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BACKGROUND OF THE I NVENTION 1. FIELD OF THE | NVENTI ON [ 0005] The present

di scl osur e[008lLpt e Derivatich s Per@itRby DREbRAAL DoRHiARrEE NidHs Hinh Yruman
differentiﬁt d neu%on | .cells sucﬂ as dopam nergi ¢ and serotonergi c neurons
from plur ﬁ’@f!éw ﬁ‘B%FHﬁi c stemcells such as human enbryonic stemcells.
The dopam nergic and_serofonergic _neurons generated according to the
present disclosure rrg:ﬁ(l‘{esrw GES SQRELAREDARMICATEPNEe| | repl acement

therapy in gﬁod eneratjve disorders and neuronal diseases. 2.
DESCRI PTI d\‘ﬂb RELFEPPUSRIC] 0006] Neur odegener ati ve di sorders and neuronal
di seases such as Parkinson's disease, Alzheiner's disease, and

schi zophreni a are deStATRMENT REGARDING FRPERAILY BRONSORELver more
pronminent in our society. MURPENRGH ORDR¥ELOPMENRI disorders are

associ ated with dopam nergic or serotonergi c neurons. Dopam nergi c neurons
reside in [Q0f3l veﬁ‘?‘}tal’l’l €ventro-lateral aspects of the m dbrain, and
control postural reflexes novenent, and reward-associ ated behavi ors. These

nburons innervate mul ti plREFERENGE T0eA “MicrefichetAppendill n, and t hei r

degeneration or abnormal function is associated with Parkinson's disease,
schi zophre[ﬂ“ﬁ‘,‘] andVaiappjicalleli cti on (Hynes et al ., 1995, Cell 80:95- 101).
Serotonergi c neurons are concentrated in the ventral and ventro-| ateral

aspects of 1 WO 2004/ 0811BACKRGROAIDEN THEINEENTRGNhi ndbrai n and i nnervate

nost parts of the central nervous systemincluding the
1. FIELD OF THE INVENTION

[0005]  The present disclosure relates to an improved method of producing terminally
differentiated neuronal cells such as dopaminergic and serotonergic neurons from
pluripotent embryonic stem cells such as human embryonic stem cells. The dopaminergic
and serotonergic neurons generated according to the present disclosure may serve as an
excellent source for cell replacement therapy in neurodegenerative disorders and neuronal

diseases.
{ ‘ 2. DESCRIPTION OF RELATED ART

[0606] Neurodegenerative disorders and neuronal diseases such as Parkinson’s
disease, Alzheimer’s disease, and schizophrenia are destructive diseases that are
becoming ever more prominent in our society. Many of these neurological disorders are
associated with dopaminergic or serotonergic neurons. Dopaminergic neurons reside in
the ventral and ventro-lateral aspects of the midbrain, and control postural reflexes,
movement, and reward-associated behaviors, These neurons innervate multiple
structures in the forebrain, and their degeneration or abnormal function is associated with
Parkinson’s disease, schizophrenia, and drug addiction (Hynes et al., 1995, Cell 80:95-
101). Serotonergic neurons are concentrated in the ventral and ventro-lateral aspects of



cerebral cortex, linbic systemand spinal cord. These neurons control |evels
of awarenes l,, behavioral traits, and food intak nd their

abnor nmal funi??gpl&ﬁ)ggln been |inked to aggression, depress&(ﬁ{%’é‘f%’(’ou‘w

schi zophrenia (Jacobs and Cel perin, 1981, Serotonin Neurotransm ssion and
Behavi or. Tirehilifrab and indeanity d@ieparlvbsSthe. cenPlr RirefRr Shemdizfudift ipn My
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Psychi at r y beetobinkedste: apgression, womeand seliigophroxem (Jacdbs\and NBelperin] :1989- 158) .
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contributes to Parkinson's disease. For exanple, bilateral |ésions of the

ni gr ost ri atd) ang Xiokenh pegressinechehavier Mo wine? ¢k JeShar Pavehiaty, 1900.0 3 4hat i s
quite sim g et nt RSEE tQr ncti ons observed in Parkinson's
di(sease: resthleng f?%)r?gr, r'?ige?d' | %y’,ﬁéllglg)n%g#a and postural abnormalities.
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severe reduction, of dopam ne 1n all conponents of the basal_ ganglia
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t he subt hal am ¢ nucl eus start to malfunction. Si. nce these areas sen
si gnal s t o pathivay prednessa gindrame iprezparimentsl animelsithatis quite similag to therabservedeas can

lead to w F .lﬂﬂt 1 I éi{g 1246
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mlli on) %];/dllo)rz)?dopamine (OHDA) caused profound akinesia, adipsia, aphagia and sensory

neglect in rodents (Ungerstedt, 1971, U. Acta Physiol. Scand. Suppl. 367:95-121; Yirek

{
’ and Sladek, 1990, Annu. Rev. Neurosci. 13:415-440).

[0008]  In parkinsonism, changes in the status of dopaminergic receptors may be
dependent on the stage of progression of the disease. The halimark of parkinsonism is a
severe reduction of dopamine in all components of the basal ganglia (Homyldewicz,
1988, Mt. Sinai J. Med. 55:11-20). When dopamine is depleted, various other areas in
the brain such as the thalamus, globus pallidus, and the subthalamic nucleus start to
malfunction. Since these areas send signals to other parts of the brain, malfunctions in
these small areas can lead to widespread brain dysfunction.



popul ation in North America. In India, the preval ence rate of Parkinson's
di sease is 144, 9540;;?19 000 in North India, 27 per 100,000 in South India, 16
per 100,000 in ndia, and 363 per 100,000 for the PAH<S/BYHIRtyY in
Western India. Wile Parkinson's disease is currently considered incurable,
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of transgene expression, and safety of both vector and expresse t ransgenes
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encapsul at ed,
of such surgeries are not yet known. These treatments also have certain limitations and

side effects.

[0011]  Another strategy being pursued for this incurable disease is gene therapy.
Discovery of the molecular basis of neurological disease and advances in gene transfer
systems have allowed focal and global delivery of therapeutic genes for a wide variety of
central nervous system disorders. But gene therapy has certain limitations such as
stability and regulation of transgene expression, and safety of both vector and expressed
transgenes (Costantini et al., 2000, Gene Therapy 7: 93-109). Vectors shown to be used
for gene therapy include but are not limited to Herpes Simplex Virus type-1 (HSV-1)
(During et al., 1994, Science 266:1399-1403), adeno-associated virus vector (AAV)
(During et al., 1998, Gene Therapy 5:820-827), retrovirus, HSV/Epstein-Barr Virus
(HSV/EBV) hybrid vector, and HSV/AAV hybrid vector. One gene therapy approach



genetically engineered cell line releasing the neuroprotective nol ecul e,
glial cell I| ﬂ‘%'s%d neurotrophic factor gene (GDNF), and a lentiviral
vect or encodi ng t F gene inproved graft survi val anc?Qﬂ@F@P@WczF%tlon
t hereby accel erating behavioral recovery in the aninmal nodel (Zurn et at,
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2001. J. Oéct%l qqlﬁﬁﬁZ | a t| 0 s,.an

t her apeut :\I?ngﬁ?tl eg%’jc??ﬁl:1= érs (t bp “ng'en“r"%% ﬁﬁnﬁg?%thfe(l%gﬁl ost in
Par ki nson' gewfi Jogmwyed agaﬁ/ewmasl and]ahffelemm:‘i,gelmﬂﬁrt Iamlerdﬂn‘gobéfﬂirﬁarﬂnd

neur onal di I ni S Wit al, tissue tr I antation, still
under way, &82@%2@31 {)@“’f ‘ffral E&dla 3ip, Reg Rey. 36; Q%Batﬁleéﬂln and
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ffect t t :
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cells, thaﬁcqmmrpaaemgnﬁ:rmemsoml aseamﬁdmdreaae,mooc mg{)enchdddoaM 710-
neurodegene@t :ﬁ"z di sord%fs and neuronal di se ses &%rl ksson et at,, 1998,
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stem cel |'s preeha@ef Herart Aty BITURRA 16 oBTPRpR: t@f&ﬁ@s}eﬁf S&m&@tﬁxamedv\%p to

ten mII|on fold in vitro. These adult neural stem have béen
2004/ 08117 PraacBraim Rey4 18G231865). Additionally, fetal nigral transplant therapy requires

( human fetal tissues from at least 5-10 fetuses in order to have a clinically reliable

improvement in the patient, which poses enormous ethical, legal, and safety issues. Thus,
there is an urgent need for alternative sources of neuronal cells such as dopaminergic

neurons o treat neurodegenerative disorders and neuronal diseases.

[0013] Recently, a renewable source of neural stem cells was discovered in the adult
human brain. Neural stem cells with the capacity to renew themselves and form all cell
types of the brain offer a potentially unlimited supply of dopamine producing brain celis,
thus promising an entirely new therapeutic approach to neurodegenerative disorders and
neuronal diseases (Eriksson et al, 1998, Nature Medicine 4:1313-1317). I has been
reported that cultures of neural stem cells derived from the embryonic human forebrain
can be expanded up to ten million fold in virro. These adult neural stem cells have been



transplanted into adult rats that are a well characterized nodel of
Par ki nson's di§8

Jhe cells in this animl nodel surviy
8117
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enbryo devgheipoRent emblhrahlcoﬁéiﬁr(ESPrch 1ﬁq)aft{m1a§trlhﬁiah%s cETBmSERIgELanS MY be

derived froma human Dbl astocyst at an early stage of the devel opi ng enbryo
| st i ng f r Bralifsrate pdefipifely in am yndifferentiatedastate mckarpmbmpo@g, sibidhgmeses theyd fr om
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Nat ure 292:,154-
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Dev. 1992, bastoaysgatiguearlytstags o€ the qemdepmg bbryo dastiag from1te g™ t@@ dayBafdr.

127: 224- 22 st Devel o

122(8) : 2338 lé?%”%rlérgfg%%eglg%h i ,3’23"“}%6’)‘1 m oo o fkaiRder Bonson et
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18° 399- 403) Li ke other manmalian ES cells, human ES cel|s differentiate and

form 5 [0015] ES cell lines have been successfully established for a number of species,
(" including mouse (Evans et al., 1981, Nature 292:154-156), rat (Iannaccone ef al., 1994,
Dev. Biol,, 163:288-292), porcine (Evans et al, 1990, Theriogenology 33:125-128;

Notarianni et al, 1990, J. Reprod. Fertil. Suppl. 41:51-6), sheep and goat
(Meinecke-Tillmann and Meinecke, 1996, J. Animal Breeding and Genetics
113:413-426; Notarianni et al., 1991, J. Reprod. Fertil. Suppl. 43:255-60), rabbit (Giles et

al., 1993, Mol. Reprod. Dev. 36:130-138; Graves et al, 1993, Mol. Reprod. Dev.
36:424-433), mink (Sukoyan et al, Mol. Reprod. Dev. 1992, 33:418-431), hamster
(Doetschman ef al., 1988, Dev. Biol. 127:224-227), domestic fowl (Pain et al., 1996,
Development 122(8):2339-48), primate (U.S. Patent No. 5,843,780), and human

(Thomson et al., 1998, Science 282:1145-1147; Reubinoff et al., 2000, Nature Biotech.

18:399-403). Like other mammalian ES cells, human ES cells differentiate and form




WO 2004/ 081172 PCT/ |1 B2004/ 001246 tissues of all three germlayers when
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Bj orkl und et at 002, Proc. Acad.. Sci 49
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neurons in vitro. All of these experinents, however, were carried out u3| ng

mouse ES cettinpic apid isha wiong cevsingent i Severslowepeits bavei beate publishedriove

neurons ra d t
dopan ner grtradialb B £ Belts SRIpagliaral elonf By ik soiial 2of1 3 ‘ﬁliﬁéo%{‘n"
tlhe SE) udy lgyt;\;&tyt{mAﬂKmisﬂM\@t aD,ZZOOB,EENeTtBOn zaNl-QO)ebylemaésmgrrgiclamge}uo? have
al so been di renti at rom. hunman % 0

dopami nerglrﬁlawgurloﬁ@e l)pgfﬁ'é’ér‘ffé‘é 38?2% 4 )’nof ﬁfﬁﬁ’ﬁ%‘ﬂ?@ﬂ on,
have been oRfliffeR@fialel@OHABRRES) intd Q&lﬁbus@aﬁ&enwﬁrm aeasqoog pheught to

be a particularly suitable clinical tar or_a cell transplant st rat egy

since it i NathAsase Beiy PY2HH4 b%349)1eu§eqf€ét(gq})9 B Bigtertrnel: 1$:65%7 feinE?ﬂa?m nergi c
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of nerve caktotonefgic neurons m vitro. All of these experiments, however, were carried out using
( mouse ES cells, and the differentiation protocols yielded dopaminergic neurons ranging
from 5-50%. About 20% of the mouse ES cells developed into dopaminergic neurons in
the study by Lee et al. (WO 01/83715) and 5-50% in the study by Studer et al. (WO
02/086073). While dopaminergic neurons have also been differentiated from human ES
cells, yields of only 5-7% of dopaminergic neurons, as a percentage of total cells in the

population, have been obtained (WO 03/000868).

[0017]  Parkinson’s disease is thought to be a particuiarly suitable clinical target for a
cell transplant strategy since it is characterized by the selective and gradual loss of
dopaminergic neurons in the substantia nigra of the midbrain. The loss of dopamine-
producing neurons within this specific brain site leads to abnormal firing of nerve cells



WO 2004/ 081172 PCT/ 1B2004/ 001246 that results in patients being unable to
control or di LY novenents. But |arge nunbers of dopam nergic
neurons are r‘g§3§0r4}e')gﬁ?%r cell replacenent therapy. Theref ,“BZ%QI“’P%F%te
protocol s are needed for deriving dopam nergic neurons from human ES cells
mor e ef {1 cilentrbatlis Whigatiett bbin Qb1 Shfcd'cr diflet MeR!hoRtnlehkey Bt falleS
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human enbr yepirginérighifedfink $an FeOtil @ HD)iPe to Hofh LMD BibstinS & (RAWIR prevent
denpnstrates that ézg%{f])opul ation of human enbryonic stemcells can

di f f er ent | &F &eduge ot dgparping psrduriag bisin gelis wrreunsisgencrative disordgrsoadne
hydr oxyl as@efdhli-di@asepeci fic marker for dopam nergic neurons (e.g., at
| east about 60% . The present disclosure also denonstrates that a

popul ati on of human enbryngggmLYléF%ﬁ%M}?ﬁw late into a high
ons. e péercentages o
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di scl osur e gginendtEes thatt pépRlAioh i ofhashas @mbrydaiRieth Bl bdh d@iffefentiaté inte a CUl ture
obt ai ned bgidi fferentiating primate pluripotent stemcells, wherein at |east

60% of  t hai&h FrPROTieR PLRQWOnsdosilive fos tyasinehyisowlase (EH) dripecifis magkes 19ty osi ne
hydr oxyl as@op@hindlpf nEIA 28, 9hC 188U g eppRr Y

hydr oxyl ase?pl nno her enbod(iré%;’ntg,l&gt ag?%a\sg?d/gboﬁqh% %mtétlo%ga%%% a%)% 80%
90% 95% ordeonstratestthas alpdrfulation tof nmen cwbiyonizr stem delbncanndiffigiestiste intoras.  The

present di 0 SQP | | ffer [ d I Lati.on_i.n an in
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used to generate cells with the phenotypic characteristics of cholinergic and sensory

( neurons, as well as astrocytes and oligodendrocytes, from human embryonic stem cells.

[0019]  The present disclosure provides a differentiated cell population in an in vitro
culture obtained by differentiating primate pluripotent stem cells, wherein at least 60% of
the differentiated cells are dopaminergic neurons, express tyrosine hydroxylase, or are
dopaminergic neurons which express tyrosine hydroxylase. In other embodiments, at
least about 30%, 40%, 50%, 70%, 80%, 90%, 95% or 99% of the differentiated cells are
dopaminergic neurons. The present disclosure also provides a differentiated cell
population in an in vitro culture obtained by differentiating primate pluripotent stem
cells, wherein at least 30% of the differentiated cells are serotonergic neurons. In other
embodiments, at least about 40%, 50%, 60%, 70%, 80%, 90%, 95% or 99% of the
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Y WO 2004/081172 PCT/1B2004/ 001246 differentiated cells are serotonergic
neurons. In a preferred enbodinent, the primate pluripotent stemcells
di fferenti at eWOXWRMBNERr oprogeni tor cell's or neurons are hRGREB0GMOINEONI C
stemcells. [0020] The present di scl osure aI so provides nethods for

generati ng cel | nsf m rlmae Jurlpotent
stemcells d(ij%:rrprl sin e?{s F&ﬁdﬁ%gi Eéu éﬁ eé.g?Sa e&’t’c Bf

primate pl Lnlmrgmt@mstmt eeﬂscdllﬁlc&nuﬁtbd 11iibl|ﬂeulropﬂgeﬁ1fm} dells! ok pretmend aﬁﬁlﬂhﬁﬁ| ls to

sel ect for n%gﬁ)rggﬁn%}ﬁor cells that are positive for nestin; (c) sorting
t he nestin- TS Oprogenltor cells for enrlchrrent of NCAM positive

cells; (d) differentiatin nestin-posjtive, Mp05|t|ve cells to
generate a [ﬂgﬁ;f er@i‘ﬁ Prﬁ’@g d&f@ﬁ%s e alsq p %F‘%ﬁﬂi"@ﬁ 8% genrratingi differeniéated| | s in
a di f f er entricaial @8l pﬂF&lbﬁ’ons[ﬁQB idle PSRy fied &HP%Hin %;Eg
pluripotent stemcélls are humat]ﬂrll-l ngryonl c stem cel Bﬁ%gano?%er eferred
enbodi ment ,StPfe pl uri potent stemcells used in the above nmethods are

preferably derived using a | aser ablation technique. [0022] |In other
enbodi ment's, t hédatxpeadinga pituse ofprintade pluripiterdetetriwsllst ep of culturing the

pluripotent ste te r.m oi.d bodie rably,

t hese enbryoi d@cﬁhes %r ei Jn{)ﬁﬁ?ﬁ&&ﬁﬁgﬁ %%f%“&ﬁ?l’mﬁéf? @th% 4%
neur opr ogeni t or celbdsmvblfatnestar,e positive for nestin, for exanple by
culturing the pl otent stemcells or enbryoid bod| es in serumfree

medi um In pref é?r gm\‘ﬁ*ﬁ%ﬂ?sﬂﬁﬁp‘émv?‘l‘?é“@é?gﬁ’ﬁ%t?rﬁgs for grrishment of NGAM-ser um f r ee
defi ned nedi um vmlbdg{hv@@gj@rabl y includes one or nore soluble factors
selected fromthe l?&rou consisting of insulin, sodiumselenite, basic

fi brobl ast gr ow{® diffsrenidatingtthenestiepesitive, NEAM-pbsitveesils to generatgraef er r ed

or et or abl y. compr <Eaaeundet oty colP RAELARE bR EU AR RERD Rl SeRudtlic

preferably about 8fedi®% nestin-positive cel I s, and nost preferably about
95-99% nestin-positive cells. [0023] The nestin-positive neuroprogenitor
cells may t[b@21]be Ios tpeafedrel emboditefitpithe HifiAble nsisdipotent stetn |cells atenigumams Ui t abl e

| mmunol og caI &o%’i‘éle:ﬂ‘é%ussu&h oawr {)T}Eimm ab% dlmgent the pluripotent stem cells used

in the above methods are preferably derived using a laser ablation technique.

[0022] In other embodiments, the above methods further include the step of culturing
the pluripotent stem cells of step (b) to form embryoid bodies. Preferably, these
embryoid bodies are cultured under conditions which select for neuroprogenitor cells that
are positive for nestin, for example by culturing the pluripotent steru cells or embryoid
bodies in serum-free medium. In preferred embodiments, the serum-free medium is
ITSFn serum-free defined medium, which preferably includes one or more soluble factors
selected from the group consisting of insulin, sodium selenite, basic fibroblast growth
factor, transferrin, and fibronectin. In preferred embodiments, these methods will
generate neuroprogenitor cells which preferably comprise at least about 60-75% nestin-
positive cells, more preferably about 80-90% nestin-positive cells, and most preferably
about 95-99% nestin-positive cells.

[0023]  The nestin-positive neuroprogenitor cells may then be sorted to enrich for
NCAM-positive cells using a suitable immunological technique such as immunolabeling



8 WO 2004/ 081172 PCT/1B2004/ 001246 and fluorescence sorting, for exanple
Magneti c Cel ' (MACS), solid phase adsorption,

fl uorescencel-‘%l(? ‘l{og‘/g@gg cell sorting (FACS), flow i mmnocyll’szﬂ%wg?orl@“f or
cell-surface markers, or flow cytonetry assays. In preferred enbodi nents,

these net hagls fluvtekdenge BEMtiAL € fo eSdamBled MikrhdtiteCEle | Joptingh (MA OB, éfidaBhage CONPr | s€
at | east abcgut _40-%0% NCA%# )osi tive ceFIﬁs nore pref g?gblgl abou 58- 60%
NCAM posi t MserRigny Suorgsegncerpshivated esllosoxiing ( ¢ flow-igepoReAfsheeisteyi fos cel | s.

' . d i f
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expansi on i rLges. one Qr r 0 o rs.selected.from the
ar oup. consNEAMFCGRIE RUE TR Brdally Bl a)of NGRieRRR Bl Ao
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gr owt act or , soni.c hedgeho ), fibroblast,. grow act or -
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nesti n- poShdirhRopdliMcels ok st&h (§UROBLARSH ddnf! bréfedily H6E TR RaYs,

expanded in culture and serially passed for one or nore popul ation
doubl i ngs. Prefrsaidy, the lexpansioy nzadimn bemprisge pneeemorscsolubld fagtorsaseksicted diyumn .

NCAM posi t jye r [ | s..are prefe gr i n di entiation
o a1 or 6. SOOHLSRIRERE Jr° s Soai oo G Biflale” biadhe™ |
prgferred pﬂlmgenﬂér?méttm_sictﬁi?ol?hftfmxleihtfaabf m&mdbﬁdmlrjgrcﬁﬁh f_ad(!jﬂeu(]@(gﬁffl -
medi um suppl e a rum ,o.asgorhi ¢ aci.d, and .N-acety
cyst ei ne. ?W%%g%%)eﬁ@%émﬁ%ﬁs (Fﬁé-%’l ﬁ%r%ﬁ%‘ﬁialﬁm P will

i ncl ude C feor (BBN®. i nterleukin-1 (3 or both. Preferably, the
differentiation nmedia further conprises one or nore differentiation agents

sel ected f[gpmyf he The OnRLF-POSHRS | MOAN -pRHHRT Hééfb?\}]ﬁﬁéeﬂitgr REIRC gfeY pref&isiy, el ne
glial cell l'ine derived neurotropic factor ( F), di bUtt{qql -cyclic AWP

(db- cAVP) , expanded mepultpeaianespriglly ppssed forcaneror (msmRIPppulation daubHNgss ofhesehedgehog
protein (§H§I)F | . 0 _Flggl—ti : r.ef erred
enbodi nent s,1 t zg’aﬂrr%tielo‘%g&g% Sc 0%1%%§§§%f gr (%gg[ t o%lelne&g‘tggéltbpcems

di f f er ent i atequlefamblyadrows in differzutiztion muediador 8059 dafsas adtlfyrtic mngep (i obthout

40- 60% dopam nergi g_neyrons re preferab ut .. 70- 80%.dopam nergi c
neur ons, aﬁlbovﬁné"te%oa?'ef g?a?f??“g‘go‘?ﬁl%éﬁ[@&% &%pia%ﬁépﬁ*o& m?ﬂ’raoﬁgmpflﬁscertai n
embodi MeNnt NeuloB@REmeBlhORSpleMERed GRH fitdl cHif satm! B2Tiabdoftie idid, a8 N-acaylal cel |
popul ati ons which preferably conprise i o L

cysteine. another preferred embodiment, the differentiation media will include

TGF-B3 or interleukin-18 or both. Preferably, the differentiation media further comprises

one or more differentiation agents selected from the group consisting of ascorbic acid,

N-acetyl, cysteine glial cell line derived neurotropic factor (GDNF), dibutyrl-cyclic AMP
(db-cAMP), brain derived neurotropic factor (BDNF), neuturin, sonic hedgehog protein

(SHH), and fibroblast growth factor-8 (FGF-8).

