WO 2005/118920 PCT/US2005/011857 METHODS FOR GENERATING
N%&Hﬁ%&ELLS FROM HUMAN EMBRYONIC STEM CE]I)_LS AND }
USES THEREOF FIELD OF THE INVENTION [0001] This inveffion 200/ 11857
relates generally to production of human neural crest cells and human
neuronal cells from human embryonic stem cells. Method of culturing and.

isolating  theshyreRs eualrRe BRI REANHIRORNAY 8 £QlERbHYIrO
are also epaopasessB MaRgdsafmpecaicels e iveriesRkor

cell-based treatments for neuropathy, including familial dySautonomia,

are also encompassed. Models of neuropathy can be generated using

human neural crest cells and human neuronal cells of the invention and
Flgbd OF #HE ENIENGIHNing. The present invention also encompasses

methods of production of neural cells_from the differentiation of neuronal
[99%denitor c%h’ss I Pesiaee asdeedis temrrsinstien i iuBACKBROEN Dells and
Al S¥rbinE dBY ENTE QDL R0GR)Severabreoial nerMass sYStemAENR) isolating
th%elléxpa%s ﬁ’é’“%p%’}g tialﬂ:linic(gl importance have been produced from

embryonic stam celts el &W@ﬁ%ﬂ%‘ffﬁp@f&? LN CdBa e gRompassed.
Matidcoftien pfaitiddltikementionspspitidlasedtaremions, fahdeuropathy, including

i Despi opments, however, understandin .
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hyraeRdiratRl<E SRilPPRy G BeoREwvoaiscPle af doo invénEmipiret alseé tivonsg., drug
st MBI IRREYO MG SHEHA GRIS i Qs B O QR RIQESEN P oural cells

§HNTP,r) in vitro. [0003] A variety of studies using mouse embryonic stem
Sromy AU TRILIHSR CATRPSRALRIOR ShS el tBrHet @sfkoatings the invention.

neurons, and glia, in vitro. (Bain et al., "Neural differentiation of mouse
embryonic stem cells,” Dev. Biol., 168(2):342-57, 1995; Strubing et al.,

p RN QY WiPataRt ARMANERISStem cells into the neuronal

Iine'ag'e in vitro gives rise to. mature inhibitory and excitatory neurons,”
TooBch. Dev.SeRea): 2#atiT , nkAY8: Frpichardoatal cdn ilpesdiffgreniatipniotiinical
. emgt%%[on steq] cellgg%goé%! | cells and functional neurons,” J. Cell Set., o
RSO YT a1°8 ORI HBE STATYORS M Al SfchEhermgpronal progenitor
cobe cuikgmrcetisgan chfun ctiotiakip gstraitddid-tikerarsftas efiBRy oG BiRMons, and

ealls iRyt Megh: D). 89- 1996, Lee et.al . "Efficient .
Oé%nerati‘og%? rl\r/lhl%bé%%gﬁ%g%%% é}f%%]'sélﬁ%wngvﬁrdr%n %65%%%%&1’1 @Kl&hﬁ gathogenesis
o ?@ﬁﬁ%ﬂé}*smﬂﬁmﬁlﬁ@@)@@@%ﬂiwmgm 14B820the continuous
poGuttidS 300/PheRP Aeurons from human embryonic stem celis (HESC) or human neural

progenitors (HINPr) in vitro.

- [0003] A variety of studies using mouse embryonic stem cells have reported
differentiation into né’uxal progenitor cells, CNS neurons, and glia, in vitro. (Bain et al.,
“Neural differentiatiéﬁf of mouse embryonic stem cells,” Dev. Biol., 168(2):342-57, 1995;
- Strubing et al., “Differentiation of pluripotent embryonic stem cells into the neuronal lineage
in vitro gives rise to mature inhibitory and excitatory neurons,” Mech. Dev., 53(2):275-87,
1995; Fraichard et al., “In vitro differentiation of embryonic stem cells into glial cells and
functional neurons,” J. Cell Sci., 108(Pt10):3181-8, 1995; Okabe et al., “Development of
neuronal precursor cells and functional postmitotic neurons from embryonic stem cells in
vitro” Mech. Dev., 59(1):89-102, 1996; Lee et al., “Efficient generation of midbrain and
hindbrain neurons from mouse embryonic stem cells,” Nat. Biotechnol., 18(6):675-9; Li st
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al., "Generation of purified neural precursors from embryonic stem cells by
lineage selection,” Curr. Biol., 8(17):971-4, 1998; Kawasaki et al.,
"I{;Y uction of midbrain dopaminergic neurons from ES cells by stromal

cell cfg%ég%%‘aucing activity,” Neuron, 28(1):31-40, 2000; Wi SHeRpp118s7

'Directed differentjati f yani i r ons;" [, X
Sy o S Gy gDy O e are o ot S s 5 tncage
stletivelitfebertiat@dlint§ AUPAIL-frod@MitorsaarrsabN Stnalroisdirpiifro of midbrain
d3aHRineft staltonNeuRAIIY OgARItRrSHRMIhUMAaR RO HANIGSI SRR GEIS." Neuron,
at. Biotechnol., 19:1129-33, 2001; Reubinoff et al., "Embryonic stem cell

28R rdth AU an bISRBL St som e eEf & aatRipTh igBomepic stem cells into
niyeiachngts, 18399-41Q3): 28007 Schaldiner et al., "Induced neuronal
differentiation of human embryonic stem cells,” Brain Res., 913:201-05,

[0®B] ; Zhandetral. ptén aliwo miffete riliattidFESLC tramsplberabibffesentidied into neural

ppggéiﬂfégrﬁnfc{%ﬁg LHQ&BI%WQW%.C %f&:qbﬁﬁ)lﬁ ’gtlgﬁz"@gﬁ?zﬁ 8Igénitors from human
9:1129-33, 2001; Rathjen et al., "Directed differentiation of pluripotent

CERNER hEaral JHeagdWhEiAteBreUS foriatibrldtt direrantiation of mbryonic.

sREUESEIRHA MRC RUIALO BlasieMelonmantc kR0 iR 0%, 100058 Mechnol.,
most of theénrotocols cited, di feglel{]qtiati n of emb%gfgic stem cells typically
W-l!
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semussligr of Beetodremal Ihasodernl) Andlendode ahal Geriatveseitiation of

Jé’ﬁ‘s,f%‘e%né@%r %'?B Iarmation., ees, Wels fynically treats %&’X'E?ﬂ?e Nat. Biotechnol.;
evelopmental morphogenic, retinoic acid. at. superphysifogical

ScbriCeritratitls Basusmote ﬁeu‘?@ﬁ@mﬁeﬁﬁm@n?aﬁmﬂ@ Qﬂm.@@topﬁﬁm to neural
1&92%?%“ RhbspateRLompies durther differentiation apdMIgiALetOk population,”

0 itotic neurons away from the EB. This protocol has generally been
eysnraerth Yidld f8retvélPTow fraction of neurons, and most of these

ons had a GABAergic neurptransmitter phenoty here GABA .
R o A AP (s A EBRDGE O AU GRTR cols typially
rédldiadalindiffE repgiatioteoknuous e s antirpoidc sidivs @R), BitthewhiSGoa. number of

T e LT o o e

veiel ahalipalthetsaigsh invvibivelhin difflepmenii usiagplitigemethaetinoic  acid,  at
HEERHS R IR CANBIRMARIS ¢8 hinsagesufay HIREDRIRiJetineiaACH {8AEB on an

strong teratogen that can Eerturb_neura_l patterning and neuronal

TifmeRie ST RGBS Trhvo (SR CAnthS SpIFAEo R R gHc neurons
der3togansicARU. Ry phitticoll bat Idi2alk086:Stigeviendo Bioss relatively low
R AP SR R ML e
(suletyiesBe casslitdtedtheinobutyric acid) (for a review see Stavridis and Smith, “Neural
differentiation of mouse embryonic stem cells,” Biochem. Soc. Trans., (Pt. 1):45-49). The
use of retinoic acid treatment of EB to obtain neurons is problematic for a2 number of reasons.
It is difficult to conirol and analyze the steps involved in differentiation using this method,
because EB contain multiple cell lineages. Furthermore, retinoic acid is a strong teratogen
that can perturb neural patterning and neuronal identities in EB as it does in vivo (Soprano
and Soprano, “Retinoids as teratogéns,” Annu. Rev. Nutr., 15:111-32, 1995; Sucov and
Evans, Retinoic acid and retinoic acid receptors in development. Mol Neurobiol., 10(2-
3):169-84). Thus, the efficient generation of specific neuronal subtypes necessitated the

development of alternative methods for neural differentiation of embryonic stem cells.
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development of alternative methods for neural differentiation of embryonic

stem cells. 2 WO 2005/9.18920 PCT/US2005/011857 [0006) Important

technical advances for the efficient generation of neuronal cells in large

qUERIRIESIAtIude the use of cell lines capable of inducing diREFARTARRIN 1857

oé murine and non-humac primate en}br onic_stem cells wi,thou%the .
[0¢8fhation &P@E@PMS"B&%QE@ STt 8&?@1?[6 ARGt fgnal cells in
lage e anhisicletatiielprbgnessdh diie igeneratibie of GATGSHoeliffrprogenitor murine
ang.e”gngp %1%?%8 n%t];roerlgbm.oolzj o s@é}g ?t%@a\%]it%@ut%%?en%rsrxtl%@?%e&sE%'eor the use of

ifferentiation of embryonic stem cells'into a wider range of neura

retipeiggeis; including peripheral, post-mitotic neurons has only recently

been reported in mouse embryonic stem cells and monkey embryonic
1088din cells: MiboedikitBem. besehsuroRsitaRiFaPe eSSt RVt Baispim of CNS
nenﬁhurgfa)%@ﬂ@zflelemplaig @@tlsoﬁorﬁdnpuﬁﬁ(wdxmimﬁa@mbypm@' Stesh cells, the

.cells. Proc. Natl. Acad. Sci. U.S. A, 100(10);5828-33, 2003. [0Q08 . .
SR HoarpHEaR % By o PEBRs R ek, including
pevigiakale sostmiistie wtnoplyhaecnbasedniiyepetendportefléxesoardioibryonic stem

LSS TR e R BT 05 R oy e
pekinbwA asuransyamhilosyidemaells dioaraenie adisonptamenhuonio sipn cells. Proc.

