as described above. The double-immunolabeling

results suggested that neuronal cells that express GAD65 and GADG67 proteins also

express GABA neurotransmitters (Figure 4). These results confirm that GABAergic
neurons derived using the disclosed methods are GABA-producing cells. The neuronal

cells that expressed GAD65 and GAD67 protein were also shown to express GABA
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eval uate the i nmunopositive cells in the different

stages of differentiation. [00119] I mrunofl uorescence
war@bpsi7e4 of the differentiated cul tures reveaP@mIR2aat002847

about 90% of the differentiated neuronal cells were

cti to ne ecific such as
durirg M A8 8 boPnlS o TP eaeniibingTA BABIELc messonsin the
preseane of MAPY63 ;ﬁﬁlmmaﬁz _the total neuronal cells in
the cul ture, about 60% of the neuronal cells stained
[00121]r GABA eﬂeh &x §§f(§f ﬂr@ﬁle@ oy ‘%Fl@é Q:oﬁ@c‘t'écp ffﬁéfén? stages of
about 15A) of t nedr onal s stal ned rge

differpptipténny vegse a(lspH}m yed. mﬂdﬂerwfmr callzotmdi fwrg)“ladyms by Reverse
IR BN T

the dislldssd shetho@d (1p Unﬂﬁ’fe@ér@i&teﬂ (z)hgniwdf& 'BddRs (E stt)h gs) Nestin

serotonergi ¢ neurons. Fi na about 5-10% o
Expaggipnis(4thidasy 05§1f&r¢rg@a@hd«5@e§ﬂ@§ Ofrdﬁfec@tlhtlmul (1691 Bedays of

dlffe&hﬁéhonL 19%%9% g{‘ ({llﬁiereﬁﬁ%l aﬁd/ @ lygs %e&fg%ﬁg 0 Ut Re

to 10 A)
cells tweae celjlelct@a&Ey mrepﬂfetddh endll Itcftﬁlecfeiﬁlﬁlat neal vfh@lé_ilg&aétedl from the
ce synaptica act ive. Typically,
cell il ifing afis BNGosS: Wik AP isoied KaArwas sise dor S0y The
total 8RNA RRAOKAE treRBS wifht IQNhs%t ﬁeeof{ f DREse> r@ﬁe%d ggrp Madison,

structures. The presence of n- as OC a
WI) tsrrémém ab trangsoPNAR QDIéAamsr&yhﬂwmmdeﬁbmothe 1smllaied total RNA

t ratl on of ne 00120
usmgd mg&&ﬁ“ a a. Yrys, syperscripy 8’1[59 LAL3ps ptase following the

manuftetirbes Iuﬁid&ﬁbﬂl(ﬁg t m@n@&h'lfexmﬂnbﬁ pnﬁfefs”gm(ﬁﬁmmgdév&% 42d to
det erm ne whet her the expression of D65 and” GAD67

prime the revepse dransariptage (R )ggradiony.. GADS5 and GADG7 are two
g nes expressed in GABAergl C neurons that are
[00122L quiheg sytibesizpdttye thiss reyerseABMscriffissediehdtionewns aseddfor

e s _studi ed
PCR fEHRaRon SO BERY IR VEBRIRR RS Ric ey Bkband oere
expreﬁéBAnatﬁel beliticed, cells. daher pixaersakenedesIfiRd to identify mRNAs
i mmunol abeling _results suggested that neuronal

expreged f ﬁ%@r@mr%@gs @a@s@caamhmw@mamdw@nbnsylmeg@nes (GADI
)e it 4 e

and % ; tﬁ% tHen tl(}@l ﬁéeﬂ eregbgyé lic RN/ risan £h veesicaEI éqhhlatory

aminet heiddirenipoge (wmmpl SraseipGABBADIO G, caltagxawély Ssplidhe during

d 1neur nal ells, that e;&?essed GAD65 and GAD67 protein
evelQRIIGaT A Pad ofRPBENiEK B SDCoAR/PradTpAniby SKDBASFG4In neural

stem/ﬂ?@énht@? QRts UBP 7retlir d loﬁﬁl'éhty OENe LORERM, B?Caalﬁ?ﬁgltously

| ut amat e was converte GABAer gi ¢ ‘neurons in
expre%ggd; genee B-Agtincums glsam@nﬁatﬁﬂksmm .cofitdell ZliesérB@Rgeatmwns

were &?x@é@é&' @ﬂlgp&ﬁ; lb‘% ofcﬁle %o%!tll firsCshr cl:‘éa% 0n t(c]ﬁ\lys% esmed by