[0025] In preferred embodiments, the methods disclosed above are used to generate
differentiated neural cell populations which preferably comprise about 40-60%
dopaminergic neurons, more preferably about 70-80% dopaminergic neurons, and most
preferably about 90-99% dopaminergic neurons. In certain embodiments, these methods
are used to generate differentiated meural cell populations which preferably comprise

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



about 20-50% serotonergi c neurons, nore preferably about 30-70% serotonergic
neurons, 9 172 PCT/ 1 B2004/ 001246 and nost preferably about

60- 99% ser ot \(ﬁgr%g(%ysﬁg%rons. I n other embodiments, these RFHIHEWS/ 0245 ysed
to generate differentiated neural cell populations which preferably

conpri se abainolBprfnPY bBAA SOYI9S YerSiner B HeuBh ST AB0HhedtS- BEL

ol i godendr ocyt esg,Spand nost pref e.ra%ﬁtr@ aeﬁ utn%'g%gQ% g@l%g%gn rglﬁgfttg%e 100261
The pr esentnethods |ass ysas for gerictits differdntioted aeungk nell abpulatichs pelicin preferablyeur ons

from neuro | t el ne£0 LSl nriching th ur opr Qgeni cells
for cells tB ﬁlggﬁ&ar ggoﬁlgsiltsﬁloeﬁf orgri{ g(r’fgeg?ll%ﬁ),% Sand & f%’iggeﬁ?%ﬁ:%t iaﬁﬁlﬁt h};g‘%&r/“

nest i n- posiotigadendretytes, tnd mestereftablydbna 6096V lizodaidiqytesby cul turing the
cells in the presence of TG--P3 or interleuldn-Ip or both. Preferably, at
| east abouff0026} 99%hefprésest dieddsuft- fRowldsii@hsde|of etbriting! dphromemid MuPons
dopam nergic neurons using_these nethods. In other enbodi nents, these

met hods  f ufioRERCUreRgsIYtRCelisy GomHTiNgE ehmching the prwgpierensior cells for palls et | s t hat
are pos' 11y [pBGitC/R Ay, LRESEHSRAEPER! hbstfpcliiod! O85! devggn&ﬁﬂe' S are

preferably differentiated to generate dopani nergi'c neurons .g., at |east
about 60- 9dopastinergis neutons byl ichltwingribé edle i the prescugeanfiTicH-p3 or intenledkin)lp The

present di ur. L.des t Se Rf nerat.in n ons fr.om

neur opr ogeﬁﬂ)gtri' c%f’@saﬁ&ég{r’rg%tgﬁﬂlar@n@ %‘fﬂfﬁﬁ I&f] hEt VS%F%%‘E{%%%&NOS f or
?\glslt ;Snt Bgts idtalij?; ISI M nggfi???gsacng?tlh?é. 0 _.gen wgﬁ;%%ﬁﬁg?a? neurqns b
cul turing CPEPEE W%qggb&ne%@w ??ils mﬁeﬁ%a@f" a‘?‘*rﬂ"éﬁ"@&ﬂ*’?ﬂ&ﬁb’ii angr . bo%/h.
Preferabl yegé de&ﬁﬁﬁqsﬁh@}lwm%ﬁ% defre ard) BRAribIH Ofi bl @ated\ed \YeRGalct | VE

cells differentiate into serotonergic_ neurons usi ntg these nmethods. ( [00271
The pr esendopamingrgicupeurenss ¢e-pr i lgest abeeth 60t89%0 of tthe aelln glifferpptings dntgi t h

neur odegen Eﬁm.ﬁ'}ﬁ i S qQr ' kN r'! ng a

subj ect dI%F er e%gga?e n 'urqgjl'B Q}gﬁ@ﬂ%@?ﬁigﬂﬁﬁ’gﬁﬁﬁsﬁ%‘gﬁh@%f’ﬁﬁ po t{é] stem
cel Il s as deswoadfrdmheneiprogeniferr cellx,aouplpeising karichidd theartifoptopenitor el farel |
popul ati on be derived as foll ows: ex r%%n' cyl ture of primate
pl uri pot ent"é@gﬁféﬁq pasitiye, °rc‘i‘5’F‘F‘hra?\A€a)«§/.ﬂQj ﬂP‘gl%f {:rgwﬁ?%;ﬁé%pgsgﬁpgs. %sel ect
for neur opNTHEMLARItVE &ell§ th dherdte Sserdd@iptdid \WBurbAy b?e&ﬂﬂm%\l(ﬂfé c&iBr inl G t he
nestin-positive neuroprogenitor cells for enrichnment of NCAM positive

et

cells: presence of TGE-B3 or interleukin-1p or both. Preferably, at least about 30-99% of the
nestin-positive, NCAM-positive cells differentiate into serotonergic neurons using these

methods.
( [0027]  The present disclosure also provides methods for treating subjects with

neurodegenerative disorders or neuronal diseases by administering to a subject
differentiated neural cells derived from primate pluripotent stem cells as described herein.
For example, the differentiated neural cell population may be derived as follows:

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

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

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

positive celis;
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nesti n- posi t| B{NW?OSI tive cells to generate a differentiated neura

cel | popul ati on cul'furing the cells in a differentiati of-" 4{'9012(‘%)
adm nistering a therapeut ically effective anount of the differentiated

neural cell | RifbreRtidtinl the ﬂ&ﬁ:ﬁ-@%ﬁﬂv@'N@M t{dg subj ect.
[0028] Preferablm)? the differentiation nedia fncl udes T %r3 %r

i nterleukin-10 or differerfiatedneprabeadi papulatombyitutiriog thetoalds indiffeentiation pati ent,
nore preferably a hupan patient, and the primate pluripotent stemcells are
human enbryonic stem cells. Preferably the human enbryonic stemcells are
hi stocorrpatible h . 1D [l ent stemcells
used have essen "'m L‘"@&a{r?egﬂéééuﬁ%&ﬁ %\tggéﬁ{ﬁ?m unE? ?dﬂ#eﬁ ct:”p‘t1 al’

enbodi nent s, dopamen@bgzﬂeuorﬁﬁmah@m&mlmm@stmﬁhes\mctsensory neur ons,

or alternatively astrocytes or oligodendrocytes, are isolated fromthe

differ ent i @@3} neWlrgferabbl, [the diFfereitiatich ﬁﬁdlaaaﬂelhd&sST@F% 6r0m\‘daﬁul£iﬁlllsedskt These

cells, t%?l ng t e differentiated neural cell Eopul atlon can e

adni ni ster athy o If pEeTetfs ?oqlﬁemf’r@ﬁtsub]e%taﬁslﬁel’wf‘@ Hakg praeEmbhe

di sorders QhiidgUaRdah gﬁﬁeﬂ@é t fomah | Og

di sorder, %gralil?n% se | Sease, erégﬂng?%seﬁéélagggxse H%Hﬁl% ﬁm%orﬁagc&g sease,

spi nal cor @réfeqablyythe ahmtlr@pﬂwm¢ atemr a¢llssarb émsbmompétﬁﬂsmﬂeﬂlelmsyt, fott r oke,

d h f I f
earpl o by Sapulgof Bt EE el 8L AR PRy o Yord, BERRISH B P ce |
[0029] In outhet. ebetfaheahibodiméitts dldpﬁmtmfgw aefuforiRegic, adholigdrpie, desensedy from

primate pluripotent stemcells as descri, erein can used to screen
conpounds, HFYPRsx Shptiematively| ashncHes | o GEtes, 1 aye t‘ﬁ’Z‘?tF‘feg‘P@ctth“on t he

differenti ifdedtRtidehessll bell 86 ﬁlaﬁﬁmaﬁﬂd Wlrdnhistébd tt&'"%ﬁ@ pﬁﬁéﬂts THER &pRpounds

can al so be screened for neuraﬁ) cell toxicity or dal ation. A conpound can

be eval uat decluding thei differentintesomepmnl gell p@t@atpopmndxeu admlmﬁteredno ftleer sybiectitoed

rottvity. GRat e ST bR eRHL Bl B RIEnP HiselEE DONRRe RLRGL O
cell's cul t Gingttdurder CNSi disdrder, @afldms‘ontsn&séwé Alzheimep o sdisbate) Hxhﬂmgtmlmound.

For exanple, the conpounds can be ¢creened to ne, whet he ef f ect
changes | n GiReAT0 SPIAS FAT THIPYs PYREeRhc ? 5&%0313 Eﬁigpteﬁ’llﬂ’s 8’ ls. 11

ischemia. Preferably the cells are admmlstered by transplantation, for example by
transplanting the desired cells into the brain of the subject.

{0029} In other embodiments, the differentiated neural cells derived from primate
( pluripotent stem cells as described herein can be used to screen compounds, for example
small molecules and drugs, for their effect on the differentiated neural cells or the activity
of these cells. The compounds can also be screened for neural cell toxicity or
modulation. A compound can be evaluated by adding the compound to a population of
differentiated neural cells and comparing the survival, morphology, pbenotype, functional
activity, or other characteristics of the cells with differentiated neural cells cultured under
similar conditions but not exposed to the compound. For example, the compounds can be
screened to determine whether they effect changes in neurotransmitter synthesis, release,

or uptake by the cells.
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THE DRAW NGS 0030& The followi ng drawings formpart of the present
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y
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neur ons Iagéqvégf%ﬁg{rﬁ‘ MAP-2 and S tubulin derived from human enbryonic stem

cells. [0O [ .e 5 ows t resence. of.. neur,ons positi for tyrosine
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60% of t he efipfoRits stemeéetls Hadi lhbeled with NCAMIFET: €(A) ShRes A0 phdifpdid of e

NCAM posi tive_cells usin

% MACS; gq(B) I mmunof | uorescence anal ysis showed t hat
about  40% &plabeled pellss whichwere trpated with anti-rabpit FiIT Gir (B2 ﬁhqwewe@xpﬁfﬁ@ic’é geliind
differenti %dt%ﬁ{re&i&f%ﬁ% a&m&ik&'w@ La%:ﬂagélg@%h ANt PITCS 2
representative tluorescence m crograph of ol godendrocytes.

| nununof | oyseesmiarc entiinelyy sils thisrsbmlyt abdug FOLGO& ofi iy pestinspositiye 2830850 f t he

I sol ated nestin-positd | s stained positively as oligodendrocytes. 12
W0 2004/ 08 TEFSRRRIFESOE ¥k 2ae

[0033] Figure 3A and 3B are fluorescent micrographs of NCAM-positive cells

derived from human embryonic stem cells that were sorted using MACS and replated on
tissue culture plates.

( [0034]  Figure 4A and 4B are fluorescent micrographs of neurons labeled with
MAP-2 and f tubulin derived from human embryonic stem cells.

[0035] Figure 5 shows the presence of neurons positive for tyrosine hydroxylase
(TH): (A) immunofluorescence analysis demonstrated that about 60% of the neurons
were positive for TH in an enriched population of NCAM-positive cells using MACS;
(B) immunofluorescence analysis showed that about 40% of the neurons were positive

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

[0036] Figure 6 is a representative fluorescence micrograph of oligodendrocytes.
Fnmunoflourescence analysis demonstrated that approximately 25-30% of the isolated
nestin-positive cells stained positively as oligodendrocytes.
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[00371 Figure 7 is a representative fluorescence m crograph of neuronal
cells expresgi 43 eurotransmtter Serotonin. Approxinmately 30% of

nesti n- posit |§}8n%%+ 2179 as well as approxi mately 20% of N A4{0P1246 ce| | s,
were inmunoreactive with Serotonin. 10038) Figure 8 is a fluorescent

m crogr aph [g§37oPaeRA & & geﬁ%%QM&gacgg@%EHﬁ%%n %r?‘hggoanot her

neuron specificC antigens (red). ocal rsati1on ulin;
(B) MAP-2; cgpressing the neuniotiagsp)itt@/Serotpio 3 Hppfoximately 30Vs ofndstin-pgsitipdicalsowi ng

t he percentage pf - 2 |,t4 S sitive for. TH (dopam nefgic
neurons): as s%lgvi‘ng\, én%ég?keir\qé/gg(’ge!g?%ﬂ?s%‘ﬁ'g TR AR ) Or#g?’?lcﬂ“ ses
over 7, 22SesncniB7 days of further differentiation. [00401 Figure 10 is a
bar graph showing a quantitative analysis of different neuronal cell

popul at i on40938) NCARgmres8 isiafiuoesstint htdogapl @do?m@gidmlﬁiny iR el hbeldie

NCAM posi t i ve,gﬁfe)(glres we?%f altﬁpcr) | rmunopqggl(t ive tor TH, approxi mately 30% were

&m&nopozl tf?;/ e%%%ﬂﬂb T DR PR PW.P fl'e‘i)BOh " S%ﬁ’ﬁ\ﬂ‘fd’fﬂ)ﬁ’ﬂ? ;/etfor
an q?aﬂ b. . ar graph showi ng a quantitative

anal ysi s og ng erlg’ng )neur ohg(F] cel’%&%g%t%t'i ons after expansion and

di fferenti ghg of st & 6~ 1 1 |, as anal vz i nof | our escence:

appr oxi mat PgﬁxO%%‘gﬁﬁl%%ngg% #p%lggl:foﬁl@thgaefcgna\?\é §P%ﬁ'ﬁ§§§¥? YR or TH;

appr oxi mat gloyiti8e fdr &Y Eopaminerginaseuiony)e af showhethe paroémage oA RPUroNd poaitivefor28% wer e

i MUNOPOSI Lﬁl}ye for oli gf)ggndr %g}yte, nd a oxip,maltelg;/3 2% werlhem o

i mmunoposi ity ECFEaes QFeral 225954, |-|daysq§'%r}e§ #90% GFAP, a marker for

astrocytes) 141'[]00 Figure 12 sho t.he gene expression profile of human

embryoni ¢ 048 ¢ o) Figur ‘Fﬁd’qﬂrapli‘ﬁlfw“ﬂ%?wmﬂ?ﬁ%ﬂﬂ ore neEropRlese

cel I's undereef hgo hd 1 BNNCAMSDosiaed énﬁchéxlﬁlglg:e %Er&%atéﬂﬂie‘o%ﬂﬁ“&ﬂeat ed;

EB= enbryoi d bodies; NS= nestin-positive cells; = nesti'n expansion cells;
and the rerAMppsitiveecellsi wers alsadilmpmmonosisive frb 1 ofpprenimatetye B0% weree

cul tured i I lLum a ¢ factors ' ed in
eampl o 1. TPRIERARAR fof Bbili? il BRI 150 s iR AR e RGARE S uch s
Nurrl, En-ahd gh®dsbater e expressed during early stages of differentiation.
Expression of the dopam nergic neuron specific gene TH was observed in all
st ages excqpd4ilindi Figareclt isatbal grapls shi@iRd8 §u-8htive afdGkls dEtAGEIbhal St em

cell's. The ahseni Rl aAPegaRios soh e B! SO S 181/ L IRL3L A enotyPe

immunoflourescence: approximately 40% of the nestin-positive cells were
immunopositive for TH; approximately 30% were immunopositive for Serotonin;
approximately 28% were immunopositive for oligodendrocyte, and approximately 2%

were immunopositive for glial fibrillar acidic protein (GFAP, a marker for astrocytes).

[0042]  Figure 12 shows the gene expression profile of human embryonic stem cells
during in vitro terminal-differentiation of these cells under the conditions disclosed in
Example 1: UD= undifferentiated; EB= embryoid bodies; NS= nestin-positive cells;
NE= nestin expansion cells; and the remaining time points indicate the number of days
cells were cultured in Nevrobasal medium and selected growth factors as disclosed in
Example 1. Transcription of factors specific to dopaminergic neurons such as Nuurl,
En-1, D2RL are expressed during early stages of differentiation. Expression of the

dopaminergic neuron specific gene TH was observed in all stages except undifferentiated
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[
these cells. [0043] Figure 13 shows the intracellular |evels of dopam ne in
cell lysates as determned by RP-HPLC at 7, 22, and 37 days of

differentiatigp. presence of growth factors, dopam ne |evels were
nuch hi gher (‘2850‘8@)3%9? than in untreated cells (1- 4 tghnfGT/IBRP4{BBAN ne
was detected in cells treated wwth MPTP at 7 and 22 days, while the |evel

of dopani netemacils.cUte eshedde 03 an b Of ARk Red the Infid tglbla"o
denonstr at :tpneg%{:‘egﬁt KCl causes g%gensisne rel ease Fﬁe&dfffe?g%ﬁhﬂ cef1 S

cul tured i tioned nmediumafter 7, 22, 37 days of differentiation. The
cells were stinmulated with 56 nM KCl for 15 minutes to induce secretion of
doparmi ne; (#f¥3Lu tHigeres i shows dbe intraselbdarblevels ed dapamine. Boell tlysatgshass phor i ¢

acid and Sreni ' ot e s -BP- HR, TAl LE

DESCRI PTI 00 %@?%@Eﬁw‘%@t[gﬁsﬁﬁéagﬁeﬁ%’?&%@gﬁ& u#‘%ﬁ%g?ﬁé%" “Iret hods
for the ef giwvtibdacigsrepaninetevels vt hmmch highaddwealg/hi)niemda vhiredteddetis (1-
differenti gt r luripotent. stemcells. The S ner.at ed erein

i ncl ude but2 @%ﬁhﬁg{ﬁ’ At “d”ﬂsgle@gﬁ??%ﬁfﬁeﬁtﬁ%wﬁhmhﬁ%&@h%r%ﬁ@% i cs of
neur opr ogeietlovel ofddamiskopaTedited 8 37.dager ot onergi c, cholinergic, and sensory
neurons, as well as astrocytes and ol 1 godendrocytes. Cells generated herein

are identi fogad) by Fi NEE ¥R Bar It did Wep=15 ;
fooad) i ﬁ@@ﬁl@ﬁdhﬁﬁ%@ﬁmt ey Bgﬁé@%;ﬁﬂﬁne release in by

characteristics, and/or cell markers, which are readily appreciate
those of sRiffarentigtedicelingultugd in ponditioneh medivotrafiee7) 22, 3SAdaysfdiiffirerdiation. t he
térm "neur [ vl Sl M€ eabl.e with the. ns_"neur
pr ogeni t or q?:Jléequaﬁgl v%e?é 'Sﬁlgillljdragﬁd %}t%c@grégir]%ctgeil ﬁ?..l%awéntu}egf {g’r Elhﬁ% 3‘30’63&0}1 ?atjhat can
gener at e pdoppemiye;t thetcuiture sepdritant was wtabilizkd &dthl R5%Seithophespheric @il and

: ial cel li al :
DatT ooyt es ST EHIe Sepr b REFHBEC "G Scl osed her i n i nvol ve

lturi s i | nat.| | ' t al
condi 11 ons i ch encolULERPRRBNON G PAELVEMIONT o cells of neural
| o i ti.gn, physi.cal t] i pul ation techni b
used to fultBR] oriEaBRlrailon pE R mple® aipe e Foentin hedl” " "¢
precursor gpflewdall irRag thhtde difftesntialed GRh Plubfited QterS8Mls! The Relly ' Fenefatcal

applications, including therapeutic and _experinmental applications, as well

as in vitrbeginygnciude twd sorgtobmited tecrlls Brido 4ho @hentypiel charetgitties efnd
Screeni ng, ngiGPro@enitf cEIfY dbFkriin& P Hndeie, Ofotih&yicS Ghd sduldy Heldonl! as' Ne

well as astrocytes and oligodendrocytes. Cells generated herein are identified by

phenotypic characteristics, morphological characteristics, andfor cell markers, which are
readily appreciated by those of skill in the art of evaluating such cells. As used herein,
the term “neuroprogenitor cell” is interchangeable with the terms “neural progenitor cell”
or “neural precursor cell,” and refers to a cell that can generate progeny that are either
neuronal cells, such as neuronal precursors or neurons, or glial cells, such as glial
precursors, astrocytes, or oligodendrocytes. The methods disclosed herein involve
culturing cells in a combination of soluble factors and environmental conditions which
encourage the cells to differentiate into cells of neural lineage. In addition, physical
separation or manipulation techniques can be used to further enrich for a desired neural
cell type.

[0046] These precursor and differentiated neural cells can be used for a number of
applications, including therapeutic and experimental applications, as well as in vifro drug
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ability to nodul ate the function of neuronal cells. Ceneration of precursor
and differentj ral cells such as dopam nergic and seraotonergic
neurons, as %P?B@gsﬂg?her speci al i zed neuronal cell typesp, 5??1%?’%?5 pot ent
stemcells offers a potentially wunlimted supply of these neurons, with

t renendous dpedl@idn®nd&i@hide, fiithial dbrééritpod SomySthi $6r Hatral Eélmosiﬁktylom?eé i ng

neur odegenerati ve di sorders ‘and neuronal di seases. The precursor an

di fferenti ab¥fy feupedulge the fyadion pbacwenrdi ¢ellsr e Geppratien of pre@Ier ogdiny of
the cel!l Rebiifalddmdtld Bollisidh 49 83paltilcReitlGha EidianBidih hOGKAR QL Grelf 4 haVe
t popul a

essentially the sanme genone as e pare o, Inclhuding a parent
popul at i on otheatspérializbd maurogs neelli typés, froad plaripotentt stem sfells wifdrs © potentiailf ect ed.

10047] One e di nent, of, the present .disclosure is directed to.nproved
net ho]ds fopputégﬁaeﬁg?qﬁ}ﬁd)fn% oﬁ"’é‘“f’}sor“ﬁ‘ I‘iﬁ?q“ﬁ%f"é’n?o@? beefitsto ’&F’é’ﬂ%l y
primat e enuffeiieC fibincdetili@ling @elrbegefieritive @b d&H hY OtufondE difedsty TR | S,

t hat have characterjstics_of mdbrain neurons, such as dopam ner

neur ons. ARBICHEPT E%ﬁ?ﬁ?@h@teq reugnl (celés deseribgd hepsrore typically Higquogesy Ogé%‘er ating
neur ons 1 o BuplikBA 0k ShEFUGS! Wero BHiFLe AP derlibl BhiPndve &eliliflyy B PYiMate

EG cel | s, ve characteri CS O al N neurons, suc
ser ot oner gisame rgenoa s thh earent pendaties, oehidingos pafent gbpudationathac has beenused i n

t hese net hods_ . ar St referably h n, ES cells or EG cells. These neurons
are deri ve&e?%ﬂﬁb%?dpg ?@?@%‘aﬁﬁ@' by culturing the cells in the
resence of tain sol.uble fagtors and. envi ronpental . conditions. [ 00431 As
5sed her ei rmoc"ﬁe t erﬁmli‘i’glﬂ'ﬁ?ﬂt ﬂﬁh’ﬁ?&“ﬂﬁg}sﬁﬁg‘misﬁﬁc&? W@G?‘E?ﬂé’f‘g]l‘@ﬁlfé' whi ch
expr ess tyigefdritthgMetiods Yoas plufipbiiat stdhe cdlR] Frefetdbly pritdate REBRnicers QRS N

synthesis. Preferably dopam nergi c_neurons secrete the neurotransmtter

dopani ne, &A% REWEE embryegic germe (BE) sails rthesr hawspeherastaristics, of mydipains o
Dopam ner gi 1 | ' biaNRLMAL € ' S 10 o and
neocort ex, &N ﬁérgesgﬁggé P% t ﬁeerglgnt ra?g'm‘&(ﬁlg{rﬁgﬁ E]ﬁj{)%(g%ltﬁﬂ]elﬁ dh\j!\?lteﬁto?eﬁ?errsg%d ot her
cl asses of methodsfer genetatiog nepromst Hom pbuipotest stéoealtd, peaferably peimatnES cellse
specifically l.ocat i he,substanti.a.nigra .of . mdbrain,,and contr ol

post ur al ré’¥ pgg@%, Egﬁﬁ@%mﬁﬂmvea rarcfgzﬁgt}ca_ogilgngjag{ 'é%“?f’éh%b@?gmﬁﬂggfcoss of
normal  f UnGlei@fg Thél pRAEICTES BIR IBE 0B th&Tdh bS ukéll MAhkdeMBANOE 4 fREse, and
their abnormal function has been associated with_ schizophrenia and drug

addi cti on. prefergblydumap &Scells spEGicsie r Hhese noveans grrsderived Epmyplusipotent s€myhi ch

ISD ‘é%_/r ?Egogz%ﬁ%gﬁlﬁﬁﬁﬁ%é tals RhOpRMnle bPrerthih WAL Y28 dd’ nvironmental

conditions,

( [0048]  Asused herein, the term “dopaminergic neurons™ refer to neuronal cells which
express tyrosine hydroxylase (TH), the rate-limiting enzyme for dopamine synthesis.
Preferably dopaminergic neurons secrete the neurotransmitter dopamine, and have little
or no expression of dopamine-B-hydroxylase. Dopaminergic neurons in vivo innervate
the striatum, limbic system, and neocortex, and reside in the ventral midbrain together
with several other classes of neurons including motor neurons. Dopaminergic neurons
are specifically located in the substantia nigra of midbrain, and control postural reflexes,
movement, and reward-associated behaviors. The loss of normal functional
dopaminergic neurons results in Parkinson’s disease, and their abnormal function has
been associated with schizophrenia and drug addiction. As used herein, “serotonergic

neurons” refer to neurons which secrete the neurotransmitter serotomin (3-
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hydr oxytryptam ne). Serotonergic neurons typically have a slow, rhythmc
pattern of firing and are concentrated in vivo in the ventral and

ventrol at er al ‘2%% %13701‘ t he bindbrain and innervate nost [%arts of the
central nervo 3/8 fiincluding the cerebral cortex, |i METABEYPURS ang
spi nal cord. These neurons control |evels of awareness, arousal, behavior

and food i pydk no S r G S,Hﬁﬂ en
| i nked to aggre55| on, ﬂ?ep?ﬁ???%r%i&%éﬁg&ﬁgﬁ %g?%aﬁ% behavi OQ?R d‘He
schi zophr eANAg andaye gpnopntsated @mmmwwunévwowml@smmfmﬂpmmm net hods

vl | s i i SinkRie Rl 3! fithe SLEM BolvkE: Hlch BENR P8Rl Sotim °°
phenot ypi climbid mtdnarandaspaﬂabrcomel u‘hésarne(uoﬁmbmaémst bf awarefidsk,asrotigal,cel | s of
neural lin e. Th ﬁ te% em cells can _be human ES ceIIs and t he
di fferenti E‘?ar%ﬂmﬁ a‘g ‘g a3k fstien of S?F@Yﬂ“&‘i%" Beurans, hasobrengi c

neur ons. THekda't6% sfhnsegﬂ&%ﬁ (ﬁblﬁ&mﬁ%@iﬁﬂ%eﬁﬁnﬁg a%] mm fifehia. POPuUl ati ons

produced by the I sclosed nethods. In certain e I ment e di scl osed
met hods copgygdpe i %B&h{ QUL136rS i€ Rifrectdd téb‘uﬁgﬁ%@trdcﬁﬁd fofPli &Efeﬁﬁ’&tﬁgt stem
cells are Isolated, | uripotent stem cel are prefera

cells deri Pblupqtgnhgtem r¢9k15elmtb amom‘hgemtmroneltsecah nweilieas into 'mdlﬁ‘ﬂrmﬂnamdt ent

t |l f start t Th
ol ur pot enPORFuAC AR S0l QY hBRE Yoo BoBRlvefton el ehc, 0T o ks o

bodi es. ;1. cﬂanmtarshcysimdaﬂxgdeﬁfofareerag Emdagé em@lmﬁaosembabmaiella? aemctaﬁlhmhat ed in
a serumfr ch selects . fq roprogenitor cells that are
positive f Eg Cﬁgg ‘Em%mﬁﬂ'&%% terd neyeal cpl g agggerglgrqeg@ng 8* FEEYPBRTECan
enriched paahal iTHR ﬂ?éseﬁﬁiticﬁ)sﬁt%sa!sb'rglﬁtes fc%ell@'gﬁi\éell?po Diafddsprodivkd by theand/ or

NCAM posi tive neuroprogenitor cells are expanded i'n an expansi on medi um
whi ch conpfisgleseds g eﬂ‘lS’Idé f e epitain r ambedingentsy the ediprbased imetherdss camprise. the

Nest i n- pos k1loWin NCAM posi tive neuroprogenitor cells are

dlfferentlat ed nto rrature neurons i n Neurobasal nedium which conprises a

20041 081172 Aot/ R FacTShRRSiehuh S e BB Rl el e 88

preferably human ES cells derived using a novel laser ablation technique.