NaeuraReRy. i (51SANaHN ofBsis B¢ besi-known and most common
member of a group of congenital sensory and autonomic neuropathies

(HSN) characterized by widespread. sensory and variable autonomic

[oﬁdﬁu_n Ctio@@%ﬁﬁgﬁg IFB‘LE‘O?MEQ Q%%%%Q&%Wf @éﬁ%‘ij}?@s;, E}I'uscle weakness,

Principles and. Practice of Medical Genetics, 3a edition, A’E.H. Emory

mpgelp BUOPRYfredsd dssbreriPhivifigitoneddivpergaiq agepieps. One type of
pe%%ﬁeﬂéllhéh%%(l B}FEg)ﬁtQQQS%%xﬁﬁo@lmulﬁﬂg%téﬁ th@_lh‘sﬁ:.(lﬁfav S$200@igf§ﬁ)ﬁ‘onorrlxia (FD)
| , 1IN C n intro mutation 'c) results L
@mi‘(éﬁﬁﬁe@@aﬁé?ﬁ%?ﬁwe- e B §UAY $OSAeEEARnomic
neafdhishnifiafiiiv. hélheribus dystesthasva padtiaukadytonorenehbtr of a group of
carractl li -20-inclusi I: ript..and.thus yery lo
o B e AL R SRt ensory
anf retigh alertenomie gistanvtiohifeidlipddal - to Approtis call despry Disorders,” In:
xﬂé{%&é&ﬁiﬁ@ﬁi&'@f DRMENMTEAN IR0 30 L FiRishinV eNHORARIAIESdD L. Rimoin eds;
me

ods for generating human neural crest cells (I-INCC), human

P
ChfipHeraingars: EGIROuRR) (HdMaPP Stk tells (11SC), and/or other

jay

[0009] FD 1is caused by a mutation in the IxB Associated Protein gene (IkBKAP), in
which an intron 20 mutation (IVSZO‘ST*’C) results in a unique‘pattem of tissue-specific exon
20 skipping. As a consequence of this mutation, the nervous system has a particularly low
level of correctly spliced (exon—zo-inclusive)'IKBKAP transcript, and thus very low levels of
functional IxkBKAP protein are made. Insufficient levels of functional IKBKAP protein
ultimately lead to apoptotic cell death. |

SUMMARY OF THE INVENTION

[0010] This invention relates to methods for generating human neural crest cells

(HNCC), human peripheral neural cells (HPN), human Schwann cells (HSC), and/or other



3 WO 2005/118920 PCT/US2005/01 1857 intermediate neuronal cell

types by inducing differentiation of human embryonic stem cells (HESC).

Neural differentiation of HESC results from contacting the FIESC with a

NEOr0YfER8ntiation-inducing activity (NDIA) including, but nStTiRi2aer1 1857

strornai-derived inducing activity (SDIA). When done in vitro, the HESC
inigReE ARYOHCEEHAENIDIA BRcHe SAraRR e cliwmiAe coHtfEi Stem cells

@maﬁprwemhtqm&&ﬁafd@r@@M@gmamﬁn BolSEMNDIA SRSWltuigs a neural

.may he cultured for a erlod h that HPN or HSC are
B AR A A B o0 P By Sppp-dived
inammgwmmmﬁbmnomm r&msuchzﬁnathdﬂl%@qubmﬂtmnﬂ:mmmm are

IR n‘ft‘t%&rlor d'f(?me nd EO hdb Iﬁg—vgﬂtj_ll%g&:gggf}lég he reg,?p aggregates

Invention also re ates to met S generating HN HPN H

HBHKENAtArnreeidiie oo @élpm%@b? ﬁ*ﬂ;tfétrfgf mrémlaﬂmﬁ &’ﬁh igASC are
: mﬁa&ﬁiaﬂ@aogmsﬁta&éwpﬁm@m ButhaideiiRY 2 NeuRsPRSres (Nhnediate

OOlZ}The present invention also relates. to methods of production of
PeROfral SRStk e RBTIFRhaifarebiidtRIR St PHEEE diffentiation into
HinveptmT.Neural crest cell- derived cells can be differentiated from HNCC

in vitro or in vivo. In specific embodiments, neural crest cell-derived cells
[0@idllde, butBwepneselimitedntoymalseonbiiglite @gghodstgeaemtoelBINGYd, HPN, HSC,
an ?'Btﬁe‘f%ﬂtérrﬁ&ﬁ@éoﬁ&ﬁgﬂa A iney P PPeHALBRU AGROGHNE. BV S Mnan neural

melanocytes, chondrocytes, and/of smooth myocytes. [0013] This
prmﬁaa@%%m%&%%@%&%%@%@m% ons of cells

derived from the HESC, or HNPr cells. In one embodiment, one or mare

[0 oclonal Bh BB ER I SpRERR ?isaq&et%&eg.fgdl%am%@gpéqﬁ%ﬁwat@é Rl orest
ceﬂh@@ﬂbﬁ)ﬁﬁﬂﬁﬁ@ﬁh&ﬂﬂ thidkecrtation ofIENCE isdldite dinkediwtheNeural crest cell-

embodiment S|re u of cells express agf ort e .

d?ﬁa? |scﬁnsd%arﬂt e con{r(ﬁ afép cge ﬁ#gg%%é’éu fcrf)r%rmoter In"a gp% % ; St Odiments,
neymboieidhey e gebaripelnds, phiowphotiindfst dsaEBER, flisiohgrethbivenn cells

k. SHRIERSEAIN), AeLRHWYERRE TR GHD FABhe N LRI ALRVUNIBY, melanocytes,

comprises sor |ng the célls to select green fluorescent cells and

chenErsig %ﬁ%@ogé%t“é%%gary, in order to obtain a populatlon of
enrlch for cell essm econs uct
S oot e S B S S e B R ot cels

dmedltlﬁnmmlﬁw piBAesfdifethells oftreatmeniahivisorders assooiatesnocional
I HENIGE '? L}I t0r defechyG EINGEE P Ne HRG A8/QH RS IPPNSHIA and those

neuronal cell types
bound cells are isolated. In another embodiment, the desired subpopulatxon of cells express a

reporter gene that is under the control of a cell type specific promoter. In a specific
embodiment, the hygromycin B phosphotraﬁsferase-EGFP fusion protein is expressed In a -
cell type specific manner. The method of purifying contprises sorting the cells to select green
fluorescent cells and reiterating the sorting as necessary, in-order to obtain a population of
cells enriched for cells expressing the construct (e.g., hygromycin B phosphotransferase-

EGFP) in a cell-type-dependent manner.

[0014] This invention also provides for methods of treatment of disorders associated
with deficient or defective HNCC, HPN, HSC and/or other intermediate neuronal cell types
including, but not limited to peripheral neuropathies and disorders associated with CNS or

PNS myelin degeneration. In one embodiment, HNCC, HPN, HSC and/or other intermediate



including, but not limited to peripheral neuropathies and disorders
associated with CNS or PNS myelin degeneration. In one embodiment,

Sg)(_llzc _FIPN, HSC and/or other intermediate 4 WO 2005/118920 i
M¥Y858/011857 neuronal cell types can be made and Fol4{g05/011857

' of the invention and introduced intg an.individual in need
R B e B B Gk pition s mtroduced
nfgtrscincEd datb mrrirdividuetin heerbtherenbanuhdiff e FERSATEENTO BAGINC can be
maesired ¢alh e, MY Ysing. S e jnyention. [00151 This '
Irfinventi(')n also. rovides a metht%ﬁ%%%%{%(e&rg’il%]?#?neé} %Om&é%‘e}f’%fed cell type in
AT B%Qfébf {hrArYERE@Nt or defective HNCC, HPN, _HSC and/or
[0 ilgjzr internﬁggate n%\;}ron Icellgy es including, but not limited to FD and
disdrders associated with TRV PRE msed Jebgﬁ%%m # dheitro model of
digeristirenigtFIESC: aiedidertd Nmeﬁaﬁmr?eﬁgm:ﬂdﬂy, ;%@g iﬂﬁ@{&? SRPRISEnediate
JRutatiqn.Q ns.associated wi isorder. The mutation can
"be incorpora e%%%%%“@gﬁoﬁ%e%?%ee\aﬁ rg%%%%% ‘&S/oé%ﬁl fyanatgy gith CNS or
PRpetiitieripeirminn. wierpisecdiboditeris EDSEeamiitatisNys agn be genetically
mbBAHE bdlapfR BYE R LN SRICAF 980G cift e {ﬂedrﬁgn Pc%g.lrﬁ%gtmma%on can

expression of a gene associated with a disorder Is altered (e.g., increéase

O TERRALEEE AN SRaMTBE b balgduer N fominigrassiam rrplemfivgsrbbdiment,

winot thienifectde; BIRNAR decreasesarression™ i a.specific embodiant, oo 1
en the disorder is FD, expression of the IXBKAP gene is decreased.

W,
a”?ﬁgrm%” ﬁé%“c?&hs B RN d e fo SiktetFsnNgtade Wilkire cdéssdgpds (iadiered (e.g.;
intNSC, crRbtramedr HSG) nktedesitinguditeeniinied:eRlsi SOMRISE NS ut not
nRiiption.enaltered.expression levels gnd thus ecarﬂtulate the disorder, '
[00161 This invention also ralates to MetHBaL s GERILRFY: dien godisorder is
FLdcsarsiirn afdnd il 4R aiteis thephedotype wbainewenal:eethen differentiated
g thads At ' ntign. | e bodiment, the
mﬁeﬁcﬁ?ﬁfﬁ% ?nQ%éZ%Iegg I.?é?wﬂlg %/rp%%%l. ellrtgea?%ﬁllté‘i‘g differentiated cells
CORMRRSHR St ve atisredl exression kveleehdatin caainig] detinatilndied
[0{»96 hose tant neuronal cells or neuronal cells with altered expression

evels describedBpHeR A5 dplatshidoemitierim&nt sonssting Arisrusatbtescreen for

agm?tgaagrnts;fgatmegt?fﬁoaytwedlexwigsz?ép@%n Rhﬁ;)@%&@%%ﬁtt%e metlgod% of the
: n e e. In err embodaiment, e mutan
B B R 18 e A (e cel. T

angiher pBasiERBibe hevrokisich of @xdied inthmdkBkeAPonoypepidedno, those
mingiiRharahiRb 004 Aa e heiPN-IOP seaLenal cludon bt | o

neurons and glia. [0018] As used herein, the term "peripheral
PSR &&g@gm UYGARSY 1s used to identify agents that restore altered neuronal cell

phenotype to a substantially wild type phenotype. In a preferred embodiment, the mutant

Tir

phenotype is a TVS207°™C transversion in the IKBKAP gene and the wild type phenotype is
inclusion of exon 20 in the IkBKAP polypeptide in peripheral HPN.

[0017] As used herein, the term “neural” includes both neurons and glia.

