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5 REFERENCE TO RELATED APPLI CATI ONS This application clainms priority to
US Uility Patent Applications 09/888, 309, filed June 21, 2001; and
101157, 288, filed May 28, 2002. For purposes of prosecution in the U S
and other jurisdictions where allowed, the two priority applications are
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i nternational Patent Publications WD 01/51616 and WO 01/ 88104. BACKGROUND

New r pERANINERGIO NEURDSRS AGS PHALIFERATRIMCONFETRRT PREGIRSUN CElsnes suitable for
human adm ni stration 5 promi ses to usher in a brave new world nedi cal

care. Devastating &8 mﬂﬂﬁlﬂﬂwﬂsﬁﬂﬁd@ﬁmﬁe di sease conditions may yield
to the prom se of regenerative nedicine, providing that science continues
to benefit frominportant new discoveries in the cell biology of neurons
and neural precursor_cells. Anongst the di sease Conditions in need of a
clinical advance ar eﬂﬁﬁﬁﬁm&ﬂi&éﬂ'&ﬂ%rol ogi cal dysfunction. Near
the top of the list is Parkinson's disease, an idiopathic, slowy
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For this reason, there is a great deal of evalving interest in neural progenitor cells. Various types
of lingage-restricted precursor cells renew themselves and reside in selected sites of the central nervous
system (Kalyani et al., Biochem. Cell Biol. 6:1051, 1998). Putative neural restricted precursors (Mayer-
Proschel et al., Neuron 19:773, 1997) cells express a polysialylated isoform of the neural cell adhesion
molecule (PS-NCAM). They reporiedly have the capacity 1o generate various types of neurons, but not
glial cells. On the other hand, putative glial restricled precursors {Rao et al., Dev. Biol. 188: 48, 1997)
apparently have the capacity to form glial cells but not neurons. Putative neural precursors from fetal or
adult tissue are further illustrated in U.S. Patents 5,852,832; 5,654,183; 5,849,553, and 5,968,829; and
WQ 09/50526 and WO 93/01159.



replicative capacity to produce the nunber of cells necessary.fo g{%&an
clinical therapy. An alternative source is pluripotent cells i
fromearly enbryonic tissue. Enbryonic stem (ES) cells were first
i sol ated from nouse enbryos over 25 years ago (G R Martin, Proc. Natl.
Acad Sci. 5 U S A 78:7634, 1981). ES cells are believed to be capable

é?%l?\“n rise to progeny of virtually any tissue type of the sane

Smith et al. (Cur. Biol. 8:971, 1998 TAUSHMN$7gener ati on of

neur onal pr ecursors from nmouse ES cells by |ineage sel ection. Bjorklund
et al . Uniefuodtsg i hidret oo shoevh thatpragbnitors isolted boraheuchbiizaws haer gfficenteur ons from
Wéhﬁ@atlﬁ%a G{yltosprc(de(fe%énum@érbfceﬁ(?@&ssa %rhuﬂsﬁ"&hrﬂeﬂl tﬁe?élﬁ, 2002) . Human ES cells

were i 82: 114, 1998).
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properties. The invention includes a strategy for optimizing differentiation protocols for differentiating
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the stem cells or their progeny are cultured with factor groups in various combinations. The groups
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By way of illustration, pluripotent stemcells can be produced by direct
differentiation on a solid surface in the presence of one or ngriepeg g
TG- i superfam |y antagonists, such as noggin and follistatin.
Alternatively, pluripotent stemcells can be cultured as clusters or
enbryoi d bodies. Enrichnment for neural cells of varying degrees of
maturity conprises culturing In a nmediumcontaining 5 added m t ogens or
gr ors (such as EG-F and FGF), concurrentl pwed by added
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Figure 1 is a fluorescence m crograph show ng neuronal cells obtained by
direct differentiation of ES cells on a solid substrate using a mxture
of differentiation factors. The three fields shown were all 5 tZak8ht {lpm
treatnments that conprised neurotrophins and the TNF-R superfamly
ant agoni sts noggin and follistatin. A nunber of cells are seen that have
neuronal processes and stain for the neuronal marker p-tubulin-111. The
proportion of MAP-2 positive cells that were al so positive for tyrosine
hydV830%M&E (a narker for dopaminergi c neurons) REEU¥IHTYh as -. 15%
Figure 2 shows aspects of making neurons from hES cells by direct
differentiation. Yield of 10rAgINGEbulin positive neurons is high when
undi fferentiated cells are plated on lamnin and cultured with the TG p
super f apg ) ' . [ F Yield
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belrangi Bsuch as form ng enbryoid bodies, or by 'culturing the hES cells on
a suitable substrate in the presence of one -or nore TG p superfamly

ant agoni sts. Precursor Cfal! | S Ear"Ee optlal ned, which are committed to the
neuronal |ineage, and whi ther differentiated into mature
neurons. Neuronal precursors fornmed from hES cells can be passaged In
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drug screening and the therapy of conditions related to abnormalities of tha nervous system.

The system encompassed by this invention is illustrated by csll populations obtained from an
established line of human embryonic stem (hES) cells. Ditferentiation can be initiated by several
techniques described below, such as forming embryoid bodies, or by culturing the hES celis on a suitable
substrate in the presence of one or more TGF-B superfamily antagonists. Precursor cells are obtained,
which are committed to the neuronal lineage, and which can ba further difterentiated into mature neurons.

Neuronal precursors formed from hES celis can be passaged in culture through about 40
doublings, as shown in Figure 3(A). Remarkably, even after multiple passages, the cells retain full
capacity to differentiate into mature neurons, as shown in Figure 3(B}. This powerful combination of



proliferative capacity and differentiation capacity has not pre\rﬁ'sﬁ)ﬂi )f
been avail able for human neural cells in culture. Mature neuro 005
obt ai ned according to this invention have extended processes
characteristic of this cell type, show staining for neuron-specific

mar kers |ike neurofilanment and MAP-2, and show 5 evidence of synapse
formati on, as detected by staining for synapt ophysi n. These cells respond
t o WOUPNBEy of neurotransmitter substances, and BTAUOHIMET e of action
potentials as neasured in a standard patch-clanp system In all these
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35  expression of telomerase in human cells is described in Bodnar et al., Science 279:348, 1998 and Jiang
et al., Nat. Genet. 21:111, 1999. Genetically alterad cells can be assessed for hTERT expression by RT-
PCR, telomerase activity (TRAP assay), immunocytochemical staining for NTERT, or replicative capacity,
according to standard methods.
For use in therapeutic and other applications, it is often desirable that populations of precursor or
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undifferentiated stem cells from the population Is to transfect them with a vector in which an effector gene
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endogenous gene, or by introducing a transgene. Particularly suitable is
the catal ytic conponent of human tel omerase (hTERT), provided 70 DEC 7009
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Sci ence 279:349, 1998 and Jiang et al., Nat. Genet. 21:111, 1999
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can al so be subjected to standard patch-clanp techni ques, to detgerm ne
whet her there is evidence for an action potential, and what thezﬂeﬂéﬁtmﬂﬁfe
is between applied potential and response. 30 Were derived from an
established |ine of pPS cells, the cell populations and isolated cells of
this invention can be characterized as having the sane genone as the |line
fromwhich they are derived. This neans that the chronosomal DNA will be
ovelV 08888 ent i cal between the pPS cells and the HEMPSRI4E| |'s, which can
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a 15 vertebrate aninmal with cells of this invention in an inmmunogenic
form Production of nonoclonal antibodies is described in -such'

st BKBEFY"PLt er ences as Harrow & Lane (1988), U.S. Patent Nos. '4;:491,632, -

4, 472, S@frapsburorédi oBRT invead chbtieligsizo scroeTOPNEB REN af Sobdid sml 981) .
Ap'%ila&:%tcilr@@,spe&fde§. DEPHEEShids) el bn@fofmdntal ERbitEHE (s%&eﬁ%ﬁu@&nﬁiﬁ‘d& gr LO screen

armaceut 1 cal conpositions
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as pembty matiratjon siteriebiral cels| @ Qroimete ghrolitgation paftdini@snce pDduptdeld ieRhg-B@AE) OF
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vaPigers ﬁts'oagg y. TR0 8% '};?%Bf Fengs arllé, %‘F?§°(E 198 e{slﬁ? i ent i at ed or
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| O tref lefldct 6thdubil Bssud=6H nefd AARSMssion: 286 Ry MhayTBE Wérdldithdd bbAGIQhes OF growt h
! 864iHotnah SeddiSd EChald/ a HAGHRLIOLES Tudop of Rburd obild, B debfES R calfiub, and 1 nen
determnin ar%dghenotzpl ¢ change that results, accordi nrg to desirable
cr id?Séqn?dato have e elsewher® ‘may have unintended side effacts on the nervous systerfl. The

screening can be conducted using any of the neural precursor cells or terminally differentiated cells of the

invention, such as dopaminergic, serotonergic, cholinergic, sensory, and motor neurons,

oligedendrocyles, and astrocytes.