RT) 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;
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differentiation were al so analyzed. Cells were
collected for analysis by Reverse Transcriptase
woelogier/ase Chain Reaction (RT-PCR) from each BET/iB2604/002847
foll owi ng stages of the disclosed nethod: (1)
Undi fferent| at oi d Bod| es (EBS);. (3)
Nest Pn anggal %&ﬁ%ﬁﬂfgﬂegﬁ)ﬁﬁ §®F 1gninpte; depenging g the pyimers
4 days qf ddnﬁfer entiation; (6) 8 days of
differentiation; (7) 12 days of differentiation; and
(8) 36 idaymting it fefactiemat 529 Ghfor Af nanute,hand opehtingnsiess 1-3
coll ected .t re.pell and total cellular RNA
was ext@%@? 5‘?”?8%?? é‘@bmespel | ets using the RNeasy

' kit. The isolated RNA was stored at -20" C. The
100153); SRk e PG TRAGHORm e Eramcis e e FGaSEh £ BEATREY gel using

electroPB&i@sié Efoﬁ%ﬁl £ONA sizd/BAISOMThe hbiestifn B? ,#AD2,
traces of DNA was synt hesi zed fromt | ’sol at’e

embryenia VAN, angi ﬂ‘réctm weregll bealkendity RTPER ssipg ﬂﬁ:cpnrpers lak set
re transcriptase following the manufacturer's

fOﬂhln¥$b1§§t| ons Random hexamer prl mers (G BCO BRL) were

i ns

prl ne he everse criptase (RT,
' oa e‘o’ns, DeYEPIpegific genes
reverse 1' d r‘f i nn Was IlQeCL for PCR

arﬁimefi cat|{on with differ en?f%%‘tl‘sseﬁflelsqsem fic prinmers

Ti ,I e
GARD B [SFre Cna o Lo ey e d e SHEH b T dent i 1y
nRNAs expy IR NO:GABAer gi ¢ neurons, specifically
t he gl utanpt e decar box Iase enes (GAD1 and GAD2

),
the alt er npfptseRsesHted GEHEGei@T RGE Tand t he
vesi cal i nh{%&%ﬁ? no acid transporter (VIAAT)
transcript |s alternatlvely spliced during

GAD@ES3apient SesadA CICTRRBGAONTT ATATAN GAIT GFT AGT A

predom nant eﬁ&essed in neural stem progenitor
cells duripn el opnment. The expression of a

ubi qui t ous| Xt R&REEGAAITEREAC (I%?r”e*rt;nr'r T8@ CTA A

nmonitored s a positive control. These reactions
wer e carrle@E@JIDNQm onIy 10%of the total first

(234%%@@“@@11}@0@59 are well known to those of
skill in the art. The Meral ¥C| [ n]g araneters used

320 b GARYD! | f lyAniAeseoRLE :AGC ATC C
uratilo enpl ate cDNA at 94 C for 30

emb’ggm ds: 5@;@%@9 21704 PCT/ | B2004/ 002847 2.

VIARBAEZ bp)g ms@ o n‘emc"sa"ﬁscmfme €00 0GCCGC C

dependi ng o& h@ﬁ used; and 3. incubating the
reaction &7 1 m nute, and repeating steps 1-3

(cycles) DeAgethséGERATAER ddPEEC CGT CTT CGT TCT CCT C
(SEQ ID NO:8)

B-Actin (220 bp) | Sense: GGG TCA GAA GGA CTC CTA TG (SEQ ID NO:9)
Anti-sense; GTA ACA ATG CCA CCATGT TCA AT

(SEQ ID NO:10)
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[00123] After the PCR reaction, the products were run

t hrough an agarose gel using electrophoresis along
wowaos/oal7DNA si ze | adder. The expressi on of GADPAT/IE20MX2)02847

GAD 1 enbryonic, VIAAT, and (3-Actin were all

I d.hy RT-P ' rimers.as set forth in,
oor ) 488 SR TR 7 ISP SG LSRR Bhany PR v
neurdB8BAEIsgiponiaesely aiFREntihed I8Re S ursRaRs Cecs§;&}ﬂ o%ﬁ’%%% of the