-

(() ()

2. 'The pluripotent stem cells are expanded to provide sufficient starting material.

3. The pluripotent stem cells are cultured in suspension to generate embryoid
bodies.

4. The embryoid bodies are replated on a substrate and incubated in a serum-free

( medium which selects for neuroprogenitor cells that are positive for nestin.

5. Nestin-positive cells are sorted to isolate an enriched population of cells positive
for NCAM. ‘

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

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

soluble factors related to the nervous system.
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[ 0051] The net hods di scl osed herein for the differentiation of cells of
neural |ineaggyg kdos, ripotent stein cells involve the use of specific
cul ture condi ?Yons,mv%ﬁjlngh direct differentiation of a ren®BCKEBIP4/Pl1gHs
proportion of pluripotent stemcells into specific neuronal cell types,

Pl uri pot en m ﬁ 2 !?—'ﬁ“v !f rgﬁwre-en‘oryoni c, enbryonic, or fetal
tissues an@lﬂtﬁbﬁe luL@es if 2 %g ; ch, under the appropriate

condi tions | ifferentiate intq.several djfferent 1 types
that are altBiE, ; WeSupbofodngliodh i’ B fisheofafimtlerly o st Sosedng

ect oder m) . fioal plaripbtemestérlcells Mwalge tramsefSPeddfc BB BshditidnsMvalcRMies | S
I ssue that, have the capacity to differentiate

isolated fromfetal or adult é S - [ €
or be " epfutTeiten Ph@crerereslydreh giapattion ¢fealwénotet sienp eellsrintos sresificel | s
e o UEBOARIgN P, ABTER g5kl S 8 e 10

primate or human ES Cells and EG cel T ated
pl uri pot ener ftdHsguss| any tiameaften dertilipaions whicly under thd epprogige ebiditomns; ere

to a procodbie faitbithft inErel BT RBEE S cnek L RE deti BEFT 8 BRCRemLr cor o
celI's acqlayers (endodesen, syesodarin) Zreicectorlten). Fells oR Al dinedgediah AR6 0B UEktedd cel |
(T ssue [ 0BEH S ool lselier B EibOATHL esHo e bES e faPactiiia HGTERE i nes
used herei Be %ﬁo%ﬁﬁﬁea%ofcemﬂﬂeﬁmi BGEe. C PhiipHRESsth cals%laﬁ&&gatsa&e ndihese

bl astocysts may be isolated from recovered In vivo fertilize
prei npl ant simited te manynaliandiS eelloandi BG wells; prefesably iprimats emhumaurds celisomndexanpl e

enbryos fertd | ized V, | o I ' i on,. | Nntraeyt opl asm G._sperm

i nj ecti on, IE?P LJé(%l(zﬁgiol %}sé%r%?gn@%lrn& ff#é%%ﬂé’@é%@tsﬁg&aﬁegs Yea%?eﬁg%"ﬁta’ coupl es
or donors divMide andl proliferaté indefiuriteleint dudtine. SAN e Sei) theoterm THiffegen@intisn’os ar e
used for research ur poses .after..acquiring witten and vol untar nsent
fromthese™ S'ﬁﬁf’easp’gf:e%dﬁlﬁr%b.y “niﬁeé‘?‘nﬂ'ﬁ'iep\}@ ROt é@f“oﬁ‘{i]ét‘g H’F‘Eﬁ}mi%glﬂé i ved by
transfer ohcqui®QRreGpécilize® ate Hok eXintll€ UifitbiRiatcdbel RoCA Sin8HpO Apidhe Of
human or non-human origin, which is then stinulated to develop™ to the

bl ast ocyst isehageteriytieofi pasticylay selktype ettisfeyy al so have been cryopreserved, or
result fromenbryos which were cryopreserved at an earlier stage and

al | oned t o [@¥21i nda a prefared cambpdineenty the BiSacelle and (ESs eedlybinesritsed diereith are

devel ty hathe bl i | Wi
cocor o He8lsd IR sl iind AR RALY O s ARAAC THW NS sO TR iftdba KO
17 VO 20044€B4dré® iPG¥s TRANRA/pHahkftatifDRRYoRr frotmeinoitrd funtilivafith GVF),s may be

derived fr %? gxag'lp eS tel%% Sog tjél%ix:rz]gi gjtf %ngvaegt?ona] insemination, intracytoplasmic sperm

{ injection, or coplasm transfer. Human blastocysis are obtained from couples or donors
who voluntarily donate their surplus embryos. These embryos are used for research
purposes after acquiring written and voluntary consent from these couples or donors.
Alternatively, blastocysts may be derived by transfer of a somatic cell or cell nucleus into
an enucleated oocyte of human or non-human origin, which is then stimulated to develop
to the blastocyst stage. The blastocysts used may also have been cryopreserved, or result
from embryos which were cryopreserved at an earlier stage and allowed to continue to
develop into a blastocyst stage embryo. The development of both the blastocyst and the
inner cell mass will vary according to the species, and are well known to those of skill in
the art.
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inununosurgery t echni ques as disclosed in U S Patent Nos. 5,843,780 and

6, 200, 806, ﬁ%q)% qg,g (Sci ence 282:1145-1147, 1998) and Reubinoff et at
(Nat ure Bi ot et 81%99- 403, 2000), each specifical ly i ndSTABIRMAU40er i n
by reference. Although ES cells derived in any nunber of the ways known to

one of ski [gosB] tM@éopﬁﬂnQpEgm E ﬁm\gﬂsﬁ‘dﬁﬁ%ﬁsﬁﬁﬁgﬁwﬁg S&nggrﬁferred

enbodi nent uses human ES cells derive y a uni que I"aser “abl ati on
(U.S. Seri SnmNgosurgeryteehmiques aspbs;ﬂdsad:m UyS.i Pabent PNosa§, 843,780 end 61200,806,

el erence) sy bl lle TIRIDN | 0P) 2567 S5 AR o (e igElL] s ©f
t r ophect od&8:A9%#03, 2600 mh@pgd;ﬁcallymb bratddﬂﬁﬁeuﬁﬁy AfeEndel AlMbudhESAR t he

bl ast ocyst ,t hr qugh WhIC ‘Jt‘hs of H}le i nner ce mass can be aspi rat ed.
These cel | é%"&ﬁ’?ﬁ%“ & VY KRR 19 @sﬂéﬂﬁim G asanderused Aede  Thi s

t echni que Hﬁcl@@bd&ﬁéﬁ@(ﬁousprbﬁﬁ@dl%ﬁbb&mﬁhﬂ@é@hﬁl‘ﬁﬁn'liﬁ%eﬂk' ersl(;)fng' waf the

i nner cell mass without under goi n%[t he conventi ona pr cedure of

i munosur ggethod jof laserriatiop {U. S 8exd | o Ilpﬁ%w]ersm@ﬁ@llymrmramﬁ kereindini que,

in particu | n f any
ani mal genléé?%tﬁ% ant Fﬁodl eésnlfh%ﬁghéorla@@%ﬁ%ﬁ%eﬁﬁngzcgg nﬁaﬁg 0? sgﬂg %
transmni ssi ﬂ'mough lager alelhtion of mivesf the zoﬁaqoeﬁﬁndmhﬂd ﬂrmpheaoddm oféth@b]laﬁ:bcyst
enbodi nent an EG cells ar

di
col s, pr os WACH TR fPerte-ft i B e gt ot ool ordhe 99 o™ "

Shanbl ot t ﬁiassaéan be kgfifated”rTHese 06k lcan the@ Be fubier mﬂﬁ&d 195:t4RER BzS1RT Hhes. each
speci fi cal l[;él I ncorporated herein by reference). [00541 Preferably, ES cell

lines can BBisHashYIgNE inadyantagenue Peeause it aHows dheriselpiaon ofqells of thednperfcsH

r ol onged nor mal
upl o1 d kafiast Tt phdcEving B ofiRHRUA A berdio ofBiore B dmBbdMbAiel), 3n 0T 10
nucl eus t adthtycm; HSacsih line gamratg} mmmﬂ;m techmiduepini partaouthr dzmmpm@ﬂ aet|limey,

formati on, e nct C borders and,col at_ar ften
tPatrer thath e SuAEE in dhd ebite OF s Wil | endba RUBNRS 'f“téf which

| MTuNoOr eac hiivigyixds tthe fBK Kﬂ‘r@x fteinsiRisBBA oFl ddimhd) GhRATbed: 0 GRS Es,ceﬁqmes exanpl e
SSEA- 3, SSEA-4, GCTM 2 antlgen and TRA 1-60, as descri bed by Thonmson et
al . (1998) anqtesrismyheriment, hyman( BGslls amused ﬂ@harmﬁémgg@p Hﬂagﬁﬁn
speci fi cal Ly pﬂr@&ﬂf ﬁ’ﬂqa\ﬁ?aﬁdfeﬁ? aggursefaaeart@& 6 (0S20L Y Shdnft ES

cells al so express I ne tase, as wel In other
enmbodi ment 3998 BraenNES Acad) SclaU&\aQﬂ @m&lﬁﬁlmr&mpcqummatan
non- adheregt E%{Jfﬁt‘%’i'e conditions (U S. Patent No. 6,602,711, 18 WO
2004/ 08117 004/ 001246

[0054]  Preferably, ES cell lines can be maintained in culture in an undifferentiated

( _
state for a prolonged period of time, for example over one year, and maintain a normal

euploid karyotype. Human ES cells may be morphologically identified by high nucleus
to cytoplasm ratios, prominent nucleoli, and compact colony formation, with often
distinct cell borders and colonies that are often flatter than mouse ES cells. Human ES
cells are also preferably immunoreactive with markers for human pluripotent ES cells, for
example SSEA-3, SSEA-4, GCTM-2 antigen, and TRA 1-60, as described by Thomson
et al. (1998), Reubinoff et al. (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, human ES cells are able to form
embryoid bodies under non-adherent culture conditions (U.S. Patent No. 6,602,711,
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I ncorporated herein by reference). These enbryoid bodi es can be used to
derive di ffqgéntiﬁt eg derivatives of the endoderm nesoderm and ectoderm
germ | ayers, WOP17%5 ot her desired cell |ineages. (0036TIBIG#PH6Nt
stemcells, particularly human ES or EG cells, can be propagated
cont i nuous|ntorae®sd Gk khyi O h | 14, 34 l, N3 A
subst anti al | fé:ﬂ undi Iﬁ f ﬁ_ﬁ?iﬁ%@t a?gl.e IBE%BI?:‘ggIdsI’(r?rdﬁéskt E%:bESI&IGE attI3 dae%lve
appr opr i at diffeentiaigd detivafivesef thepndederd, mesaficys,cunil zctederargermuliyem, mswell whi | e
frequentl| yf&ﬁ%&%}é&ehﬁﬁeégéét ure mediumto prevent themfrom

r

differentiating. For gene ‘techni ques relating to cell culture and

cul turing el s, cLiptigner,.gan ref t t andar d text bopks and
revi ews, f drﬁgg anppﬁ%qﬁog&gt&ﬁé%@%%ﬁyﬁwﬂﬁgeéﬁgﬁ%ﬁﬁ@a cprmgni c stem
cel I's: A peantinuously apydeoathireeonditionk theY egdinthihd thel 98%; ifriua anlstAwtialips, 1997,
Cun. Opin. Bj.ot echno] . 8(%%:148-53' Kitano, 1991, Biotechnology 17:73-106;
Spi er, 199Yndifgreptiated state. BS cellanpssibe kopt 3t a1 apyropriate gl daprity Apd rapsetadly 1990,

Bi opr ocess gikgfeliéd andlfib whi &%}n ' e%ﬁﬂﬂ

19(10):971-4; and afebko@agﬁ?%gyh%%ﬁumoyl?x%a cegrtwgwglﬁgﬁop . gégrggerst each
speci fi cal thym fromolifferentiatingh dioe igenepal techngneswelating co s¢lll cuttuseipnd odbiring,  ES

[ 1 I ' ' I f . | Feed [ 1
Cayers. ar ety SEith M brleduonliiidh MEO Pt Sl BRORTIGHE, fof aiiE Bl o | and
pr gvi de anRebcgts?mnﬁ%mOdamimmmnHIambﬁﬁniaekehﬁcleﬂay{ gfa@ttcgz\fapgf}?u&h”wﬂ]gmgoi ng
substanti a Lffereptiatiqn, et or turin n_f eeder
I ;yer s ar eI) st ILt‘I< n%’&ﬂ I'Iﬂai @ﬂd&%ﬁggil I:‘Im"i ﬁfl’IPth"é"rcgm(%U.sésﬂﬁg'tsghI{‘m.

5,843, 780 a0 BigRGuBRy MOPRI2APAL, 1991 SCueOb@) Bidhnol02!57301903 4frcand

09/ 849, 022, WD 01/ 51616, each specifically incorporated herein by
r ef er ence) andrisatheang 4990, BieprogsseTechapl. 028 HTB:eXu ef ahi K10l sNap Bigtechpoht s

differenti f 4. . degnil iGalday iC
fibrobl astf%cégg%ﬁf’gégrl%%disﬁ %%?”%%Iﬁ%xﬁeﬁ'?oug Mgfsﬁgidgfe%grsﬁée%éﬁ‘% e nouse
enbr yoni ¢ inchrpotrtedsherein hy neferemezbr yoni c fi brobl asts, human fi brobl ast-1ike
cells or mesenchymal cells derived from human enbryonic stem cells, or STO

cells. [OOHMS6ES Grddisommily, BS eélbsrabdlbyltred inuES thedinnt drea fayes ehfvedarfcell§ nedi um
whi ch reduge i.ahi bits, o events the differentjation.of the ES.cells.
Pref or bl y Fower sliargm s el Bf GH Birbe e 1B 18 Pt VOGRS Gl B &
nutrient sgfoiife dnCenvRy@AG 1 FhithHTES leelfOmsirolawilitbut Ghdbkgdiiy substansalppl i es
nutrients effective for maintaining the growth and viability of 19 WO
2004/ 0811 7 differentiationy oMethods fog culturing ES cells on feeder layers are well known to those
of skill in the art (U.S. Patent Nos. 5,843,780 and 6,200,806, WO 99/20741, U.S. Serial
( Nos. 09/530,346 and 09/849,022, WO 01/51616, each specifically incorporated herein by
‘ reference). The feeder layer preferably reduces, inhibits, or prevents differentiation of ES
cells. Feeder layers are typically an embryonic fibroblast feeder layer of either human or

mouse origin, for example mouse embryonic. fibroblasts, human embryonic fibroblasts,

human fibroblast-like cells or mesenchymal cells derived from human embryonic stem
cells, or STO cells.

{0057]  ES cells are preferably cultured in the presence of ES medium, which reduces,
inhibits, or prevents the differentiation of the ES cells. Preferably, ES medium used to
culture BS 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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ES cells. The nutrient serum may be animal serum such as fetal bovine serum
(FBS) or fe f serum (FCS) (U. S. Patent Nos. 5,453,357, 5,670,372, and
5, 690, 296, Rﬁé&&"gg?lﬂ%ad herein by reference). The ES nedi Gﬂm"ﬁq’%‘lf be
serumfree (WO 98/30679, WO 01/66697, U.S. Serial No. 09/ 522,030, each

speci fical gy cbmhcormﬁé‘nﬂseﬂ&mhﬁbbm fs:?f@g&%abecco R mD htgabl e ES

mediumwi th serumfor culturin agles
medi um ( DVEEtRL, calf tseom  E6®) utl. §er@t¢at Noswi 5,453, 357gr5 @zowaasendoﬁ,ﬁe@m%?o 90%

(40, SRRSO S 0 B8R0 55 iy, s oL RERoL.

fi br obl ast 9%/3e5%h Wadlldﬁ669‘hFGlS) Seﬁm anm/;smwzn | dabin sp&Rfichlly rihcdtporapaoNy Ci N,

o7 um fr cch B8 TR AD PG CuebiFS atcplunkimfy bt RASEIOTESN Boc oo’ <
modi fi ed Eaglsgs s)ulmsb'yiﬁoﬁm&"ﬁagfe@% (ﬁ%@l\%ﬁ%&% soﬁﬁnﬁ %yﬁl%fé”\withee

repl acenent, 43 BCO), [t3 ner capt oet hanol , hon-essential amno acids

(1%, and highiglucass eratent (F3-90% @poﬁswplehmmw@@s peFCH I(113€%), fader

t oador 1 r crefopiobhEd R0 i) o A Uhing Bigf Uoh) phd - Cpieiing 2 ot B o)
No. 2002/ 0872 68sic HErobRiDZOAAD faclor HFGH, §000)/m¥Gpenib i 30, (D941 stespedinycin,

specifically, i ncar orat\t ed herein by r @erence ES cells in a feeder-free

ulture ar@? J-ekesia ihibitory facton HLIE). céﬂltea?@P@Lﬂf%lﬁf’éﬂ?esef%Tﬁ'eéxarrpl e
an_extr acell Uhauliok ki Bs @ W Bhi09 4k OLBCBHBE. Bl HSRRY kol am i .

Feeder-free cultures also prefera use con i oned nediumto s pport t he
growt h of medivel M@dﬁﬁ@@hé@%ﬁm&@m&immm réplacenent, GIBGO), f-i r st

popul ati on r S 0 oni c

f| br obl astm(glt %%Olwigiﬁ}h%? eé's%ﬂ:la? ﬁ?@&)ﬁ deth?mnngeltr%l%roduce
"condi tion di [l tur| S Cc t hout

subst ant i aﬁﬁ %ﬂmf eErgergn\tmﬁI&o 0 %‘i“@ﬁ‘%gt“f% e{h FQ Fléo M%\rge can

conbi ne anfe@xultadey ESicalls ied febder-fitk chlt@e aﬁ!f‘fvﬁplﬂhdﬁﬁl 1oetloderoftskil ini the aftded

Publ | No. - Bosatunh Sao20 8ot i) 33iebio s osenid Son 1005084 ebfce)

[ 0059] Premmwu%rﬂmte&%&ﬁﬁ trferefd)! SES ARfO1n hsmmemuuﬁfep%ent stem
cells may be expanded and then subjected'to culture conditions mhlch causes

t hem to di prefarahly geoma 9ma Britable colgrre grbairate forcaxample angxtrpgellpiapmeatsixs sucho WO
2004/ 081174, Mée% Qﬁéét&q %ﬁ%ﬂson) or laminin. Feeder-free cultures also preferably use

conditioned medium to support the growth of ES cells., Conditioned medium is prepared

by culturing a first population of either murine embryonic fibroblasts or human
embryonic fibroblast cells in a medium for a sufficient period of time to produce
“conditioned” medium which will support the culturing of ES cells without substantial
differentiation. Alternatively, the feeder-free culture can combine an extracellular matrix
with an effective medium that is added fresh to the culture without being conditioned by
another cell type (U.S. Publ. No. 2003/0017589, specifically incorporated herein by

reference).

[0059] Preparation of Nenroprogenitor Cells

[0060]  Isolated pluripotent stem cells may be expanded and then subjected to culture
conditions which causes them to differentiate into neuroprogenitor cells. For pluripotent
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stemcells to advance along the neural differentiation pathway, the cells
are cultured ﬁ to differentiation protocols disclgsed herein. The
pl uri pot ent s‘?g%&g@ 1zgare cultured on a suitable substrﬁcﬁ?ﬁoogoou“
differentiation nutrient nediumwhich contains differentiation agents such

25, 501 Ubl esfodCtals o dats Wik R 51eRP citfobdBle paNS) b SSs WChilR Ot ar e

not limted to solid surfaces coated Wt oSl tive- or exanpl e
pol y- L- | ysPererding b Hiffsrentiatiomprotacalsstisciased hereint eThenplutipetettr sae(celld are mat ri x

conponent s f LB GLing.ham.nkn, qr. tri.gel or a

conbi nat i oﬁul t gdr Sg?g@%g%eeéﬁggﬁgd% % & eeﬁetm@ﬁnoﬁ&ﬂfﬂwf?gcqgmnéachn‘?n% t hose
t hat suppodifferéntiatporobgdnes sutch s, sotlibld &crnd bd pmmth faotets.S Wwitabial subdtratiesi r ed
neural cell pes, and, m i,ncl ude ope or re.suitable_ differentiation
agents. As “lﬁ’b@ﬁ%‘f&?‘@i 10t T’?‘ﬁ@d {2 rsﬁ%h‘f W‘g@t"ﬁ@' a peyidyeschatgepfasteamBlet hat
bind 1O T eSERLIONRinG for pafyofiibines Wilsftls Wbl Wil eRbAdIMildr BRI donfilonBiil,| vali ng

cel lular proliferation and differentiation. Suitabl e sol ubl e Tactors

i ncl ude buforagxampis fibropectiag lamining erMatrige®j s a cpmbinpting thereafin Brsférredact or s,
grow h fac I.akd: I ) T | Ldam.! TG (i
Super fam | 9&2%%1}11 ?dé‘{iﬁhﬁg% r‘g%dr“g]g% ;1?% ac ﬁ%ért g}lﬂja? ﬁtt tlhg ﬁ "3‘{{%{?@'&8 "adﬁfferenua&n,

neur ot r ansand tservival axfddesired ineatal fcall tiypes, ahinyays dhakindee ofi@ ok OhSreantitabidi t €

Wi e ot hefiEERt G aftes At Uselihefeit e Pt edos b maienane
di fferenti afndofe Agestes éd@le SEHPGlffAceawltl tBOGARLADfeshit Liladivai@NbiRAdon  Of
neuronal cell types include but are not |imted to progesterone, putrescine,

| aminin, Preiferation addiffesentistion; (Switable soluble fagters incduder it jare nafdimitediedgenog
(SHH), noggi Ll Sttt bdd, pi t E,{gﬁﬁf t of
fibrobl ast gg‘?%ﬁ@%é??%%% gtreﬁeiegerr%@hf:w rfaa&%ﬁ_.(gff a5|t%:°nf| %‘rgqu‘%gt growt h
factor (bFEER SyperfantilyndGO+F Seperfamilyt agonistsaacwotrdphiGBictor§) antingidims,s of t he
neur ot rophi_n fam | nerve qro facto NGF neur.otrophin 3 (NI: 3),
neur otroghpﬁwﬁgﬁﬁﬁ%&’ ‘b"rdaf‘ﬁ"’l}’\é\“} ne %Vr%%‘?b&efﬁit?%rmgBﬂ{ﬁ—e) )Vérsatﬂe’ :

{

t r ansf or m s@gmulgtieytdiiufaa divisiortin(nliterous )diffdrér el }, Fechile loftwksark ioffic et a- 3

(TG (i3), platelet-derived growh factor (PDG--AA), insulin-like growth
factor (1 cRarfipulapesdyResr phogenic proteins (BWP-2, BWP-4), glial cell
derived neurotrophic factor (GDNF), retinoic _acid (R A), mdkine, ascorbic

aci d, di bul§A6f] cAwmable diffarentiation agents Gaherscifialleencprge tergifferegiationex with
e ums g Arageel SRl e elnde tul e A hapi b g Py LR i ™
cell's, for insubmsbdiumNglenite] tBasfemingineurtugs, spdchedgcho@ (SHH), noggin, follistatin,
epidermal growth factor (EGF), any type of fibroblast growth factor (for example FGF-4,
FGF-8, basic fibroblast growth factor (bFGF)), growth and differentiation factor 5 (GDF-

5), members of the neurotrophin family (nerve growth factor (NGF), neurotrophin 3 (NT-

3), neurotrophin 4 (NT-4), brain derived neurotropic factor (BDNF)), transforming
growth factor o (TGF- «), transforming growth factor beta-3 (TGF (33), 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), retinoic acid
(RA), midkine, ascorbic acid, dibutyryl cAMP, dopamine, and ligands to receptors that
complex with gp130 (e.g., LIF, CNTF, SCF, IL-11, and IL-6). Differentiation nutrient
mediums may also contain additives that help sustain cultures of neural cells, for example
N2 and B27 additives (Gibco).