The reader is referred generally to the standard textbook In vitro Methods in Pharmaceutical

Research, Academic Press, 1997, and U.S. Patent 5,030,015. Assessment of the activity of candidate

pharmaceutical compounds generally involves combining the differentiated cells of this invention with the

candidate compound, either alone or in combination with other drugs. The investigator determines any

change in the morphology, marker phenotype, or functional activity of the celis that is attributable to the

13



for further culture and use of the cells. O her screening appligfﬁbgﬁﬁuff
this Invention relate to the testing of pharnmaceutical conpounds 0
their effect on neural tissue or nerve transm ssion. Screening nay be
done either because the conpound is designed to have a pharnacol ogi cal
effect on neural cells, or because a conpound designed to have effects
el sewhere nmay have uni ntended side effects on the nervous system The

scr YOPAY8Ban be conducted using any of the neur aPCHP¥RUIDr cells or
termnally differentiated cells of the 35 invention, such as

doysepdund: (cofrared with onteated edllsor cellsdiedterbwityian ined compoung), apchiienastrélatesneur ons,
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. In u r r [FWo i e y :
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- f uistoawparadwith He dehagiar, in 19 ap¥eheecaf the fdrugcdnt! cérglated witharcahiliipb thaglaigdsed usi ng any
- st amdedptR ToMact droelpRsity € phenot ype: or- -activity of neural cells, such as. ..

sgf €ceptor binding, neurotransmtter synthesis, release or uptake,

el g_gtro%hz_%i ol ogy, and the grow ng of neuronal processes or nyelin
shéQVEY™ ™S ther in cell culture or in" an appropriate nodel . For

exanpl eThistifventdhalsd pryvideb forl the Yse df Bewtdl hrécursdlcbagdib irddtof0d1deg b ofdetrapl asticity
CaRorfts sySBASENS turconGd! h tshiidt M6 aind T RENM A BAGEE G 10Sh %35}@ RRori@r Synapsin
or Séna%o%g@l Hi. El ec ,triDOph%m ollto? i15 can be assessed by measuring. ,
- e 2P e 8EsLo! 2 figeapesapdiion; oy e Y1 g %}' U excitatory postsynaptic
- 23pot ent i T dejerming thessuifabilitnabnapral praduisey callsderdempatic sdpinistratipn, theeplisgae cel | i s
St ifistdeadsed jn mnhbtel‘min_hleﬁ:[dan goonefeval, cels@eaiashse lidr thein atiiliyao suyndieand | S _
eV alhidinQbir phéhBtyREIA 3ivb. ONeurd pleblfsoP deid B abminibtlten RIiRAEGRCISH ahigs candi dat e
dr &: alssnug Orlr'\ripq? I’re g‘limvg‘str hndtrgge |mpn% ho?!vf] ignrt F\err]nictalryeor gybisl'eJ?a%en) gtfantoD%N%IUQ’ and
co rgT at ecf W ﬁ an - ap! ?_I y of ot he dr ug to A TeCt syn'gci) M"%ontact or
celsite. pich 8% inderaprebrolpaviy o g e sping! cid e TissHpssare banepted fier aipesied ¢2de des for the
30u s elafto saenl wéekporewe; FURsEsHel &s th hatresiPSderived @itsaredill presegtient ral - ner vous
syst em §«id\&h th pefdrnéi byt damistekiy] Ot that faiwedé afgeam_tb 1bReE@RAYas gReR haps dueht 0
an or__ | .0 Itlion, or the
0PRSS0 Wbl W5 oELT ol i YRAE BB 0L L1
cell]HBrymigine); preby 3yBesayest dRinTheni < @roqpstityiive celhmarkes) (fog exagile, using human-
specific antibody). Where neural precursor celis are being tested in a rodent model, the presence and
35  phenotype of the administered cells can be assessed by immunohistochemistry or ELISA using human-
specific antibody, or by RT-PCR analysis using primers and hybridization conditions that cause
amplification to be specific for human polynucleotide sequences. Suitable markers for assessing gene
expression at the mRNA or protein level are provided elsewhere in this disclosure.
Various animal models for testing restoration of nervous system function are described in CNS
40 Regeneration; Basic Science and Clinical Advances, M.H. Tuszynski & J.H. Kordower, eds., Academic
Press, 1999. Parkinson's disease ¢an be modeled in rats by surgically inducing nigrostriatal lesions,
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first be tested in a suitable animal nodel. At one level, cells
assessed for their ability to survive and mnmaintain thelr phenotz%ﬁﬂi H05
vivo. Neural precursor cells are adm nistered to inmunodeficient animls
(such as nude mice, or animals rendered i nmunodeficient chemcally or by
irradiation) at an observable site, such as in the cerebral cavity or in
the spinal cord. Tissues are harvested after a period of a few 30 days
to WOIPUBSB peks or nore, and assessed as to whetMFHUIPL4ELr i ved cel s
are still present. This can be perfornmed by adm nistering cells that
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The conposition may optionally be packaged in a suitable container with

witten instructions for a desired purpose, such as the recongtli BEG 100

of CNS function to inprove sone neurol ogi cal abnormality. 25 The

foll owi ng exanples are provided as further non-limting illustrations of

particul ar enbodi ments of the invention. EXAMPLES 30 Exanple 1:

DI g{l“?rent jation of enbryonic stemcells to mature neurons Human enbryonic
Bcell's were obtained from feeder-free EHHYPUP Ls descri bed
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20 S L’i@&?fgy M%H Gdsed ?ﬁmﬂiﬁ’ uf o WapE Ghd & d%ﬁﬁ%%ﬂa&cﬁp&tﬁd %ﬁll\elugn+ Htls or MAP-2, and

ation expresse W th neuronal

a e
t?ﬁ%i"g cells z!‘ieﬁé?f"\‘"B? ot noASBEPER AR M8 ¥ CAM posi ti ve
arm;tme@kepmhplpwe Newpnal cets wanssidantifier Siatrapressed bathoresineduromiesa (AN gl i a. The .

© ~Cedrd. mp{zubﬁfabgawfﬁ Rasfidéhtiibety s@linfnh RiapiapRbesh ibdagpl ating the cells in a B

~medi Umq e My ngf mL

o R T g R il B R

25( a*aﬁes ALY 3L o0 Bere. (B platd g ReBa S 7 e
le@teme@fiaehas-véal-‘-fﬁmﬁ andifafyfol 3ddysdiThey wete nextiasagkdi antorlaminimiviNg aci d ( RA)
S hmdu dUpfienevdPwith QRIMLINTE 0@ hd Gg/ril- BIMK) andtahidvad touieni fodnad t(eed Wi t hout

4 days2 “he daﬁ‘fr@flﬁate@ibﬁé Wy fﬁ«a& ﬁu'th' 4%6 cf?mal&éﬁﬁ:@ tdr Bo RAERER :em%&e positive

t I d flat ther th
TR BB 0 ieeR T & o SFRATERBE B mour o r ansm 1 ter synt ho s

3°vvas assessed GABA- i rmunoreactlve Cells were 20 identified that
BXpIB : ati pric i and had norphol ogy characteristic of

neur o naémtﬁ:ﬁid |b§dles were cultured in suspension with 10 pM retinoic acid for 4 days, then plated into
defined medium supplemented with EGF, bFGF, PDGF, and IGF-1 for 3-4 days. Calls were then
separated by magnetic bead sorting or immunopanning into A2B5-positive or NCAM-positive enriched