DL (302 bp)Sense: CCT TCG CCT GCA ACC
GAB%E&I} phenqtyPe) Adifierencgsuas fond mate TYMeain GOGACETaMHGFAD2

throughéuale SR e orh L ARRERE ) TR CATE e s ghpressed
in alfiG% OAEheT SThgSTGtaEECI GRS )CTAIMIIASED thd ub@thten@iied stage

. enmpryoni cSense: TGG TTG ACT GTA GAG ACA CCC TGA ADT A
<Flg‘1(fg§4y§€w ARBPDLHER With Rpreyiowtepprs abABARNt ¢xprespion in BSCeells

. . T > . B ( I L 6
T 0. A O O\ R R
only G@Essd Bhhe diffdimtiajed Atrige-as ahsen inGRufeGA T3 résGlE sbhglests that
e A o S e e b enpem

; . T T .
ol s SO A Tk
expregged ji alh Alakessixsepsythermdbifrentiatohstegea trile ttltei'iteurm:rayisrﬁﬁters gene
. i [ . . .
(VIASEhhiEh o Ko O iont BT 18 oL e in o giforeppated
staged (FegurEARAG:@t&siph F Alie/ H&sel&e%g%}%ﬁf E%tiﬁ’aﬁasf @48 9s lapositive

t he expression of GAD 1 and roughout the
contri(Fgureeht st ages of cell culture anal yzed. The GADL

gene was expressed
[00125] Reverse Phase High Performance Liquid Chromatography (RP-HPLC) was

also used to analyze the expression of GABA by GABAergic neurons derived using the
disclosed methods. Since a definitive characteristic of GABAergic neurons is the
production of GABA, the functional capacity of ES cell-derived GABAergic neurons to
produce GABA was evaluated by directly measuring the intracellular GABA levels using
RP-HPLC. The concentration of GABA detected in each sample was determined by
comparison with a standard solution of GABA injected into the column immediately

before and after each experiment.

[00126] To begin, cells were collected at different stages of the disclosed method:
Nestin-expansion stage and differentiated cells isolated after 8, 12, and 16 days of
differentiation. The culture supernatants were collected from the different stages,
immediately treated with 7.5% orthophosphoric acid and metabisulphite (0.22 mg/ml) to
stabilize the neurotransmitter for measurement, and stored at —80° C until analysis by
RP-HPLC. Intracellular levels of GABA were detected using isocratic HPLC method
based on the electrochemical detection of GABA derivation with OPA/t-butylthiol (Kehr
and Ungerstedt, 1988, J. Neurochem, 51(4):1308-10; Osborne e al., 1991, J. Neurosci.
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in alnost all the stages (stage 1 to stage 5),

including in the undifferentiated stage (Figure 5).
wabios/oesoconsi stent with a previous report of FEADIE2004/002847

expression in ES cells (Ba| n et al ., 1993, Brain Res.

L, i.n Res on the _ other hand
Meﬂ\%gé“' 5%1% 6»@3931? gi?ﬂﬁ}ﬁ lmﬁ@oaatw# h«?r@ﬁthygﬁﬁeaer@@hgﬂwaaﬂc data
ShemulizEd Flgdiske PABANktndeaH! v%gﬁ
Ve GAB Aerlgl C ﬁggur ons gener atag l,?gl Egsﬂo}y os%ﬁ Sensitivities
(Figwie¥hods have unequal phenotypic expression of both '
the GAD1 and GAD2 genes. The GADl1l enbryonic spliced
[0012/F i Avhile so G;&E)Amecbbtevomdairﬂ the tr@stirs oe xestint extpblﬁSmn stages, the

meas B 1oV SN G R BE et v B po Tl 512 and
day-18Nby defRERRS6H méhsiu'&& 219 1§ ¢ Eﬁqﬂt At €860 %Jgﬁﬁﬁe? sz This

Expr essi on of housekeepi ng gene "( 3-ac

analygl)§ dlgmanstgatedsbiat the blgh@si deviels| of mlgAweers prodpwltgape GABAergic

neur@%\iﬁ%{lléfdg %%n'ﬂags 5 USé UIT 111 a(fm y']g’]g qVﬁ %g&r @%‘B& from

the cBMB& befls GAIBALI3gipp/mEUr ons derl ved usi ng the di scl osed
net hods. Since a definitive characteristic of