[0018] As used herein, the term “peripheral neural cells” includes SENsory neurons,
sympathetic neurons, and glial cells (including ganlionic sateliite cells, myelinating glia, and

non-myelinating glia).



sympathetic neurons, and glial cells (including ganlionic satellite cells,
myelinating glia, and non-myelinating glia). WO 20051118920

Fé%g/u"s_ 1%9)%{’011857 BRIEF DESCRIPTION OF THE DRAWINGS i
(00181 FidiE 1 Induction of ectodermal differentiation of HE SEBYRREO11857
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[d@pjthe E-caghaiin puiativeRiinelialeals (WRie$R8B1Q OEMRYHP® A6 cells. A
center colony tern that was commonly found in the cultures.
T R R P oo e s R SN o GO (B) -
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Figure 2 Induction of human peripheral neuron-like cells by PAB.KE-weeﬁ ’
%fb?%?@ﬁﬂ?@%ﬂ%&@%ﬂgﬁww genupsiTedibaaPlprigters shown by the

ndiddil-spilio @B elip aHPherRtAEHER FRAKES REHANSRINTS SNEMRINHA F nuclei
Arro heg?%z Oir‘:%&‘é%ﬁt’h rotéess_@i(?f a bhipolar cell double-stained for

hese 1rn_near SeM| gfabe rtSBF th _ gﬁfﬁ%fi’érgé‘%ﬁﬂ%?s%? -axons

[Mndlng Oﬁ}gqtfr_@ foﬂg&l}/c%%rg naend E%ﬁgggrrﬁ.g I?el{ll.‘gﬂa—ﬁkseth nt',é‘, ﬁ'%)é A 4-Week

SDIA treatment induced large numbers of ce at express §’/r sine
colgaYRYe (TH)c hEEEErFeneddyremsnra rantngaimeke! {OY- (D ESeme
pdiphRAHARSIYRIA & NSifkenand sameaaie ﬂﬁw&d@peﬂl{ﬁf&{%?g%%ﬁ&s of 2

is shown in (D). Only one of these (arrow) also stained for peripher
ool al Qoa%laﬁfén%é%w&?i@@%ﬁ@i&ﬁ-mb@r(s@y ABthe Auimes isgpsagmbers of
a{frb:metﬁidﬂi aﬂ?ﬂ&g@ﬂﬁ&w_&mﬁg&i @g&ﬁt@fﬁawgi&ﬁ%{r ld(}i;t-b §191/h§ i@latment
. TH+ s are show rLOWS in . These cells were -like, but the
msdgﬁ?éf f% %‘grﬁibaﬁ%ssggg%ll% %3%% éﬁr’i(grshL NG esﬁ%%f’ygsﬁ g{ﬁ 2E4§o5 DY the green
stehingsmparsid€of ©sRrfdise BHrsre k0 prrerCASCHEE i ok wEBORPN-like. A

Ei Hdreptment Apdu ' -like neurons from. .
D R R TS oo ),
st EA AP At R ERatisBahondiks {S & sreRm dFlohavagmificatiofi(R) and

(HR) (@@P'S@ﬁ@&%ﬂﬂlﬁx@ﬂl&lﬁaw&eﬁﬁm. shaws ppth.thaPAS iesde foy arrows in
ells,and Iﬁ%e colggj{ of HES% (asterisk). Note that the Bm3a+ nuclei’in
t

(@) TRes8 SRR AR Grtthe: REBS A SR RARIRS Somio RSIRSHR s that are
ngtdéis(A)ar(t Bnisvshonerda ¢OF 40) Bhdws theoedge iof amptbeneolamy.r.

(asterisk) that had a small mass of peripherin+/Bm3a+neurons adjacent

to it. in (E), a triplet of sensory-like
[0021} Figure 3 SDIA-treatment induces peripheral sensory-like neuroﬁs from
HESC. A field in a co-culture of HESC with PA6 cells with a large number of Brn3a+ nuclei
and peripherin+ axons is shown at low magnification in (A). Nuclear staining of the same
field (B) shows both the PA6 feeder cells and large colony of HESC (asterisk). Note that the
Brn3a+ nuclei in (A) are outside and at the edges of the colony. A portion of a merge of
panels A and B is shown in (C). (D) shows the edge of another colony (asterisk) that had a
small mass of peripherin+ /Brn3a+ neurons adjacent to it. In (E), a triplet of sensory-like
neurons is indicated by the arrow. The arrow in (F) shows a cell with the morphology of a

dorsal root ganglion “intermediate neuroblast”. f-3-tubulin stained cells with both bipolar



neurons is indicated by the arrow. The arrow in (F) shows a cell with the
morphology of a. dorsal root ganglion "intermediate neuroblast".
13-3-tubulin stained cells with both bipolar 6 WO 2005/118920
PORIES58%)0,91857 (filled arrow) andpseudounipolar (opefAfHSRS/011857
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expression pattern of genes characteristic of neural Cr

intepmediafs filppsnigugisialcyerietetistc weperpbert lasmonkaysrfthinnesrabnly
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attern Ié)ﬁﬁlgxpression consistent with the generation of a neural-crest

a
ap%%%éqﬁeé’ -maﬁ&%atlé@‘é@}ﬂﬂﬁm%s. The genes Snail, Sox9, Msx, and
O g e e S G Aural crest

_ three weeks, the genes'Snai

n gB\krirskarsBEESS codliisefu rfrvetifferentihtes cAnothibisgenteised s Roural crest
hERBHSY FORRHIRh AesCRISEOXRS W by HESC at similar .

i Ieygign naivg HESC and %jgsl and W%ée?(gs of %’?A'\sé %3-&?]%%{.3%??23 xpression

CORIrBL 3B thit AeasEl Morh A nfHEak w5 Wbl doindine FEt Sistbntes. The
genediSitalegpresHen inhoiHepite Bl N1 acyEaass Andneural G I8 natve
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epithelial marker E-CadR&rin 2%1@1%%5@@%@@%5@%%%@??@ as
cellf fycthesdifferatisrdticadiehwanised as a marker for neural crest cells, FoxD3 was
expressed by HESC at similar levels in naive HESC and at 1 and 3 weeks of PA6 co-culfure,
AP?2 expression increased from 1 week to 3 weeks of co-culture, consistent with its
expression in both epidermal precursors and neural crest cells. The expression pattern of

AP2 was the same as was observed for the epithelial marker BE-cadherin.

[0025] Figure 7 Temporal expression pattern of genes characteristic of schwann
cells in SDIA-induced HESC cultures. Protein zero mRNA, a schwann cell specific
transcript, was present at one week of SDIA treatment and increased at three weeks SDIA

treatment.



cells in SDIA-induced HESC cultures. Protein zero mRNA, a schwann cell

specific transcript, was present at one week of SDIA treatment and

increased at three weeks SDL/: treatment. n WO 20115/'118920

PRI YI5EY8G8/1011857 [0026] Figure 8 pN-Select, a hygromyR§EBS2005/011857
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human neural crest cells (f—|NCC), human peripheral neurons (HPN),

human schwami cells (HSC) and other intermediate cell types derived

from the differentiation of human embryonic stem cells (HESC) and/or
DRJnERETR BrESABIRHHON@ISIHE PRI TN eurospheres. The HESC

and/or HNPr for use in the methods of the invention can be a primary cells
1082 cell linethis Brevaiirad repvidRsirmeYRS mathedn &ratidfioadN @ebtPMon of human
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, adn other intermediate ce typest atis .
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priforenth grebasiiraeniallyhp Lgiiethipap wialish) GTNIC HSPIN andSE otael/Bltermediate cell
M;g,ge’ Red t er e assed. [0028].In preferred

embo_diﬁﬁlﬁ?&%/oﬂﬁéﬁéﬁ%i#g%ﬁglegﬁgﬁl l?/chﬁ?a—gte v‘\}lst%(fato generate

suhgartiptrarsitedtiorr Helinan e G N DHSC rerdére qtheferredmediate cell types.

Amimbodineis, ienbib W i avamal e nciciag G EPIMR. of N
}@ﬁc%ﬁ bodiments, HESC apd/or HNPr are co-cultured according to the ’
et BPHHE AEH AR IRHACSOh Ao IFhe oo nve tefBmentaton of

HEHe ctiviicfoFINBucibstiedrab flifisirentiadiontafNGy BNl S6oandaroother mpN,
H%SWOWM%@ gfﬂlt e .é% 2 @Iora?sgreferred embodiment, the SDIA
. i .

is the PA6 stromal ce or a derivative tﬁ%?glgfaﬁ%a’ vatives of stromal

loge8jlines InghislerbikufRA RN CHSCAHMATATAS A SRAALNN Of 8, *Hhac

{;&e gosse sing SDIA, non-viable stromal cell line possessing ‘
e PSR R AL P D R RS 156 RN A &b s diesseredrembodiments, the
NDIA is a stromal-derived inducing activity (SDIA). In such embodiments, HESC and/or

HNPr are co-cultured according to the methods of the invention with 2 stromal cell line or
derivative thereof effective for inducing neural differentiation of NC, HPN, HSC, and/or
other desired intermediate cell types. In a more preferred embodiment, the SDIA is fhe PAG
stromal cell line or a derivative thereof. Derivatives of stromal cell lines include, but are not
limited to, a membrane preparation of a cell ﬁne possessing SDIA, non-viable stromal cell
line possessing SDIA wherein the cell line has been histologically fixed, irradiated, or

inhibited from going through mitosis.

[0029] The invention also relates to methods of production of neural crest cell-
derived cells from the neural crest cell of the invention. Neural crest cell-derived cells can be

differentiated from HNCC in vitro or in vivo. In specific embodiments, neural crest cell-

g



inhibited from going through mitosis. 100291 The invention also relates to
methods of production of neural crest cell- derived cells from the neural
crest cell of the invention. Neural crest cell-derived cells can be
dHRANEEG s om HNCC in vitro or in vivo. In specific embodifEREg005/011857
d neucrial est cell- 8 WO 200;5/111_8920 PCT/US2005/011857 derived cells _
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aielanasyie 8@&@9_rocytes, and/or smooth myocvtes. [0030] This :
invention also provides for methods of treatment of disorders associated
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Plg. I%r% rs csgo{g:lgaéed with deficient or defective HNCC, HPN, HSC and/or
othet interrediate “heuronal cell types including, but not limited to familial
utonomia (F. ad disor .. associated with CNS or PNS myelin
[Odyﬂaenerati?f?érﬁ%)errﬁiggélgo% %?é%ﬁ%%r%g?%gﬁ téoﬁ SO t8 B8R AT gpro model of

de
di%f@gﬁfsaﬂﬁa?% il deficpme ﬁb%@tmﬁ&éwa‘ GHRbe AEYationd/of Nberdhtermediate
nei@nl CallsyReripbr@ahNeaj#ons, lﬁﬂﬁe%%%ﬂ&%ﬁamgg’&lﬁ?gw&d disorders

. HSC, and/or other intermediate cell types thereof can be prepa
AR %tF§ Wé(ﬁoﬁgt%@%ﬁﬁfé%%ﬁﬂmﬁ%%ﬁﬁmlﬁ Réfie dppisiadan be used to

sctderSTr apetior thiEm wiith el pifh&ygfficient to differentiate HESC and/or
HNPr into cells of neural lineage. NDIA may be provided by many
different methods. In preferred embodiments, the NDIA is a

stromal-derived in_ducin%activit (SDIA). In such embodiments, HESC are
Methodidereneratiomat: %Héah%mé&’se%tﬁermemidﬁemna o Setwatin Cells

ine or derivativ reof effective for inducing neural differentiation of NC,
0 ,and/(\)f?adtr%&ge%%gd A PSS O KA e o, (yPSt ShAESE S Drepared
ackti_frding 13 u_tnethavﬂsha!f il Mwﬁm&pmmau?ggmaﬁ&ﬁ;ﬁata@mcfmw%r HNPr
idisglogest in e n 28:31-40). In a mgre preferre
W@m%odimen%@%& iél?ﬁeégé%ggss#%rgnglage I%r@%ﬁ@ri@%@%ﬂ@éﬂf.Imeage'
NI a0 wEKided dnsmemididerihasidedd prtfanehenbmited:is, e NDIA is
a iﬁ&ﬂ@f@ﬁﬂfdarmﬁﬂgrhﬁfx@&?glbﬂ@)po@?&&k”&%@dﬁ%ﬂg, r%ESﬂag)rlg cq-cultured
een |sto,log|ca(fly

vl\g?é)le cells possessing SDIA. wherein the cell line has
|

acgor 31% st?cﬁhSSIW‘EWB%r%?&H’ﬁé?d’SW}%)Wh a stromal cell line or derivative thereof
effective for inducing neural differentiation of NC, HPN, and/or other desired intermediate
cell types. Any stromal cell line known in the art that exhibits SDIA can be used (see, e.g.,
those disclosed in Kawasaki et al, 2000, Neuron 28:31-40). In a more preferred

embodiment, the SDIA is the PAG stromal cell line or a derivative thereof.