35  populations.
The immuno-selected cells were maintained in defined medium supplemented with 10 ng/mi
NT-3 and 10 ng/mL BDNF. After 14 days, 25 + 4% of the NCAM-sorted cells were MAP-2 positive — of
which 1.9 x 0.8% were GABA-positive, and 3 £ 1% were positive for tyrosine hydroxylase (TH): the rate-
limiting enzyme for dopamine synthesis, generally considered to be representalive of dopamine-
40 synthesizing cells,
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Occasi onal GABA-positive cells were identified that did not co-express
neuronal markers, but had an astrocyte-like norphol ogy. Neuronal U DEEI00S
were identified that expressed both tyrosine hydroxylase (TH) and MAP-2
Synapse formation was identified by staining with synaptophysin anti body.
fH staining was observed in cultures differentiated fromthe H9 |ine of
humag ES cells. 25 Enbryoid bodies were nmaintained in 10 _EM retinoic
aci ‘GO LEI%3qays, then plated onto fibronectin coRddUSO¥iMIes in EGF,
basic FG-, PDGF and |G- for 3 days. They were next passaged onto |lam nin
in. N2 Imibeirelirosyisien sqreshfos HCAM: e dais g ware NEAM i did 10t xg7e$R OiEDNF, and
al mharkesdsucio agl GFAR 6radalC. aTresd datd inddatefligat a phgliatienymprising ndurbrf @stdatddi at ed cel | s
WerdRurbdrs @8h Bk liddiatbel0 diadu i O i Vet RurdsO bss@flialf BhcdrtantiA®N Wi NgaGIr at ure,  and
t hen devel oped using antibody to TH, a marker for dopam nergic cells. 30
Arpres2: Enriched popul ati ons of dopam nergic cells Enbryoid bodies

5 were c@elsysoaed 1°hA%Q§s?IbE‘S iOBAr kg, Hhavepthe Kamagt 1% eneratechoth fegonanday s, t hen
pl aatreegles. rAiter thedle@rtichment, theechii weres pliped blosiafinedimedia supiidahenteld WIBFNT-PBBF, and | G-- 1
f CHONEaftd BRWE to ERbrbritiatdfdr 94 by NWitkERS i 19 5aly arEPEIARY, IcBIshPRsIAZERr t i ng or

| THOSRARILAT ndo 8 ol B0 M oo B GO RRSA hh WS EREY SRS Hhe 3 _

popuﬁa NS, € I nmuno-selfected ce T ere. nalnrarned $h dari ned medi um
s UPHPRsRIRR 4 3 i o 1he 9a8s wejp MAP-2 pesitiee- JFReniantly: A g/ 1ot ROMAT-2 aglls were T days, 25 t

10 49%o0eifivet While NBANS 3ExIedere GABA invvengeahivE- Zhese ddla indieate thataf popuidtiobf 1.9 t 0. 8%
Wedefls daB b8k frdnYiES cBilRGhaBeoinpdse Hoddiltds Biidinlabiebyids@ihd hatfoRs inBGdidgy dr oxyl ase

(TH.. te- li.ting enzyme for dopam ne synthesis, generally
coﬂsf&é&g'aﬁq?%g%og%@&resent ative of dopam ne- 40 synthesizing cells. 16 2

0 DEC JU0" 56 eoheradionplenoiasig MHexprasing neyrRs Waa Fendustsd gt ia%8n sorted for
NC2Wryotdtpediesctearesgendrated frpoy confiMEDARES-calis of ithw Hidite ¥ ppesagpsi2dl inedbatingdr ker s, such .

15 as1 &GAPcdligehatb (37°CT BeG Riny] adrabing 1didBR afd Pt the c@Ie il rdh-adhareM@UMFd Si Ng neur on
gl iy, IR e s s it oo, cu e
- nBeanAinpd:ack Aler o afh tespgqasaen Hor Epleqddd dlawalin isp in GBS cor ons and -
- asWbcTheesypermtantvas then espiratedhang ibe aggieeatescvare; Pigjed antp pely: ddysingars! - def i ned :

mefitirdhedinl PgteainpRitds el profifdritioNheduns (MUEMBDIRR1 30ghletrehted\@ith N hali-strérent i at e f or '

20 14842y hg/m{VEdR (R 8 D stirhd) Sib n ﬁw@bﬂﬂéib&ﬁ.ﬁ%ﬁ/m@b@éﬁﬂﬂ%a £6'sktenisP add1e A2BS
enr | chelgrﬁzﬁ)% fion began to extend processes. Arter two weeks, cells
1 obRBn ?sﬁﬂ?ﬁ’%gy of mature neurons, and 32t 3 %of the cells were
MAP- 2 pid9iEBE were gllgwsd tq allgen gnd ppliteratp for,thype daye thanmoliected by YypsiRizing TH 10
. pOsi. fih (SigmapMand Ratdidt 1.58.16° delisBvel YottvBeheHfsiBAnd Iamiin abBeict wal@harmbBiese data
-1 NHa68h BrolitB@hion e Yor Bhé 843. Oitve nfe@lirh %a&ﬁéh.&%.a@l?tt@hélﬁéi’ BE{aP:R&ﬂES cells that
25conq:)rll se eﬁrgﬁgg?gl tgrs ffﬁrmh)otl h ag\thrc%i es and neurons, including those
t hE{PPIBTRIeH &  WEPEH HR MR ER bration of conditions for obtaining
. TH expr es 49 mymlnFGF (Fbcolitnglm RPHE taad 1 /ML Tt3ows.  Enbryol d bodies were:
. gene[)atedmﬁ@mmnfdom/ mLI%E%lIf‘eﬂéehﬁg.ﬁfmde( milFdretne at ) passage 32 b% i sh
i ncubat | ng, | nm. col | agenase (37C, 5-20 mn), scraping the dish,
and pl aci ﬁ%hq?fﬂléf;l%gljﬂoémi nt o non-adherent culture plates (Costarll). The.
r edUA tefisppreEmaintaingd, i, hesg) congitians fprf days Withieeding erery piesl 9ekm QY it ng FBS and
3010 medibm mua$ changedisto NsurianBasel meskuch, with BR7t euppléroanted diith one phithe dafgwirggat es wer e
colkdeeatsed and allowed to settle in a centrifuge, ;tube.,; The
super naj an @Wi at ed, . and the aggregates were,. plated. onto
poly L-I ys?ﬂ%ﬁgﬁwm hﬁ%t
¢~ 1M cAMP, 200 pM ascorbic acid
* 1M cAMP, 200 pM ascorbic acid, 10 ng/mL BONF, 10 ng/ml NT-3
35 The cultures were fed every other day until day 12 when they were fixed and labeled with anti-TH or
MAP-2 for immunocytochemistry. Expression of the markers was quantified by counting four fields in
each of three wells using a 40X objective lens.
Results are shown in Table 1. Initial culturing in bFGF, BONF and NT-3 yielded the highest
proportion of TH positive cells.

40
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fibronectin. coated. plates in proliferation nedium (DVEM F12 1: 0
suppl enented with N2, r half-strength 20 B27, 10 ng/nL EGF (R & EC 2005
Systens), 10 ng/nL bFGF (G bco), 1 nglnlL PDGF-AA (R & D Systens), and 1
ng/rnL 1G--1 (R & D Systens). The EBs were allowed to attach and:
proliferate for three days; then collected by trypsi nizing -1. mn
(Si d plated at 1.5 x 105 cells/well onto | -1ysine and
aﬁ?ﬂﬁ#%gﬁgt ed 4-well chanber slides in proli f ert4t] (%sﬂ %1 um for one
day. The nedium was then changed to Neural Basal nedium 25 suppl enented
wi th B27, and of t | 1o rowt h.cocktails: 10 ng/nL bFGF
(G bco), 10 ng AHLEden W&’f&wﬁ"ggﬁ@pﬁ{ﬁ“ﬁg‘c 0%/ L. bFGF, 5000 ng/ L
sontc _neclge_noq?uh and An(k))#s ng/ it FG-8b TQ, BILET bkq—wggﬁ The cells were
2% af

mailntained in 2" ditions for 6 dGYE\ataW th f ge EVEry ot her day.
On day 7¢ay§|n-e 30 rredl umiammchanged tnANemsaire Basa’l-ipwuﬂeumvmth B27,
SUpp 1O ' . BDNF, 10

ng/ mL "N o' 1 pM CA% 200 pM ascor bi ¢
aci d, aﬂJQFngarﬁEGBDNF clﬂPﬂg/(a%l’aMB 35 Thessewll tures weoes fed every ot her
day un ay n we flxed and_l abeled with antl-TH or MAP-2
for r?h”ﬁ&&?t%%‘ﬁem S%}éﬁ'%l}l LBon of th%”ﬁar kers wié® quantified by
count ibRGF, Fary, S el ds i n BorAGIM3of three wedds using as#A@X objective |ens.
Results _are shown in Table 1. Initial cul%‘[rlng in bFGE, BDNF and NT-3

yi el dPFCEREFRPhest proiﬁW’t%n of TH pos #ve cel s3940 17 2 0 DEC 2005
WO 03/up86,8GBs, SABLE 1cavigndigoNems-3f or Prodzick ng Dopangsses gi ¢ Neur ons