{
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WO 2004/ 081172 PCT/ 1 B2004/ 001246 [0062] Pluripotent stemcells are first

i nduced to f% ﬁ@?{\rﬁ/oi d bodies. Enbryoid bodies are plated directly onto a
suitabl e subsYPd Y% or without an extracel lul ar matri @CTABAPAIAES such
as fibronectin or lamnin, and cultured in a suitable differentiation

hutrient 621N 2ORRHRknt Sei! RIP A fHsd ﬁ&ﬁc%&&% %1'1110&111}1'2&8[{@8%&.0 dliyt of
cells, such as nestin-positive neuroprogenitor ce . stint1s cel |
mar ker chabedieseare plated diecthpontap suitablscubsitateswitle bt withouh am exdtaceliulermaidi nent |

the plurip cel . f | rst .aggregat.ed . into et erogeneous cel |
popul at i ong gﬁttms% %nﬁ?rfglécgmb%rdlﬁ%’é@g’f 8‘?‘989@5% & Byguﬁ%lﬁ?a t‘ﬁﬁ?rg‘bm?‘ﬁﬁ

pl uri pot entutsertrmeditthsadapted e profsote diffeldneistonCiatd Seubdbfogefiteruddlly £@hiag
nutrient nediumw th or w thout er&m,as wel| as with one or nore of the
di f f er ent i BFPBPOSIFER nEuroprogenigr &E‘f)‘?\'/e, &3t 1réh At maker charastenistici fogralcel I's in

the enbryop@dcliest @8lls. A% 4o BRb&iRent, &@E@gm&}'}ggmr% | grelngl .%ﬁegaeﬁer to an

aggregation of differentiated cells gene uripote temcells
are grown intp subgemegensaus ¢ell (popylation by dogmiogy Gmbrynid dlodigs,r for cexamplee by

coll 3 proPanihe TR RR (e SE AR RG-SRl Bn Hh bt st BN o

endoder m mBdibmywitl obwithes semypmi, aswel as with ahe ocmbiesofdiny ditferbnfistivm «pehts t hr ee

| t od d d ) e h nbr yoi d
Dodtes. 1 el GRS o Hhom R TR of RS e emty il R A 0 PR col |
types, suctheagmiTeuiteyiad boditd SefeROMBEPIRBARNIOf dfftdnSated béllen&ialel SvheaNd

cardiac nuscle cells. Sonme cells in mature enbryoid bodi es can behave
funct i onal PYHIPORR §tews eslls e grawn da| Juspensigp @itaTep (o  OVERELW R CHPRRIAYET nuscl e

cells can Gaps& BRb Yadish ﬂ%ﬁsbcﬁaﬁggﬁcﬁﬁ&eﬁ@&ﬁ &R ?ﬂéé g%r]géaﬁgﬁro?nt i ation

of pluripotent stemcells Is contro So that speci types can be
obt ai ned f eallst h&refprablyi thip nggregation pDeeBs isTveremied, by dptioitive sersloderoul t ur ed

until they,reach. suf.ficient size. or.desir di f£ferentiation, for exanple
after 3 10PmoRL POl afahy o on® SRy ol G bttt oBhaFLrab |

t he subst r fiesodefin @ad tefdbdetth h € xianae Gluindh @fmbriRid bodie) e pessitde td dizkerdi ng but
not i m'tec{ to poly-Il-lysine, poly-l-ornithine, |anjnjn, collagen
fibronecti Fells ‘Fﬁg’_é‘F“(kF‘)'s, of Jrarionsyseli tiRes Wk as H@’F‘é‘_&ﬁ celsy mof“?%n%nbr yoi d
bodi es ar ej;plakfd o€ %%idtcﬁn&@fe%eﬁ@es%rﬁé’@éﬁsri@hﬁu% EMBHbidicIRG A Behdvee cells.

The enbryoi d bodies are then cultured under conditions to encourage further
di f f er ent i Amictienally likn diffirentiated selly. sForfezamplg.aaetivecardia¢ mgsale cqllsesn icapse

sel ection) f ' ' | ect] L-:Qosi tive
ol s, npa Fold S Bt TRelHBI e st s O bitadill ST hIL 8

neur oepi t hedriteolted By thbiespadifiy cell types cas bt sbtained foe kleedpedtid prpozest i n- posi ti ve

C@I | s over a period of 5-16 days. Preferably, the

[0063] The embryoid bodies are cultured until they reach sufficient size or desired
differentiation, for example after 3-10 days of culture, and then plated onto a substrate.
Preferably the substrate is coated with extracellular matrix components, including but not
limited to poly-l-lysine, poly-l-ornithine, laminin, collagen, fibronectin, Matrigel®, or
combinations thereof. Preferably the embryoid bodies are plated directly onto the
substrate without dispersing the cells. The embryoid bodies are then cultured under
conditions to encourage further differentiation of the plated cells, for example in ITSFn
(nestin selection) serum-free defined medium which is selective for nestin-positive cells.
Nestin is an intermediate filament protein expressed in the neuroepithelium. Preferably,
the cells are selected for nestin-positive cells over a period of 5-16 days. Preferably, the
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22 WD 2004/ 081172 PCT/1B2004/001246 | TSFn nmedi um used for expansi on of
nestin-positi | s DVEM F-12 supplemented wth one qor nore grow h
factors sel eé’i/(ga&?}ro%)ﬁ]ﬁt he group consisting of progesteron@FTﬂBEﬂO?’Q@Ef‘ne,
laminin, insulin, sodiumselenite, transferrin, bFGF, SHH EG-, FG-2, FG--
8, and BONFrSHf6dtim Uik 1 SPIRBANE AtinG Rk 0 DML £ Buc Rl dAfiGS
nestin-positive cells is subsequently éexpanded or sorted orPenri chment of
neural cel Fitidmeseromorepgtewth actarneragtedrfraint the rapl Consisti@Abf pmgasteroné,ace

o at of §aPap eyl AR PERd e MBI CL YR For giG i o

nesti n- posBiandBINWF| s are expanded in culture. In certain enbodinents, the
cells are sorted for NCAM positive cells by contacting the cells with an
anti body o[006#] garThis hettrogendas el WoAMtidhowhieliatcligest MRtiGppdfivd baily Rf the

specifically recogni zed ells usi a ,suitabl e i munq] ogj cal technjque such
as i munol §'§’é?ﬂ%ﬁ§%ﬁ§pﬂ r8s %T?Eeﬂ’gm?ﬂ. ‘?foPe“éﬂaﬁ‘di lqngmetesele
adsor pti on(NCAM)" FEABRCEIRCT NCAM Gis O blkrf20 tharRE: ClatfeRristic fof Méural cells.

i mmunocytochem stry for cell-surface markers, flow cytonmetry assays, or
magnetic SWAMygsitive gellavpandye satied dmmedinteliafter pestinspisitiverngliarselastsd: i ve
cells, inc ' P W] | I ' | at.l i -specific
| ysi s of cg%%%r?gﬁﬁg&g{eﬂ%@eggﬂs #gﬁngigééﬁang%%%% nﬁlq%étéﬂ%?neb oé\l?éﬁﬂ &kﬁi%m to
those of skéllsl are sottéd farr NCAMrppsitifeccelie by eminotingreret ells svith amgntitody or

hest i n- posi.t i ls, . f | CS, ' th | at i, f
Urabl o hestiEmi el bind  HGAVE R BpRel by hoesumition 20 3 SoroislBl rostem@ant y 1o
about 60% Bﬁfé)us?rﬁuﬂﬁlﬂé fhaihoogital dARGuS i 99 manslabeRss altl idREesRBhce t O

about 95% 99% [00651 In one enbodinent, the enbryoid bodies are generated
f r om humansEtngdor example solid phessadsprplion divosesemmeeraiivated el sotme AFAGE) e i n

ES coll5 o v reREsitedfiniy B Pl ZBl AR Ao e ey e S et

ES cells are dissocla clusters an In erent

pl ates to feltpdrting(MACS. dther methreds: fooisolatibg W& AMpoditive cellsh énchuigg br i at e

medi a preferahl ont ai.Ns | with high glucose.and is supple ted wth
10- 20% FCSP© Wé‘i‘;&stﬁp% 8??8%%&% AP sPeifice S{so"fiﬁgé‘st'f‘% fpgne Sl s 0 1 mw
2- mer capt odaastial, tedhriddes - gk Uivalln ewn 5@ {Hosd off skilbrih cthe |4, Angrefiradg/ N of

streptomycin, The enbryoi d bodies are preferably allowe grow fqQr 4-8
days, and cWhediments. sorbpg Jhey npgisrnositiye celly hteﬁ%lnﬁﬁ by E’ﬂ%éé.)tr g%ﬁ €coat ed

with 0.1% gehasidh dfViable nestin-positive cells expressing NCAM to about 40-70%, preferably
to about 60%-80%, more preferably to about 85%-90%, and most preferably to about
95%-99%.

=y

[0065] In one embodiment, the embryoid bodies are generated from human ES celis
by culturing the cells on a bacteriological plate in the absence of feeder cells in an
appropriate media. Preferably the human ES cells are dissociated into clusters and then
plated in non-adherent plates to facilitate the development of embryoid bodies. The
appropriate media preferably 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
2-mercaptoethanol, 2 mM L-glutamine, 50 U/ml of penicillin, and 50 ug/ml of
streptomycin. The embryoid bodies are preferably allowed to grow for 4-8 days, and
then the embryoid bodies are replated on a culture plate coated with 0.1% gelatin in
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23 WD 2004/ 081172 PCT/1B2004/ 001246 | TSFn serumfree medium for selection
of nestin-posgi.ii s. Preferably the ITSFn serumfre di. um caont ai ns
t he basal W%G%XMJ F-12 (1:1) or | NDM nmedi um  suppl e%éﬁ‘{}gaqulﬁ“t he
grow h factors insulin, sodiumselenite, transferrin, and fibronectin,

whi ch sel eetsrd Qrudfedel Redifaithi YectiGh ! GGk efgﬁi ment,
the nestin-positive cells are sor?cglght(gnﬁ%g%?%“é ilaglgsl' 21?%&?@&% p605| ive

cel | s. The sevamnirgsomidiimecontairisshe basab mediequBMEM: Bt dhdpdr IMDMeabdiumwhi ch

hel ps to i .percent a neuronrogenitor cells and. further

i nduces thg&sﬁen?%zﬁtésé]tq”ol&a HtE PG e HF ef"d ’a?ogﬂlnbhﬁﬁe&tﬁ’pw%% e‘?”;bly, t he
NCAM-  posi ffibsomect, wdichrselects Edruestth-gitive sellbst rat e which is precoated with
extracellular matrix conponents such as poly-1l-1lysine, poly-I-omthine,

| ami nin, c@dd6sphen Infa freferred einBodimvht, HieO@sin-positdle clliateairicdny NAGSERS .
Precoat i ng.oi cglﬂt[%rée di.she W'h@eﬁn xtracellular npatrix permts better
adhesi on ai'45F SYSAMPLRHES cflls- ¢ CAMrBosivencels gre sbsqauently expgndedsin pet t er
resul ts fogARRaRFH Bélss BE icRasd i loBtdFUdur | rdChifthet €d in
an expansi on nedi um fgsr exanpl e blef\%l\l'ﬂ@élgl%dfér#edl un%%ﬁ%ﬁre%élﬁtagg W tﬁ one or

nore gr owingueescthesescells|te adept mexgndiffersolintebpkanotypery BfefernblyctheNCAY-

putrescine, [l | L., iy enite, transfenin FGE,, SHH, EGF,
P 5, - For PR iR on,chftne ot SRR WHECHH, grfeoatel S BT i o be
?)ound by ancympearnentsc whahr as npudyriahyisiing poly-i-cmitieihé, elafdninh albllidens efibrerectitls

actors pr nt .Ln the expansi.on lum . contribute to the overal| .i ncrease
in the per&iﬁ’f‘%ﬂ@ 8% oot i ﬂFé‘?quaq)é?fﬂaimﬁr? Iﬁﬁlﬁqer@ﬁh?é“" M eeFasEdr onal
Precursor  geih:s pérehi Gefir atiﬁ@id;a%agrafféﬁﬁ&n BN SpiRGon mdia! &1l £C%ives

enbodi ments, the nestin-positive NCAM positive precursor cells are allowed
to prolif&ftarerepdis for dopaaipeigicrneusen deffrentiction. alBw ¢plls swe icaltirpd davaged for

at |l east thj . 4l at 4 | L0z e 1.{ hout any
| oss of di P#éérnélr?{]?g I on f°g§¥%’?#‘?§@%§2%&ﬂ% %Pé%h%@éﬂ%?@n%%ener gic
and Ser ot ogesvethefablors selactdd0G6M1 gblnp comsistipr of) prugesierons| prirepeiag damihiaccor di ng
to the nmethods di scl osed.herein .c t Ifferentiated. i hi gh
proportion 10, 300 S %VOWP¢%@>§§&M’ ]gcg‘gpzfg#‘é?é’r E&E%%@%sﬁ;ﬁ%ﬁ

ser ot oner giGFNEUrPNB; addNTIUI AhEEEN nbORvidld o GRNbAINAObY Ganyl pertid\Rér
differentiated into astrocytes and ol i,godendréocyt es. Pr efgr agl i33/ta,&ﬁt,he nesti n-

posi tive afREchImiNGARHDbeliaved thah digse yrdepsfasters Rresepisingthe ppEEcRediFBm 5- 60

days in a contribute to the overall increase in the percentage of neuronal cells and further induce

midbrain neuronal precursor cells to adopt the dopaminergic phenotype. In preferred
embodiments, the nestin-positive NCAM-positive precursor cells are allowed to

P

~ proliferate for 3-10 days. These cells can also be serially passaged for at least thirty
population doublings and frozen for further use without any loss of differentiation
potential.

[0067) Differentiation of Dopaminergic and Serotonergic Neurons

[0068]  The neuroprogenitor cells prepared according to the methods disclosed herein
can be further differentiated into high proportions of mature neurons, for example
dopaminergic neurons and serotonergic neurons. The neuroprogenitor cells can also be
further differentiated into astrocytes and oligodendrocytes. Preferably, the nestin-
positive and/or NCAM-positive neuroprogenitor cells are expanded from 5-60 days in a
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24 WD 2004/ 081172 PCT/ 1 B2004/ 001246 Neurobasal nedium which facilitates the
differentiation of the progenitor cells into termnally differentiated
neural cel | s 2W4P82 neurons. In a preferred enbodi ment FCTAB204QM248hasal
medi um (G bco) is supplemented with 10% FBS or FCS, B27, and one or rmre

wth f | gleligth NS
o put 1 | SCKGKRSSE, g VI KGR SRRSOl BOBERELI >

(GDNF) , t rigrminglbndifigraptioted n I pr mump @au(a@map;efm@rmmm, tge owt h

f act )
N?gcg{ y? E:I;E/s elaﬁgﬁgg@ﬂ tdcﬁbmi Sup fe?n Aorct glcﬁj}j FI#DQ' F%ﬁ'gj anﬁr?a‘elgf\'/P 4. In
a pr ef er r eslomrgrowihnfactors sbheteﬁ@éhpﬂha gftup EBAKi sk iof !iitéﬂﬁﬁmoﬂﬁ diutpERlief  the

following factors: Interleukin-1(i, db-cAMP, neurturin, SHE,

ascor bi c_adMF, (GBradMP) ghiaboelly demrqdar@@royppmcy&céqrr(é‘rDNﬁi nwifqmmg growth

L e
neur opr ogeatid, @DNEIHGFQ{EGB-&B] NF%rceﬁyEcﬁ&hr;e c-&ithigau, mmeﬁrucmgmes‘ BME-2,

le

neur opr ogenr m ner eurons, serqtonergic
neurons, (#MB eI]H P@rg‘rﬁa S OROAT IE‘?I% ?30%

35% 40% fré%bu ﬁéPéts 6qgfeer1aﬁc{a 150%-cmﬁ @ﬁﬁ@ &@’éx S35 e, 99% of
the cells. In a d| ion, one neural cell typé, for’ exa dopam nergl c

eurons, naspotbie geid, {BDNF, E(alf-Bf aneld\ldfamtyhrarstpmpu Eraadddtonoﬂlf&rdmetnmrmaﬁbed neur al

munol abcrP i vidPAE shite o" 7ot e Mogp b8 sl e BitGrboion

adsor pt i onproﬁfé%pnj\ai%theﬂtﬂeﬁéwoﬂmmtoﬂdens one preferred errbodr ment, the
i mmunosorted enriched popul ati on of NCAM positive cells are expanded and

di fferent i moes} i NPREGELIPS h Migh ﬁeaneaggrdfrmgnémog@ta; béighifferehtied imge (about
6099 of dopam nergi c neurons. [0070] Uses fqgr Neuronroeenitor Cells and

Di f f er ent | $RRSHUNGESIF CUIORS, | SETOtQssTElS neﬁeuﬁq@apbmdsg@ﬁw% Uefamplengt least

di fferentiglogthaepUss%h, ekl Hodemer, 430 sb%f 659 60%; &% TOBA, U158, RO, 855,
astrocytes, and ol igodendr ocytgﬁﬁ can utilized for various applications,

such as t h80%p85%i ©ra9i¥hi efatlicosslls. afn \néqhtlorasoneoneurﬂ o¢lk typeaderc sxampple and

R e L e S T

expr essi oncdllsthvanethsdd welhkabwya ¢o tHoee OEKI{JH&ﬁSﬂnSDm't [sath as nmrnmﬁolalhahag anél | s, as

mar kers. § ofberReRsEsOT iR o eeepe sHelapas Rergot FCRg HEACS g o fke”EC! 1€ 1O

one preferred embodiment, the immunosorted enriched population of NCAM-positive

cells are expanded and differentiated in appropriate media giving rise to a high

percentage (about 60%) of dopaminergic neurons.

[0070] Uses for Neuroprogenitor Cells and Differentiated Neuiral Cells

[0071) The neuroprogenitor cells and differentiated neural cells described herein
(e.g., mature neurons, astrocytes, and oligodendrocytes) can be utilized for various
applications, such as therapeutic applications, as well as for in vitro assessment and
screening of various compounds such as small molecule drugs for their effects on these
cells. These cells can also be used to prepare cDNA expression libraries to analyze the
expression patterns of these cells, as well as to prepare monoclonal or polyclonal
antibodies that are specific to markers for the particular cells used, using techniques that
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25 WO 2004/081172 PCT/1B2004/ 001246 are well known to those of skill in the
art. These cells can also be use therapeutically to the benefit of

i ndi vi dual s 910 rom debilitating neurodegenerative_d| ers_and
neur onal dis?ggégﬁh?86%2] The present disclosure providespggﬁg%ﬁ@mﬂgg of the
neuroprogenitor cells and differentiated neural cells described herein to

restore cesrtmall koW Qo Shosy 6F 6N (CNSart, FTHBRIdeR cAn bl W@e%ﬁracﬂeﬁfiéﬂgqo of such
t herapy. For ex e, Ihese cells could be used therapeuti y Dby

I e L _ a
t ranspl ant RAPPHEGIndwiduals suifering ffoan dehjlitating, peyredagenanstivel disirdess apd t he
CNS, depenghynchaPilisddg di sease or condition being treated. These cells may be
used to treat acute or chronic danage to the nervous system as well as
debi l'i tati pgryneu geﬁpﬁr ' | 0 ' e h as
Par ki nson’ @gdi]seagg;g% Zhﬁcﬁé&eﬁfﬁggﬁgﬂé&%ﬁ@ ?%%@eﬁ’bqu%?‘*@@‘i’s%“@%?na| cord
i njury, andiffercoptted newnbcells desctibedoherein( tALiBtoree péntrab siprvosd syten (CHNSheni a,
and the like...[0073] ,One.enbadi of th resent disclosure relates to
net hods ofﬁfl?téc%'[ ‘i“n“gl“bﬁﬁr‘%%‘g‘g?@g@i LA 't FAFEP T&ﬁ%?eglﬁgﬂm]&it_é"e s
char act er i megip&itichliebyl ea@pRinthg HemUirecttiemtd pieércBYmAl or SRRMBCAINES 6f BEUr ONS Dy
adm ni stratiogn orgéirganspl antation of _a therapeutically effective amount of

dopami ner g¥Snderensiae e the digease onrenditiondising freatade hese Pells, mapt bt wsedtiby human
pl uri pot e“ﬁ'ea‘ftﬁé{i'ctj&edrl throh#t. ARRLALTo e@‘eoﬂé&&ﬁt ’sy/sttéﬁ? Q&eﬁgﬁ]tas %ﬁiﬁl;a%ﬁ%re
rel ates to nethods of treating nheurodegenerative disor al

€rs or neuro
li seases nduodegenerative ddisgrdense antk genmnalt idiseases, "cwcht mscParkinsals shseasepner gi ¢

neur ons by ranspl ant at i of a,therapeutically effective, amount o
serotonerg‘ﬂzhﬁlafr(%n ISEaPi angﬂmg%?n %8 B tco'ét Welwouﬁ?r@?g?ﬁy hunan
pl uri pot endclebsaiAled)| epileplypittkabibohemaa, atiiBlikat i ent suffering froma

neur odegener ati ve di sorder or neuronal disease is treated by engrafting a

t herapeut i ppaf73ly elne cénmbodirae WTt the fpr&est’ GBEIO@E rdl@ks &8 nethodd bf treating
differentiated neural cells of the present djsclosure intog the patient. As

used her ei PEUrflegeneralive disordessof pewpnad diseases ghagagienzed by toe dpgenPRtig %&npunt
suf fi ci e”tdés&u@cfohe%?dgér%aggﬁ‘érg@r ab@ond F’gt {&Eﬂéﬁ%ﬂ%‘aﬂ&ﬁ Cql tihbdtadtsion of gubl ect

caused by the | oss, or degene differentiated neural cells,

such as matherapeutisallyeffectize gmountms dopansineriic fmﬁs émmedrfsmgfahlﬁpﬁfntrM) ,
Lqode . 741 T j i
arount of cl Brertly R Gihiens P Soul 0 AP EUMAREAY o/ pREMEIE. o

age, physi disclghuiedelstardintetiads ofiehting abirbdegbivgative disoeldrd draeapailtdiases
characterized by the degeneration or destruction of serotonergic neurons by

transplantation of a therapeutically effective amount of serotonergic neurons derived
( from pluripotent stem cells, preferably human pluripotent stem cells. Preferably, a
) human patient suffering from a neurodegenerative disorder or neuronal disease is treated
by engrafting a therapeutically effective amount of neuroprogenitor cells and
differentiated neural cells of the present disclosure into the patient. As used herein, a
“therapeutically effective amount” of cells is an amount sufficient to arrest or ameliorate
the physiological effects in a subject caused by the loss, damage, or degeneration of
differentiated neural cells, such as mature neurons (e.g., dopaminergic and serotoﬁergic

neurons), astrocytes, and oligodendrocytes.