[00128f\BASI@E Ghé) %&gh@ﬁsle{z&s W%ABAOQHI@ hBBufl BA&8ic neurons
functi onal p{sam ty of ES cell-derived BAer gi c

derive gpoday-12 of ﬁ@@d@tMBﬂeﬂﬂad thisabamae eidgd ! dlifferentiation were

cvuu GBS 00 et ARBL . Blo FARMIHEL B0l M, iprion of
functi®asiplRroBmsEtice f¢epots, Bt ex ?WAB@J?AVHnHrG&BAtB@%b%rS on
sql uti on of GABAanectedln the colum inmedi ately
the sygqeg of ngipnaf for examRll @ABA pigifoprurons) o1 ighly ielewanyi ta synaptic
transrgﬁgllo ose %ﬁ?{q&%ﬁ&ﬁ%s ter gﬂ ‘;el;ﬁgﬁgf}%&htjg ﬁrog& gﬁ?%S -69). Itis
knowdi thitelrotin G AB AcA cad IG;A]BAGB adeoeﬂtoeé b maByre Ii’ABAB@lclﬁeldaxysS are

di fferent.i ati The cul tu super natants were
crtiof] fpy Btrial] FERHR S e SRR o 18 GBERTI qHighs o GABAergic

neuroh§ @&iRA Yo Mufine BPELB QE) HQS%HB&T héi*eﬁ%'lé?o gﬁes these GABAergic
met abi sul phite (0.22 ng/m) to stabil ?1

recepipEy rtb“é ﬁal&ﬁs Wieret rémmﬂmstmsmr@mt-(}@més tesepidr antibagly, €250

I [ P HPL | nt.r evel
(Cherib' USRS 8 s AR K Fceptor Bt L2 h REneniishin. e goine
the immurdilosdsesice pritsunl prviodslydesdrided.of GABA derivation
with OPA/t-butylthiol (Kehr and Ungerstedt, 1988, J.

[OOIZBFUFIhﬁﬁﬁmﬂlﬁﬂdséémé%ﬁﬁg&Q of @8RAD NEffefentdted cllBRds delnonstrated
Neur osci. 47 WO 2005/ 021704 PCT/ |1 B2004/ 002847 Met hod

that both Gdd3A-ds and §iABATR ceceptors a1p lpeadised to étfﬁﬂﬂeﬂ’ﬁ@t@ GAByXergw
T 0 t
neurof,p FERERYelyy MburKintardg oy 15, e AER i

e
88 SREF R BHersed
GABAMA geteptof (Figh08)2 i’&ilhll%nl}%ﬂjﬂoﬁﬁ%l%@ﬁ%@tﬁ@ Hﬁﬁerél{hatdaecells

ne t n _or_nestin expansion stages, the
expressed the GABA-B receptor (Flgure 9). Since expression of both GABA-A and

GABA-B receptors are highly relevant for synaptic transmission and signal processing,
isolating GABAergic neurons that express both receptors could be critical for improsing

cell functionality after cellular transplantation.
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measured | evel s of GABA for day-8 of differentiation
was 20.95 pg/m, while day-12 and day-16 of

waledobmend i ati on neasured 26.18 pg/m and 18. 6BCPTB2004/002847
respectively. This analysis denonstrated that the
hi ghest | evels of GABA ﬁere produced by the GABAergic
neurons derived above of*¥8Re22 of differentiation.

e erall release. of BAfrom thecltured cells
W‘“%Sﬂ The éail‘b‘@m examglsy 2BplcantiQf the @rofPytbislosuss pes ampn vitro
ﬁgg@twgrﬁl odyc y BARLGY C wr [
day- 112 of Oglélf ? gr%ﬁ??a%h?gn a sS at atB s’ %gﬁe%tl%bhw of
GABdiet gie menrons tlerived visore mmnalenﬂimﬂné stemt deﬁs pFament éllusﬁrates the
.. GABA- A and. GABA-B receptors. The distribution of
mv’tf%ﬁﬂ?%%@ﬂ%%oﬂé’?ﬂﬁﬁfransmtter receptors, for exanple
BA- A and . GABA-B receptors, on the surface of
[001Hdur dig survdyabdity apd dunstippalityiof threiASHkergip penragh|dprived from

murih€ES RN whe st% ﬁr@mg i v i %&ﬁg@ﬂ O?E‘lge ﬁé%r%w neurons with

processi ng e
hippacampaleislle of thel aluit moukmbmn tmmmnmm&e}mmmhseéﬁa by first
C neuro s.are cri tic