PCT/ US02/ 19477 % of cells % MAP-2 cells Culture conditionsr ththt t a a

a are e d%F 1-6days 6- PONRA'3 positiveTHYBsitive BBRE, NT-3, bFGFBDNF
NT- 3269%5. brp : CAMP, AA ' - 26% 41 %

bFGF  CAMP, AA, BDNF, NT-3 2% 57%

Ina sdb's.équ'éht experiment, embryoid bodies were plated onto poly-lysine fibronectin coated
walls, and cultured with 10 ng/mL EGF, 1 ng/mL PDGF-AA, 10 ng/mL bFGF, and 1 ng/mL IGF-1. Onthe
fourth day, the mixture was supplemented with 5 U/mL. EPQO, 700 uM ¢AMP, or both. The cells were
replated and treated for 7 days with 10 ng/miL BONF, 10 ng/mL NT-3, and optionally EPO, cAMP, and

' 200 UM ascorbic acid. Results are shown in Table 2. The propomon of totat calls in the culture that were o
MAP-2 posaﬁve was abnormally low in this expariment. Co

TABLE 2: Conditions for Producing Dopaminergic Neurons

Culture Conditions % MAP-2 cells
' that are
days 1-3 days 4-5 days 6-12 TH positive (SD)

EGF, bFGF, PDGF, IGF-1  EGF, bFGF, PDGF, IGF-1 BDNF, NT-3 20% (13%)
(same) (same) BONF, NT-3, EFO, cAMP, AA 24%  (3%)

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

{same) same plus cAMP BDNF, NT-3, EPO, cAMP, AA A7%  (2%)

{same) sameplus EPO R cAMP  BDNF, NT-3, EPO, cAMP, AA 57% (7%)

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

BDNF, NT-3, bFGFcAMP, AA (ascorbic acid)35 %t.0 % BDNF, NT-3,

bFGFcAI\/P AA, BDNF, NT3259%8. 7% bFGF, FGF8, SHHBDNF, NT- 33798. 7 %bﬁ@FﬂECmeJB

SHHCAMP, AA349%3. 9% bFG-. FGF8, SHHcAMP, AA, BDNF, NT-321 %.8 % bFG-BDNF,

I\I'I'-328%3.5% bFGFCAMP, AA26%l. 1% bFGFCAMP, AA, BDNF, NT -322%.7 %

Exarrpl e 3 Increasina the prooortion of dooamner is cells by culturino

oooi etih I n a subsequent experinent, odi es were

pl é{bgg {%(% poI y-lysine fitronectin coated 5 wel ?Bn}/sﬁ#{% ?ul tured with 10

g_ﬁm_ EGF, o2/n1_ PDGF- AA, 10n/rrLbFGFbandI ng/mL 1G=-1. On the
FERSTERf EPOh o e PSSRl A5 TG BAToY0 D1SoBs TN TEMESs 700 pM CANP,

o MNetyorch 20:7BAa 2008} | EPQ/ietheughtrtedve a aelirapretéctive effectdalhyposic cphditieps divingh 10 ng/ L

BDNﬁpotéhOpr&ﬁh[&s tDWards, thedCho P bt AR (Shing R @., 4C dRisciafieh7332 @6b1pMnascor bi ¢ aci d.

% ET%V t%%% f%pu(ﬂv%? cl‘o %‘Qg:e@egn fa-mseklpgsg P %%& n9cr£a facttof) I&%}aaé; Flégl n the

experi ment.
10"’%@ %Bc’ﬁ&hﬂ‘i”te?sd?ﬁs” F@Ya"ﬂ%dﬂé|(%§{F‘Bb'ﬁfén‘f?¥1é?9@%""ﬂlg‘ﬁ?°(ﬂ?§‘m)bs MAP-2 cells
Cun pR$rderivBbealrat Gettaty othertmeansdery suinic Bejefipets &t EBBays 6- 12are TH positive (SD)
EGF, bFG-, PDG-, |G- 1EGF, bFG-, PDOF, | G--i BDNF, NT-320 % 13%
2 Nt - A DA 39 (sarre)sarre pl us EPOBDNF,
AR L 132 Sa S QITe Iu BDNF, NT-3, EPO CAMP,
AAATY% 5% S'E‘Q’a{’ﬁ%!'jaée&%mbﬁ padig WEb A Sﬁe'séﬁtﬁ‘e“@w‘m‘fi%? % 79
THesemelten of emboygifl Bglies.he fir st denonstration that addi ng cAMP and EPO
dur i ng Ad®itbgyaias Bdveioded infvich il td3tfdti@t wipe pladst Brgraups based dhomals®sS t he

edg&&%ﬁo@&apieddﬁﬁwmub” ?' SRdupihy 1200k Ahcrathst tﬁbﬂﬁkeﬁ?&% #ac & adi¥ifyOSi ne
hy

e

f
(ST, I 9P e sl ARt ES Eplaemiind < eyt B skEonaos vo
03D BB theemixtysowil indiats 2 diffeeniitienseaseade. ofis Hifgrprgiption Bgceeas-tahdithepr essur es of

0 Zedeptsiéxpressivn irgfloart thelnelzeshangef thelowith ivbaome gasponsieito0o¥®r (adtors ilNgwr 0SCi .

20mns4kad.7, 2000). EPO is thought to have . a neuroprotective effect in

h th nal
T Al SR B s i 1 1o 0,
y c?é’%“’?‘%&l“!? reSEPRRORSS P4 e €9 F1AR00s:. When AR jsddentiipdibator 2l ppaB:
( NicitBie degred gifezagitidtion pronassolt caBdP sys{emptically simplfied oachiaye amirimaletimain of AP- 1

20 (JM%EOﬁl}er Riethdi Watihg, TRGEA! krddrhdhgmby \Rite @b/ dhe, thvb) tRGRSorddrd st@@ neural cells

f}pn?&rplﬁ{ 'Ii@?dl%he’?ﬁ%‘.mﬁ@ ec{r {ﬂ%ec{%grfcg Qr.tc§rdlﬁ) to EE’an.@éﬂJHale&uf&d pRoEo?Ct

erentiation o opam eral Cc neurons

TABLE 3: Test Factor Groups

Group 1 "~ Group 2 | Group 3 '

Neurolrophins Mitogens Stem Cell Factors
30 ng/mL NGF 30 ng/mL EGF 8 ng/mL LIF
30 ng/mlL NT-3 30 ng/mL FGF-2. (hasic FGF) 3 ng/mL IL-6
30 ng/mL NT-4 a7 ng/mL FGF-8b 3 ng/mL IL-11
30 ng/mL BONF 30 ngymi IGF-i 3 ng/mL SCF
30 ng/mL PDGF-AA 30 ng/mL CNTF
Group 4 Group 5 Group 6
Differentiation Faciors TGF-8 Superfamily Antagonists Differentiation Factor
TGF Superfamily
150 ng/mL Noggin 37 ng/mbL SHH
30 ng/mlL BMP-2 30 ng/mL Follistatin
37 ng/mL GDF-5
3 ng/mbt. GDNF

30 ng/mL Neurturin
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This study eval uated various paradigns for differentiating human I%S%[fpeblhg
I nto neurons without 10 the formation of enbryold bodies. A strate
devel oped in which the test factors were placed into groups based on
honol ogy and/or functional redundancy (Table 3). G ouping factors
increases the likelihood that an activity associated within that group
W | cited on the ES cell population. The hypothesis is that
cer‘J(%Fﬁm&*ﬁﬁct ors within the nmixture will initiat Sl’lﬁpm%?%nt i ation
cascade. As differentiation proceeds, and the 15 receptor expression
profile oGelpe cells change, dbigy Wi |l becone regpgnsive to other factors
I Nt heNeudtraghiaractor Pr ovi di nDiff@entisgioitfactsr M Xt UrSanivdl Faceet Aticxidaont | nuousl y over
the treatnment period avoids the need to define exactly how and when the
responsgy koRefakd’ the cel s \eRaREERia Wien a fEeiMstoicadadent i fied that
el--¢i i i e —— matical |y
sinplifie@oypdfachi eve a, m nGea#ttoptimal 20 mi xture. After further
testi e ?ﬂ’ﬁmﬁ’“{reat ment S8 fPd9 nat el y conprise one, two, three, or
nmore of thHe “factors listed, used either si mul t aneously or in sequence
according to the enpiri caddumdietyetchiMPed protocol. TABLE 3: Test Factor
G oups GuPerab@eoup 2G oup 3 Neurotrophi nsMtogensStem Cell Factors 30
ng/ ML _NG-30 ng/ N EGF8 ng/ L LT F 30 ng/ mC NT -330 ng/r it FG-- 2 (basic
FGF)3 ng/nmL IL-6 30 ng/nL NT-437 ng/nmL FGF-8b3 ng/nL |L-11 30 ng/nL
BDNF30 _ng/nL 1 G~ 13 ng/ nL SCF 30 ng/ nm. PDGF- AA30 n%/m_ CNTF Group 4G oup
5G oup TEegap?rfx@Pte\ms ic ﬁtaeﬁi ga{elloys Sl\f@glgyegcultures of a human ES cell line were
Suhsevedtagity inpylating dofrllagendSi T ferSetftniim andthenfSarapingr ther @y BorBheeiaté. afel y 150 ng/ nl
Nags weld degtited BHirtudillorngrdngiatdidMt-sdROnt0ghcs Bito 166 lWell Tésbd cumud hiafg/ N CDF-5 3
G iy B ey *ﬁ%%ﬁﬁnﬁ“@fmw’gmw or Survi val
LAY FaRAPTIRD) (RAY By chspgse e by TP SRR [oRG8 ESAC PRIEE AN Ascor bi ¢
Actiaingzthe medinro epsgepipcadiwitiNpgrebagah {NB) Medim (Sibeq Bft) Spplomented witlh:3 oM
Negnnmﬁgawmﬁnmmlﬁ&oMﬁnh \gtoysyof testAddidrsld dpsutitian pelow. MMEne Tl wesper-i nent was
cofeaiamm rash Ne@rbiaSiMedidPRRANS Glutsrhihd BS785ha Wt 18 g dlys. cel'l 1ine were