[0033] Derivatives of stromal cell lines include, but are not limited to, a membrane
preparation of a cell line possessing SDIA and non-viable whole cells possessing SDIA
wherein the cell line has been histologically fixed (such as with parafonnaldéhy&e) or

mitotically arrested (such as by treatment with mitomycin C or irradiation by y-irradiation).

[0034] In one embodiment, HESC colonies are first separated from a fibroblast feeder
layer. Separation may be facilitated by use of a proteolytic enzyme such as trypsin, for

example, to gently separate the HESC colonies. The HESC colonies are then disaggregated



mitotically arrested (such as by treatment with mitomyein C or irradiation

by -irradiation). [0034] in one embodiment, HESC colonies are first

sg| azrzilt_e/:d frop a fibroblast feeder laver. Separation may be facilitated by
use B BB tolytic enzyme such as trypsin, for example, to §ERp2005/011857

. separz%g the IBESC c9|o ies. The HESC colonies are then disaggregated
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subdegeatly tittdtiesicd 66 @ninntive pelhauUBRENSION dreladinatadt Subsequantstiromal

] seeded on it sessing NDIA (including, but not iimited to . .
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wheltsteeridDIA dribyoitee s sromhé reltheoNbialis, suppliedcbycstriomaltbelESC, the

steRignally R iQkdRicAG Wik With HESC, the stromal cells are mitotically
arrested. [0035] Co-culture of EIESC and cells possessing NDIAA is

[0gdEated in @@rQYMGmdfmgS,@rﬁfiﬂaéﬂy ipsdbslingotherio IAOWiIrIlgiﬁlated in a growth
components: B111,-21 medi Glasgow MEM or similar cell culture
L Lt R BT e SRR lasor MEM
oghirgtmine]l lenMipy rosditen Oabdnivt focablgssetitiElrmokiog aeids agfldeent, 2 mM
13- Mergaptoethanol. Based on the cell culture.conditions described
gll@e%%?’ow{ne skilled in the aé;_';tfj1 cgmgﬁ%'?%sgaﬁ%at%ﬁ]ﬁn %‘f@é’r tﬁllgsdz{)pli e
Meagipissbetiar ddase¢ondittors! antiure guirdinnentsesMibdilinersinemte nishied in the art

CML@&@maefﬁaa?aﬁgqm&a&w&&pete%sapl%ﬁy%ts&kﬁ%%ﬁ ngzgl%ige@u%%mm

appropriate intervals (e.g.,.on days 1, 4, and 6). On or about da

Megiemitifrécgionthot suffciatly joseaimy seb Alailith aurfoaliydplaspticing the
medtind SepprofiremedvR (eludingybut NekingiteBiuthe JAN@WIRSF co-culture of
-21 medium/Glasgo Mﬁgﬂ’é%f?o gM tetrahydrobiopterin, 1 mM )
Hgg%}%i‘ 6 f’nﬂ\‘?ﬁﬁ‘??ﬁl-%%vﬁ%‘%' SR SRl 19 NP titih e, Trimprge medium
inBuMﬁgpaaptomhaﬁﬁiftéﬁfY@Lﬁ&eBmﬁﬁﬂigateﬁfﬂn@iﬂrﬁélﬁ&md g&ag&@ilmi\f/i, 100 uM
0036] In one .specific. embodi t, co-culture in the descriped serum-free.
A P A P . S BRETEH FRA AR A B Aigemne, .1
mNES-dntoidRhierid/oyHGE Poetertably N agiplehetay s)i037] In

another specific embodiment, co-culture in the described serum-free
[08¥diium is damtmuipdcisc srihsdimeficientdbm aximudasdiffexbstiatiofref medium is

cdiERGa RSP HNGCGupeinraniy: B8 Hay D 0QRRL3,A0PIReE S %ﬁ%f N.and/or HSC

embaodiment, intermediate periods of co-culture may be used to obtain

(rrelrehliAh B8V phenotype intermediate (between HESC and

[HSC or between HNCC an N/HSC).
[0'6'@]\l 1% another specific embo Enent, co-culture in the described serum-free

medium is continued for a time sufficient for maximum differentiation of HESC into HNCC
(preferably 6-8 days).

[0038] In another specific embodiment, intermediate periods of co-culture may be
used to obtain cells having a neural phenotype intermediate (between HESC and HPN/HSC
or between HNCC and HPN/HSC). '

{0039] Further, differentiation of HNPr by the methods described herein gives rise to
post-mitotic peripheral neurons of various lineages. These peripheral neurons of various
lineages optionally can be characterized by cell-type-specific expression' of marker proteins
as described herein. Production of HPN by differentiation of HNPr has the advantage of
being more rapid than the procedure for obtaining peripheral neurons starting from HESC. In

some embodiments HNCC are used as the HNPr used to generate HPN.
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[0039] Further, differentiation of HNPr by the methods described herein
gives rise to post-mitotic peripheral neurons of various lineages. These
heral neurons of various lineages optionally can be characterized by
f%‘ﬂw Eﬁéélflc expression of marker proteins as describedH&r&iyp005/011857
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ofembatimentsdieitdhNgoarm nesraspiecebuil entbspheres getialiscbinical cutting
o 1§Y %&gﬁ;rsor t&gt q@wm suspension culture and %re assa egﬁ
c

el o
me tting or breaking wit apl}ﬁg%?e ey wer oIr]ilgclng [hiiePut have

sifgsrheah sty dineu ity b Baeh avduding addbhwiesivepitrbrordamy brain. The
nSRORRSINFWIEHIG-AGHIL %ma&lspfrg%w%%baﬁmnm%eﬂwé%s 68 which

are grown in a solution of growth factors and mitogens (e.g., nog

allgReHh SRR Pt sicn (588 e2§9“Rdo, Ii@mtrauméum&«amﬁa U.S. Patent

6,215409; 373%6&@1&!&11&%@@@0@653@?@% RpheAHRR neurospheres, the cells
2002/01643 82 To d|ff rent te neuroéP ?f]s the cells are frypsinisated

g, BBREREES gu%psemn lon” an o\ K Pﬁfﬁ‘?’oﬁgc{ﬁ'ﬁ‘ﬂg g polylysine
s@b@ammnmmmmbpm MPIAR 4. gelRACeils)reGatishare] in serum free

m%&ﬂaé&ﬂaﬁlﬁ "RATGE: Bed! é{%fe‘?ﬁéﬂﬂ“' Bi%ﬁ f’ér}% 7&“9%'???%% After 7

Medium Is rep aced ever,, 3d After 7 days of co-cufture wit

days| W@ RIBREROIEIEA CRelige m%@gé@ééb@eae pméé D6 ehspsvest After 26 days

ol ulturng earpddifierentidtiendsseen. [00421 In another specific
embodiment, the HNPr are HNCC. FINCC are co-cultured with an entity

[00¥2] poSSeSINIAhier yjemmambbt&ﬁemnﬁmmmarmmedimﬁ(celhiyla@&ulmred
ereof enodsf Itur g@yﬁaw uste acc

iror%ntﬁ% {g%\es n%sea supra OI"v)ﬂ“fQEi O-cultd OI" O o 11’1 etme ge}ﬁ types

thereof. Time periods for co-culture incubation can be adjusted accordingly from those

described supra for HESC co-culture.

[0043] In some embodiments, one or more additional factors can be added to the co-
culture of HESC and/or HNPr to alter fhe speed of differentiation and/or the type of
differentiation (e.g., what types of cells result). The factors may be added at any time during
co-culture. In one embodiment, bone morphogenic protein 4 (BMP4) is added to tlhe co-
culture (e.g., about a week after co-culture). BMP4 is used at low concentrations (about 0.5
nM) for the culture of sensory neurons and high concentrations (about 5 nM) for sympathetic
neurons. In another embodiment, other factors that can be added to the co-culture nearer to
the end of differentiation o increase the viability of the differentiated celis. Such factors

include, but are not limited to, Nerve Growth Factor (NGF), Brain-Derived Neurotrophic
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[00431 In some embodiments, one or more additional factors can be

added to the co- culture of HESC and/or B1\Pr to alter the speed of

differentiation and/or the type of differentiation (e.g., what types of cells

ALY SHHE ¥actors may be added at any time during co-cultBfd/UR20¢Te 11857
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' ?ga-catenjn, an%gﬁggpe%ﬁ%g&?gé)ﬁ%&&eﬁ feﬁﬂf%}fé}%ﬁ@e#&% HSC, and/or
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of these proteins can be detected by a number o

Methods for Purifying HNCC, HPN, and HSC

[0046] The present invention encompasses populations of HNCC, HPN, HSC, and/or
other intermediate cell type which are substantially purified and methods of purifying the
same. HNCC, HPN, HSC, and/or other intermediate cell types can be purified from a
population of cells comprising the desired cell type that has been derived from the
differentiation of HESC or HNPr by any method known in the art. In one embodiment, the
desired cell type is isolated by contacting a population of cells comprising the desired cell
type with one or more monocional antibodies, each of which binds to a cell type-specific
factor for the desired cell type (preferably on the cell membrane), under conditions sufficient

for binding. In embodiments where the cells to be isolated are HNCC, cell type specific
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methods known to the art including, for example, immunofluorescence,

ELISA, or RT-PCR. Methods for Purifying IINCC, HPN, and HSC [0046]

The present invention encompasses populations of HNCC, HPN, HSC,

%9/5’1”38'&%‘}"intermediate cell type which are substantially p&&fieebiae011857
methods of purifying the same. HNCC, HPN, HSC, and/or other ‘
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hmark rs include, but are not limited to, low affinity NGF recept ,
WhERE R SRRk ROdK S RHATb IO o-FRRDM BN 6o st hesds thromatrix of 2
coloeiin.t@ bisisolatbe die JINCmeelk typebsperifig markers include protein

zero. Cells bound to the one or more antibodies are isolated by any

[00Bthod knbvwinsheaiis smbedinesmntiviecthoypeRpaiic hadiiher ipeihatatnarkers
thavithy csecaRdiani IS, flu lugated and binds tq. :
aantit%gy bounc}zlﬁbfrcgI %%ggtgl?ﬂtt)t}?éﬁs%%%%?a%%@gﬁgﬁ%ﬁg% o such that
the sb pepLlgtina MEtRis g pres v dhsrar el el mprketsoreapwittreatiadivtibaolyd.
~othat binds fo the antibody bound to the cell type-specific factor, wherein
100; seconé”A aﬁ%%ﬁf@bdeggow Mhabuord IS Crimgseiatep baasaserential
expressihn of a realmngetelisdontiectatbbsalicbngixas fegaalaies. 1947 Lnd/or
NGB Ifi @m}} iment, the cell type-specific maker is a profile of _
ma%ll?é%r?ﬂ tf at is s%%écr&:f?g oratﬁeef%g{(é%}l{rIenc?I el P SRS sty thebisamder
the contid phacirddvaachatific pienib pdpeassticohepte expiessingstheing cells for

diferefitaiinnaskerscarerpirigrantialiyd ac{p%]tﬁja Wt%ﬁft%ﬁm which upon

emhodiment, HNCC, HPN and/or HSC are isolated by prefere
SXDESAS SRS B maranisE £T Aelesing ke rarisriacetly pressisetifies 2 selection
magkngeter. EE&@p&ﬁéfoo;hMH&rﬂfm&ﬁ@m%%%rb Egigngene which
upomzﬁ%gsgiegnortrerv expression cgosrs égch%at rll%under the control of a
cell-type-specific promoter These cateeiy, ety ddhndansiargdcame. As
statgsk afiffereineaioionined ¢¢NCOs HRNIAndfotdhiS Gy sienteetoddthta NRW for celis

i e e S R e
stably Mpsietb Mt tesgireieromakesepe o mmiseton gessetighintier the control of a
cell type-specific promoter are exposed to a selection agent several days afier a reﬁorter
activity (e.g. fluorescence) is first detected. Optionally, when live stromal cells are used as
NDIA in the methods of differentiation, the stroméd cells may be stably transfected with
selection marker genes which may be constitutively expressed and confer resistance to

selection agents used during the differentiation procedure described herein.