[0074]  The therapentically effective amount of cells used will depend on the needs of
the subject, the subject’s age, physiological condition, and health, the desired therapeutic



26 WO 2004/081172 PCT/1B2004/ 001246 effect, the size of the area of tissue

that is to b for therapy, the extent of patholo and the chosen
route of del f‘\‘;{e)?é/ ﬁ)&ﬁ?z exanpl e, treatment of a disorder a%%{'lé'@lz?oﬂ'@“]&“q ar ger

region of the brain could require a |arger nunber of cells to achieve a

L herapeut | ¢ffBé! 9 siph16P (0RRAE dishi ﬁa@ﬁ%'lﬁrw{\%{eﬁ%r Rk ﬂ[}nfheogttleﬁt gpy also

be adninistered to nore than one site in a n target tissue

mul tiple smﬂhplogv,améthwrchqsmvrw of dekiesy. 'lfhae exainpls, @rfeaunmt pf esdintrder

di sclosure I C d before tra i O such as to
create a sis ée{ln'% on %?LG%EO% {eﬂ%gﬁ% b ’eﬂ‘é‘éer?gﬂf%% g?lp?f%e LS gcg’é"fvgtaed
before t ralﬂmnalmnuateﬂact Whac rcom@mtea toreamuarrwr etaggbmgat:eﬁs @iayce!sb She The
cells q |stere in a,mnhner. that al ft or mgrate
to the int é‘a’&% o, paretpn ong Hite1n A feen; tgqutensgpe é f%’ﬂf‘ﬁ oonal Iy

deficient agvweaell B8N SThé\céil 'o‘fﬁi&';ﬁes@ﬁt%@cl&ﬁre%ﬂﬁe éoﬁﬂet&?@lsg&lﬁméfo&t ered to

achieve a therapeutically effective can be fromabout 100 to about
1, 000, 000 Henyantatiopr efclir afbloy creplgrs aupensi®@OOf singleatsllsit ors0erlyO@mEletelns, or

from about ;3000 ?&? Héﬂﬁ%ﬁl&}%ﬁ%ﬁnﬂ 109, Q99 cﬂagtlé { gﬁg agﬁr-tg) eé ééilk © The cells

concentrations Of neura m ni ster can al'so range from
about 10, hiHy, beoadiminik@od] inS50fAnnet Ghad Gllowd The@Dh g2}, dd GRigraPS1o0Me, inf20d«d00,

35, 000, 40,000, . 45,000, .5 60 0 70,00 80, 000, 90, 000, 100, 000,

50, 000, 26‘65‘1666‘3%%5’%6m96%‘66é"6 “@B@P ‘%ﬁé“’%@éea 450,000 to about

2005000, L R Kbt e Sloc pB BB S Pl

100- 50, 000 efrettive/chn bd G6ferabGutQ@0 6 &ous1 boo@db%u%ﬁs%@ |ﬁfn9hbout500to
15, 000- 45, 000 cel /1, 20, 000- 50, 000 cel I's/pl, 55 000- 200,000 cel | s/1,

100, 000- 40,2b0G S%Oo%mleuromsoorocﬁms@bwolw evrphs t@taboutrﬁe(?,ﬂ%murqsrs cell's

grafted in t t
[ 0076] For ﬁlftﬁf"’épapeu ?é&g‘%% Cogtnie%i‘fa]fséellﬁ‘a&rﬁrén?%%r e{r? Jp%hg) eg:?g dl&} ﬁkgé popul ations
of  precur sbmt 10r 1@, 50& 100, 300601 (i 85,000 20.60& 128, mu,tm,onm BR000; 401006, of any

o et Tof s SR o DB 3o e ool e T e ¢ e

cel I's with3p0966;! 850,86t 46006002 4BBMAOWY GBoutSS0MB0RN QEIRN kA Irhigrotited 66%Ld i n
undi fferentiated cells, the expr essi on of which sel ects agai nst the

pl uri pot enwhaumsepwically acesptablenFarief o Renesssol pencentragions @féﬁ%tﬂi & PN pr essed

0 andi 1 Sh g RS 1B 00 IBlLTROBIE 0N YBIAA, SORISS0APLARRI( TERT)

pronoter a gene” expresse vect or for
exanpl e be 1I5)ﬂ00d-5t(m0tdeﬁslple [20,900—50 000 cells/pl, 55, 000-200 000 cells/pl 100,000-40,000

cells/ul, 150,000-50,000 cells/pl, etc. The number of cells grafted into a transplant site
will also affect therapeutic efficacy.

C
[00676] For therapeutic applications, it is often preferable that populations of
precursots or differentiated neural cells are substantially pure of any undifferentiated
pluripotent stem cells. One strategy for removing pluripotent stem cells from a
therapeutic preparation is to transfect the cells with a vector that has a gene which is
preferentially expressed in undifferentiated cells, the expression of which selects against
the pluripotent stem cells. Suitable promoters that are preferentially expressed in
undifferentiated cells are the telomerase reverse transcriptase (TERT) promoter and the
OCT-4 promoter. The gene expressed in the vector may for example be Iytic to the cell,
such as a toxin, or it may be selected against by the application of an external agent.

27



such as a toxin, or it may be selected against by the application of an
external agent. 27 WD 2004/081172 PCT/ |1 B2004/ 001246 [0077] _The ability to
gener at e dop&fﬂﬁ'@‘f’%ﬁlyzneurons and serotonergic neurons frb mfﬁ"ﬂﬁ’q hfent
stemcells as disclosed herein is of gr eat clinical rel evance for

transpl ant@byAn  ThEeLaR t{a%efl&afé@gg a‘r%l MH&%@@&S&E& Ce uzxg(ﬁ%%s and

neuronal di seases. For gi C neur ons caf treat
neur odegerignmEnatens sigimseslld as dlsdnsbddmmmm aff greai dimisibelevhnehfontransplaatntion er i zed

by abnor tion .o ural, refl venment . and

r ewar d- asmsaﬂg%:&gfeé b%ﬁ@t?logﬁ §Fne§ ﬁﬂ? @gr%dﬁgﬂrﬂnéﬁegﬁngm cxample,

schi zophr ecmpammrg]c dlmgntaddl bt iusatl taGeatielirodgdnemiivd) distitderst 4ndl Kietidbial or ot her

ill nesses %hat uI t n Par ki soa@l | kajxgpqondl tions such as resting trenor,
ABR

rigidity, ﬁq%s"i&é Bﬁgtﬁﬂ?%ll jop O gryiwekreslexesdi psi a,
aphagi a ar&qo&%{bamén&e%@&&-as Hell! 80RVIoYs, fSCIRLAPR! PafldBiisOeadn be used

to treat neurodedenerative disorders and neurona i Seases wh
characteri s_cbaowyela@rmd deutg addission,restrell as degidnadiloty wfunfacwatieniliiesses ﬂtabr nmone

Car of ovas v S ERRIR S iR R w PRIt a0, eRPER anB Bt

psychi at r i abnornredities lsoch as ahmdsm;t ddipsiali sphagie and @egsory lﬁeglécal A&ditxeﬁeﬂiypn
procI|V|ty tQ sui.ci de, viol ressive behavi or, e COo | sive
thaw or i BEWTOR3, | AR, bE ussﬁg ?1 R?E&ﬁ?ra fiver digen %r
nbodi rrentdlsetamﬁ Whieh &té cHhrabteRsed By | rasﬁoi\ﬁﬁﬁués%th@ ﬁgﬁﬁﬁambﬁtfmt irftdke, Of oOne
nmore neuronal suryival factors with neuroprogenl or cells and

d| ffer ent i EBANe FOEEUPN, c8F9SS F9FPANRR pRibsantd Woﬁ@ﬁ@lﬁeﬁmﬁ}@d gty
| |
pluri pot en%rtﬁ&\?‘a%ﬂﬁj *uﬁcﬁ&h taﬁ:&%r{:gertaor( e%ﬂﬁﬂ&{‘%?tek ‘aﬁer eggygfu afifelll ona

di sease. The neuronal survival prior'to, in
conj unct i ameualegic, and othehiisedsesyre.gy tlentab deprbssion, piwlm&gdm waigide atiobant of t he

desired cells ed. her ronal, _survival, factar S. an

Subst ance. RS  HRIoRe o BepPRisoRy ofivia) e abeBapulifin e
contact ed shizBphraga. factor to survive for a period of time greater than
woul d occur without the presence of the factor. Neuronal survival factors

that may bpoysied adddfr Ri®6&iRent, MRS RERHE diScIONRORIARNS thd admBestitién ar e not

limted to filial-derived neurotrophlcfactor (GDNF), nerve grow h factor

(NGF), ci | ¢fapnie eremprst ReypMiak sursivabfactosNith newpnrogenitor iogllsyanded t Fﬁlc factor
(BDNF), ne r Great TAFa,
insulin-1i ﬂéu&glg‘%ggw"g ‘ﬁ é"?gge& flisglospie P@%?)ﬁ°ﬁrﬂmﬁ°iénﬂéfs§ﬁ°ﬁ“5°ﬁoﬁ hld\lf act o
bet a ( TGF- myurddeger@rative disorder or neuronal disease. The neuronal survival factor(s) may be

) administered prior to, in conjunction with, in combination with, or after the

( administration of the desired cells. As used herein, a “neuronal survival factor” is any

substance which causes neurons (either in vitro or in vivo) that are contacted with the
factor to survive for a period of time greater than would occur without the presence of the
factor. Neuronal survival factors that may be used in the present therapeutic embodiment
include but are not limited to Glial-derived neurotrophic factor (GDNF), nerve growth
factor (NGF), ciliary neurotrophic factor (CNTF), brain derived neurotrophic factor
(BDNF), neurotrophin-3 (NT-3), neurotrophin-4 (NT-4), FGF, IL-1f, TNFo, insulin-like
growth factor (IGF-1, IGF-2), and transforming growth factor beta (TGF-f, TGF-1).

[0079] GDNF is known to have trophic activity for embryonic midbrain ventral
mesencephalic dopaminergic neurons in vitro (Lin ef al., 1993, Science 260:1130-1132;



[0079) GDNF is known to have trophic activity for enbryonic mdbrain ventral
mesencephal i cywdos gic neurons in vitro (Lin et at, 1993, Science

260: 1130- 1132 28 V\Oﬁz004/ 081172 PCT/ | B2004/ 001246 Li n e’f’CTéﬂBZG‘!E‘Q’QIP“S
Neur ochem 63:758-768). Reconbi nant human GDNF has al so been denonstrated

t d f H t al. 1993,
Soc. Nour oL A4, 1902, URRBHGACTH7Ss-The Wttty SN B 6 bt anti
ni gra of rd@monscl'MeﬂltennchIce abrouhﬂ?@ﬂdo;ﬁﬁﬁ;nergglﬁbéESﬁ |vwoﬁ(’tp§1ﬁgoﬁ &QgSq&_jgi)
rotect neuro ai nst esi qns, .and au rowh an

1? or mat i on §?° Irl\i“‘t“‘?%& 21%%‘305%\%‘?5“8 OpAmjpe furpqyi g%’&éh? pibstsatia BigraRtgither g et
al ., 1993, (Miler eNelyr 1994, $84 Ntiostil Abstr BIIN35. D), Brotdc®REMréns iR 6J01DA

peri pheral . sensory neurons, dopam nergic neurons, and retina gang

( Hender sonlegions|and augnyes %Mﬁbwwonmwhmlm@@gms been

Chotor  anpoale bl o 1995 1551 N 134 ARA DB 1 bR B0 b V0O
terms "treperipharal sexsoryteutons,atopamikrgic memdm; dmdtrbtmahgmglmo;Heﬁdefsah eeal, and

pr ophyl act nt at i.ve rrea t hose in need of

treat ment :1%90 %eg{‘)?h %\ iiﬁ)h ‘ﬁé’ﬁ‘? gﬁ@gﬂ}?@i"a‘é"l prevent rmally-or
neuronal db&made ceuaaeamabdtha;svmlaom ih Wi fer ah BaRle] PIRRIRARKASSMEei Sor der
or neuronal _disease is to be prevented. The nethods of the present

di scl osure2®n be used to treat any mammal in need of treatnent, including
but not limted to humans, prinates, and donmestic, farm pet, or sports

ani mal's, s(980hs digased hgteiss he tomms “trepiens” optgdreatiamefer 4o ﬂlcthefme'llﬁllcsorder
is an co h r or

cel | s?/ di ffer%ﬁ?tpg%&e]?} ﬁﬁg}&?m‘[ %?gﬁ%&ehmg?é)l%éﬁﬁ%pes 0 rE oq? ‘gmgtr esent
di scl osur etremgnqmdgd@ﬂloeh @mad,ewsthﬁhmheumdagttm"ahwéismtdeﬁ usromumnpl disdas¢,i on of
dopani nergic S ar € ass Wi, th i ro ostur.al refl exes,
m)\eemant ? giéﬁ %F%%Es"é}l?aﬁﬁt? eb%(ﬁi% “nge QWEW%EP ﬁésﬁ??esls &0 P8ase,

schi zophr epteaented]dTﬂé uthandsl bf tHeGQitesehxdisabsate i 1 wed dﬁﬁsattahﬁmxmw il benefit

fromi rrpl antation of serotonergic neurons are those characterized b
abnormal itk qf#%mbﬁyg@mgab@&g@m toden aymans, Primates ead ‘PIH'F%HR:efamPs Kudl ng

put _not 11 6} drs ahnARYHAR!dofs, HERES, A% MBepl bAE! difflen oS Al GillderPRNRY! OT)

schi zophrenia, and anorexi al/ I ma I'sordefs that may al so”benefit
from treat Aendition that enldsbenpfit &em weabpenitwith seiroprogenitar cells) Aifterentiated

di sease, Hﬂ%ﬂn&hg%rsooﬂf PSS ceftt! gf e E:?e%plﬁ%ééfbgur% E%J%S%? Of disorders that

would benefit from implantation of dopaminergic neurons are those associated with

( improper postural reflexes, movement, and reward-associated behaviors, such as
Parkinson’s disease, schizophrenia, and drug addiction. Examples of disorders that
would benefit from implantation of serotonergic neurons are those characterized by
abnormalities in awareness, arousal, behavior, and food intake, including but not limited
to aggression, depression (including suicidal behavior), schizophrenia, and
anorexia/bulimia. Other disorders that may also benefit from treatment with cells of the
present disclosure are Alzheimer’s disease, Huntington’s disease, and Hirschsprung’s
disease.

[0081]  The methods of present disclosure may be advantageously carried out by
direct transplantation of neuroprogenitor cells or differentiated neural cells of the present
disclosure to the lesioned area. Methods of neuronal transplantation and cell culture are
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[ 0081] The net hods of present disclosure may be advantageously carried out
by direct tr I on of neuroprogenitor cells or differentiated neural
cells of the ‘ﬁ‘?g@}é‘ﬁ@%i sclosure to the | esioned area. Met 204002 onal
transpl antation and cell culture are 29 WD 2004/081172 PCT/1B2004/ 001246
wel | known el knbi®f @0 Sosé bT il bk het, 8kt 1.6 e N- : 52,
Yurek and Sl adek, 1990, Annu. Rev.’ Gros’c}i%.t' 1‘1%5?}%52%,&%@@%?%& 1998,
Neur on 20: 18%), finpu. Ress dNsproscie d 3:413-440 Rosentlial, 1998y Neurom 261691 3);: b8 @3,

Vescovi et - . ) 71 , | et _a 1999,

Sci ence 28%@52}? %%;%leacﬁ s%dg‘%?éﬂ%&%ﬁ%’ﬂ%ﬁ%s‘@’e‘g&%i@r N%BV ll?@ﬂ%?ﬁ“nce. In
one enbodi R¥nBrustihier dbpHIHONSrighae 2BSLHSA56; edcht specificAlyeintorpbrarlideansin byay be

i npl anted in the bstantia nigra or striatum of patient suffering from
Par ki nson' @aﬁ?%e:féé’.mfﬁ%’o@@ef‘g PROIGERS W@H_‘glﬂ%ﬁ@eﬁm Hsclese Mt i on

Wi th ot her bé anpleditad i €e substaitil g of SiHaBMAbS & Phiidny SR RIm PafthddR¥% De
delivered along with a pharpmaceutically acceptable vehicle. Ideally, such a

vehi cl e wofisgesennblisceells Haaxs bedeliversd alpie geln pembinatimnowith othes fagtonshéorcel | s.

[ 0082] Theeﬂngﬂ | |Sgﬁ,lﬁ-y I OM . [.ca sitions
containing th ggheﬁsi‘oaﬁl C caggﬁglzoaé@rﬁﬂﬁ%te%}%%gaﬁ @gﬁgatﬁliagx@%cgﬁge cl e such
as | i posonensptabliecrebizle. t Iddally, suoh anvehiche syosld eshandsethk stability ad plelisamnt

di scl osure al sp,be .. supplied in the formof a pharnaceutical conposition
onpri si ngpﬁgﬁnf%)?{gtftwgdgmi pient, and prepared under conditions that are

ufficient eribe for hu adm ni strati on, neral pr.inciples of

medi ci nal hﬁ’ls | ati ngreg?ntcgg&o% %9 Proyides; forg gﬁwapwﬁ@ COMPORNOASy - St em
Cel | Tr anspérsthingl e, csB8N®hitheéanPle aARGhisHlel Ukste bNEGiaBNESRY  subh asMOI Styn
& W Sheridan eds, Canbrjgge Unjiversity: Press 996, and Henmat opoi etic Stem

Cel | Ther aiposomes, migrqpartisles, rgwigfocapsnles. | Golls fitbe pisent disclosuremetalso b2000,
speci fi cal lsr%/}upggﬁ' HPHA52h OF a Eaﬁﬁrﬁ'lagelfﬁ\é?lrc%gria'bﬁﬂgf cotﬁﬂlﬁj%ﬁrg &nﬁ{nﬂoﬁm dxbip be

desirable t mnister a armaceut i cal” "conmposi contal ning-a rieur onal
survi val f and prephredabidgr conditivms athataare suffivienty aferile dat hemdn advhindstratioy. be

achieved b for example, local .infusion during surgery, . injecti a

cat het er rrégﬂ?gl B?H'l%f é’;qtmﬁ%,%%‘aﬁtéqnﬁ ‘gj‘&rﬂl F?}Bﬁ"gﬁk‘%%d?} fg %ofn ane orous,
NoN- por ous ThérappieStami OEL SrdiBhlBitufidn, Gdne! Thdidpg, SRITOLMISS Immistdthargpysidiastic
menbranes or fibhers. ['0081%55 The_ neurgprogenitor cells and differentiated

neural cel Morgyn énW. gherdan eds, Grambrigee Priveraiy Bress 1 3H0s prddderagropeietis ¥ewubj ect
as either g.gufshapt ralbal, TOTRASNEUS 1 AEaHu¥chill Livingstone, 2000, specifically

incorporated herein by reference. Additionally, it may be desirable to administer a

) pharmaceutical composition containing a neuronal survival factor locally to the area in
( need of treatment, which may be achieved by, for example, local infusion during surgery,
injection, a catheter means, or implant means, wherein such implant can be of a porous,
non-porous, or gelatinous material, including membranes, such as silastic membranes or

fibers.

[0083] The neuroprogenitor cells and differentiated neural cells of the present
disclosure may be transplanted into a subject as either a substantially homogenous, nearly
homogeneous, or heterogeneous cell population. A substantially homogenous cell
population comprises greater than 75% of a single cell type, such as a dopaminergic or
serotonergic neuron, more preferably greater than 90%, and most preferably greater than
95%-99%. A heterogeneous cell population will consist of two or more cell types mixed
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honogeneous, or heterogeneous cell popul ation. A substantially honogenous
cell popul at{v%%@zqgg{?i ses greater than 75% of a single cell type, such as a
dopami nergi c oOr 8nergi c neuron, nore preferably greaREHIBR2pEMNODI, and
nost preferably greater than 95% 99% A heterogeneous cell population wll

consi st of . : L) types mxe 30 WO 2004/081172 PCT/ | B2004/ 001246
in a singl éﬁ \cg?l&l%ggllij&)gﬁﬁ%‘%\?n’f "re’éai‘ﬁ%a%?%?%ﬁ\%&%“& FFEUPHREIC neBIFB-oner gi C
neurons,  Schwamncelis| digodaidr@te wiocéss GABYS haa6is, @bd gEARRLSCTheBSEls and
glial cells. TEHe gells ﬁrllﬁy al so be genetically altere b{ﬂj(m_athods wel |
known to t FEYA bggeqetically plffged by mefody wsH daewa rto thess af skill sythe cart t9ct or s,

growt h f acleRfress HetlEABE kroPhik adtads, bRWHE tiotors) nddbdial sulV il 2REK,! & GRgPouUnds

in the damaged area of the brain, Central nervous system ~ peripheral
nervous sydiesspeutis compeyndsi igsthesdanmiged ees of they brain,ecentrald newbiis Sysbam,

conbi nati ons.. p N essign. i n | Ly kpown to thgse.of skill in
the art of g%r%%%uéeg%&fgi %ﬁ%,&f gﬁﬂeygﬁe?@%gg%é’m%@ﬁ%a (aa?ffnof@@,
l\/bLecuI ar Gbmhina‘@onsﬁlog bﬁbﬁnaab;pfeysi%ﬁm@herﬁnﬁllﬁdwns@lﬂd)lsi&wisﬁm niathd ot %If ]
Laboratory Press, Sprin rbor ,. specj f.i | ncor por.at e erein
by refer en@é".le"["‘%é’ﬂ °8% ﬁ& rﬁxgwléﬁeffﬁ §§‘§i’\%ﬂk’oft ?4‘ c}ﬁ%gsc _ §5°‘B¥%iwf\h
factors, neupeamly Mabid]\V2H gdf @smgpﬁng@{aﬂf&*l%oﬁafb?% glfbl%sgtc&d ‘SEHEQH‘&{-B%r,' n the

neuroprogenitor cells and differentiated neura s of the present
di scl osur e N%.specifirelly incgmozated herein byeafersncsan be derived froma variety of
sources, and may be readily sel ected by one of ordinary skill in the art.
Exanpl es ofl0084jul akoeshievecaxpression of mophic facterangrowilp fictms | nepropalpsueyiyal

enhancer, I 2 bindi : u e . a el I
Bi i ng. seandorsatt o HRbATS it 17 M Rk ARl b 3ig RifrpgBRa
addi ti onal ngembtells oftherpresest disdiesarea suitible@siudits eldinkedan berdeyval embe
I ncor porated,i nt& t he recqnbi nant ecul e.. The re(f:om I nant .. nol ecul e may be
i nt roduced VEHELY GTHRQUISES;  FI9 AT tbe Seadiivoselqcted by ope, of prdiny r%:&]eﬁ} sy ate| |s” or

di fferenti gixaghple6of Algulafiry elefRhis iRIude -0k GHHtiBhal 'rdtRStER enlinbdl) &R RNA USI Ng
invitro delivery vehicles or in vivo techniques. Exanples of delivery

t echni ques Polyeerase binding gequenge, a8 ovedr 85 a gihoserndlr binding segiense, preluding as
vectors, |ipgqQnes: .. e t egan : ugg %ﬁ§ ] I nj.&cti. o

transfection Via el ¢ r?)ip%g%afl'i on or O&ga 8}1% P ospﬁa@ég&}’ ?P@%ia%i }aletcl&g%, or

ot her met houskdrsjomey also theeineorporhied intoathe frenombinaot emidenly. r oo ndsbmbinentcel | s.
The genetical,ly,altered cells .my, be, encapsul at ILn.m crospher.es d

i npl ant ed iELT may he mg}l?ﬁ%tlg%t%e Pmp%ﬂa@esge&&e r O RAAGHAPIOEFUIL %18, ot ocol s
enpl oyed arog diffbdentigfédd\iertrsl cells derived from the pluripotent stem cells, using in vitro

(.

delivery vehicles or in vivo techniques. Examples of delivery techniques include
retroviral vectors, adenoviral vectors, DNA virus vectors, liposomes, physical techniques
such as microinjection, and transfection via electroporation or calcium phosphate
precipitation, or other methods known in the art for transfer of creating recombinant cells.
The genetically altered cells may be encapsulated in microspheres and implanted into or
in proximity to the diseased or damaged tissue. Protocols employed are well-known to
those skilled in the art, and may be found, for example, in Ausubel et al, Current
Protocols in Molecular Biology, John Wiley & Soms, New York, N.Y., 1997,

incorporated herein by reference.

[0085]  Clinical experiments involving neural transplantation in patients afflicted with
Parkinson’s disease evolved from basic scientific research using various animal models
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those skilled in the art, and may be found, for exanple, in Ausubel et al.,
Current Protocols i | ecul ar Biol ogy, John Wley & Son odRbHBas N Y.,
1997, incor&?&?ﬂé@};ﬂ% ein by reference. [0085] Cinical ?fg??#mnts

i nvol ving neural transplantation in patients afflicted with Parkinson's

di sease evef gﬁﬁinﬁdhﬁéﬂl @@%dcg)iéﬁs SNéithlel fetd! REBAORIE eBVe @GR PafiSurditll TRbue0deEl S
31 WO 2004/081172 PCT/1B2004/001246 of parkinsoni sm as recipients of either
fetal enbr el do barindamaged aseasy Animal exnenmentation with fetak depamingsgiginer¢annged
areas. Ani ggt g?ﬂ‘f@q{aivg‘é;%ﬁ&' Wida g{.’aﬁgr | | afts
have provi ded encoura erren%doﬁat gﬁéﬁn&girl%f%tggﬁ ou dpg{r'l@v%r%sr\ég&g%% n rcgi C
deficits adefisitss et gestoreomofonnfiinection iim auimais | witlwi experengeali bsiohsl of ds ons of

the nigrostriatal, dopam nergi c system For exanpl e ri ne. nesencephalic
col 15t akeerGiateL PP St B Fompla B PR i GERE BRSP BREY oy ed
over those 14alseiayfoldembbehavedReh advahtigebABg spldvel beerSRbRNbendForl oI af t s
or heterografts w thout imunosuppressive treatpent (Yurek and Sl adek,

1990, Annu £eSigiing doBors 43 Eansplagts.es homagrpfls prhetsregrelinyithout immunesuppressive
d . o . . _
correspon %re%%eth IIQ%?Faﬁ& BEHESIE, i G’a A %ﬁt& N@%gﬁ‘ f‘%ﬁﬂ?&ggf%&p&my@g’er go

their final Vi Si on | oom urol™
155: 469- 82 }hesGagésdcongspoiutls to thecgdstaionil @agerat whivh plophminetgic selronsaundetgno be

di ssoci ated i.nto,cel l.. sLSpPeNSkE ONs rtr nt atd on ' syrvd val
rates of sgt&eilf é’tﬂﬁglkwgﬁvbshoé’f)&ﬁgé%\?g?ﬁ%oﬁégggiﬁbap:maﬁwl'tlggz%%g#)'1 odof t he
grafted dopgpifiso€esbsyofiitlrhésertddphilicis@ic cah also BOSigsocARA. intd.cil siipathionSEor

495: 473-96). Since enbryoni c nesencephaljc tissue js not a pure source of
dopani ner gif@usplastationy rljypicalwyive) rates 0Hauch usprRsions; Boweyen tage been) lunited,

SUr Vi ving goORR 16 O theRdited dopatiingloftf dellOBradiR P41 208 AMRSANESRRE! §4. cel | s
preferably contains a mninumof 100,000 to 150,000 viabie cells in order

to ef fecti ¢85 7¢O dimcsrembrymicippsentapbalis tissuedis sot 4 possireeaf depaminggia he cel |
transpl ant &;ﬁﬂ&ﬁg aBhutldI L1 05SSERE tgfaf%m%%%: s %%ﬁwﬁ@%ﬁ&;&%ﬁ@%@% c%pEE means
ervin pr og S [ re

of storing and preserving the néuroprogenitor ce nti ated
neur al cel laay graft af dissoaiated meseptaphblicseetly preferatil p containsgpininitnomapft1 60,608 toor age by

' - t t [ ti. di
& yobr ever J 3008 yiable AR oedeE ety A Corplie s TR QORI BRI R Bt ul 1y st or e
Lor 0050, TS BBonbd RS S B o oSO 8 5,
speci fi cal liYoorREREPRBRE SlediBT 8 Stobivg M BHCHRAGRNy B8 heBiopPoYeitdrCollls! fid et al .,

1987, Brain Res. 436:363-66, specifically incorfporated herein
differentiated neural cells for use in transplan{ surgery, for examp!le long-term storage by

=1

_ cryopreservation, or short term storage in preservation medium. Cryopreserved
( embryonic mesencephalic tissue has been successfully stored for up to 70 days and
transplanted as homografts in rodent (Collier et al., Progress in Brain Research, Vol. 78,

New York, Elsevier (1988), pp. 631-36, specifically incorporated herein by reference)

and primate (Collier et al., 1987, Brain Res. 436:363-66, specifically incorporated herein

by reference). It has also been demonstrated that embryonic mesencephalic cells can be
successfully cultured after cryopreservation. Mesencephalic tissue can also be stored

short-term (2-5 days) in preservation medium at 4° C. and subsequently transplanted with

surviving graft volumes similar to those for fresh tissue (Sauer et al., 1989, Restor.