: " After 11 days, the cells were harvested by incubation in'trypsin for 5-10 min, replated at a 1:6

dilution onto 96 well tissue culture plates pretreated with laminin, and fed dafly with fresh Neurobasal

Medium containing glutamine, B27 and test factors for an additional 5 days. Cells were fixed for 20 min

in 4% paraformaldehyde, and stained with antibodies to the early neuronal marker, B-Tubulin-Ili, the late

neuronal marker, MAP-2; and tyrosine hydroxylase, an enzyme associated with dopaminergic neurons.

Cell nuclei were labeled with DAPI, and quantified by visual inspection. Results are shown in Table 4.

TABLE 4: Direct Differentiation of hES Cells to Neurons

BTubulin-tl MAP-2 Tyrosine
Test Compound Groups positive positive Hydroxylase positive
Included in Cell Culture
Cells / o Colls /
well % Total  Cells / Well Well % Total
Control 102 - 2 1 —_
Treament  1,2,3,4,6,7.8,9,10,11 0 0 0 0 -
Tieatment 153,567,8,9,10,11 %2 6% 132 o o02%

T"""‘é’f“’"* 1,2,4.6,7,8,9, 10, 11 - — - — -
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5

harvested by incubating in Collagenase IV for 5-10 m n, and then scraping
the cells fromthe plate. The 5 cells were dissociated by tritu?eﬂt[i} &nd
pl ated at subconfluence onto 96 well tissue culture plates pretrea e%g
with growmh factor-reduced Matrigel (r) in Knockout DMEM nedi um (G bco
BRL) with Knockout Serum Repl acenent (G bco BRL) conditioned 24 h by
nouse enbryonic feeder cells One day after plating, the nedi um was
rep iy h Neurobasal (NB) Medium (G bco BRL) su enented with 0.5 MM
gl u@ﬁq%ﬂ%"\,% 27, suppl ement (G bco BRL) and groupst 'E’B%“ég?‘”?act ors as
described below The cells were 10 fed daily with fresh Neurobasal
Me dhirddipefiONt ai Ni N | utam ne, B27, and test factors for 11 days. After 11
days, Dt he d@'?‘ss'a@'?ge%é} vest &¢ by ihGubati &% I n trﬁ)si n %‘8?’ 5-10 mn,
rep'l ated at a 1:6 dilution onto 96 well tissue culture plates pretreated
Wi t ﬁ“g.%?m nitng, 480t 8fedo,dai |y wvth fresh Neurmbasal 4vedi um-cont ai ni ng
gl utam ne, B27 and test factors for an additional 5 days. Cells were
f i Xieshirfieot i i % par af,or mal yde, d stained w antibodies to
the eBrly ﬁgaug]odggla'ér}réé!lﬁer, O-B%ubul ﬁngl 1, the Iaten€5 neg'rgoé’nal: mar ker ,
MARr Zamet’d tyrosi ne hydroxyl ase, an enzyme associated wi th dopamni nergic
neurogs. CGetB 8@ Bhilere | dfel ed with DAPP, and cuantified by visual
| rspecti-on—Resttts—are—showr—m—Tabte—4—FAR +—brreet—brfferentiation
of _hES heidetesnined Neur ons Test Conpound _Groups I ncluded in Cell Culture
Treatment A Treatnent 8: Tubulin-I11 MAP-2 Tyrosine positive positive
Hydr oxyl ase positive Cells | % Total Cells / Well Cells I Well Wll %
TO%@LM&?E&&:EMW%% \Erergcuitur?]i ﬁe@ob%saﬁmgdiuﬁvs ))p?ta%eljrt;d \Qith%lugmgm,' B827 and
L, B 3 G s g6 i b 89132 14 QLS TEN L 2l S 7.8 0
1 Orodp of ted s 3¢ Bt eyt Wip VP Bl st SHCIPEEDSY A 6y RGNt D

G: .

Tr ghewpedeble S Treatnment F: Treat nent

TABLE 6: Direct Differentiation of hES Cells to Neurons

TR . . T Tvrosi bercer of
" . -~ -celis also
Cells/Well  Celis/Well  Ceils / Well posig:'e for
,. Control 4 4 | 0
TreatmentA: 1,2,3,4,6,7,8,9,10, 11 12 8 3
TreatmentB: 1,2,3,5,6,7,8,9,10, 11 268 12 o 4
TreatmentC: 1,2, 4,6,7,8,9,10, 11 12 0 0
TreatmentD: 1,2,5,6,7,8,9,10,11 372 48 7 15%
TreatmentE: 1,3,4,6,7,8,9,10, 11 0 0 0
TreatmentF: 1,3,5,6,7,8,9,10, 11 196 56 0
TreatmentG: 1,4,6,7,8,9, 10, 11 16 0 9
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112,5,6,7,8.9, 10, 11 378 11% 162 16 0.5% 1,3,4,6,7,8,9,10,11 6 - 2 4 -
1, 3, 5 6, 7, 8 9, 10, 1 1 282 12%92 4 0.2% 1,4,6,7,8,9, 10, 210 B&C 200D
2 -- - = not determned In another experinment, cells were cultured in
Neur obasal Medi um suppl enented with glutam ne, 827 and groups of test
factors as before, harvested with trypsin at 8 days, and replated for 5
day I%ﬁ@oglts are 5 shown in Table 5. TABLE 5: Direct Differentiation of
hES 8e“f’ ¥o Neurons Test Conpound G oups Tubul i nE¥YPSRAMTS Tyr osi ne
Percent of Included in Cell Culture positive positive Hydroxyl ase MAP-2
posi t i \Revarh ¥Paiment peredigms ipduess theodiracksdifferanfigtipn glopquiony.  Tigpimertpthpls /| |
pomutded/@odpcsrfacﬁré (ﬁﬁmuihamdfo!ubtaﬂn)@ereﬁemstmﬁewveA 1,2,3,4,6,7,8,9,10,11 12 8 3
Tr eat Mgyred shdwsex ieldd of d&erel%ataé-&lls Jbiam%@@s n%&reﬁmeﬂirae%m pC 1.2,416, 7.
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" neural pragenitor cell, which -subsequently can be induced to form neurons by the addition of other
factors.

" Figure 2(D} shows the benefit of omitting retinoic acid (RA) from the mixture where dopaminergic
neurons are desired. Cells were differentiated according to treatment F as previously (left 2 bars) or
- omitting retinoic acid (right 2 bars). Including retinoic acid increased the total percentage of B-tubulin
positive neurons somewhat, but decreased the proportion of those neurons staining positively for tyrosine
hydroxylase.

The neural progemtors of this invention can be passaged and expanded in culture,
demonstrating some of their unique and beneficlal properties.

In an exemplary experiment, human embryonic stem cells were harvested and placed into
suspansion culture to form embryoid badies in knockout DMEM containing 20% FBS plus 10 uM retinoic
acid. After 4 days, the embryoid bodies were plated onto poly-L-lysineffibronectin-coated platas in
DMEM/F12 medium supplemented with N2 supplsment, B27 supplement at half the usual amount,
10 ng/mL human EGF, 10 ng/mL human bFGF, 1 hg/mL human PDGF-AA, and 1 ng/mL human IGF-1.