[0049] In a specific embodiment, HESC and/or HNPr that have been stably
transfected with a cell-type-specific Hyg-EGFP expression cassette are first subjected to
differentiation by the methods described herein. Differentiated HESC and/or HNPr are then
exposed to hygromycin at a concentration effective for killing cells that do not express the

Hyg-EGFP protein. As mentioned herein, expression of hygromycin B phosphotransferase-
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upon expression provides a means for detecting the presence of the
transferred gene. As stated above, expression of cell type specific

proteins me(%also be used to select for cells expressing the desired
ph8ABYPEM preferred embodiments, HNCC; HESC and/or P15 28051857

sfected with a selection marker-reporter_ expression cassette under the
6T o ity e R GO RRE P B QBAP 5% Sl eRiOR R fernt
subpyveubkiday o hfter diffepartercdctillity(@. gufliesdsganas)ls firsitgRiectiedach case.
- Opfi W live str | cells are das_NDJA in the methods of . .
D S R i elfciping e
EGHErReriten e\ clslpstipb & darstmyiviel E&ER ensiity armdlbomferemoved from the
celPEINARGRTA e IRRAN; | ' %@ 19GEANIE o oter
described herfﬁ%%%ﬁﬁgﬁ%ﬁ%%%ﬁl&%%%ﬁﬁfﬁ E él%%glcgf%ﬂN%glemd for
2 GRS AR RIS AT AR ERREES with a cell-type-specific Flyg-EGFP
0 ressionh%asset% are first subjected to differentiation by the methods
g%@cribed heréiy, ﬁf%?gﬁﬁﬁtéaaq Uindfr TP AR theRleaippaago such as
hylgyemomiy ciratitedendeiiffatotiadfeatiimfosHiting seltdjtbattloeisexieGSscence
g- in. jone rein. expression o romycin B
ot O B el SR B s Pl e e e
expafrhie dhv arppanfeselscien agpel spiberficHrenaetely bridgpeofeihyFACS.
Oﬁgjrent s#)g,opm tions of the differentiated cells will survive hygromycin -
108t tment iR 2 ATH PASBO e AtwA HOGBIF G fL Srmersgiiintadpes can be
usedajotiieafihiabieresitmrefmaining geaeaad B pastivg. AERESEIREHORPorter genes

. 0 in, EGFP-positive cells are remaved from the cell cylture
B TR Gt Bt ot of
wiiele dnetidorEGTRIIayhanspk oifitonx frassioenp meviotyp eyi00B0)kes@nothetein, red
Ifi im t | election nt such.as
e R Byl eporer
PrpigEisashTiiD resERe dgitipa S 2| supstapotiel entvbslirafeniiels provided at ‘an

adeyRIRSHRGA-SAISCIBPIRURRRKEARRE R1R:§XPQIed;R e ApRroRale o
selection agent without subseét ug%ltly being%urified l_by FACS. 00561‘3%%&&,enes that

oD i SHTRAGIWR PR GHOTY SRt preihs frdespermakenganearitse the cells
artibethépayaticthe xprassioveGtleponargf s & e/tsalestiRRmarkeamples of

enes. Reporter genes include genes encpding a variety of proteins well |
S ol S e TR P S P BB to
ney@bcﬁ\iyﬂmﬁbsmntrpmueimmw_hcﬂMm&'@_mt Frogedmyeid flucsescenigromycin B
PRI A ATRS o R RIS oL iSiHIRIRESIONg, g I cases where

reporter protein activity requires addition of a substrate, Such a substrate
[ovsfljbe providgdrapsieins that are bifunctional with respect to selection agent resistance

and a detectable (e.g., fluorescent) reporter activity can be generated using standard genetic
engineering techniques. Examples of such bifunctional fusion proteins include, but are not
limited to the following: hygromycin B  phosphotransferase-EGFP, neomycin
phosphotransferase- EGFP, puromycin N-acetyltransferase-EGFP, etc. These proteins are
comprised of C-terminal fusions of the EGFP open reading frame to the open reading frame:
of the respective selection marker gene. In another embodiment of this invention, EGFP and
a selection marker protein may be translated from separate open readihg frames of a
bicistronic mRNA, by linking the open reading frames together with an internal ribosomal
entry site (IRES) sequence. In other embodiments of this invention, the selectable marker

and reporter genes may be on separate constructs and not present as fusion proteins.
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adequate concentration for detecting reporter activity. Selection marker
genes are genes that enable survival of a population of cells that express
the selection marker gene, when the cells are in the presence of the

WO 2005/118920 . : . . < 01195
réspective selection agent that is cytotoxic otherwise. ExamplésiS2005/011857

m&gﬁctior_\ a_ ent%n%nsd etc %'5 E%’?ipoeﬁ%%tgeclf .%Hg nrrenS%rLEe r %n%%, ﬂ_%lggedn gr HNPr
are not limited (0. N omycir, and neomycin pﬁ’ospﬁo rans%erafse,

armggmm_diwleinbl Yrepgrongyai mlquogmho@ibn's@ws@;lth@@mﬂyuM #nd encode a
seldraYy fﬂ&l@:ﬁ%ﬁ%éf %5@1@% [9%&]1@&5@8% Q@I—E{%g}@cﬂig romotier operably

_bifunctional with respect to selection agent resistance and a detectable
linfgeg fori e CBmrEB e PR eaM Be Géne raeldimydearitsian gone wherein
th@eneligpenginaernanieattisugss Bxamples of Sechhilweetianatiusion: HNpPr and
.. roteins._’nclu?e, but are not i 'tetd to the following: hygromycin B .
oSN ST SR £ BB I, Ao RO NE e e peiection marker
geperoriywsinddhiy efydtitingfer dSESEGRE peINFhehichioteiristageatedthpisedruct are
f.C-terniinal fusi fth ER n reading frame, to the open readin
s e A fnce s
copTRi EHtONSIERGIP exntessiceleCtisnapmaekcipisrotisetinraynbéer ayvsiatBdr example,
in froHp %?M&%Geﬁﬂe&éeﬁﬁiﬂﬁﬁﬁﬂe§%ﬁo}?'%?Hl&’é}l?eﬁh%{p‘gg’ﬁé'@5'%%%%‘31 cin B
open reading frames r1‘[6({)Bgether with an internal ribosomal entry site ( E'SY

PSRRI FRE RSt E BB s St RN sHRecsine seArniion areker sene is
puaddyepoNei@sNembiayRe endsaparatRonstals anetdOfRIORMMIdE of stably

fusion ins. 14 WO 2005/118920 PCT/US2005/Q7 7 0_0531 in .
e R T PIE PSP SN To e N e gmprisng &
coast igevnayatetiivovbicm diay endreeseleriorengghent cafyrinta@uctens PiAn the construct

I - rter protein that . .
D 5 Wbyt setton
maksrasBifosa bifniersHarddiesinn Nrarterifmgorienisionigbaedinapsinpecific
eri‘ﬁ‘of&'h%ﬁﬂﬁ@@%@&[ﬂﬁ@t@%@&%ﬂMr@eﬂmggﬁéqﬁ%yﬁ§gllowmg:

and/or HNPr and_ (ii) a constitutively active promoter that controls

SRxpr ISV EF a si9Corid BATREHEn MAFRSF Jerk, RFRIBYEhdAISHPEFER| 4y promoter,
Petilfis Goamnldar HBHRB avbiombaye Sneraded dienaonsiGICtecepselestsy] Msx 1,
posing cells.to an a priate selection.agent, that is, one to, whi '
R e A R i e o omsc
andéde dibRniarke ngoher. PHmestbedplelinkone e b duinasntintiedbif rétidroabration,

hﬁﬁ@ﬁ%ﬁpam&ﬁ{ﬁﬁa@%@éﬁﬁp enlhufay %Mgn%y lentiviruses (see, e.gd, Gropp et al.,

.phosphotransferase-EGFP (Hy,-EGFP), the constitutively expresse
hlsceshcHramedifertion of ROy ke stelissly Apmdiweal vectors.” Mol.
Tisglewinregentysest foy. salagiienetsiabhydransiaciaddieS{oiSor mouse ES cell

B SoNon T PLSLE B S M o e ookt P R 9 or ey,

according to the method of Zwaka et al, (Nat. Biotechnol., 21:319-321, 2003). The

modification includes (i) electroporating clumps of HESC and/or HINPr rather than single cell
suspensions and (ii) electroporating the cells in an isotonic, protein-rich solution (e.g. serum-

containing cell culture medium).

[0054] ‘The purity of the population can assayed by determining the per cent of

purified cells that express the cell type-specific marker or profile of markers.
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constitutively active promoter and a selection marker is separate (in trans)
from the construct comprising a cell-type-specific promoter that controls
expression of a bifunctional selection marker-reporter gene, as described
REfEIAONG¥IMiting examples of the cell type-specific promoeemthst005/011857
controls expression of the selection marker-reporter gene include the
following: Sox i promoter, Sox 9 promoter, Neurogenin 1 promoter,
' UNe rogenin 2 promoter, Peripherin. promoter, Brn3a promoter, Snail, low
ﬁff?ﬁi@gﬁﬁwﬁﬁéﬁﬁviﬁﬁwgﬁrﬂ?l Eramftignd/or protein zero. DNA
m@gg}structs secrilgsed thereir%ican be introduced into HESC and/or HNPr by
a number of Methods WSOV e mefnting! srodekin afarural crest
ocfpdreizaénckntiaetiovidifinfeition aftiadnfectionbioienivsgrdare.,
el | e | IC ificatian of h embryonic stem
e O 2 R 1 i, my
RO KT Bribbairseiet dfsatidinibreataroese dSieticé lediropotationds
Adiiddridiatisosyak! e fen I ti [or [ .
ccording to the §>ethod§(;tl?f(hz§ve;?|?€? éejftgl.!;ﬁ ?N%Ei%é%%%ﬁ?%?%&gﬂ?n HNCC