. . nmat GAB
isolafi hfs Hon %?%memu%ﬁﬁpﬁﬁ @&*@395% Fase, PG dispssogiing ﬁ?ﬁ%@ cells
with Ol0BYN &Y psiEDFABARE SuBurif}ethie ¥8Bs 852 dn¥ Sfkek iR Neltbabl- Redia

cells as described herein al so express these GABAergic

supplemenise gyish B2 <20 eeiml) wad N2 %nymlhu Hbd adult hgppocampal brain

n 1 5
cels e 0P RpAOERL dsno bRt bisus, S, b T rphint and
lamiriiSAy gelating A fteh @né Mok, ol ABAVegsi€ a8@onPd&@ived Tom meHeUSS ¥ells
d sch{Zb d. Eﬂ%glz?] | mrunof | uor escence anal ysi.s of .
and Caﬁﬁﬁtﬁ 1R diffegengigtien,were Riaad A3 theadslt hipppepmpal brain
e o

cells %@"Egr&% E‘?P (a}?é@a’&%BgAlgﬁfﬁ: &I’gﬁtggl{ %rr] Soﬁg ?x%]e'telg qksl%pﬁ’oanately 90% of
the Gaidphergiomeduedns SOy ed aftdtreonm Weédr efhiri ﬂtredraueﬂﬂhn;tatlon with adult

X sed t C:‘ABA rece ure. 8),, e, onl
hiopo SO G AR LS DEsh RGP HR PO B P g el g phtipotentstem
cells BPRasERE! hhﬁle%ﬁﬁ\‘b%lﬁ %ﬁﬁ?&r&’ien@ h@ Wake Ynapilc MoBnections with

expression of both GABA-A and GABA-B receptors are
adult raym pells; whicheahto suggestythaiphese celamepribssisehtharapeutioghtto treat

A h
o variBly S0 3loGhone iR Bhly g%é‘r% r%%%ls%%#” ?ﬂérés."’“ngexﬁéff’s

1001338 0 ShAs BetprBann o tisied cRRABPE o8 i e can be

madef #ldl @cgd axigtit @nd@P Btgegiaithtautioh ih NP 08 I8N bresent dlsclosure
di scl osure use an in vitro transplantation nodel

Whiles thgspmipeaitions pecheipthods oy fysbivention haviechern desdribng in tgnns of
prefex?éd lﬁﬁgﬁ‘ﬁ’éﬂﬂs,&t Wb %ﬁm‘}?}ﬁc' BighsL P g%xﬂlfﬁ h{%e tﬁ%[ Y¥8MUtSns may

stemc ure r ates
be applicdrts rtihemmmdsmmnmmdﬁdm methods and in the steps or in the sequence of steps

of the methods described herein without departing from the concept, spirit and scope of

the invention. More specifically, it will be apparent that certain agents that are
chemically or physiologically related may be substituted for the agents described herein

while the same or similar results would be achieved. All such similar substitutes and
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[00131] The survivability and functionality of the
GABAer gi ¢ neurons derived from nurine ES cells was
watadiogddoby in vitro transplantati on of the GABZABIRROGH002847
neurons with hippocanpal cells of the adult nouse
aji.n. The hi ppocanpal cells were isolated by first,
modiHicis ABATER 1P 295 SR dh fhe g e seddp be Reithathetspirit, scope
and GORE&R P ¥R ifventbf 85 800 LfpRRGICRli, Wi th 0. 05%
trypsi n- EDTA, and culturing t'he cells tor one week in
Neur obasal - A nmedia supplenented with B27 (20 gg/m)
and N2 (10 gg/m ). The adult hippocanpal brain cells
were grown on 100 mmtissue culture plates coated with
poly-L-ornithine and lamnin or gelatin. After one
week, GABAergic neurons derived fromnurine ES cells
and collected after 12 days of differentiation were
pl ated on the adult hippocanpal brain cells, and both
cell types were cultured together for one week.
Approxi mately 90% of the GABAergi c neurons survived
after one week of in vitro transplantation with adult
. hi ppocanmpal brain cells. This result suggests that
neurons derived frompluripotent stem cells are
functional in the adult brain environnment and make
synaptic connections with adult brain cells, which
al so suggests that these cells nmay be used"
therapeutically to treat a variety of
neur odegener ati ve di sorders or neuronal diseases.
[00132] Al of the conpositions and nethods discl osed
and cl aimed herein can be nmade and executed w t hout
undue experinmentation in |light of the present
di scl osure. Wiile the conpositions and net hods of
this invention have been described in terns of
preferred enbodi nents, it will be apparent to those of
skill in-the art that variations may be applied to
t he conpositions and/or nethods and in the steps or in
t he sequence of steps of the nethods described herein
wi t hout departing fromthe concept, spirit and scope
of the invention. Mre specifically, it will be
apparent that certain agents that are chemcally or
physiologically related nay be substituted for the
agents descri bed herein while the same or sinlar
results would be achieved. Al such simlar
substitutes and 49 WO 2005/ 021704 PCT/|B2004/ 002847
nodi fi cati ons apparent to those skilled in the art are
deened to be within the spirit, scope and concept of
the invention as defined by the appended clains. 50 WO
2005/ 021704 PCT/1B2004/ 002847 CLAI M5 WHAT | S CLAI MED
| S
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A differentiated cell population in an in vitro
culture obtained by differentiating nurine