The cells were cultured for 3 days, and harvested by brief trypsinization as follows. Haif a mL
0.5% Trypsin in 0.53 mM EDTA (Gibco # 25300-054) was layered into each well of a 8-well plate, then
immediately removed from the piate. After waiting 15 seconds {room temperature), neurobasal medium
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Figure 2(B) shows the time course of neuronal induction using the
treatnment m xtures in Table 4 containing TG, 1 superfamly antZ?@?mﬁﬂg
Figure 2(C) further illustrates the effects of noggin and folli n
direct differentiation. hES cells represented by the first bar were
treated with the factors of Goups 1] 4; 6, 7, 9, 10, and 11 (Table 3),
W t cAMP, 5 U nL EPO, plus 30 ng/n. FG--8 2). Virtually
no. 9078kt Peildfial

n positive neurons were forned in the noggi n or
follistatin. Howeyer noggi n. and follistatin alone or in comnbination
w45 FRL PRI M Aot 9 L D19 6 AL SEOWR &KL B OB BERAR Mo o1 st eps of
nesglsdbaivee ! ppdi0tpf heedldn. 1t is hypot hesized that initial
noggi n/givaddiipites iwbd coatednith it LMWL OIS pE/AE pbly-L-Reh (Sigma pP12gH)ibiloasd cel |, whi ch

SURSIERLAGA of 20 o Hifarl RELEHRE Shirfirfh GREST Wf-@t'g??\}aMigﬁtthh@géﬂipEliePﬂr?]og?‘; gz ihgr (RA)

factors. 25 Frgure 2(D) sho the benefit of omiti reti

5 1 PO RETAL PP, 845 o BESIRY PR e ot 2 P othe | o e o
di TorngimbNTr3a ardot Oag/eb BANR @Y plated enta He prater waks ab BAODDY 915000 calistren par s) or
onwdiit i ng retinoic acid (right 2 bars). Including retinoic acid increased

ghe t Ot ibr HQhysEMb RER wWale &ob&ﬁw ébmplﬁﬁﬁiyﬁéin%ttioﬂ,_eé&ﬂaé aﬁ@@%@tat ?Ut
e e roportion of thase neuragns, stalning pesitive or
t y%ﬁ%%@ﬁ%&ﬁ?%@? e (i Oﬁyg'ﬁ%‘?@mg?mh hy Flllsf' "e'ﬁ%l?r?si?gcerog‘bag%ué\r{aer{{"lyon of neural
10 pr exskigils o Congsgrrations jugad weeasasalglions; 1hes/mlelT-21 1058/BL SINFo10NgF WRAS | nventi on
c aBGH a0 persis bigred bEER] oetOpaimt &.tF, invarpud ¢ombipationsd Iihve nalis werk ifedigrits @velf of t hei r
UNgdhtRg BiOndRRehie6 limds foF RER! LEVES 7 dafs, @R cBIOMER MpYiniBsuPQe®Rha  hunan

gg‘?{%agég%Sﬁnq&hcr%duﬁwmﬁ,ﬁg%rsgﬁgga&%and pl aced into 35 suspension

orm enor yol es I n knockout DMEM cont ai ni ng 2096 FBS pl us
110 VM rfagurs 3L shovgheyGrowth gusyes sorp iz expefiment. o453 DR35a9et B BPNE afi'e3 pl at ed ont o
15 pohlynelsiop gowing After b waele ptetomiaptyt difidreptiatirigdrgo nagronONfaWkYel, 2ddingdGErmd uppl enent ed
W bHEANE the WHRELR BIRWEG thé s & UeHRhuR [FRINEratiky i tAd freduR&t 16HmU ahe MdM Pbfile 10 ng/ i
hu sE%ﬁsis Fg/.r%apurran bFGF, 1 ng/nL human PDGF-AA, and 1 ng/nlL human
I G--1. e colls were cultured for 3 days, and harvested by brief B
trypsinization as follows. Half a nL 40 0.5% Trypsin-in 0.53 nM EDTA
(G bco.# 25300-054) was |l ayered into each well of .a 6-well plate, then
i mredi at el y r enpved TABERG: (Phenotypepf Meurahfregenitogai t i ng 15 seconds (room
t enperature neurob odi-t 0-DEC-2005 WD 03 2
PCT/ US02/ 19477 pl us B27 suppl enent wasMpkesced in the wells, and then
- renmoweckiEind c®atsagef Tged TO Tecover the refeased CelTs (ReLyEen 1-and 10% -
“of the cel'ls): Six-weestn p|FENEY wdP85 c Pl wiGHAP 1 MR lhydalyeshS Pl ML
poty-t=tysime (Sirgma #Pr274), foftowed— by T nmtfwett—of—20—g7 nL hunman
pl aggatednr] ami nPh (GYdo # B3017- #15) overnight. The cell pellet from 5
t heecdjurGeLENt i al _ t rypsi ni zati on was resuspended i n neurobasal medium -
contai ning B27 Rippi éfént, ' ng/ il NT-3° _and 10 ng/mL BDNE, and pl at ed
onto the coated I'1's,,at 500,000 to 750,000 ce[ls per well. After 5
day §NT-3tBHWFce| | s were recovered by conplete trypsinization, counted, and
' repI%ﬁFe'i’ngt 10@s 000 {4, 150,000 cells pey well4in new poly=Iysine/lam nin
c .
Concentrations pmsed were as+kol |l ows: 10 g/ nL NT-3, <10 ng/+AL BDNF, 10
ng/BAF. WFGRef EG-, 10 ng/ nL human bFGF, or 10 ng/nl LIF, in various
combi nations. TR® cel ks werd+fed with a half ®xchamge of mediumthree
times per wWeek. pA:very_'_.z c‘1’ay§|_,+ The celTs were trypsinized, count ed, and,

EGF, bFGF

pB + + - - - - -

Thus, cells passaged in a combination of BDNF, NT-3, EGF, and bFGF abundantly expressed the neural
progenitor markers Nestin and NCAM.

Figure 3(B) shows results obtained when these cells were induced to lerminally differentiate in
BONF and NT-3 alone. The cells passaged in a combination of BDNF, NT-3, EGF and bFGF produced
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passaged again in fresh medi umcontaining the same factors. Figure 3(A
shows the growth curves fromthis experinent. Cells passaged in FO E& 05
NT-3 15 alone stop growing after -1 week, predom nantly differentiating
i nto neurons. However, adding EG-F and bFGF to the nedium allowed the
cells to continue proliferating in the precursor form The marker profile

of %8% Ils is shown in Table 5. TABLE 5: Phe ur al
Pr ogen?@ggﬁg Mar ker s Cockt ai | PassageNest i nPS- NCAM%%’F{K’}@EI inill

GFAPMAP2Tyr osi ne Hydr oxyl ase NT- 3, BDNF, 94 +++ +++ ++ + EGF, bFGF,

L IR IeRpas, ypon teminal giergntiatigny gensisiont with, thg, highet, P?Wﬂ°“r§éﬁ?"fﬂ5ﬁ@5§?ﬁ§+++++ o+ o+
E@eloregiigentiaianFp4 ++ ++ + + + p8++++ + EG, bFGp4 ++ ++ p8++ 20 Thus,
cel | s pammaayx)CEhiws tha prpsHindataliDRaikry pBéty folNJrodine Hylirbxylagd) ighil@e abundant |y

EXBhGRREor PBI@F, NPYdF a 955&%‘?&&&( opfidi ﬁ?& sindgst fnb Borfbitls _Figure 3(B)
shows Tesul t.s obtal ned when. t ese cells re rnduced to termnally
di f f er EFRUTEHRY spops taabRyen gomp ThRogtivg ngikens c Q?gﬁﬁe%'ﬁ’é%dé{ﬂ'&ferm?a'a conbi nat i on
ofdiffBERNion\Pt By, BIENERand NT-304RER: byt depiosiding gddioml RIS 2005 \WIHQ 89300868
PQldvhiiNaetér 1 43dofblc 48501 AMPRING B6pSmibiP@Nthd ehdthtlibns dhdwihart TEbleisptUpamsw% GONSI St ent
W thdhotaf 861 AHrBEH ind HoPRADA &by diind HhkHoRbe P EGHSHRSGE Randief Or e differentiation.
Neural progenitors from the H7 hES celi line were frozen down at passage 10 in neural basal
medium containing B27 supplement, 30% serum replacement, and 10% DMSQ (5 x 10° celis per freezing
vial). The cells were thawed about 6.5 months later. The thawed cells had many of the same
characteristics that they did before freezing: 60-80% f-tubulin and MAP-2 positive, ~5% positive for
tyrosine hydroxylase.
In a related experiment, cells ware grown and passaged as clusters rather than on a cuiture
substrate. Neural progenitors were harvested using trypsin frormn a & welt plate when nearly confluent (~3
- or 4x10% cells per well). They were then seeded at ~2.5 x 10° cells per well in-nonadherent wells, and
“cultured in 2 mL neura! basal medium containing B27 supplement, 10 ng/mL BDNF, 10 ng/mL NT-3,
+ 10 ng/mL. EGF, and 10 ng/mL. bFGF. The cells were fed the following day by exchanging half the
medium, and cultured for a following 4 days. They were then differentiated in medium containing
10 ng/mL BDNF and 10 ng/mL NT-3 but no mitegens.