2008y, The Pishirk Srshartiadess Alstedrsprrsimpé s soieBSTactor.
/or HNR 1. r than single cell suspensions and (ii) electroporating
R A S St e e

the cellsin a , protein-ric

i EenegHetRselmRI 0651 Phe Pharifytos THENGHP M dbemeanias sayRhiBart by their

lode teRmistingth ; {i that express the cell X
Dt e-specific m&aﬂ(gé)r& (%%%%i%ggﬁ%?k%égﬁ_% S0sF g8 gthe area of the
b"é@“ﬁffé HoER¢ vy mangiien el desrabitstbat MantbrBiffesbrliaiien celis

th§GNSET FivpirRe IR MG ASCISRES 10 snethods et predycti
duﬁﬁ\g@h%gsﬁa ell- éeﬁg cells from the diffé?rentia ion ofeﬁlélagg%g%gmc cells

invention. n-one specific- e ary RetPsrepdiickin barweliecelsparssion of
a cgb-effeassatidtetdbfrom HNCC in vitro. Any method lurown in the art for

differentiating neural crest cell-derived cells can he used. Additional
1043Zkors mayropReie rettsdimsadnonhcHNCal celivellicing Hiflarntiation.not
lintbGE; rerlisns)auLkeaYRetaR Bredifind:ie have altered expression of a
me?ell-(g%gsre sed, factor. [Ogg}gl In anothg?é%ec%c %m%g%ll%lggts,}ﬁsgclﬁal crest
el dervSa BHE LT -0 MHERoRtiuraLP Fos faneGRinbeonatie 882 0fhe Neural

Cre4hl C@nirdligte iniriextial denside: patdveyifaielggal environment
LeDouarin, 1980, Nature 286:663-9). Because of this, the area of the

[0638ky wherERHeCIaice aslsiniffemuteica el ENe@uNIne W akBE WAl be
:ﬁi%?fégjg %‘éﬁgﬁf&i{%@%%%%%{f%ﬁﬁggg t!lll’]é[l%pfe\gd IX%‘) %Lgl?gitc? gr? rrc?lg ed to
] cient or defective neural crest cell-derived cells can be
treated by the implantation of HNCC or HNCC that have wholly or partially differentiated.
HNCC cells or cells differentiated from FINCC of the invention_ may be used in screening
assays for drugs that affect the etiology of pathology that results from deficient or defective

HNCC or deficient or defective neural crest cell-derived celis.

Methods of Expanding Differentiated Newronal Celis

[0059] Expansion of cells during the differentiation process prior to cell
differentiation into the desired cell type can be used to increase the cell vield. In one

embodiment, HNPr (e.g., HNCC) are isolated from differentiating HESC co-cultures and
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during differentiation. HNCC cells may or may not be modified to have

altered expression of a cell-expressed factor. [00571 In specific

embodiments, neural crest cell-derived cells include, but are not limited

& FRUPERE X lia, secretory cells of the peripheral neuroendichinE ESRMEH11857
_ melanocytes, chondrocytes, and/or smooth myocytes (see ,e.g.,
st with MigEEnsTAdREETa 8 IR B s HgHa eliminFitgstate of
difterivessty. Pressxi2RR8 LN teells or-eatis ditfere igteehframnda@iofs until

the ' 'be t | int ient i d th f f
the ST BT AR R It RSN PHEASHIES where
HN{NQE dredifitieiht ol ifpfetitivechecmaberestarditddar ladritelsgamn bad used

t ' ioF llv.or partially.
s A B B P LS o,
Any\veingsh mayBdusteriihscralhing toalz ayRarsicd kg thzedffEer gvemple, EGF
an€tieipgy.afneahalagydhaliesuite fiomdeafisiante delestlyecBNideert.

deficient or defective neural crest cell-derived cells. Methods of Expanding

Differentiated Neuronal Cells [00593 Expansion of cells during the

differentiation process prior to cell differentiation into the desired cell type
Treaspimtation wf HeridescRppudatiopend IhifsnentiatasbleneonalPelis (e.g.,

HNCC) are isolated from differentiating I-ESC_co-cultures and 16 WO . .
[0%95/1180 28 PETTSSHEAPFSE? t8ﬁt€ﬁﬁﬁ“ﬁ%’§é‘ﬁ§‘t%e¥ﬁéﬁé%§éted with

defieibmuon b@stueiike LTSI ENRN]YE @ ring/ theshateinfordifféentiatiomal el types
._expan cells.can then be returned to the differentiation conditi until

o L N b A R Sl i v o
PNsiesdiieriéagenmtiting. | IN OG> arebtiventiasi i Cell NS, B celiéocathbeintermediate

neXRaNdGs as.desh et AR anduseti ACCOIAING 1O- e MERRMS AhtiRroduced

. invention without returning to the differentiation conditions. Any mitogen
R A BB CEIP RS (b S B Be HIAHE FONBRafmBIRIC cen be
intefdiccanghd @fiads NG & mitaganscnahd fReAinie B i al&ired cell type in
. schwann cell | iéo%gng. .Traqs lantation of Purified Populations of
wvﬁi’ﬁfé?éﬁ%%fgﬁ% R8T BERSHIb60[ This invention encompasses methods
eatmeng,of di SO} | o] fecti o
O HSC i SUha e resona ol et ek e phere

nepPPRHAteadOHBPIFRBRAINENFOPEIh RSSTaTEaNE dreer S asaciBreanpith ciwstipheral
ne@fofaiiR YRl iR Hegeheration: it ansremlasimat hENCERE, WBGut timitation,

and/or other intermediate, neuronal cell types can be made and isolated

PEERR I BEHERS Bith STRAARONGHY fftFSdttetronic inflammatory polyneuropathy,

amyotrophic lateral sclerosis (ALS), Wallerian degeneration, distal axonopathy, collagen
vascular disorder (e.g., polyarteritis nodosa, rheumatoid arthritis, or systemic Iupus
erythematosus), diphtheria, hereditary peripheral neuropathy (e.g., Charcot-Marie-Tooth
disease (including type I, type II, and all subtypes), hereditary motor and sensory neuropathy
(types L, II, and III, and peroneal muscular atrophy), hereditary neuropathy with liability to
pressure palsy, infectious disease (e.g., AIDS), Lyme disease (e.g., infection with Borrelia
burgdorferi), invasion of a microorganism (e.g., leprosy) leukodystrophy, metabolic disease
or disorder (e.g., amyloidosis, diabetes mellitus, hypothyroidism, porphyria, sarcoidosis, or
uremia), neurofibromatosis, nutritional deficiencies, paraneoplastic disease, peroneal nerve
palsy, polio, porphyria, postpolio syndrome, Proteus syndrome, pressure paralysis (e.g.,

carpal tunnel syndrome), progressive bulbar palsy, radial nerve palsy, spinal muscular
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into an individual in need thereof. In another embodiment, HESC, HNPr,

or HNC can be introduced into an individual in need thereof and

differentiated into the desired cell type in vivo using the methods of the

iNVERIBHI #8611 The transplantation of FIPN or HNPr is a therapystons/o11ss7

treatment of a peripheral neuropathy and/or neuronal injury, such as
atreRiultitgViom ariniiva aSnples ftiérip hereinnmorepadhjeshibathutayohedapsone,
edf&aiedRy . themaihodsdisciasgd peseininalde M thaul Bﬁ?enal phenytoin,

perlpheral neuropathies associated with acute or chronic inflammatory
PBUIOHBE SRRy BiFsER tarb Phrselaie dac(ring) alkrinidsamany solvents, other
indegeilesations, disial xanopahy, GoliagenuMaselab SisOT8eHAE Sauma), and ulnar

olyarteritis nodosa, rheumatoid_ arthritis, or systemjc |upus .
G o2 S SN e BB LG g G 177
(Wﬁaimmm@eﬁ,obm: dvserals &R (isvelullibgbtypededy pool) ahaball SUbtypeshreferred
ASEAAROrIRGh AU SEISAL G RRAINIHEER L, and . and

far , e opa

peroneal musc atrophy), héreditary y with liability to

jopg@gsure p@ﬁy‘,%ﬁﬁimi@ﬁ%@%@&fﬁ@sﬂs Eyﬂé‘?&ggﬁ?&sﬁe@ﬂeﬁt of disorders

infection with Borrelia_ burgdorferi), invasion of a microorganism (e.g.,

AR HISG TSy S ST M e ReneakaRs cERramleR A e disorisryIbielsdrs but are
todiniietes metils, futpaxiyy st Fafaiimospraaiioslisls sHiiglopathy, and
neurofibromatasis, nutfiional deficiencies, paraneoplastic disease, :
A, A B e e e oxs e
ausgmeironte dinerdstre pBeslyisis engryovarpaittunnelysiindfome) g peetlsessiyenot be
DUIRRERBI S (PALAINGING B 19 SRINBY ST (o 22000 1832 -
P .T/USZOOSH;S%%? %%ophy ?SMA?f'l/ a t%@ agent S.Ig“.‘,l%bgé?%ﬁgﬁ%nago%% myelin
formipp&se, chiorobutanol, dapsone, emetine, heavy metals, hexobarhital,

lead, nitrofurantoin, orthodinitrophenal, phenytoin, pyridoxine,

Gg‘#}‘%@%m’%& }qu}&gq@&y&%@@&@gﬁﬁhe vine alkaloids, many solvents,

er Industrial poisons, and certain gsdrugs), trauma (including

[00g3)ral traumia), AREHHBRINE Be RRIS Y BRAS A1 BEH GO RAS: niS pathies. In
Mer%M@rﬁuatl of %{gﬁnoss and Therapy, 17th ed. (Whitehouse Station,
SRS TR ER R s B PR ARISSPS BT IE S8 D SBeU8 ST A ivERin the genome
ofgimiSorianEot BENPetyresenf ifisendicn; thehnelagpatigisdil dNeREEd Rethe art for
tation of HSC or-HNPr is a therapy. for treatment of disorders
e SO e BB oRy SR e Bt eonotyme of

thelisBiréfe ranfion B Bu thira dhintieeginenu tfshmispierosis; ohronie mutations can be
inifflAM IR dPYEIRLRAGRONSHNRNGY: AN HHAPALS BYA S athies.

A§ditional| many myelin degeneration disorders of the C _ .
Hinitofhan i BHIC RS PRI TSRS S XAt Ry Ao YT iilg eshsiated with
spaeiye nﬁhhﬂogical' disorders. HNCC, HPN, HSC, and/or intermediate cell types derived

from these cells may then be used as model systems to investigate the phenotype of the cells
and possible interventions to restore normal function. Alternatively, other mutations may be
introduced which have not previously been identified with a particular phenotype as a means

of investigating the role of specific genes in neuronal cell development and function.