w@bmsiopovent stem cells, wherein at | east 60% BET/IBRO04/002847

differentiated cells are GABAergic neurons. 2. The
cell popul ation of clai I@LMGF ein the nurine
pluripotent stein cells are "mnurine enbryonic stem

WHAgjg eLAMENR.cel | population of claim1l, wherein the
Aer gi C neu

1.

10.

‘ons express GAD65. 4. The cell

po, ' f glaiml. wher.ein the GABAer ReLr ons..

e on Rl oBb Midon AR e i PG o PR
Whsiiriie pliuisotéBrier ells, wikireians 16axi8096 of G BifdentRERITHS are
6. . The cell population of claim1l, wherein the
G@ﬁ@%?&%cﬂ@%ﬁ?@ns express GABA-B receptor. 7. The

cel I population of claim1l, wherein the GABAergic
nelthessl peryptiersof dmal, avhgrain epmuie Mudpatertsteneells are

di ' | L ypopul ation in an in vitro culture
06%a|ﬁ%%hg?&ggﬁggnggiating murine pluripotent stem

. 5 ! .
came Bl PPSRE GheimiE hveron eyt B AR Gt RPress GARSS.
cell ul gti on .claim8, wherein the nurine
pﬁﬂﬁeicg’gg@n a%ftﬂeﬁ‘ﬁo Ciaéw L “gie@m e GABAsTEN YBBEPRS eXprass GAD6T.
cells. 10. A method of generating a differentiated
nehbe £ell parlatinnyfi claimols whesin FhﬁrﬁrgBAmlc PRUONSREDESRS
SRﬁQB%%&E&m&B?priSing the follow ng steps: (a)

expanding a culture of pluripotent stemcells; (b)

e S8 B AiARTY. SerebL T R B ot Srpee

( QABAf Rstieptgr.t he nestin-positive neuroprogenitor
cells; and 51 WO 2005/ 021704 PCT/|1B2004/ 002847 (d)

ditht eele popditiotolchEmNe WheRiPHE IGABRefpfl heurdiR IBRES at e
a differentiated cell population by culturing the

c &ABA:H and GiABA-Baisespiarson nedi a whi ch conpri ses
cytosi ne j 3-d-Arabino furanoside (Ara-C). 11. The cell

pdpdiffgrantinted celt peputatio, in wh ér wire dultererabtaimdd yndifferentiating
pluripotent stemcells ., are ri LC Ste
e oo Py 5oyl Sl Bl Syt e B0 oty dBbeSenbedcns
t PRodiép@hma AndhdbutyRRLH (GABA).Cel | s

The cell population of claim 8, wherein the mutine pluripotent stem cells are

murine embryonic stem cells.

A method of generating a differentiated neural cell population from mammalian

pluripotent stem cells comprising the following steps:

(a) expanding a culture of pluripotent stem cells;