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

incorporated herein by reference).
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by reference). It has also been denmpbnstrated that embryonic mesencephalic

cell's can begy, @%ﬁw' ly cultured after cryopreservatiopcriBsRisARRAl i C
tissue can al's0 be stored short- term (2-5 days) in preservation nediumat 4

C. and subsequently transplanted with surviving graft volunes simlar to

t hose for f008%h tic&aﬂ@ldoaaaﬁrmﬁtmalexmtka&%clﬁeﬁtm reif¥Rt/ats. thd\Stiaame, | -
(Suppl . : 3. squrd | nt, %(rup Neur anpl an.): 56, specifically
i ncor por at &9 908} nperiapt Fastass St2° 32@‘02!}’ 9@@9%9@?’7‘@\3@%@-@%’&@46

[00871 G afjsdph aCemeRhe aM: g bohed NEiBE bosBUNGS L he
act

striatum Tare both inportant or the functiondl recover t he
mesostri at d¢pm&1¢rﬁg% lave bgent smwnltn reduee motdrasymmetry; but have little effect

dopami ner gj | a | & ts have
been shovvn S&S’e ?ﬁpﬁ&g@éﬁ%& hﬁ?&?*h@?ef%qu@&{g 2 sory
negl ect (BBmiﬂlelemcﬁlétlﬁldl) IO@tradfr il mpne%ﬁwo@w ?Jhmﬂtshﬁﬁtumt 1981,
Brai n Res. 147- Ln contrast, ni rafts plac I n ximty to
lateral st ﬁj a}néqegglg mﬂﬂg’é&gf’% ety wtp Bectively
restored semgme e@'ﬁﬂa%S ARMPROESL. SEanaB ?139592%3 aFRﬁH&hﬁ{‘e ﬂ&%@ersﬁupm

522: 39-47). Furt hernore, the reversal akinesia in bilatérally |esioned

ani mal s i sobaideesiasin WilateyallyHesioned animaly is obsenved oniiewhen the nuelpysasewabens by t he
d
oD T 01 et Bl i 198 BEAL P FFSe, B 43730417-4/ 000

ile the arninergic gra as” nos ten been
In proxi o Wﬁl | f I
cerebrospirm(iaﬂ)é luid %@%&aﬁ%ﬂ%ﬁnﬁo%ﬁ%ﬁ?& %’o%%ﬁfh%?ﬁg é’?tgﬁag 398]?%/?%&” llnor graft
survival , pMMEQmmmmﬂmmmwgmmbmuﬂe@ahefmomk cereH?aspmahﬂmd ¢C8F)sease is

nore prono nced n th t amen t han, the, ca t cle amne | evel
e ooy adramet i ol Eaomnds Pavide ot @At SIAPL. e Ahgs: OF forbgeEe | o O S

( Bemhi errer d en&tauorﬂ in 'QHiMNon’sGboase? i hbRr %noﬂéb@'ixg tigf p@thmerl Wad in Eﬂ@ur ochem

Pat hol . -202). Additionally, the caudal putanen iS nore severely

depl et ed oﬁalwgwamﬁc gul},opﬁ@medn*selamathetpnf@me@@rer@ﬁenpm-bi%dowwbw@1ﬂf&t 1986,
Ann. Ne“r%]uda?eg %c%élésmﬁenie? CWDJSNB{II%E a:’sclogéﬂif’f%‘tﬁ#{e?ﬁ%%e 134g) eus and

put anen) Anen  recel ves. t ma) or'i
cortical -t Mhmhm.pﬂathderi [94t20%Ry Ac{d[ﬁmlnaitgg tlic @aniag(pptauienss @8 Fevédalydbook of

Physi ol ogy n, 1. The.Nervous tem MVol. 2 _ed r Qo d
Vount cast | BePlE g8 dobppinega ses at fis futral pptemth R 7 o 198G G,
Theref ore, Netmpzn%rsg By tHeawd stista chitperents! @aiiafeqiublis deppit:men)gtie grafts
targeting notor disgorders associated with Parkinsgn' ﬁ di sease.
putamen receives the majority of motor input via a cortical-thalamic-putamen pathway
(DeLong & Georgopoulos, 1983, Handbook of Physiology, Section 1. The Nervous
System, Vol. 2, ed. Brookhard, Mountcastle, Geiger, pp. 1017-61, Bethesda, Md.: Am.

Physiol. Soc.). Therefore, the putamen may be a more favorable site for dopaminergic

4 .

grafts targeting motor disorders associated with Parkinson’s disease.

[0089] The neuroprogenitor cells and differentiated neural cells described herein can
also be used to screen compounds such as pharmaceutical compounds, solvents, small
molecules, peptides, or polynucleotides, as well as for environmental factors such as
culture conditions or manipulations, that affect the phenotype or characteristics of these
cells. In addition, these cells can be used to assess candidate growth factors or
differentiation factors. For example, a candidate pharmaceutical compound can be added

to neuroprogenitor cells or mature neurons, either alone or in combination with other
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[ 0089] The neuroprogenitor cells and differentiated neural cells described
herein can d to screen conpounds such as phar e
conmpounds, s§k§§W@§?H§ Il nol ecul es, peptides, or polynﬂgﬁégéhﬁgéum%s wel |

as for environmental factors such as culture conditions or manipul ations,

t hat af f ecldnighLarid@pUhmiRs M tHéhﬂdrﬁHdl@%j, phénosype] ort fifGRNalCRLiVidy inl e 3 t i ON,
n

these cells can be used to assess candidate growh factors or
di f f er ent | A% Bh2spessedand evalgatedy anpl e, a candi date phar maceuti cal conpound
can be added to neuroprogenitor cells or mature neurons, either alone or in

conbi nat i od080] h Jnréditiop3hewrwomagemaoncells meirdifferentaed oaralaellydesgribedand any

changes in | LVI i cells
can be asSg%%%ﬁg%gg&%ﬁ%ﬁﬁ%é&f&%}oﬁﬂﬁ%ﬁé@?ﬁt ﬁé} h%%é o%rt%eéérg?qsor cells
and di f f er emyi bt gedetivally alodifedd| ts hawssingld ermuhiplecgeneticamodi€ications,edtherndi i ed at
any stage of differentiation. For, exanple, .these cells e_genetically
Todi 11 ot CTARSIGAL OF Pwﬁfefa%voqmﬁmemﬁga iof these pellsamay %@*@‘QF fehmany
transi ent Qaséisqbhch ds2provide GRsiefiddCoatll QY ok MG o RBMGerh@it tRsu¥E oP e
desirable for_nmany reasons, such as to provide nodified cells for _gene

therapy or Hafprechulantatiogs Jhe cellt of the apgqnﬁgisgpgqrﬁﬁqrh}pﬂ ganpdpplly medified | s of
the presentygy QWﬁuﬂﬁﬁ)' megﬁrsgéxm%%'aun%g{rﬂlf arlgep{lﬂdéglﬂlet%&ﬁtrbln&fré)dum on

of vectors expressing a select e control of a
neur al - speaciefiakspseificpremotentwhich are avelldinowh o those of skillde thef ars kThese icellt he art .

These cells I . L,f a ny_ stage to expres ert.ain rkers or
genes t hat I%aaﬂﬁ%)eb%dg(g%ﬁﬁgoa% P{aﬁgp eklgfef%lgprtaﬂgqggkgﬁﬂ' g?nga'ﬁ]ggfqnsbed.g ed from
pluri po]t entﬁmllie;lt msjm_iﬁ»i dliﬁfereﬁﬁa_lgﬁd bdfs%fiiw@ﬁmt%lniﬂot%ﬂ?t@méﬁeﬂﬁ,&fr&ﬂbm' afivedyntd Nt o
articular c . neages.. These ce .can be nodified o reduce aqr prevent
" mmune rej dndes ifer ?qmmﬂﬁaatcp h?%@%.ﬁ%%‘&&%é%mﬁ%eﬁww@ t he

i ntended r Qg preGdt - inlntidd 1 tejdcioh NiFte Ap@isplRatiddD | i C Alik¥QnGARBTN Wil el | S
generated using the presen di scl osure, these cells may be tel oneri zed by
geneti cal | yntamgeérrmenthemwm a suitable vector so that they express the

tel omerase catalytic conmponent (PERT). The TERT sequence used nay be
derived frd8¢limanT @ ingrease sh¢ \neplisitves sapacifn of \wello gemkrated usingptbe i ireseat | y

i ncor por at e [ f C ) | as. r [ hes.

Al ternati ve‘ﬁif?(’%@rr%aﬁ]écg‘%lf‘%ﬁilﬁéfg? g%%&gﬁ%g%%s %ﬂ%n ,%anﬂbégﬁ%ﬁas ed.

Met hods  usegtot o enahéic axpryssntelitélymeabd Satdytic WahporeADTERT). t The TBXT ski | |

e o b el e dpived b e S Suous 376 581485 ) SRR 4
specifically incorporated herein by reference), as well as other mammalian species.

: Alternatively, transcription of the endogenous TERT gene can be increased. Methods
( used to genetically modify cells are well known to those of skill in the art. These
methods utilize various molecular biology techniques, many of which are generally
described in Sambrook, et al. 1989, Molecular Cloning: A Laboratory Manual 2™ RBd.
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N, specifically incorporated
herein by reference.
* * *
[0092] The following examples are included to demonstrate preferred embodiments
of the invention. It should be appreciated by those of skill in the art that the techoiques
disclosed in the examples which follow represent techniques discovered by the inventor
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descri bed in Sanbrook, et al. 1989, Ml ecular Coning: A Laboratory Mnual
2ud Ed. Col rbor Laboratory Press, Cold Spring \
speci ficall ydegc%gyg%%g?ed herein by reference. [0092] Theﬁlﬁ%ﬂm%“
exanpl es are included to denonstrate preferred embodinents of the

i nvention. ma@yw@nmet@mee amé Mnﬁ&ﬁ’%ﬁ‘d ﬂﬁls 84l Bd conBidéreg téikdnstiftdd t he
techni ques djsc]osed in the exv\g:) whi ch follow represent techni ques
UL

di scover ed PEsferredempdgscipy ity practice ﬁeaqqushbbn/mmm@hght aféb& uncti on

well inth C e S b I der

consti tut e%) %F%f tg;s?%ﬁbc?g@e?% :ﬁ%ag% gﬁgﬁyl—fg\%e@grﬁa& ggeﬂ%f ggicﬁ% in the
art should emhodimegtst wiicht &me dlptrlmérnnddstdb Iobmur @, likep pr eimildreresiin twithooy
changes ca ﬁ_e [ the s ecifi di ments which are di scl osed and
still obta| ™ Iscqu %FHCLW"P @ht departing fromthe spirit and
scope of the |nvent|on. Exarrpl el [Og % ]I the foll owm ng exanpl e,
applicants of the present disclosure trate the derivation of

functi onal m ner nd serot ergic.n ons fraom.human enbryonic stem
col 1. 100" Ml FouRBineS Rt et & the Bt ARUSHEE Ao SRRBTES Corl s
were isol atdeﬁvéﬂo@mﬁfa@cﬁoﬂmaropﬁﬁinbrgﬁmaﬁ @i»ot@ndagaaauoﬁﬂ R Genteih - embagorkid) man
pluripotent ES cells were derived from excess human bl astocysts after

obt ai ni ng SRS from i ndi vi dual patients for the experinmental use of the

bLastocysts The human ES cell line used herein was derived fromcells of
the inner d8934 naBs}B@a&WW%&&%’t%lﬁst using a novel |aser ablation
technique as disclosed in U S. Serial No. 10/226, 711, i ncorporat ed herein

by referend8095bri eTo hegin, mrﬁwém!@@ ate] o thecinnes el gass ofca baman,
trophect odgy cgﬁ THE hh&@ﬁ?luﬁ’gugn é&éﬁ@&% s Whmad b ﬁ)@{@
e} to cr ea ht zona

non- cont act e laser wa e an aper ure throug
pel | uci da afidr tdbtaiting pleasind ditorm imflividual Ipatients l:fb:a:ﬂla)ceypdnmeﬁmltusecef lthe of t he

| ntroduced ARRBITH T bOSELES GrbHnd e e bl BipaaRh ot el Rl od on

a 0. 1% gel ahashiof achuiMantastdchtt usiigt PNl Tisér dbldfioh @EEhAiUe as ﬁi@adwd iaellss in an
ES nedium and inner cell mass-derived cell masses were formed. The ES cell

medi um cons¥esiab§oof 0/220.5 1 ducospasgied herein b gefersnceneBiricthy, DwmMn BRRSREE kout
DVEM (G bCQlayingUPRdfa peth&ifa, ¥ ripitlodd i 6 lidner cell mass was isolated, and an

1.48 um non-contact diode laser was used to create an aperture through the zona

pellucida and the trophectoderm of the human blastocyst. Next, cells of the inner cell
mass were isolated by aspiration using an aspiration pipette introduced through the

(J aperture. These cells were subsequently cultured on a 0.1% gelatinized plate with
mitomycin-C treated mouse feeder cells in an ES medium, and inner cell mass-derived
cell masses were formed. The ES cell medium consisted of Dulbecco’s modified Eagles
medium (DMEM) or knockout DMEM (Gibco), supplemented with 10-20% ES cell
qualified fetal calf serum (FCS) (Hyclone) or serum replacement knockout serum
(Gibco), 1% MEM non-essential amino acid solution, ZmM L-glutamine, 0.1 mM
B-mercaptoethanol, 4 ng/m! basic fibroblast growth factor (bFGF) (Sigma), 50 U/ml
penicillin, and 50 pg/ml streptomycin. These inner cell mass-derived cell masses were
dissociated, replated on a mouse feeder layer in ES medium, and used to derive human
ES cell lines.
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qualified fetal calf serum (FCS) (Hyclone) or serumreplacenent knockout
serum (G bco), 1% MEM non-essential am no acid solution, 2mM L-gl ut am' ne

0.1 MM (3- mercagtoethanol 4 rlg/nml basic fibrobl ast grovvth factor S
(sigm), 50 OFA2004M8HTZi | |in, and 50 sg/m streptomycin. THILB2 ’H@F%ell

mass-derived cell masses were dissociated, replated on a nouse feeder |ayer

I n ES nedi nd S; ce 081172
PCT/ M2004/ gg’i’gﬁe 1%‘%3%‘%%1@% p’lfl%gﬁ“é‘g#‘gg% IFSt & ﬁ%ha‘fﬁ“%gg%%‘?ﬁ‘%a@%a%ave a
hi gh nucl esatioc gridoptmchmmacterizddi with aﬂdumﬁmeenarhm amheas |SSEA-WSISEAG$:ISSEW face
e 8RR SR 1A g S BB et el o
CD- 90. [ OOerpto) GONR, &t addCTlvpansi on of Human Enbryoni c Stem CeI | s: [00981
The human ES cells were cultured and proliferated under standard growh

condi ti ons (099 a X)r CaRkite Sh@Bpansios bf HenANEMBHASicm RS cells froma
frozen stock vial were resuspended in ES nmediumw th LIF. The ES cell

medi um cong) Fd qfhemJn%CEQ cells el édlt%fbd'%ﬂ'ﬁﬁ HERAd AU AR dePMaEN ar Sgi'@@hle”ent ed
with 20% E | qualified fetal bovine serum gSFBdg&feo Hycl one)) 1% non
8 m

essent i al ﬁ?ﬂdﬁ@f’é oin a fozes) steck (HodiFerentiator bumen @ frpzetock vial
- Ter capt %}%g?éﬁ upﬁ@m ) er lL.;LlE'a Tl?J'gS (]:89191 co}rélfed (E_ﬂgulbg&ol S were

peI | eted an on nouse Yyers on a gelatrn-coa t5 ¢
culture dnﬂidlﬁﬂl Begl&sSmeditinu {DMEM), ESppiethénted diithn 2026 rES %Emmﬁﬁm th

on- easent PAYSG APHER (FER CUFPBE:oe o65 paish ARE:ah CYRRAS SOTBER. i

penci | I'i n, [58ugiinite, @tlrmgrﬁ@bdptoeﬂﬁﬁ& 50 wh/ml eﬂlﬁnﬁhddfld(m/l‘mnﬂtﬁ@: THccor di ng
to the method descri bedalﬂ;/ Thonson et al., 1 Sci ence 282:1145- 1147;

Shanbl ot t &ellsawere pelieted apd plated \gatmousafegder lscelrs omsgela%m@mast@me and
Reub nof s ling EO Mol Ui 18 QUSO8 A0F DYRIP Uy High BBl 55

cell s were expanded by culturing and regul ar passagi ng
i nhi bit di képplemdntet with 10-PA%s FHSS, (QmMsL-ghtaﬂurmawdgEthnéssemml aambiaes t he

0 seconds SR ChlsRoh - RteRrige D0y FoRny Gusl vppetfyern o8 Ui nie. '

After 5 seggmdsnd & BFGF wcoﬂimg td Hﬁ%&hwaedcﬁmdbbgt FHoRYonAskcdk/) I 968 medi um
cont ai ni ng _serum xt, the cells were scraped_and broken down into snall

clusters. Pgienes 284 bl4S- W?eshmtbﬁfaﬁle@%tl’@q Wtl. Acad. Sci. USA. 95:13726-
13731; and Reubinoff et a!., 2000. Nature Biotech. 18:399-403.

[0099] The human ES cells were expanded by culturing and regularly passaging the
ES cells to inhibit differentiation. The ES cells were passaged by first washing the cells

( with Ca**and Mg" free Dulbecco’s phosphate buffer saline solution for 10 seconds and
then treating the cells with 0.05% trypsin for 5 seconds. After 5 seconds, the activity of
trypsin was inhibited by adding ES medium containing serum. Next, the cells were
scraped and broken down into small clusters. The clusters were then plated onto two
0.1% gelatin coated 100 mm petridish coated with feeder cells in ES medium with LIF
and bFGF, as described above. The cells were expanded for 4-6 days.

[00100] 3) Generation of Embryoid Bodies:

[00101] After the undifferentiated human ES cells were proliferated and expanded,
they were cultured to form embryoid bodies. First, the ES cells were dissociated with
0.05% trypsin-EDTA, followed by scraping and breakdown of the cells into small



0.1%gelatin coated 100 mm petridi sh coated with feeder cells in ES rredi um

with LIF an descri bed above. The cells were ex
Waluss RSB 0dyBlade ©

days. 1001001 tion of Enbryoid Bodies: [001011 After
undi fferentiated human ES cells were proliferated and expanded t hey were

cul tured t QuiRFsM THEE YR férsb@&e%en Hllafed tat atd@ﬁ‘stgv éseﬂsﬁﬁl“v‘d Wi th
0. 05% trypsi n-EDTA, fo tégscrapl ng and e cells into

smal | 36 Momdﬁﬁfﬁ@w dmanof eder C@ﬂ%s’ﬂ@r@ﬁeﬂm]@w&kﬂlm usad wer e

then plate

bacteri ol ogfgé ltlié/?\ tahc@&%gfék%gé gt#a\é?&éﬁer cg* Fﬁﬁ%ﬁ'ﬂf@%& ar 0(1 ogi cal
di shes use®f tha\ﬁé @1h@mdaﬁihn&omeofsem‘maoﬁ badzs. pTessernells atarachlhmred as taher eby
stirrulatin differentiati of. the. ES | s o] f _enbryoid
o o5, Thaupentrd S 3 péoiuy ko 13k B, HF Y Mo e

wi t hout LI fcuktuie thEs@FcenIhedEmmlwm '-lﬁ@idgheose%t' knticRolt"BMEM efhigh hagk DVEM

with high glucose or knockou was supplenmented with 10-20% FCS

t

or knockouSURRemERiede Fiitkc Kirdtite, FG% Qxeknoch@tm replagspicatiedst well (asnother

[ % mer capt LC to the
ESe medi ulron g%#g %?/%C}hgésg% es wg?ﬁgﬁhalt’l Pt%veﬁﬂho %lrdom#bor 4- 35?%%1“ ng
this tine, alded ©@hedifi mﬂimas Eh@ﬁ@bﬁfoul/bw@esmd‘a)&lob@daowmnﬁ-@tdayﬁ met hod.
Thi s sedi [ rfor tr r|n on of
2g0r egat eo DALY i (R b BoaiRE v it bvirk 2 BYE L p Ml b SURBRARNT. e
bott om of (s sediventation lrmlt\ddn-gas perforiediby &nns&ﬂdng &:;el @epeﬁaontof\agglhgdtmsh

nmedi um The a at e fresh nedi um were n, retur the culture
di shes. At ‘?ﬁgg[éﬂg‘gﬁf“ h lom@ayggregq@tg%ﬂe,@, emgpﬁe@e B[P ed and

spun down &he feiffusp teg @Wﬁ]ﬁ’ﬁ@&iﬁﬂem{&nE&i‘h‘é% #regﬁ@ i PreshNARidbund

eni bryoi d bodi es were lated on a tissue culture plate coated with 0.1%

gelatin in tt@l‘emdd@rﬂwmltmtdlﬂbb?ﬁ éhfbe entofithe 66 days, theiemiyyeid bofligo vory  4)

Sel ect 103
ator 24 haseeshBENRTRn IS Peciial HotiedRB RSN iy, R0 20
by repl acieahrididbadiesmeete thenplatdal dnTaBﬁ%sue(mMapiateewaﬂh)) 1%egalatinf indiS def i ned

medi um The I TSFn,nme DVEM F12 medi um (G bco) suppl enent ed
with the ngB%l“PPWFtHB‘Eg'rIEaWCw ﬁl?aied(fg g‘{sh‘@’fsm) (Si gma), S(()dl um )sel eﬁ:ote (10-50

nM (Si gma)

Thi s med urwmzﬁ”si)feé%r?wa @#&%smofélf Rkl NP REBh g (s ang (9

carried OUt[GI];ﬁ)r:‘a] 6- &g 4y hoursu %gs%m- osmve cgl?sy (neur\clj\f)rtogentit%? cllils-l?were selected by
replacing the ES medium with ITSFn (nestin selection) serum-free defined medium. The

( ITSFn medium consisted of DMEM:F12 medium (Gibco) supplemented with the growth
factors insulin (5-25 pg/ml) (Sigma), sodium sejenite (10-50 nM) (Sigma), transferrin

(1-10 pg/ml) (Gibco), and fibronectin (1-5 pg/ml). This medium ailows for the selection

of nestin-positive cells, and is carried out for 6-10 days, usually 8-9 days, with the ITSFn

medium being replenished every 2 days. After complete selection, the neuroprogenitor

cells were characterized for nestin expression using an immunofluorescence technique,

which showed that approximately 95% of the cells expressed nestin (Figure 1A).