[0064] In one embodiment, HESC and/or HNPr may be modified to possess a
mutated [kBKAP gene which has been associated with familial dysautonomia ‘(FD)
(Slaugenhaupt et al., U.S. Patent Application 20020169299 which is incorporated by
reference). In particular, the mutation in the endogenous IkBKAP gene is the TVS2077C

transversion mutation. Generation of a human embryonic stem cell knock-in cell line
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recognized or may be recognized less well by the autoimmmune

machinery than CNS myelin forming cells. Generation of an In f atro

Model of Neuropathies [0063[ This invention also provides in vitro models
ofselipHerPheuropathies. In some embodiments, a human peneahos/o11857
interest can be specifically mutated within the genome of HESC and/or

ingldess iy hisecHToodiBERk ARt SERINb Gibecargiingy degeiBietericthecrmtising (2) a

1511%@@9&% an.ghthe genomeRiNPQLse SMAYRRIC SlaBees: By chaginthutation
the genotype of the HESC and/or HNPr through recombinant techniques,

hag e B HTERE AR A ¥R Cih WS REFBYLCERNIgNaN (i +essitive piskasbappexpression

caSh¥RBUeSasEaaiaiadiMatT periphelatsderyapatioie she HRC @ad/QHHUNPY region of
may be mutated so as to express mutations known to be associated with
gy o

CREtHOIEECHT RGeS RINEE ISR $5iset BT en fiatirite moludes a
coaelitypel defiveprdiaetvasehcdlisemayiheivbe lisatasiMPERIBHANEIRe, and
investigate the phenotype of the cells _and possihle interventions to
G R B o B S AR obngee. b
oushichohéve mgtoprefidwshylogp riadtatifidtKwith gepa riididadtp hien elgae as @lection
| f investigating the role .of cific.genes in.neyronal bell .
o O S G AR R Spmavionps hormes
thm?% Mmeﬁiiom@g@sgeaamgtaﬁé@m Orxreigeneliwich fises beatacted with
nedRsRaate Gyt ymlial dysauton %ﬁ%ﬁ&@geﬂ%ﬁgg‘f}pﬂﬁ%{%ﬁ%e ltﬁr?eting vector
a ce

Patent Application 20020169299 which is incorporated by reference). In _
descithed O the i RRRSHUAP e S HEl Sttt B Rredidgittie select only cells in

wiNS2QHS' nitatEcanINBIGION rBkBligaIGRIEREON Qb bURABERIIY ORIk grated by
stem cell knock-in cell line 18 WO, 2005/118920 PCT/US2005/011857
homiongaRs FreRreEmbi FRERSEIHE SR ofhe) BRI AY S Lol JetrEFiaR Gpssette.

Tiderppuisihge(ahay |aegegeramia frageent abtheeBKAI2genalin Which preferred
A BISPHOTAC iRnsyersion mutation  as been nitoduced by genelie
engineering {ecﬂnﬁ{les‘?\%ﬁ a positive Sefection gxf)l}eagesig%e CAsSetEt ranstecte
HiggateetioithiiNbre &' danranstteibregionet tire gdneh (itergatithima betfionlibfes by

nRAVTRIRI s BEAR IGRGHhereIR IERARIIVE SEIRGHAR SXRIGSSIOlection

cassette includes a constitutively active promoter which drives expression
cagieiie dhRRIHSIHERBHBE AefdinsEedipiry Hegwiverse iseapBrpracdhe targeting
vecasSatteRocaledovitiipihie trgetingvestenbaddiones butoutaigesefihe positive

eLe ion o$ hom.olo%%(elgg%% hcBP en%whereirg{t e negative selection

S s ST BBt TG L U SN RIS PR HRES TR SR DA from
thexpiessn suf dueirge thd ipemidineIkihase ; fifrppsitiveaseisidvededertiand detecting
hOVI\Illr(]) gg&ﬂsc?clzlc%% emlettﬁc'&% %’{‘tﬁ%eﬁjgﬁ‘ﬂp genomic locus by Southern blot analysis of
genomic restriction digests or by a genomic PCR reaction that will detect integration of the

targeting vector at the homologous locus.

[0065] HESC and/or HNPr knock-in cell lines, generated by the methods described
herein, can be used as starting cell lines for the generation of HESC and/or HNPr stably
transfected with a selection marker-reporter expression cassetie under the control of a cell-
type-specific promoter. The resulting embryonic stem cell lines will have a mutated IxBKAP
gene and have a stably integrated selection marker-reporter gene. In a specific embodiment a

+6T—C

purified population of HPN, homozygous for the IVS20 transversion mutation and

expressing a selection marker-reporter gene under the control of a cell-type specific

promoter, can be obtained using the methods described in the present invention.
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neomycin to (positively) select for cells that have genomically integrated

the targeting vector described above, and subsequently cells are

contacted with ganciclovir to select only cells in which the mutated

IBRALGLHé& sequence has become genomically integrated B 1/US2005/011857

E ologou%recombination thereby excluding the negative selection
1o §§;ession HemattRelr s Sro dRtGr IRy &8 Gerfarsified to diReexntassied levels
ofgenes asiwelljipoptigaiessedarmizod mentonargasighi¥glde imown in the art can
_bacgg%g%raéH%Qs@cgfrréesq(r)nl%/cirhgroengsgdbto,contact transfected HESC and/or

HI\_I%r_to favor Setection of cell€ih WA Brgktin g BrEsTRealifiss gl control of 2
CORYHIBIBY GueReisoihiraticle hag@scaxpatstivan diternsiive entadthieeNts@NA or

negRive. Te]3 tQ | it the targeti or and .
o oy 1 tar ALy M LR ALY R can e
usid dfetaciinsihy dbreBrmg Bole Mk SRR nvarampivcplisitve, BRIEEHGIPN, HSC,
anforepningaidiESD agsior HNPrigalanias adesisalaling GeRAMIGPNA i

from the cqlonjes, subjecting the genomic DNA to appropriate restriction
oS, NGB RS, ROTFSTE0 SEPPEREHITH O BRHHE BBIGARPN in models of
Fgenomic locus by Southern blot analysis of genomic restriction digests or

by a genomic PCR reaction that will detect integration of the targeting

vector at the homologous locus. [0065] HESC and/or HNPr knock-in cell

lines, generated by the methods described herein, can be used as
Screaping fos Pihsansesibag DsratenAdionRSC ol Ko \Feriptabiyl Neurons

transfected with a selectjon marker-reporter expression cassette under the
wﬁfﬁtrol of aj&(:s‘e%ﬁsfyﬁséqiﬁ Riffe. PrombtE: SRRRTBHIS S dRbipuenEtte RPAR flerived
froin&EBR ) HavexpreatatedticBioidvigene: assiiare watabdMegEeisorder can

e ' rker-repo ~In fic embodiment a purified
b oot S B B o PR Y a0 soroen

forsibstigpcatent dlgsreassingapissie oGP arkes- sppoifieragsmetinmoey tteeneurological
Geanirol ¢fa cell ifi ; tai using the- .
1 7 el ﬂ%ﬁlﬁ‘ﬁ?ﬁg EPRIQROLE! 118%%%(%%(?%&8@ /f\{% 0 © transversion

methods described in the presen%iréventlon.
MRS Se0BBXLds 2en0 06BE M (ternativelpe IHESC anddint sMbBtanan bet decrease

appaAified Rl ePRXPIESSIRReEIRYL S Al SRe P Piffe® 9#‘19 Gpildes hom%%y(gous for

associated with a neuro eartcan beu

pathy. Any method known in t
thed Ghelt expraERyTTIOD ﬁw%mm%wmmmmmmmmm
apPopatitutive ROTINQIIBYUsQe-terRNG @as R RIASSIAN MREDQHNGEH test substances

embodimePt, siRNA or antisense technology is used to decrease

OVExpression. WBREH AR SE EHAR IR PHER P & BEd 96 B 6@dsoTeheontacted

Y

wilhvesttiohstendifferentiateioid sftiienaliteteehOnelnMeCapR it $6uld normally

d/or inter iate cell t t.di altered expression levels.

ocﬁ? al.nS‘[)ng-gi fi&eﬁﬁﬁecmé(g %ﬁg IPS %B@' yrinemutat?on. K control group includes

(HPN'"C ) that are contacted with a control substance not known to affect apoptosis of
HPN (e.g. dimethyl sulfoxide). Apoptosis of (HPN'STC ) is measured in paraliel for test

substance and control substance groups. Apoptosis can be measured by various methods,

including staining with fluorescent nuclear dye (Hoechst, propidium iodide), TUNEL

staining, etc.
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embodiment, sSiRNA is used to decrease expression of the ICBICAP gene

in IIPN in models of FD. Screening for Substances that Decrease

A‘%optogis of Human Peripheral Neurons [0067] As discussed ab‘ove, in i
certat ¥MB6timents of this invention, HPN derived from HEBEIHER005/011857
express mutations known to be associated with a neurological disorder

SUEHIRE {Ret s motiaiduriese sheRatipnd BndogemensliBiddetane
L stibeningHECay WeUAB R b BB h Steae déa3e apoprBN A xeinding

EWBN. In a specific embodiment, the neurological. disorder is FD, and the

jfied HP re homozygous for the NS20+6 nsversion
mﬁéﬁaﬂon in%ﬁ%ﬁ@%@@ﬁﬁ%ﬁf%‘ﬁﬁﬁlﬂ%gﬁ%}@%ﬁ to defedptect substances
thejuinstarrceibatratidedTbdB ARpepto JEII0THEEE HIPNA |melpisiesesh 20 to IKBKAP

mRrdipent: pyrified BEN that are ozyqgous for the NS20+6T-'c i

getgrans_ve?:ion r{%%&.%ﬁ’fﬁl I\(lhélﬁ §%’KF§’%):% 5%}% %%‘?g)ﬁjfgiﬁ'ﬂ S FEIMEREA @ wn in the

afbiﬁ@ré}ﬂ@i@ for W@mmw@ﬁwﬁcmmesbthﬁim aseayiarted Wfd'ifhssays,
tRg] es 3 fange. nirations, covering three orde

O T o e S e X S B 5 R om

HEphe witHisaierisithedrshaibapoptosis wotll sdrtaide @ORIF-PCRreifoprimers that

INWer:1agViTals tation {ro includes
hy\%&l)\l+6;l'-_>¥é9)§i[ﬁ2t& g;rdeg%k\cérg:ég:ﬁtﬁe@g v%%yagg?%tgg gﬁglgf)a%ce no k%ecl)lv‘?insf)o hat a PCR
Progrct cAgisptsdls st repteepliaiviat e thfossoeyicpoptusissuk(d Ra&TEd by an

mRISANeASIHRAHA PRI SN ERSh SURSE CORYRRYP ;
. X%)o#étogiacan bte e,asjred by variousa%nsegtr%gg, Qﬁlcluding%%g%%%ﬁ&dudes
ofes

t AUBEFER (19b bR steshRshithiuRRadertre JusianEethadingh cte. video

qu2a¥ikai2H 05 A &BIPAPEITAIE200RRL PBR/pBateaning for Substances
that Increase the Ratio of Endogenous IXBKAP Gene 1VS20+6k- c
N1RNA Including Exon 20 to | cBKAP Gene IVS20+6T->c tRNA Excluding
Exon 20 [00681 Another embodiment of the invention uses | N+6T~C to

sdi@et&ﬁg%t)zéi%ﬁﬁcé%ig%ase RIS 'C%L%@e e MS20+BT-C
pRN AL &R0 d
%/Iﬁ%qﬁé 20. As:%/giﬁo%gh ( %lieve S are V\?eil e I the art‘%ﬁy‘i&h&%gfﬁng

for example, quantitative reverse-transcription PCR assays, RNA blot
[0@sgays, ormiRiRAGRDERTBliakASSaY S SRERIHE, aMiNditenh ineludas Wpe wim
isoI{ation of total RNA from. HPN+6T c treated with a test substance or &
respec ga%%eﬁﬂuﬁ%gg iﬁff}lf)rim%rgsﬁﬁ}afn transfection experiments. The

ontro S)[B%S?
experiments comprise transfection of a DNA construct that includes a vector backbone, a

selection-agent resistance gene expression cassette, and an IVS20757C mutated IkBKAP
minigene, which comprises exon 20 and its splice juncﬁoﬁs. Transfection of the minigene
may be transient, but for a period sufficient to quantitatively measure minigene mRNA
transcript levels at any point during an experiment. In preferred embodimeﬁts, the
transfection with the minigens is a stable transfection whereby a stably transfected human
embryonic stem cell line is established (herein termed a minigene human embryonic stem cell
line). Celis from a minigene human embryonic stem cell line can be used as the stérting ‘point
for obtaining purified HPN. The majority of minigene mRNA transcripts in the HPN will
exclude exon 20 due to missplicing caused by the IVS20"7° mutation. HPN derived from a
minigene human embryonic stem cell line can therefore be used to screen substances that éan
correct missplicing of the minigene mRNA transcripts, such that the ratio of the level of

minigene mRNA transcript including exon 20 to the level of minigene mRNA transcript
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hybridize to target sequences which flank exor. 20 of the licBKAP gene,

so that a PCR product of distinctly greater molecular size than the

expected product size is generated by an n1RNA template that includes

exorg@,/aszompared to .an mRNA template that excludes exam20o(Eih11857

guantification of the respective products using methods such as video
exglvdntificatior2 dfivtectsophdviticady feparasedRGR produots thSdeeeninyminigene