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

(¢) expanding the nestin-positive neuroprogenitor cells; and
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are human enbryonic stemcells. 13. The nethod of
claim 10, wherein the differentiated cell popul ation

wa@oempieses at | east about 60% GABAer gi ¢ neur OPGT/IBR2404/002847

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

The nmet hod of claim 10, wherein the differenti ated

ce ul.at.i conprises at .. | east about..15%

ol AP Rl e SRARK baGRvSGells \E bR dierlPiffated ool
wher @opulttieh s Eufltkiap thedefld i £ iffepapialion nRBiaGONTEN b&iBfrises
at | east gbout 10% gl ut,amateralc neurons. 16. The

met h§gtogipe BrdsfArabinp Tupgnoside fArne)-di f f erenti ated cel |

poﬁlili“ ation conprises at |east about 5% serotonergic
nelireotedl populatiom ef elainh 4@ vdfereih shemammalipeplsiipotehestem cells

di E@EI cel.l | ation conprises at |east
ab%é?r{ 08&‘:;”8’%&’5%&?18%5@;3. 18. The nethod of claim 10,
rein th i fferentiated cell popul ation .conprises
2 T 58 Bishon oE5gie L otipras heratmben BrBaeBrs e &F¥s

10are W@ ER bRbEyORIcHEH @BlIsOdeni tor celI's that are
positive for nestin are selected by culturing the

SUEHR BEhbE of flaRe 10! &R (B htiA0d céﬁrlﬁcl)ﬂsﬁ?értq;gg;ﬁ&fprises at

claim 19, wherein the serumfree nediu
sdeastrabout 60%eABAeziopelirons. 21. The net hod of claim
20, wherein the cells are grown in the | TSFn

s éFheméthedof deifin hedviredln tiva differefitiatéd cellypopulion togprises at

thod of ¢clajm 19, wherein the serumfree nedi um
ggﬁ‘?ﬁ?gé‘&g lg OPATIRTEC NEYPRH| e factors sel ected from
the, gro consisting of insulin, sodiumselenite,
¢ Hiametod o cla1 . sHhestin i diffemsptivest cxlbpruiipo gomprises af
PGT4dk W%Q’?ﬁa‘?%ﬁaﬁ?’ i{:ﬁ@lﬁo@t hod of claim 10, further

conprising c e manmal i an pluripotent stem

ooyl 1 A DTS S i o

Cc Ubdstialeht 5% seedtedrgic@eurongur oprogenitor cells that are
positive for nestin. 25. The nethod of claim 24,
WEHegh&thdd'6f d1giT PR TR difFerehSaté PSRN popRilation |c§fi‘1?¥ises at
about 90% nestin-positive cells. 26. The nethod o

c | leastpbomt SHraligedendreeyteseur opr ogeni tor cells that are
positive for nestin are selected by culturing the
enbeymeéthodefitilain 10, védereimtterdifferantititedwell population comprises at

least about 5% astrocytes.

Q=

The method of claim 10, wherein the neuroprogenitor cells that are positive for

nestin are selected by culturing the stem cells in serum-free medium.

The method of claim 19, wherein the serum-free medium is ITSFn serum-free

defined medium.

The method of claim 20, wherein the cells are grown in the ITSFn serum-free
defined medium for 6-10 days.

The method of claim 19, wherein the serum-free medium comprises one or more
soluble factors selected from the,group consisting of insulin, sodium selenite,

transferrin, and fibronectin.
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27. The nmethod of claim 26, wherein the serumfree
mediumis | TSFn serumfree defined nedium 28. The

woredosozi7od cl ai m 26, wherein the serumfree nePCTIIB2004/002847

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34,

conprises one or nore soluble factors selected from

h et . ; , Lenit .
paccinpiB GEAENTAO, ekt chpHish8 oyt RAGRl G pluripotent
f i e oelist ofistepdB) to Toam embh@dd bodied. ai m 10, furt her

conpri sing expandi ng the nestin-positive

NeTHeREMGE6F dlin 23 Wierddh tifel@ibri6ill bobieShi® cakiRdsb Sdlect for
medi a. 30., The _nethod of claim 29, wherein the
neSuraprogeniter Gells thatiptsosigian fergiesiédl | s are plated on a
cul ture dish pre-coated with poly-L-ornithine or

| abhermethodaf claine24yavhistain tfe nobenprogegitonetls eomptisecat Gst

e ' [ [hSes one or nore soluble factors

o SRR PR RREOER

€ group consisting of N2 suppl enent,

AP 3R 8 el B SR e
| Snebi@s i sblebre@®BY askurindrtB¥bibiyasd I%dliéstlﬁ GEphim-#& méG8m.