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

positive cells.
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medi um bei ng repl eni shed every 2 days. After conplete selection, the
neur opr ogeni t or |s.were characterized for nestin expres
innunofluores@%ﬁ@@ﬁﬁgﬁﬂnlque whi ch showed t hat apprOX|an§V§£@§®08%6the
cells expressed nestin (Figure 1A). [00104] The nestin-positive cells were

subsequentllyoﬂgpangbe@ %g%?mlﬁbﬂg?ewmﬁfbb rtl ng (MACS) for

enri chnment of neural cell” adhesi on np itive cells. 37 WO

2004/ 08117 30fGE| | BROAS004AR:ie0BHS=) sl B g@&%%ﬂa ks GBI S bY

Magnetic Sorting nestin-positive ce Wer e |s

subj ect ed tm@ﬁm mmwem@mmtmmmemﬂmnmmmamt of

neural cell S Ve C Mis aneron
specific sdP ‘aagg%en%quer (ﬂ(qn I\ﬁ%ecf]lﬁ F‘Ff?‘ﬁ&%‘f‘?’v@’ SQI % n VOsi ng
NCAM the neRs by- M@ms iRy tNﬂAM mr;&sﬁmupsﬁu\lmaéems&@d ﬂrﬁtmdﬂﬁd frcb:ﬁ&u@
culture plates b nclgbatl ng, the cells with 0.05% otrypsin- EDTA._ Next, the
di ssoci at ed!Sf#ey ¢ | platgy by ‘Rﬁ%’ﬁ'@%ﬁ et ﬁeleE‘thrFHO%ﬁMé’& ERTA. aNegthttheody

t th I dy
then § noubasg e ifie (UK erd bt HETRRE Biq slned il B ARboa dgabling, TPL0)
for 15 m nuudace mhlkengﬂﬁé\/l\ﬁﬁhﬂnl(:orélﬂaq ftﬁ:trmultttso Thegalis Wereibmmnl@baw’dtwh washi ng
full | PB h | t.he. t' | |
tspensi on TAGSTER mipepGt isg B Seea Sl BRIE0 e fimnliey” Hhp B
Sﬁpar ati on subjected t6 Mdgha:tcysonﬁigoam)wasmhg carefillly wigh B8] |Tongst the deligwhé hr ough

e colum, and the effl negatl e fraction) was collected. The positive
fraction V\AI’E“FB’“’???@Y!\]MB@ FW@“SE@I prRgunately 1x1Q)| ‘F“é‘(s)( was Bipeed, optona wi t h

PBS. [00107%jaBef MSQSeE%H&P@QMnh’IMﬂtéﬂ?PB 'tﬁ'é RAIR et/ RlowRli 16 ﬂ%&ﬁroﬁ%ﬁl' yzed
by FACS, and about 50-60% of the nestin-positive cells expressed the neural

sur f Ftce martkecolnonnand the efffues) (megativaifractpn) W&@ﬂeﬂﬁdm"ﬁlﬁstﬁﬁcill:ﬂﬁ @‘aﬁﬁ;ﬂﬂl\m@sh é he
Pbout 80~ 855 F}-ﬁ.%irp??“gi&éﬁg“%%f*wf%@%ﬂ e O of  NCAM PoSi € i ve
expanded by opfi7L Hefbre il dnd SGHRLRGAIC AR Lal Bl BY EACKES | e

pl ating thesboed 56-60%t af fhelngstin-gasitive tmlellmb:kmmseﬂ the meoml eutfyok ahakerctNCAM ni ng
expansi on dl um_ Cul ng .t he NCAM | this nner permts
bet ter adheETERFH A OB S FURTICOEAE SRS th PRRUPLAHR St Si on
medi um | nC';s&dﬁﬂveQé{E\éx'ﬁﬂe%smgNMM%& a&mﬁ@@to%bmmsm@lmﬂmsm.(lo- 50

[00108]) 6) Expansion of NCAM-Positive Neuroprogenitor Cells:

-

_ [00109] The isolated NCAM-positive cells were expanded by first dissociating the
(- cells with 0.05% trypsin-EDTA, and then plating the cells onto poly-L-Ornithine/laminin
coated plates containing expansion medium. Culturing the NCAM-positive cells in this

manner permits better adhesion and proliferation in the expansion medium. The

expansion medium included DMEM:F12, insulin (10-100 pg/ml), sodium selenite (10-50

nM), Transferrin (1-10 mg/ml), Putrescine (50-200 pM), Progesterone (5-40 nM), and

Laminin (10-50 pg/ml). Two or more growth factors such as bFGF (10-50 ng/ml), EGF

(10-50 ngfml), BDNF (50-200 ng/ml), FGF-8 (50-200 ng/ml), and/or SHH (200-400

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

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

neuronal cells and further induce these midbrain neuronal precursor cells to adopt the
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nM, Transferrin (1-10 ng/m ), Putrescine (50-200 M, Progesterone (5-40
nM, and Lam nin 510-50 g/m). Two or nore growh factors such as bFGF
(10-50 ng/ m WORE08111H. 50 ng/nm ), BDNF (50-200 ng/m), FACTEBEHE093¢0
ng/m), and/or SHI T (200-400 ng/m ) were also included in the serumfree

expansi on | T [ tors s e expansi qn di um
contri but e@gi#ﬁg%@g?ﬁ% n@ﬁr!ez%gé) gﬁsll T @ﬁ%%ﬁ%géﬁl%éﬂggvﬂgﬁ%%d gﬁ | s and
further i nomgm-pdsitve, NCAM-positive cslls nedre pll@eadr teqrolifetates for @- B@4k (Figare 38 WO
2004/ 08117% CT/ 1 B2004/ 001246 dopam nergi c phenotype. The expansi on nmedi um
was repl eni'shed every 2 days, and the nestin-positive, NCAM positive cells

|1 || f t 6- d Fi B). [0011 Under th
oul ture. conitBhTades dhe@e salissditon ot 150N o ol GREBA BPEbsscn
and st ai negrgiessed kPsthined Psiide PNCANE WG ERSEnbEEhEr 8bility {oYiofm® nb@bM NEUr ons

(Figure 3). These cells were al so i nmunoreactive to earlé neur onal marker

( 3-t ubul i n (Fightegs eThepy celfhwers alenuinupugeantiveoio eaglyl ne miatken Bstebilid | y
passaged, d i cants observed that these neuroprogenitor .cells, can be

P ocsaged uiFEsr, TIRE aeloRmertor o wiet e, BRI BhRRECY, uR8 ARPIPRHENT i ot o
i nt o dopamiobgergedC tHAE WiedB Sneuitipkdpenitor adiils @amareeﬁussa(ge@fui;e@t 10 Rintd3 Cari@OgtNt i @l of
the cells to differentiate into commtted matured dopam nergic neurons.

[00111] 7) myiptein the conebilitn toadiforontiale 4itp depasingngis AWias. gYitoNE s OwPareb0112]
Devel opmentesfs GORaBhIRRGA tl'il?é@il?%dfﬂ%reﬁﬁé‘t@ HleR &r}nﬁtﬁt%drd%géﬂéﬁgxgg% action

of extracellular-signaling nolecules. These nol ecules activat cade of
transcri pt ingwron.actors with |ineage-restricted expression. These
transcription factors are responsible for increasing the expression of a
speci fi c sd0013l] gehe Differentiatiod andMahative wf Dopareinergixf Neunens: dopami ner gi ¢
phenot ype. To encourage the expanded neuroprogenitors cells generated using
t he above {08X12% ol Déevelaprienhef dopaminergipummians ixgiieo dependsom, the tegulgted\attiod act or s

bFG- and EGE were first .wthdra omthe cells. Next i f.ferentj.ation of
the  neur opfSEEETHRL Sttt ShRR mplEeS seiaut £ ool et
cul turing tfgors&hihSlideagd-rebigictedRaprbsione dThess f toh Gacléry Gre réRudiblerfobasal
medi um i ncl uded, Neurobasal A _nedi um (Gifbco) , . F é_lo- 2099 ( CL\%EE% and
B27 (2- 109%ingreasiEdie expreqiian ofa spegifici sstiaf gpmghinyolvad ithe develapyendof ihe act or s
| ncl uded | ' bRHOWRE S To KnRbrrs t[l‘l@'%ﬂ%d d hhirdBdpdnitors WHifbdnerathd ™) |
ascorbic agoh%(ﬁ‘gg n%ﬁ%Si g?ma , acet‘3 cglstélll‘%@ Bento m:"
using the above protocol into functional dopaminergic neurons, the growth factors bFGF
and EGF were first withdrawn from the cells. Next, differentiation of the
neuroprogenitors cells into dopaminergic neurons was induced by culturing the cells in
(\' Neurobasal medium for 30-50 days. The Neurobasal medium included Neurobasal A
medium (Gibeo), FCS (10-20%) (HYCLONE), and B27 (2-10%) (Gibco), as well as
various growth factors. The growth factors included in this medium were Interleukin-1{3
(IL-1B8) (1-2 pg/ml) (Sigma), ascorbic acid (50-150 nM) (Sigma), N-acetyl cysteine
(50-150 nM) (ICN), db-cAMP (500-1000 pM) (Sigma), GDNF (1-5 ug/ml) (Sigma),
TGF-B3 (1-5 pg/ml) (Sigma), Neurturin (100-500 pg/ml) (Chemicon), BDNF (50-200
ng/ml) (Sigma), FGF-§ (50-200 ng/mi) (R&D Systems), and/or SHH (200-400 ng/ml}
(R&D Systems). The Neurobasal medium was sterile filtered with a 0.22 pmillipore

syringe filter.
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(50-150 nM (I CN), db- cAMP (500-1000 pM (Sigma), GDNF (1-5 pg/m) (Sigm),
TGF- (33 (1-5 g/mM) (Sigma), Neurturin (100-500 pg/m) (Chem con), BDNF

(50- 200 ng/rﬂ) (Sigma), FG--8 (50-200 ng/m) (R&D Systens), and/or SHH
(200-400 ng/mM) (R&D Systens). The Neurobasal nmediumwas sterile filtered
with a 0.22 pmllipore syringe filter. 39 [00113] Tyrosi ne hydroxyl ase (TH)
is the rate limting enzyne for dopam ne synthesis. Certain

| i neage-restricted growh factors pronote the induction of TH synthesis.
Addition of these factors to the mediumresulted in a higher percentage of
cells adopting the dopam nergic phenotype. These factors were added at
different t'[mlgolfy%sﬁle(iﬂﬁﬂoﬁﬂaser(?ﬁg AR r@fé'lﬁﬂlﬁr{geéﬁ%asfo?aopaﬂﬁné Jlinegi ed in

Table 1. resen he Neur al medium” appears to
play a key Certain lingagenissteipted éfloé’ﬁt faatptsmrprmte the indypticngd itk synthesis. dudddivani ner gi ¢

neurons. Al {hHpugh R Pstto‘mesxﬂéd‘uﬂﬂ}égul% ih h H}gb&fh_fc‘é’n fQ@l'ist:}d&?ﬁn%rthe mechani sm

| L-1 B3 appears to I ncrease e anount |ve neu as well as
t he responsdopemisegiafhendtppe hiss factorswenaddedgt dxﬂhremuimpdmts grimgnedi um  The
appl i cat i on e%gnnafJ?E&@m%@%%@?cﬁ%&"nsrdb % TR ”vﬁﬂﬂ.sﬁnlés&'?%%é ng the

Neur obasal umever uri ng I'SSU€ cu e period of 30-50 days.
[ 00114] TheNewdtasaimedmin, gpmatsho f.:lapahc)srolenn theelifNeentisbiasaf neumepiogenitacided at

di fferent day. durln di ff on, of . ne enltor ells is depicted
in Table | %éjI%Bammefﬁ'B gHrphs- %ltg H{W%?Pm%hoq’;l R‘fi OHY RAgifeu %@ur opr ogen:ot or
cells Cul t mechagiongliLti Biha;fp@drsﬂbl1ﬁérexseﬂielaa]bummfu)wﬁ>smvélnd3ayﬁ #-wkilBays 8-50 TH
positive l1s (9 r abas medi Neur obasal

o um - 4208 pdadnslyonesS o B0 SR ko TRl ok GiE R drodflar TSP GHiY er 5, ot
sorted | L-Ithdse gekdwth Akdrs Islcokibined wdbcl%ﬁ@ﬁgthembaﬁmEdI@NFeryB% TG-- 133,
neurturin ur obasal nmedi um Ng; asal nedium Neurobasal nedium 55% FCS,
B27, IL-1(1 ‘lf@S“SSBQ?umSﬁHe“OéWﬁ 8- FCS, B27, FGF-8, IL-1 0, IL-1(3,
db-cAMP, db-cAMP, GDNF, GDNF, BDNF,

[00114] The cocktail of growth factors in the Neurobasal medium added at different days

during differentiation of neuroprogenitor cells is depicted in Table 1 below:

Table 1: Differentiation conditions for neuroprogenitor cells

Culture condition for differentiation

Days 1-4 Days 4-7 Days 8-50 TH positive
cells (%)

Neurobasal medium, | Neurcbasal medium, Neurobasa! medium, 42%
FCS, B27,IL-1p FCS, B27, Shh, FGF-8 | FCS, B27, Shh, FGF-8,
Not sorted IL-1p, db-cAMP, IL-1p, db-cAMP,

GDNF, BDNF GDNF, BDNF,

TGF-P3, neurturin

Neurobasal medium, | Neurobasal medium, Neurobasal medium, 55%
FCS, B27, IL-1p FCS, B27, Shh, Shh, FGF-8, FCS, B27,

FGF-8, IL-1§, IL-1B, db-cAMP,

db-cAMP, GDNF, GDNF, BDNF,

Shh, FGF-8, BDNF, TGF-f3, neurturin,

ascorbic acid ascorbic acid
Neurobasal medium, | Neurobasal medium, Neurobasal medium, 65%
FCS, B27,IL-1p Shh, FGF-8, FCS, Shh, FGF-8, FCS, B27,

B27, IL-1B, db-cAMP, | IL-1PB, db-cAMP,

GDNF, BDNF, GDNF, BDNF,

N-acetyl cysteine TGF-(3, neurturin,

N-acetyl cysteine,

Neurobasal medium, | Neurobasal medium, Neurobasal medium, 20%
FCS, B27 FCS, B27 FCS, B27
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Shh, FGF-8, BDNF, TGF-33, neurturin, ascorbic acid ascorbic acid Neurobasal
medi um Neur obasal nedi um Neurobasal nedium 65% FCS, B27, IL-1(i Shh
FGF-8, FCS, Shh, FGF-8, FCS, B27, B27, IL-1D, db-cAMP, |L-113, db-cAwP,
GDNF, BDNF,w&ENosBRNF, N-acetyl cysteine TGF-p3, neur pgiimzoodboasiet v
cystei ne, Neurobasal nedium Neurobasal nmedium Neurobasal nedium 20% FCS,
B27 FCS, B27 FCS, B27 40 WD 2004/081172 PCT/|1B2004/001246 [00115] Wen the
ES cells are induced to differentiate using the Neurobasal nedium the ES
cells develop into a variety of neuronal cell types, including dopam nergic
neurons, serotonergi c neurons, and oligodendrocytes (Figures 5, 6, and 7).

Wiile th rc . | §: ' ' ) | C neurons
remai ns ﬁ)eollgﬁi vm‘gﬁg@‘ev%?n&ﬁés%%ﬁﬁdﬁr@%i @uﬁ&%&@géo%ﬁ*g&gs%ggngﬁ%%i ng the
medi a wi the EBecells alavéiop dntbos varety sifonenronal cdlbhypes, linckadingt depaimimedgici ncr ease
In the percentage, of dopam nerqgj c.neurons erated. Fo e | e, over 60%
of the EXCEH §&8¥°f‘1er§f°e’%t“i“§’tse6‘% ﬁf&?ﬁﬁ%ﬁ’?@agﬁﬁ’tg“{ﬁé e6p6’§‘{ { )'vmr&'?H, a

speci fi cpefesdigie of QEll@RATTIRAHCInREdpRitnerdi ORutcHs réhaith Al ARESb%ah i on of
Differentiated Neurons [00117] The differenti ated neuronal cell types

gener at e8taBEGFHURRCANgitoRs sppRigrating theguedimwitle thrarawthfetoraeethopsiih by the
overal | FRBRRQLOY H]{ anlif&refBlid fhe plre e%f%ﬁ;})/@ﬁﬂ%&%&%%%’?%‘téﬁ? Hopf1ed by

i mmunofi ourescence. | nmmunof1 ourescence ana out at the
neur opr ogeamiple rovexfdaoif dre ES agis differpatimddaintoodellbi@abmeospdsitive foeTHs), and

vari ous of Qﬁ% tal'Ige tgo{?nts.o; .differentiation using standard protocols well
known t o PEHELETET RGIPATIFEARIY First, the isolated cells were grown in

2-well ¢ r i des . precoat ith extracellular matrices, rinsed with
PBS, andW@d ?érg%ﬁa"ﬁ“ %&ﬁ%%"@%ﬁﬁ”f%%t 8P Wnnal dehyde at room t enper at ure.
Next, th S r ernpeabilize ,th 0.2% Triton X-100 in PBS for 5

m nut es, ?%iglgkecﬂ% cﬁﬁ&f Bﬁpﬁ‘é’o‘%ﬂir‘iﬁ tXPﬁuWafegsﬁﬁcP%@ 99 the prefStrs, and

i ncubat edisélobite epé evaidledBdth bgdlie okl RRFholdgdyUss B8 cEms aBBFE dsthd %0

BSA/ TBS) overnight at 4 C. The cells were stained with the follow ng primary
phenotypes identified by immunoflourescence. Immunoflourescence analysis was

carried out at the neuroprogenitor expansion stage (expansion of NCAM positive cells),
and various other time points of differentiation using standard protocols well known to
those of skill in the art. First, the isolated cells were grown in 2-well chamber slides
precoated with extracellular matrices, rinsed with PBS, and fixed for 10 minutes with 4%
paraformaldehyde at room temperature. Next, the cells were permeabilized with 0.2%
Triton X-100 in PBS for 5 minutes, blocked with 1% bovine serum albumin (BSA)/PBS
for 2 hours, and incubated with a primary antibody (antibody dilution was made in 1%
BSA/TBS) ovemight at 4° C. The cells were stained with the following primary
antibodies: early neuronal marker f-Tubulin, NCAM, Neurofilament, late neuronal
marker Microtubule associated protein 2 (MAP-2), neuron cell surface antigen A2B5,
Nurr-1, Tyrosine hydroxylase, the dopamine transporter DAT, dopamine B-hydroxylase
(DBH), the astrocyte marker glial fibrillary acidic protein (GFAP), GABA,
Oligodendrocyte, Serotonin, and Synaptophysin, all of which were obtained from
CHEMICON. Finally, the cells were incubated with an FITC labeled secondary
antibody. After each of the above steps, the cells were washed three times with PBS.

M



anti bodi es: early neuronal marker (3-Tubulin, NCAM Neurofilanent, late
neuronal marker M crotubul e associated protein 2 (MAP-2), neuron cell
surface anti gWR 2881172 \yrr-1, Tyrosi ne hydroxyl ase, the dRfpHFR2fl/001246
transporter DAT, dopam ne (3-hydroxylase (DBH), the astrocyte nmarker gli al

fibrillary I1¢i C of.el : A ' Ser ot oni n, and
Synapt ophyslla'r?]ll;lggl Iﬁgef E%%%wﬁésﬁﬁﬂ%%%%wﬂqwe fﬁne cells
wer e i ncubavaldateitlichimmmunbpdsivesbens  This damnsisfupreseence baaliysis diropktraacthanpf t he
above steps,, the cells e washed three tipges with PBS. 41 WO 2004/081172
PCT/ | B2004A0tPE8 PErceptagei Ane gHereia Srlscy o BOTHEATEAEHS I e detiin apec

f 1 uor escenggarkérs NOSAPPEFikRre BY MARLE(HifRe I4NJURRP PITUNKR @IRRS 4BJNI Phe

i munof | uorescence analysis denmonstrated that a'large percentage of the
di fferenti #xpugssien [of thevee keyrantigensaincrepsedt with hgrepten rineubstierc itinies  indhdker s

NCAM ( Fi gur : - 1 0 - uls] | ok
expr essi on @éﬁ%a@fﬁféeﬂf Lgr?it @ﬁ@%ﬁ@%%ﬁ%ﬁ%&@%ﬁ%@%ﬁi S(I)I%ﬁﬁ nmes in
the differperteniape of the delismexpresseth eérblonine@igne §),aamiveli & thle stonceenonat r at ed

that a smalle per.centage of. the.c expressed serotonin (Figure 7), as
wtl as-t nanaers BERRURY aeiie Rt ORI MRk S Bt aarec o pae AR hp)
whi ch is praag@hitarhdle, 3eHiEH6 YrRont iR OfgdddBhocROCFiglrebpmat e, which is present in
A i godendrocyte (Figure 6). [00119] The differentiated cells were al so

alyzed b I &feteh | [ ' [ :
?(gr e)én) , a?{gﬁlglg\?vi te# Eﬁ/ﬁP— 2, H%%@r@el%ﬁ%réf% %ﬂ%ﬁ%\dﬁb%{l@cﬁgaﬁfé}% vglg%:ondar y

?Rt ![ b?ﬂi es m‘fmagnﬁlmdiesrtwigﬂg(grwm glomgzwg?lrMAB-)z, DA, N &-ﬁ]ubulﬁqmst 'rl'ﬁt ed
a e pr.operiion -2 DOSitive S _expressin . hi_gher.. e
cel | denspt@&%fdt &gﬁgg&ﬁrxe%bgdﬁ%ﬁ%}pg W&g r&ﬂ’&?ﬂ‘lpc& Zﬁlgﬂ% ggumg aﬁ‘ﬂ%‘“%urrber s
of TH  posideimoBstésdd thatahelpypbitidn BOMIAP-Y fostiblelcsll@ipraséifg TH was g MTNe

selected fie|lds using_a 40x objective lens. The percent proportion of
TH- posi t i véeﬂéiepgnm‘gdqp&pmaﬁ aiguens was guantified by courting the nyabersf Hilso

i oh cont g R spdMAP AboddVE CRIT oM if oty &crafticl yshig L) B

synapse f orabgectivn lanas Theaetdent poparion ofrilblessitivaicalls was baleylated (Bighresn.

Lootacl | TREShUNSE ARGARP SR T Sed PR SIS o

express serTH eviivDBHFwhicheodfiined|the dupeinirientic pladnotype 40%eaklls. hAdditionally,

posi t1 vel y PBibeSTHEReR e A Bre Bt SEEPRPYEY for
[00120] Immunofluorescence amalysis also showed that the percentage of sorted

( NCAM-positive cells expressing TH is about 60%, while about 30% express serotonin

(Figure 10). In addition, about 40% of the nestin-positive cells stained positively for TH,
about 30% stained positively for Serotonin, and about 28% stained positively for
Oligodendrocyte (Figure 11). Immunological markers used at different stages of
differentiation are shown in Table 3 and indicate the phenotypic characteristics of
undifferentiated and differentiated ES cells:
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digodendrocyte (Figure 11). Imunol ogical markers used at different stages
of differentiation are shown in Table 3 and indicate the phenotypic
characteristi O ¥WMO8KGi fferentiated and differentiated ESPEBIBI4/9R2400
2004/ 081172 PCT/1B2004/ 001246 Table 3 : Phenotypic characteristics of

cel s Bopan ndrare Gearaat ol sttt e AERHAR R " 105

SSEA- 3 R tubul SSEA4—Netrof Yert 4—60 B5 DBH
Tra- 1- 81 MAP- J%@%torﬁ:wo 15 GAB;QOPWCan]&'IG sin lcripto-1
GCNF  c-Kit [} .,f‘gﬁ U cong—Expressi-on—R ﬂfmwxpre%i on
profile of cel Igg"@‘éj I ect ed é} ferent s was al Bnal yzed.l Cells
were col | ect qu EA-3nal ysi s baliper se Tr aASkr i pt ase [FoF4Rer ase Cain
Reaction (RT- PEREA4om each @t | owi| RAEt ages oNfoi he di scl oded net hod:
undi fferenti atf d#a&%0cel | s, ¢ed®Bfoi d bodi e$ DBEESt i n- poisi ti ve neur odr ogeni t or
cells, NCAMp6'§$~ﬂ+8\1e ceI I's, MaP2di fferenti ated cell s| i sol ated aftler 12, 17,
22, 27, and 37 Qiés of fchIemmdixation i m Neurobasal| medium Aftdr the
cells were collIHETMeR t hey weiIGARK! | eted, |and total cellular RNA Vas
extracted fromd80cel | pel || SyBapts %t he{RNeasy Q aglen kit. The |i sol ated
RNA was st or ed cfipto-200 C [q012 ] ¢ was synt hesi zed fromthe iiol at ed
total RNA usingdtFoney Leukem a virus sudperscript Il reverse trgnscriptase
and digo (dT) 3248 The c DNA synt hesi zed by this reverse transcril|ptase
reaction was ysed for PCR anplification with different sets of specific
priners to determ ne which genes were expressed in the collected cells.

These
[00121]) 9) Gene Expression Profile

I—F A

[00122] The gene expression profile of cells collected at different stages was also
analyzed. Cells were collected for analysis by Reverse Transcriptase Polymerase Chain
Reaction (RT-PCR) from each of the following stages of the disclosed method:
undifferentiated ES cells, embryoid bodies, Nestin-positive neuroprogenitor cells,
NCAM-positive cells, and differentiated cells isolated after 12, 17, 22, 27, and 37 days of
differentiation in Neurobasal medium. After the cells were collected they were pelieted,
and total cellular RNA was extracted from the cell pellets using the RNeasy Qiagen kit.
The isolated RNA was stored at ~20° C.