-Adaptations of the invention described in this disclosure are.a matter of routine optimization,
and can be dohe without departing from the spirit of the invention, or the scope of the claims below.



Figure 4(A) shows the proportion of cells staining positively fo§
tyrosi ne hydroxyl ase. Again, the conbination of BDNF, NT-3, EGF QAEEQE&F
provi ded optimal yield anmongst the conbinations tested. 5 Figure 4(B)
shows that even nore TH-positive neurons can be generated by inducing
"termnal differentiation not by BDNF and NT-3 al one, but also including "
additional factors such as NT 4, nerve growh factor, ascorbic acid,
CAMP and dopami ne (at the concent Caiians shown in Table 3). Up to 5% of
the total cell nunber in the populatron displayed the phenotype of

dopam nergi c markers. Neural progenitors fromthe H7 hES cell |ine were
frozen down at passage 10 in neural basal 10 nmedi um contai ni ng BZ?

suppl engnj, (i ?}@9

freezi ;lqg3 \?lalg é’aﬁ'efe '?%Mé’l;o %ﬁﬁl?caﬁpﬁ&%o%%eaﬁx e thawed

cel I s hadrrsiRg WW?@W@H%’E&‘@P?W’&%"W& they did before
freezing: 60- 8Géfein- thabeelli popatationViAks Deo giférantiated D primtet plripotet stefny r 0Si ne
hydr oxyl aﬁ:@s L2 related experinment, cells were grown and passaged as

clusters rather than on a culture 15 substrate. Neural progenitors were
harvested using trypsin froma 6 well plate when nearly confluent(--3 or

4 x 1652.c@ldets ppguiatio titured T elro,vepmpridinges heeakprssatyrosinid. Hydnuxyth@boraeibdse per

wel | innogg%@.; and cultured in 2 m - neural basal nedi um
cont ai ni ng suBnFﬁrrent 10 ng/nmL SDNF, 10 ng/nlL NT-3, 10 ng/nmL EGF,

and 10 ng/m B‘F’G"“"‘I‘h‘@ 8%?"F°§°WP%€I"%’?T@aWWﬂSﬁQ day by exchangi ng

half the medium and cultured for a following 4 days, They were then

di ffereqt 'Aﬁtagu.gaiw amﬁé%&@' audrmpopaﬁuomf naxrmm@famﬁreg@ mﬁaﬂgmn NT-3

but no m t ogens tatl ons of | Qven 1on descri b
oSl o s U ik dbe, MAREH Restg cel@mwpa%s% 3L 2¥Prest, HTosigR dyapese s raigRRe

Wi t hout deppantingwpoh activatibhe spirit of the invention, or the scope of the
cl aims below. 25 24 2 0 .DEC 2005 CLAIM5S 1. A cell popul ation cultured in

~vitro, in which the. MAP- tive cells rise 30% t hat. express
Vyr osi nd” iforaatymedangof pB Bl 493, 5 FRBITY eus sl plsriatg GPET e
cell.. populm@mgrﬁa@MMeﬁltimgmwmmOffeleasapmnamemlamm ent stem
(PPS) cells.."2: A-cell popul at| on cultured in vitro,” cenprising 5% that

express _tyras eas pam ne. upon;activation;: .

SXpress Y SehAC AL asR on. LBl oSk coRam AR IRRLAE L val Ton,
establ i shed | |¢ie=uwiﬂn@P@9WI0|f the pii¥dcelis b @Tddivmi coplaigipg one @r wrecdneﬂé'GF-B |
di fferentlsabaﬁn{,@gﬁtgjoh@m%un whi:ch t he MAP-2 positive cells:conprise: 30% g

~that express t%hgmﬁgl %M‘g{t‘g&l}b%sggﬁ |a£0q,‘lo? S&ilcfopam ne upon activati.on.
e S,

4. 'An establis a popul.ation of neural cells
differentiated. therefrom conprising 50/<ihat express tyrosine hydroxyl ase

or. Sr el lelassenﬁoﬁamm P05 whiteinviab ic@inpopulftion & pralistua ty pibting ltlfefpe)s edlk :ofl‘blang
_ pP cells r rising: a) culturing
progeny ofé 9{11 ﬁﬁ%g l’ﬁqé%egib#é@:ﬁtﬁn&sc&o%"ﬁ?{e%%ggne or nore added TG (3

superfam |y antagonists, and b) harvesting fromthe culture a popul ation
of neur at. Tl héhod of claim 5 or 6, wherein the one or more added TGF-8 superfamily antagonists are

selected from noggin and follistatin.
8. The method of claims 5-7, wherein the medium contains both noggin and follistatin.
9. The method of claims 5-8, wherein the medium further contains one or more neurotrophins.

10. The method of claim 8, wherein the neurotrophin{s) are selected from nerve growth factor (NGF),
neurotrophin 3 (NT-3), neurotrophin 4 (NT-4), and brain-derived neurotrophic factor (BDNF).

11. The method of claim 10, wherein the neurctrophin{s) include NT-3 and BDNF.

12. The method of claims 5-9, wherein the medium further contains one or more mitogens.



6.. The nethod of claimb5, wherein the cell population is produced by
plating the pPS cells onto a solid surface without form ng enbryoid
bodi es or cell aggregates. 7. The nmethod of. claim5 or 6, wherei)n gﬂem
one or nore added TG~ s superfam |y antagonists are selected from noggl%
and follistatin. B. The nethod of clainms 5-7, wherein the nmedi um contai ns
both noggin and follistatin. 9. The nethod of clainms 5-8, wherein the
medi um further contains one or nore neurotrophins. 10. The net hod of
cl ai m 93. wknerresthed tof glaime (42.0¢Mengih the(mitogen(sd amsctelected tiort pridermal ravasvily fastor h
factor (N , baSiE WBrEtI AR Bdivth BotdMBFGE), pldihit BEvEQgRNH Yadtor (FOGFY,) and #aiin-
br ai n-derﬁ%fegﬁyro;{@ﬁef]')c factrlt}?- (?:)Ié[gNF). 11. The met glod Pé% cl aim 10,
wher ei n t & F B op nﬁé) i nclude NT-3 and BDNF. 12. The net hod of
clainms 5-9, wherein the nmediumfurther contains one or nore mtogens. A
25 2 0 19EGnE Rithodlel clarhB 8-18RIash b addedinldgdnls) inllY jiopbiam (EPOYOEN(S) are
sel ected fromepidermal gromh factor (EG-), basic fibroblast growh
factor (bFGF), platelet-derived growth factor (PDGF), and insulin- |ike
gr owt h ¥8aciihgrmethod | afyclaims 5414, compsising: paRsepingf the peliprat 9ast § imgisdn & medivm added
M t ogen( s)commprsing df adied nbureRphiaahdar( ¥ mitodén. The met hod of cl ai ns 5- 14,
conprising passaging the cells at least 6 tines in a nedium conprising
an added neurotrophin and an added mitogen. 16. The nethod of clains
5- 15, wiferennethied oheipine it wheen Hrohamnesied eqll prrviaionds p perytatiemoidreuieedlr onal
precur sor gédutserctits The nmethod of ¢ claim 16, wherein the neuronal '
precursor cells after 20 doublings maintain an ability to form
differentiated cell populations in which at |east -30%of MAP-2 positive
cel |'s BxpFhedeetiogohs Figin 1, atheseip theskeutpa Rregyssor eals #lgr 23 doppligs maintaine.  NT- 4
and NGF, batiilityo {eehOdifferertiatod e populalidhs in Whighrattibeat-30% of IMAPrE AdSitive el 7,
- wherein th It cohl ' [ i inRael |
01 1ty ¢ Sar AT pRAIBGILS Bhor Ehiio Bt B o Honto NP oRPROE T el oy of
al| the cel®e®%,y t he popul ati on express tyrosi nehydroxyl ase upon
culturing with NT-3, BDNF, NT-4 and NG-, but no added mitogens. 19 ' T-
precursor cells w tﬁﬁig'l*(‘fé.&’r-{éu'r t"rtr.lﬁé Fu ns rﬁﬁ%g&lﬁﬁeﬂﬁ&ﬂbt@&@w@iﬁﬁ{nﬁg?gby
7 génerati h’g’%?ﬁ@’btﬂ@W‘&%eﬁ?f‘"aé?df?eg-lp@ﬂ'ﬁﬁ"%e'ﬂ '”3'8'? F‘geasb%g‘bacﬁwﬁée ?@Sd‘i" Mmi1or .
o dlaiim 2.7 2 Populdtiaisxprassetyrosine yrdeolylaservgorecutiusing with &t BANFONT-4 anghhiGF, bitme of pPS .
cells, wheggie ast -5%of all the cells in the popul ati on express’
tyrosi ne hydroxylase; wherein the culture conprises pPS cells or their
progeny cultured in a nmedium containing one or npre-added TG-S - .. .. .. .-
~super fatPl hemetheiocleims 1628, furffiee camprising culiusig the neumrabRocurprels withiaddedone. or
o nor.e-added ndiatrofligd B R ocdtidby nidBjens] Afkrébly Yomkating & popalticn df GifferantaRg ekt and '
foliistatin, %gﬁgtcmgmqlgrhgi &, clainms 20-21, wherein the medium further
cont ai ns ofEOT Inbr e neuro rophi ns. 23. The cul ture of claim 22, wherein:
t he neurotrophin(s) are selected from NG-, NT-3, NT-4, and