nmet hod of claim 29, wherein the cells are grown in the
CNeSHAROS bOailESH, ‘%vhefegﬁ %hf@'sé&ng-ﬁ)éé medftm i&h‘?Sf‘E LdaR-file
claim 10, wherein'the differentiation nedia conprises
Nalefiseppiedimant , B27 suppl enent, or both, but not basic
fibroblast gromh factor (bFGF). 53 WD 2005/021704
P(lHeliBEBON6DAARATG, Itherelin thersetunofreo nedivat condflisesVbas @i More

t he l]ls, are, gr in the different]ation dia  for
2 SSP%fﬁ;\LﬂgtOEFa%fr‘?.%‘w%%mr wnmsa?lng:?%ﬁﬁﬁlw@?o ypsplepite,
C QYRR bk dHlast Factor\RaHsRIrfin A tihiblepignt i ated ' cel
popul ati on of step (d) are further differentiated by

c | : ' : ' r [ AL edi a
{05 BFaiB el Fuhdes SorsB 0P iy hin AR hosb B E

f inearopsigeaitdrircHs & steyB(t) iGN Sreepisibmbiedih.ai m 36,

wherein the differentiated cell population is grown in
t Hithe rasthahel atiifnf 29, evhieiedd themesttipesitiv nelirobPoddaits: ceBS areA
neéﬁﬁr}%g of %ener aii ng GABAergi c neurqns from manmmal i an
n P EWfure Aish pgg-peated with polyrlrgrrithinearilamginim e
neuroprogenitor cells for cells that are positive for
nddeimethethef ddpinf 28 sherein the N expasion medissionmprisecend ar

t n&E 5B TSR B HEE from the group consisting of N2 supplement, B27

supplement, and a neural-inducing agent.

The method of claim 31, wherein the neural-inducing agent is basic fibroblast
growth factor (bFGF).

The method of claim 29, wherein the cells are grown in the CNS expansion media
for 6-10 days.

The method of claim 10, wherein the differentiation media comprises N2
supplement, B27 supplement, or both, but not basic fibroblast growth factor
(bFGF).
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neurons by culturing the cells in the presence of
cytosine (3-d-Arabino furanoside (Ara-C). 39. A

woreaolozi7ef generating an in vitro transpl ant at PONIBROGK102847

35.

36.

37.

38.

39.

40.

41.

42.

43.

for neural cells, conprising the follow ng steps: (a)

- Elahi 0y S5, S RSSRRR b PGB ot

hljbp@@ﬁfﬂ@ﬁéde@@] | culture; and (c) culturing neural
cells on the hi ppocanpal cell culture; wherein the

SUrhe tHetho®bf d1kigy 16 lﬂlﬁl’ler‘é@fnbﬁsﬂ@ stteB Se)h%&%ﬁ?iﬂg Alfrr&ltated

culture is eval uated of cla

V\milemaultah@n eﬁﬂﬁm (d am@nhmhffemﬂlated by eultlsmlgalﬁecbl]‘s nma}
f t neur a
c eﬁn?s Qiff: ﬁm'}ﬁéd}%gﬁ?%%e% n%tl“ém%%h ﬁﬁ,{g’ﬁl&g Iﬂgdf‘ ALFbRG, 41

Mﬁf&bﬁd@(&@t@)" than 90% of the GABAergi c neurons
survive after one week of culture. 43. A nethod of

cl Biethélfod SLE14RES6, GAHERGA BenBrraéaliHad bagp&p%tﬁx REPLWR in the
formati on between the neural cells and the

hi ssprawdditietentéation naedia for 8-165dnys.

A method of generating GABAergic neurons from mammalian neuroprogenitor
cells, comprising enriching the neuroprogenitor cells for cells that are positive for
nestin, and differentiating the nestin-positive cells to generate GABAergic
neurons by culturing the cells in the presence of cytosine p-d-Arabino furanoside
(Ara-C).

A method of generating an in vitro transplantation model for neural cells,
comprising the following steps:
(a) isolating adult hippocampal cells;
(b) dissociating and culturing the hippocampal cells to generate a
hippocampal cell culture; and
(c) culturing neural cells on the hippocampal cell culture;
wherein the survival of the neural cells on the hippocampal cell culture is

evaluated.

A method of claim 39, wherein the adult hippocampal cells are isolated from a

mouse.
A method of claim 39, wherein the neural cells are GABAergic neurons.

A method of claim 41, wherein greater than 90% of the GABAergic neurons

survive after one week of culture.

A method of claim 39, further comprising evaluating the synaptic formation
between the neural cells and the hippocampal cell culture.
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