(_ [00123] cDNA was synthesized from the isolated total RNA using Moloney Leukemia
virus superscript II reverse transcriptase and Oligo (dT)i2.1s The cDNA synthesized by
this reverse transcriptase reaction was used for PCR amplification with different sets of
specific primers to determine which genes were expressed in the coliected cells, These
PCR reactions were carried out using the ¢cDNA as the template and platioum Taq
polymerase under standard PCR conditions, which are well known to those of skill in the
art. The general cycling parameters used to amplify DNA products were as follows:

1. denaturation of the template cDNA at 94° C for 30 seconds;
2. annealing the primers at 55-65° C for 1 minute, depending on the primers
used; and
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|
PCR reactions were carried out using the cDNA as the tenplate and plati num
Taq polynerase under standard PCR conditions, which are well known to those
of skill in the art. The general cycling paranmeters used to anplify DNA
products wer eWAZPHIIERs: 1. denaturation of the tenpl ate eONBmb4@424€ f Or
30 seconds; 2. annealing the priners at 55-65 C for 1 mnute, depending on
the priners used;, and 43.\W0 2004/081172 PCT/|B2004/ 001246 3. incubating
the reaction at 728 EPREng fhefeaction ghd27 &t} Ainue.cq9d repeating staph s

between 25 and 40 ti fBeles) Oéhwvedl 2 HdQ0 g PCR reaction, the products were
run through an 1.5% agarose gel using electrophoresis along with a DNA size

| adder . Theloake esakeNHePCitredbBSH i BibucrEes ; | 3 4uRulin vere
al | anal yzgd 1t?yw]RT PCR usi ngr?ahe [5rﬂ|1 rgucé@g%truﬁlﬁﬁéh ?’ir?ll? Z{)g%a} © gf’ii:\bl e 4:

Primer set susipgeelectrophnresis slongiwitihmDNA sipeleildarc TheergmessiGe 0ETH; DORL, ISBHyence TH
(417 bp) TGL. ' ) TC (SEQ, | D CCA AGA GCA T CAA
AG (SEQ | D%ngﬁ Z‘%ﬁ%@%"dﬁ@%&% E@?‘SE@% 1 3) TCT
GCG CCT CATin(ahie@I T AAG (SEQ ID NO 4) DBH (447 bp) CAC GIA CTG GIG CTA CAT
TAA GGA GC (SEQ ID NO 5) AAT GGC CAT CAC TGG OGT GTA ACA CC (SEQ I D NO 6)

En- 1( 390bp) TGG Tmmmﬁiﬁ&keﬁﬁ&&*@&giﬁ@ma cific géaés CGT CTT TOT CCT
GAA CCG T (SEQ ID NO8) Nurrl (255bp) TGA A GAED%;GA AGG AGA T (SEQ ID
NO 9) TCT [GCA @GenePAG APA TCG GAG CT ( SHRhiMNg (3-Tubur i 3I7bp) GGA
ACA TAG CCE_TIAA ACT GC (ISEQ 1D NO 11) TCA CIG IgoutceCTG AAC TTA CC (EEEQ | D

NO: 12) [ 00125 (#Hb_l’hbové BARICAG Q%Aﬁﬂmw&sfﬂm BHNOhBt t he ex;rr essi on
i fferent dtion of the R baoRREE e E8TTadRg IR IR on i nco|
dopani ner gij D2RELAOAH B Fi 0GCA G GAB CTERRCGads CCi (SEQW No:3)a ubi qui jously
expressed gene, vas seen to. 9 G SRR WAd SsEQ D NOw)

DBH (447 bp) CAC GTA CTG GTG CTA CAT TAA GGA GC (SEQ ID NO:5)
AAT GGC CAT CAC TGG CGT GTA ACA CC (SEQ ID NO:6)
En-1(390bp) TGG TCA AGA CTG ACT CAC AGC A (SEQ IDNO:D

TCT CGT CTT TGT CCT GAA CCG T (SEQ ID NO:8)

Nurrl (255bp) TGA AGA GAG CGG AGA AGGAGAT (SEQID NO:9)

TCT GGA GTT AAG AAA TCG GAG CT (SEQ ID NO:10)
B-tubulin (317bp) | GGA ACA TAG CCG TAA ACT GC (SEQ ID NO:11)

TCA CTG TGC CTG AAC TTA CC (SEQIDNO:12)

[00125] The above analysis by RT-PCR demonstrated that the expression of the
dopaminergic phenotype specific gene, TH, was seen after neuronal differentiation of the
ES cells until terminal differentiation into dopaminergic neurons (Figure 12). As
expected, B-tubulin, a ubiquitously expressed gene, was seen in all cell samples, while

DBH was not expressed in any cell samples.
[00126] 10)Reverse Phase HPLC for Dopamine Detection

[00127] One definitive characteristic of a dopaminergic neuron is the production of

dopamine.  Therefore, the functional capacity of embryonic stem cell-derived
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il

DBH was not expressed in any cell sanples. [00126] 10) Reverse Phase HPLC
for Dopam ne Detection [00127] One definitive characteristic of a

dopam ner gi c Weweemsiy2t he producti on of dopam ne. Ther ef peEIBAR1246
functional capacity of embryonic stemcell-derived 44 WO 2004/081172

PCT/ 182004/ 001246 dopam nergi c neurons to produce dopam ne was eval uated by
di rect|y neleb@ringgic heuronmta pwdideufiopamiepwas reallatadeby dirsithgmeesneing ahPhase

HPLC RP— h |
ot r w1 ned Byicol B aGBBER A L n A BRATHI ALY The BR0RRRR o0 e o
t he col um qfrdwatnateedeyectndfmrmchrsdnplétms Mneewewdmlﬁﬁkon i 12 &hndked begi n,

cells were ¢ Iec at .di f.f.erent, stages, of the d net hod:
undi f f er ent®® %@m”é ingfged, g tggcﬁoggnn lﬁt ﬁ’ gf’f?’ﬁ/én‘illé’tfﬁebrﬂa@beni tor

cells, N%Yb&ﬁﬁéﬁt‘l ve cel I s, and differentiated cells isolated after 7, 22,
and 37 days of differentiation I n Neur obasal nedium Before collection, the

col | < i 1 quo1ms) 4 o, Do 9ERSAlodBA WG st 8L LR ALP ! nduce

dopam ne secretion addi tion of 6mv KC1 HBSS f or m nut es.
Appr oxi mat em;hfﬁmm@tedeEss cellsy eemhryaidi bmb&sd Nastin-ppsitivee tnedropyogesitur céllsgat i on.

The cells I r nt i oxi dant S
(0.29/1 so | um ﬁ'g‘?szgtbl Eﬁ&i dlﬁeé'%rgla%gn{:\érnlgf lsfél%g&)aatﬁ%lgc@%@ apé% aﬁysf

m nut es at differéntiafion mumian'a]basalt maammexﬂie&ﬁé e:dllwndn,Sth@r&ﬂls adifferéttifted of
subsequen det er ion of .th r dopam ne congentratio

RP- HPLC. “i“%%)i—ﬂ’ yepgfirst %&“&‘ﬁf ‘E%WW%’&Y&@‘*QW&O’EB ture
supemat ent mm@; il BSS the1d ﬂﬁutesﬁewlﬁbe@gﬁamﬁ SR Wik iHhSnBeP gRRt ent

was i medi ately stabilized with 7.5% ‘orthop ho;‘ghorlc acid and sodi um

met abi sul prelieted Pﬁe@!gﬁlgrm clhel celly wanedkenzsqaicgtod in ¢p)d RS-pepvhloticagidwifl | i er
f mb id
Egglgg: ° ta{ﬂlﬁ?\ﬂg%@% g{?\gl neur opr og%%@ ﬁ@%{ﬁﬁfg@&‘%&&ﬁfb Me cell Sryg: d

not cont ai rmianies der‘réﬁ abfhe siqmmltent orfas edtyaded arel. stéyed et -VfbfeCffor stbsespesint of
differentiajion..i basal however cell S ates anal yzed by
RP. HoLG al (8 te&‘H{“QE 0‘8 ”F?%‘P’éé’é’l ?‘hrféélr O*E '

si gni fi cantleyeld ﬂefeecmﬂ;m 1i1hl§?e asm@eate@inddmnmfé\ SuBérdhent (@8 1R aftdrithé Mt cel |
Iysatelncre?é ndtermnallérrratured over tine_in the ffer nt|§t|on
Neur obasal ™ anggle jLher ol QW%ﬁmMeWasomIBﬁbﬁﬁlﬂn%ta Sgher in

the cell c Lﬂﬁhﬂbﬁﬁpﬁ&ﬁ? acid and sodium metabisulphite.

[00129] The cell lysates analyzed by RP-HPLC from earlier stages of the disclosed
method, such as undifferentiated ES cells, embryoid bodies, Nestin-positive

( neuroprogenitor ceils, and NCAM-positive cells, did not contain any detectable levels of
dopamine. After the first week of differentiation in Neurobasal medium, however, the
cell lysates analyzed by RP-HPLC all contained dopamine. The level of intracellular
dopamine significantly increased as the number of dopaminergic neurons in the cell
lysate increased and terminally matured over time in the differentiation Neurobasal
medium. The intraceltular level of dopamine was even higher in the cell cultures that
were treated with growth factor versus untreated cultures at the indicated time points as
shown in Figure 13. Further confirmation of the production of dopamine by these cell
culture was shown after incubation of cell cultures with N-methyl-4-phenyl 1,2,3,6-
tetrahydropyridine hydrochloride (MPTP), a neurotoxin that targets dopaminergic
neurons. In the cell cultures incubated with MPTP, no dopamine was detected in the cell
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were treated with growmh factor versus untreated cultures at the indicated
time points as shown in Figure 13. Further confirmation of the production
of dopam ne by these cell culture was shown after incubation of cell
cul tures wit 'WR2AMO8IAT2 4- phenyl 1,2, 3, 6- tetrahydropyri di mECHPAIBOM2E i de
(MPTP), a neurotoxin that targets dopam nergic neurons. In the cell

cultures i t ] o0 do 1N det ect ed. he ¢ 45V\D
2004/ 081173&3%%%5#@%%@%&% yglatQ@‘{sHas§ %%‘-"Pf g §P§? p |°ﬂ“‘i“§ﬂ‘i‘

dopani ne r eledimme was feréase irc ealidduitives eifmulared ivith MII{ELQﬁg&eI M)Celddmg.ll tur es
stinmulated with 5 ure. 14).. Addi.n an_array grow h factors to
the differ 8t ?)tgyfﬂé‘%géc&%‘glt o fh%i eptiatioy Neurbasal ‘?dHF?afﬁsé’l msregsedgopani ne
| evel of tM&aldlaﬂdb?&hﬁfélév-EﬁMtﬁeé\ﬂl shfR(Babdé 5)P0pam ne concentration (p
g/m) in cell lysates by HPLC # Cul%(ure conditions for differentiation Da

o et a0 ST S2 8o ybBRGNGS (g UM ASIREGS 121 L 7,
G Pttt T R R "o L PRI L
AL

37 97 f-\ni--\rn 7 rrardl At AN vat h I—_\Rr\d\ | A _Ql & —22%2:'”1'2 A1 Of the

conpositio S rm"""tf"""‘t!" QWMW Iy d
exrergut ed w 2nbf dll QH_R S FacioEsnt ation i |J§d t_bf i_%lﬁsgLP“PnT S(ﬁ scl nsure.
Wi | e the tanpSdmplagias withJomM KEHs of this iSdvenlion Rave heenZdescrj bed in
terns of pfef Nracety! eysteins sleng with growthi | | | be4.8ppal ent 289 t hgse o® skil]l in
the art that Yyéactomi ons nmay be applied {o the cpnposition$ and/ or net hods
and in the| st fpmalationwithsemdKence of si{eps.8 of | t he3get hodls ddgcri bed

herei n wi t NeUY AdediBictatidGildngQith g2ewmoncepl, s rif angscop¢ of g A he

i nvention. | Mofecepeci fically, it will be|lapparenf that cerfain agentpg that
are chem ¢al YtiRYalaBiBY Witk SGHIME Rl Y retared gay OF SUGBH T edfygr e agents
descri bed 1T e an Same or—sriarTesurts—woutd—e—actreved. Al |

such sim| %OﬁHPStAﬁ otfefﬁe mposmons and methods disclosed and claimed herein can be
made and executed without undue experimentation in light of the present disclosure.
While the compositions and methods of this invention have been described in terms of
preferred embodiments, it will be apparent to those of skill in the art that variations may
be applied to the compositions and/or 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
L 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
modifications apparent to those skilled in the art are deemed to be within the spirit, scope
and concept of the invention as defined by the appended claims.



nodi fications 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
claims. 46 CLAAIMS WHAT IS CLAIMED IS: 1. A differentiated cell population
inan in vitro culture obtained by thgﬁégntlatlng primate pluripotent stem
cells and sorted for nestin positive cell's and NCAM positive cells, wherein
60% or nore of the differentiated cells are dopam nergi c neurons. 2. The

cel |l popuWaRIADIS CLAIMEINISE, wherein the primate pluripotent stemcells are
human enbryonic stemcells. 3. A differentiated cell population in an in

vitro culture obtained by differentiating prinmate cFl uripotent stemcells
and sor t eld 4 @it ewegﬁﬁeﬁcyéﬁpwlwr@ewnsnaﬁ@qthmcmyn@ bedifiesgntigtingvher ei n 60%

nor e 4. The
cel 1 popdratE b ERE L TS o R po el s RV B i 1 < o e
human  endalily,avtiegeif (5699 crahbi2.of the differhtised Béllsgﬁél@é}ﬁ&mﬂ@gft itufdrer 2mhicat ed
neural cell popul ati on fromprimte _pluripotent stemcells conprising the

f ol | owi ngFelmepalatiomyf daighhavirieia thapritmpte phiringtanisice! cos arepwtaant stem cel | s

; (b) CU|M¢&QCE£&& jyri potent stemcells to select for neuroprogenitor
cells that e positive for nestin; (c) sorting the nestin-positive

neur opr ogk M differeneihied céld polanamcﬁhmtm oftroNGRite ghesingd bediffeldnsiatifgl)

differentiating the nestin-pos t|v NCAM posi tive cells to generate a
di f f er entRrHRe PhEippient itemce\éwd for tne:m%‘m?@ s R NCAY pOsitivg

differentd, ﬂE JQ{E{&H%D% 62 o‘??fYQ’&lfé Jt%céi?s?bx fesh g&@ﬁﬁfﬂqr&yl&%c” or both.

6. The net 'ai m wherei n t ri pot wer e derived
usi ng a |adhe celhbb@mtlatoom dfeddimi hwdlerein th'Ehmrmme bkmdpoifen‘cétahmeﬁs arethemann t he
pluripotent stemcells are human enbryonic stem cells. 8. The nmet hod of
claim 7, SRRYNASERCHSman enbryonic stemcells were derived using a |aser

abl ation ¢ eChRIHAHST peherdiity IBIRRMA IS AbdhlCen po‘ﬁﬁfah@h Rrob'grifhief er enti at ed

neural cell population conprises 60%or nore dopam nergic neurons. 47
pluripotent stem cells comprising the following steps: (a) expanding a culture of primate

pluripotent stem cells ; (b) culturing the pluripotent stem cells to select for
neuroprogenitor cells that are positive for nestin; (c¢) sorting the nestin-positive
neuroprogenitor cells for enrichment of NCAM- positive cells; (d) differentiating the
nestin-positive, NCAM-positive cells to generate a differentiated neural cell population
by culturing the cells in a differentiation media which comprises TGF-83 or interleukin-
16 or both.

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

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

8. The method of claim 7, wherein the human embryonic stem cells were derived using a
laser ablation technique.

9. The method of claim 5, wherein the differentiated neural cell population comprises

60% or more dopaminergic neurons.
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10. The nmethod of claim5, wherein the differentiated neural cell population
conprises 30%or nore serotonergic neurons. 11. The nethod of claimb5,
wherein the differentiated neural cell population conprises 25%or nore

ol i goden al: . furth comprising culturing

Che o ar 19071 Feed b ClitF STERAGHAL st gl Al o iRigadioB e, “The

met hod of30%4 @i morkAcrotdirrgt Relirbes. enbryoi d bodies are cultured to select for

neuropro_glenitor e t hat are positive for nestin. 14. The nmethod of claim
[

|| j !
5, wher eith {RemAbad SpFiaHR A vBsTemdhe differentiatedmeprsd pel] pepulaiontesrises ar e
sel ect ed >Ry, SUh&MdM; ripotent stemcells in serumfree nedium 15.
The et hod oo(?r C ‘giolln‘qgg‘i‘%“la%"gtééi n the serumfree nmediumis I TSFn serumfree
defi ned r@dThmmeth6d of blainrst funttiendonaprizing ddturing dregilarijidient Semucelfsrof etepedi um
conpri se onet: or rTBre. é(?J'Ubl e factors selected fromthe group consisting of
i nsul i n, (@JAiTRMM &BPE9id BedieS ansferrin, and fibronectin. 17. The method of

claim 16, L i i | i, FUm  selenite,
13RS Bkiol BE Rl qﬂ}&ﬁcﬁ%%inﬂﬁ}ﬂ%ﬂ%%dﬁ%a? LR 1 seRRPoY

transferrin, and _f| bronectin. . claim 13, erein the
neur opr ogewiopragenigdricslls that arapesipiws farinestif. or nestin are sel ected by

culturing,t embryoi.d bodies in serumfree .nedi 19. The t hod. of claim
Th wher ditn e B0 O E1aPR S, RherethBF o heieRSulY gri bradire pen T YOR ASdam 20
The net haet RiectdddyBul@rinp iR Riripdté&R sl thlkfif §eumBdURt&ORP! | ses one or nore
soluble factors sel ected fromthe gr oup consisting of insulin, sodium

sel eni t e,15pbBkd methpi pf elsinad ¢, whesomtih¢ seruorfrectmediamas FISEn sgrunfiebr onectin. 21.
The net hgld 1of cl lhm 20, wherein the serumfree medi um conprises insulin,
sodi um Sfléefﬁlpg, ¥ ansferrin, and fibronectin. 22. The method of claim 21,

wher ei n tIgETREMEDDE @9 ERirh 04, WhdrkH the Rt Seeedhedi@ATONHRIO oner Yhore
nestin-positive cells. 23. The nethod of claim5, wherein the

nest i n- pselubledactawsiselspied deom thsrerew ¢onsisting eleipsyl) sodivm selsnitedransfesim i ch f or
NCAM posia%%}\x@ 0celtlis by Magnetic Cell Sorting (MACS). 48 24. The nethod of
cl aim 23, FeR "™ he” nesti n- positive neuroprogenitor cells conprise

17. The method of claim 16, wherein the serum-free medium comprises insulin, sodium
selenite, transferrin, and fibronectin.

18. The method of claim 13, wherein the neuroprogenitor cells that are positive for nestin
are selected by culturing the embryoid bodies in serum-free medium.

19. The method of claim 18, wherein the serum-free medium is ITSFn serum-free
defined medium.

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

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

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

23. The method of claim 5, wherein the nestin-positive neuroprogenitor cells of step (c)

are sorted to enrich for NCAM-positive cells by Magnetic Cell Sorting (MACS).
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50-60% or nore NCAM positive cells. 25. The nmethod of claimb5, further
conpri sing expandi ng the nestin-positive, NCAM positive neuroprogenitor
cells of step (c) in expansion medium 26. The nethod of claim25, wherein
t he expansi on nmedi um conpri ses one or nore sol ubl e factors selected from

the gr oup4CORShRfHoADf fairh u%h&ewﬁggg%%@g?ﬁlsgﬂ%&f ro g[@&ftoer(cgp%n_gm{; ni n,

putresci ne, progesterone, basic epi der mal
grow h feﬁ@'etiﬁ%()E@E)qNQaM{pondgeﬁbg (SHH), fibroblast growth factor-8
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days. 28.podifige H’&irﬁﬂ@g@ﬁﬂ&'c@ll%fzs@ep (&S SlpBndifeme@iubs are cultured and

serially passed for one or nore popul aPIOH doublings. 29. The nethod of

cl ai m 26,26wihbe wiethotlle€ clagm 28, ‘Hh@emrtimpxmsmmtdmm b«nqpns:bsrmm oogerc  30. The

met hod of e different.iat Tpr i Ses ur obasal
medi um s&Bﬁ’Ilbgrﬁ]ﬁtPgosm%c ffoé? © 89k chjélrsh %‘?{?umh&% HF dranslSHiN acet vl
cyst ei ne.lamihin, phft€scifRy pRigefbroib,BHalic Fibro¥les towth Fect6H (BFG'F?%E&%Q“ medi a
further conprises one or nore ‘differentiation agents selected fromthe

group corfewt fngor)&E(é@emrm hedgeheg (SKR): Sbyablast wﬁbfw@rgﬂ (FAIF-8kknd | i ne

derived tropi C i butyrl- cyclic AMP (db- cAMP), brain
derived 2’2‘{1}%% rrl%plr%:eu plc fa%‘icg;gk@)NFﬁeuturi n, sonic hedgehog protein (SHH),

and fi br @iyl a6 n@ﬂ@%ﬁcfaﬁﬁ&@rwﬁekiﬁ@e 8ollsdde ng)Kl@l iAehd\©thafiio hidliinpPforeber ei n
the nestin-positive, NCAM positive cells are grown in differentiation nedia

for 30-500dkys 28. ’ébsemAthﬁvétOﬁ@hlraf%g@h@rpmthﬁgelbmmltmcbw sseialppessed om
neur opr o p&{eo rrﬁ&kkwﬁeulaﬁff&pmdbﬁbg@ enriching the neuroprogenitor cells for
I n,

cells tha are pos nes and differentiating the nestin-positive

cel I s t o 29eTk¢ aAlethod @f alim @6gwhediithe 0dlshiye erybpiesdrugd inH&uid altdogen.n t he
presence of TGF-B3 or. interleukin-113 or pboth and N-acetyl cysteine. 34. The
met hod of30:TTh¢ methed ofskiniSn whetmihe diffeenifation mediagomprises Newpbagh| | s

di fferent r teine. 49
35. The dl@i‘u‘ﬂg G]%;ﬁerﬁ rgn&'g@[‘ﬁ t?ﬁa Eﬂfér }@g%ir?g%)gﬁgﬁﬁacﬁ nrgh;l_&ﬁaﬁlgI %/'?Jshe?%épr ogenitor
cells for3l. &‘hd: hrethold atf cmma Spedhkteinvthe ﬂufferéd(tﬁlldbn Btedialfuetheredongdisos od @i m 34
wherein the tin: 03|t|ve C@? tive cells, arg dlffe%ﬁgylate
gener at ¢ TRIARHERIANER AGES SRCCTRSIrOm e BROLP SONFIng oL AFHOSEC SHHONELAYB0% or
more of tReeReHihcafteldeYi®ed Nattdfropic factor (GDNF), dibutyrl- cyclic AMP (db-

c¢AMP), brain derived neurotropic factor (BDNF), neuturin, sonic hedgehog protein

{SHH), and fibroblast growth factor-8 (FGF-8) 32. The method of claim 5, wherein the

nestin-positive, NCAM-positive cells are grown in differentiation media for 30-50 days.

33. A method of generating dopaminergic neurons from neuroprogenitor cells,

comprising enriching the neuroprogenitor cells for cells that are positive for nestin, and

differentiating the nestin-positive cells to generate dopaminergic neurons by culturing the

cells in the presence of TGF-B3 or interleukin-18 or both and N-acetyl cysteine.

34. The method of claim 33, wherein 40% or more of the nestin-positive cells

differentiate into dopaminergic neurons in presence of N-acetyl cysteine.
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positive cells differentiate into dopam nergic neurons. 38. A nethod of
generating serotonergi c neurons from neuroprogenitor cells, conprising
enriching the neuroprogenitor cells for cells that are positive for nestin

and NCAM bif £ .| adal .1 N- L g@lgk iLtiye.cells to
gener at e 35%?%% g%(ﬁogﬁ{:ﬁn%e%??hgﬂ%gg%@ é%llrlé] ?\Ig%? Lné t}égfl?lg ngglﬁé)r;g?lgssfé)gce of
TGF- 133 amwells titacadeqokitive fFrINCAMIot h. 39. The nethod of claim 38, wherein 30%

or nore Q e nestin-positive, NCAM positive s differentiate into
ser otoner%‘%ﬁ&?ﬁ&%‘é&c : 3ﬁh§’?‘ﬁ'§€1’?}f’ nEHR-RASHPGs EiW'p&Flt’é’FﬁFl HCf or

manuf act WiiB@nfatB® sdkrabOdRRflihdreie reffonst e treatment of a patient with a
neur odegener ati ve disorder or neuronal disease. 41. The nethod of claim40,

wher ei n t¥e The metudgd wiaimt 36y wheiegob e or oormefitho nadtingpeseaseNOAMsel ect ed from

t he group_consi st of .Par.kinson's di.sease, Al zheimer's disease,
Hunt i ngt dif WSicglisa@gf,eregﬂmaﬁ“%%?ﬂn}“ifffgﬁ? BeUrans; ot r ophi ¢ | ateral sclerosis

(ALS), epid. absm¥thod BF pétefatinderdtGrieREEhaurofiZfrothiRuképfoRhitb @116 A¥RGRistrgon of
claim7 for manufacturing a nmedical conposition for ~the treatnent of a
pati ent winrichiagteaunadenyeganitar ralls fai eadlsdlent atgrpasiive Jornestin seddEAM3andThe use

o 1 COBERh LR CBRBRTRNEI 9 b RS,
di sease. ®fculturing the cells in the presence of TGF- B3 or interleukin-18 or both.
39. The method of claim 38, wherein 30% or more of the nestin-positive, NCAM-
positive cells differentiate into serotonergic neurons.
40. The use of the composition of claim 5 for manufacturing a medical composition for
the treatment of a patient with a neurodegenerative disorder or neuronal disease.
41. The method of claim 40, wherein the neurodegenerative disorder or neuronal disease
is selected from the group consisting of Parkinson's disease, Alzheimer's disease,
Huntington's disease, spinal cord injury, amyotrophic lateral sclerosis (ALS), epilepsy,
stroke, and ischemia.
42. The use of the composition of claim 7 for manufacturing a medical composition for
the treatment of a patient with a neurodegenerative disorder or neuronal disease.
43. The use of the composition of claim 33 for manufacturing a medical composition for

the treatment of a patient with a neurodegenerative disorder or neuronal disease.
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