"~ 20. A culturé for'producing a cell population from a line of pPS cells, wherein at least ~5% of all the

cells in the population express tyrosine hydroxylase;
wherein the culture comprises pPS calls or their progeny cultured in & medium containing
one or more added TGF-B superfamily antagonists.

21. The culture of claim 20, wherein the one or more added TGF-B superfamily anmtagonists are
selected from noggin and foliistatin.

22, The culture claims 20-21, wherein the medium further contains one or mere neurotrophins.

23. The culture of claim 22, wherein the neurotrophin(s) are selected from NGF, NT-3, NT-4, and
BDNF.

24. The culture of claims 20-23, wherein the medium further contains one of more mitogens.

26



BDNF. 24. The culture of clains 20-23, wherein the nediun1further0
contains one or nore mtogens. 26 2 0 DEC 2005 25. The culture o# CPQ%Hmﬁ
24, wherein the mtogen(s) are selected fromEG-, bFG, PDG, |1G--1, and
EPO. 26. A nethod for producing differentiated cells, conprising
“culturing neuronal precursor cells nmade according to the nethod of
clainms 5-19 in a nediumcontaining one or nore factors selected from
neur ot raspihe sutturs A\RIM 24) dheRGHTBE MitsheME) dle bdlectdd SroAEEH) 6EGE,PDBIIRF- 1Thd geNS _
27. A net for identifying factors suitable for derivation,

mai nt enance, or differentiation of neuronal precursor cells nmade
according to the nethod of any of clains 5-19, conprising culturing the

cel I's w6, A methaTbr praudinguitldfentata cellsS caipdising cLitasreoneliongl drecufsoneis Made

culturin i onal
gr oups hgv e@n rermveg OPCW hgﬁ{agen }n%%ﬂmgwﬂ Wﬂhﬁ iors sfgllréé&Ii
requi red fUmneWPTophins, BAMP, ﬁ'ﬂl%’fhﬁﬂi’é"m@@bﬁfﬂﬁ P&‘Pﬂdl'ﬂl"ﬂ?m of the cel I s 28.

A met hod of screening a conpound for its effect on neural cells or

neur al I he

i 11 or of 1 AmBE iR tabftor vab e fhefthob 7 SARERIA o ol

pr oduced aP!EQb‘FsB" Gelp Wetaﬁ@@fﬁt‘%% rethog| of japys oflajros 5-18) compesiag: pltyTingtha ny
change; t ocdud @m0k LprabirgXionads tiactord grooded cmbdmng o fuhéetiop,ofuitldrigi the cbllsawith @sul t s

. from bej M?%Qﬂﬁﬁﬂ&ﬂn%&m FurieforBO %%wﬁ%&%ﬁ ealn@tuhﬂgﬁnt?@inﬁhange

wi th an ef e conpound on neu |'s or neur al

activity. wjehiagiss are feguipd Hbdeﬁ‘@f‘%ﬂ'a’B‘P"@%Ph’i"ﬁ%a””éW &A% one or nore-
of the foll ow ng: det enni ni ng whet her the conpound is toxic to the
cells; ' | t&%c TR C Il ells
to be rrg? n?al ne O?r?ageﬁwg%re 'ﬁg?g?m ni nggnv\h%e'{rﬁeﬁ?E’gac%én%acl)(&%%ta?ﬁ%ge
neur ot r ans APPIENG: synt hesis, rel ease, or uptake by the cells; or -
: det erm ni ng whajtcembinibgtbe cmnpqnmulwm thh difigestiatddael pomnla}lgmoilt:w?sw drieecediel | s.

, A rredlpfp'@,m ﬁmg&%,p&ow%ﬁywh,%{g popul ati on of clains 1-4, or
a ceII population Qduced accordln to thod_ of cl 7-1 for :
tFeat'ment of 't PeISITIRG ¥ oha9eg @“%gge%lﬁ Tmpﬁﬂiﬁﬂﬁ’%'ﬁf“& :
‘popul at i ontrorhbemgauomm-mnm@conmom'dt andpopul ation produced accordi ng to’ the -
- met hod- of .. c|. al. Bfeoretatilg the BrahftowiBlBRAEA ol B8 cSthpoand Bt héwdRBls dr @neural coll .
admi ni stratlon to the substantia nigra in an individual. 32. Use of the_

neural cel *¥Bul ation of clains 1-4, or a cell popul ati on produced -
. accordi:ng to the nethod of clainms 7-19, in the preparation of a

.. redi canet. ﬁ@écrée&e@ﬁwémﬁtmmmfwmﬁaaamo@dam@asmefoaaa.nahe cel I

populatlon(s) culture di ca n f- clains 1-4,- 20 25 or,3b;: :
wherei nthe pEeeTHyg Mﬁ%@ﬁ%‘é"ﬁ 'TraEé%{Oﬁchfﬁef a human bl astocyst or are

t he progeny of detamfningahéther the compogrd affects ability of the cells to be maintained in culture;
: = determining whether the compound changes neurotransmmer synthesis, release, or
" uptake by the cells; or o '
* determining whether the compound changes electrophysiology of the cells.

30.. A medicament comprising the neural cell population of claims 1-4, or a celi population produced
according to the method of claims 7-19, for treatment of the human or animal body.

31. Use of the neural cell population of claims 1-4, or a cell population produced according to the
method of claims 7-19, in the preparation of a medicament for administration to the substantia

nigra in an individual.

32. Use of the neural cell population of claims 1-4, or a cell population produced according to the
method of claims 7-19, in the preparation of a medicament for treatment of Parkinson’s disease.

33. The cell population(s), culture, or medicament of any of claims 1-4, 20-25, or 30, wherein the
pPS cells have been isolated from a human biastocyst, or are the progeny of such cells.
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20 DEC 2005 34. The cell population(s), culture, or nedi canent of any of
clainms 1-4, 20-25, or 30, wherein the pPS cells are hunman enbryonic stem
cells. 35. The nethod or use of any of clains 5-19, 26-29, or 313 83£( 100
wherein the pPS cells have been isolated froma human bl astocyst, or are
t he progeny of such cells. 36. The method or use of any of clainms 5-19,
"26-29, or 31-32, wherein the pPS cells are human enbryonic stemcells.
37. The call population(s),, culture, or nedicanent according to any of
clainms 1-4, 20-25, 30, or 33-34, substantially as hereintofore described

withr e‘g}er-ﬁlggg] ﬁo&na%&i(s) Ure or h@&caﬁ%&ﬁ(‘&'aﬁg of §§ms -II-b@Z@% 13090, Uneksitthe

according to-an 35-36, substantially as

her ei nt of @P%%%é&?‘i"ﬁ%ﬁ“%"f"ﬁs’F'@P@'fsence to any one of the Exanples. i i 28

35. The method or use of any of claims 5-19, 26-29, or 31-32, wherein the pPS cells have been
isolated from a human blastocyst, or are the progeny of such cells,

36. The method or use of any of claims 5-19, 26-29, or 31-32, wherein the pP$ cells are human
embryonic stem cells. '

37. The cell population(s),, culture, or medicament according to any of claims 1-4, 20-25, 30, or
33-34, substantially as hereintofore described with reference to any one of the Examples.

38. The method or use according to-any of claims 5-19, 26-29, 31-32, or 35-36, substantially as
' hersintofore described with reference to any one of the Exampies.
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