) Increase | e 0+6Tc, . ..
e A g Evon ot [OKAD e A BT S Rsironcing
exe&&%dﬂﬁ@ StEREF R0 fO0BIPRFTuiserzahIsbainertscnt thetinvéntionad ESdened to
hyBiieReaie \wilgety BeqwdHiicEe Rtk e encogaBRbhY BKARECRS Rifidize with
sed in transfection experiments. The experiments comprise transfection

- REPETINA PHPAY A udEE Lo HtREhe, allsel¥eiored gentbodiments,
meesistante getie exiresslon caseetienapi-aniMB206dris Muladad: exon 20 to the

AP. minige hich comprises exon 20 Its splice junctignps.
1ee%égns?ectrl%enngf tEe mirhé%sr?g prag)yi/cegléﬁ tandieht bt fr&f éxep nod %%%i(ﬁ’é?ﬂsed toa
chbamﬁtmty%éwmetmfﬁg@M@mmmmmmym;immethod is
adduilRgha SHNRAMRNI IR RARIUEA. D AIBIER'Se R MARRISCHABW IR, other

minigene is a stable transfection whereby a stably transfected human et
celps et eniesonining RitstaBRshR aqrrreirsbeingd a minigene human
Ogﬁif)ryonic em cell line). Cells from a minigene human embryonic stem .
l line cart Be°GREF AR REklists ot Hcto PetkaiFiirgenarifea BN pestracts
citejorify. of etiniganimcaiRdtidtnsaipiatn thenbtP hitvity exelidle RX9uLLribe the
stagéjgf.tt%emaﬁﬁglx'vc}ﬁ]& aused by the IVS20+6T-"" mutation. HPN derived from

e mmveniron pertains, |, .
minigene human em%ryonlc BEERCell line can therefore be used to

08F{£EN subgtances issplicing of the minigene.naRN .
! trar?scri ts, such thé%%%i%%\qégggeﬁip é%%%%%ﬁﬁé%%%,&“@gﬁ%ﬁ?ﬁr Wltho,ut
depseting ﬁ%”ésd%ﬁ SePRS el | &niitor i gessenininKeRtipan deiipinndatOthat all subject

maP o688 IRGeT AR QARBIBLSR /0BG SO AP RHAGIGASESs, be interpreted
asl\éleetho s for @egasurigr? the ratio of the level of minég;ne MMA transcript
RTINS e Xh DB RV RRTRTGB R RN MG SRR PR #Rf, HiRigtions of the
prexoni2Guise stepesiividdan dethedehdesonbeadage, except that primers
are designed to hybridize to target sequences within the vector backbone
and not to hybridize with endogenous human embryonic stem cell
E)?e%ﬂéﬁ ences. 'In preferred embodiments, measurements of the ratio of the
c}f%nigene MRNA transcript including exon 20 to the level of
ERe SRR NP FURL R Y SRS A, T el xposed,

Né¥ll Crest Cells from Human Embryonic Stem Cells

Materials and methods

Cell culture

[0072] Human embryonic stem cells [HES-1 (XX) (12) and HUES 7 XY and HUES 1
(XX) (13) cell lines] were cultured on mitotically-inactivated mouse embryonic or human
neonatal fibroblast feeder layers in gelatin-coated tissue culture dishes and passaged every 6-
7 days in 80% knock-out DMEM supplemented with, 20% knock-out serum replacement, 1
mM glutamine, 1% non-essential amino acids, units/ml penicillin, 50 pg/ml streptomycin, 0.1
mM B-mercaptoethanol, and 4 ng/ml b-FGF. The mouse PAG6 cell line, obtained from the
Riken Cell Bank (Riken, Japan), was cultured on gelatin-coated dishes in 90% DMEM, 10%
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control substance that does not affect minigene mRNA transcript splicing.

This method is advantageous, in that the minigene serves as a reporter of

missplicing without causing other cellular phenotypes associated with

hY 8 RARPSY¥he missplicing. [0070[ The contents of all publishet estivkes) 1857

books, reference manuals and abstracts cited herein, are hereby
fefpterscraed b9 estdrbrgodesthéimddtirelytarinere Sullydesgibaiie, states g/m
5@5&%@&5@0 which the invention pertains. [00711 As various changes can

be made in the above-described subject matter without departing from

the scope and spirit of the present invention, it is intended that all subject

matter contained in the above description, or defined in the appended
SRldimsjistienterpreted as descriptive and illustrative of the present

invention. Modifications and variations of the present invention are

[0Bd8sible in.ﬁg%htwﬁmmwdeﬁééd&meEX%bﬁ%eﬁﬁﬁm&é13—m13 coverslips
G TolaNe) ' o rons, S athetj rons, an
S o R S o gy ond e
fitgabiagideedseipyeime TonvPad manmati v debriunibetERA C ebiibS - RS Xlonies
wékAhangitidES M\%@P&iﬁ{dﬁ@ 1065 WEES) 68! Wé}%?l%% rer‘?”z'fc‘ié?%?»n

naflai %I%r as

mitotical)l‘y-'&lrj ctivated mouse embryonic-or human neo 0
s

COPLAREE b s TR BRI DAt Bt 2 dHor 04 REE 2 dprsismaGtispomrMEM,
1086 Rudeisuns8ath Wbﬁtwﬁw Quﬁﬁ/iﬁf@,m ﬁ@gﬁnlfg@?/@lf %R}gi%%t- essential
cement,.l,.m utamine, % non-essential amino aclds, .
L R 0 L RS e dave
afightZShopaliner OF dThé, thowseiRibves|blineseatitad0estBror 1nenRikel/ Glasgow

MEell | n gelatin-coated dishes in 90% .
DM E%@Q%% *3%533}3 %%@ ST 9%@%& é%‘?at?eﬁen Bl Sosfgsential
g il Splutivedbe SUPRINPEDG Rita k6, 178 i talentapemititlin] aBub & iy,

meatieptomyeplacaDidaRduslion {0073) Approximately 104 PA6 cells were
seeded on gelatin-coated 13-mm coverslips in 24 well dishes. Confluent

cultures, were treated with trypsin/EDTA for 4 min and the fibroblast
feeder layer was removed manually, leaving the HESC colonies. The
Imapwnersgooheraishian triturated, and approximately 1000 HESC cells were

é)laced in each PA6- ‘ '
[0674] Coverslips were rinsed in phosphate buffered saline (PBS) and fixed with 4%

paraformaldehyde for 30 min. After rinsing in PBS, the coverslips were incubated for one
hour in blocking solution containing 1% 05-011 5 bovine serum albumin, 5% horse serum
and 0.5% Triton in PBS. The following antibodies were used at the indicated dilutions: B-I1I-
tubulin/Tuj-I (1:600, Promega), Neurofilament (1:600, Sigma), Peripherin (1:1100,
Chemicon), Brn3a (1:100, Chemicon), TH (1:100, Chemicon), NCAM (1:200, Chemicon),
p75 (undiluted, Santa Cruz), E-cadherin (1:60, NeoMarker), and AP2 (DSHB). Sections were
rinsed repeatedly in PBS and then incubated with the primary antibodies for 1 h at room
temperature or overnight at 4°C. Secondary antibodies (Alexa 488, 594, and biotinylated

_ anti-mouse and anti-rabbit followed by Extravidin-conjugates) were then applied, and nuclei
were stained with Hoechst (0.1 pg/ml). Coverslips were then rinsed in PBS, mounted on
microscope slides in 90% glycerol, 10% PBS, 1% n-propyl-galiate, and sealed with nail
polish.
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containing well. The medium was then changed-to 90% BHK-21

medium/Glasgow MEM, 10% Knockout serum replacement, 2 mM

glutamine, 1 mM pyruvate, 0.1 mM non-essential amino acid solution,

am PS8 -mercaptoethanol. Medium was changed 4 and®6TdaSz0aftEss7

HESC plating. On. day 8, the medium was changed to 90% BHK-21

i §ow MEM, 100 pM tetrallydrobiopterin, 2 mM glutamine, 1

mM pyruvate, 0.1 mM non-essential amino acid solution, N2 supplement
[0975hnd 0.1 FINPF RS AR NERe TS thrrssub igmmtSehdar vead tepkoeth Total
REMekjt Wrs el BIoURGBYtashemistiy 1R0FA Gaverslips,were un %@e%%e

or

tr%%gﬁﬁggte g)luffered Sﬁline éEB%Z (%Qf fixed with 4% paraformaidehyde
i, ARSPINag T PEEH et Wsreeiempast sgieRsaey fisufo RT-
PERBlovkif? 306610 Contaising: Bio@iAk) pHRVAIS-SELBHRLNTIBNS Yep it
AR SLAUMAR 911@%5% Triton in PBS. The following antibodies were used

at the indicated dilutions: I13-11I- tubulin/Tuj-1 (1:600, Promega),

Neurofilament (1:600, Sigma), Peripherin (1:1100, Chemicon), Brn3a

(1:200, Chemicon), TH (1:100, Chemicon), NCAM (1:200, Chemicon),
Piptbgftapdijuted, Santa Cruz), E-cadherin (1:60, NeoMarker), and AP2

(DSHB). Sections were rinsed repeatedly in PBS and then incubated with

[0876IprimaryPaeivadies faird iats0orh teNIORMEBRGOBIRINREAL 40d

w3econdany. antibodies (Alcxa 488, 594, and biotinylated. anti-mouse and
P gmﬁirabbi(f%ﬂ})%\?e%%y I:g%r);j\?lr P j%ngga?ggtgo\%éerél 81 ARPRdGodHe A Bio-Rad
MRGcléPUrensaselimiersipprivesihised Got pgfmbh@amreshiipgnteee 1heo siseged
usii BB N USRI SICKIREORE ?Jh@@fskfh%%%%%%?%bm% PBS, 1%

n-propyl-galiate, and sealed with nail polish. 5/118920

PCT/US2005/011857 RT-PCR analysis 100751 RNA was extracted using

Tri-Reagent (Sigma #T9424) and the Aurum Total RNA kit (#732-6820
OBITIRAD) apalywsiding to the manufacturers' protocols. Reverse

transcription polymerase chain reaction (RT-PCR) was performed using
[0%¥dhdy-To-EORTeRCR ddiats (#27086604 hraprohperifbiascipRseshal Bms3a
(bReAAYMRIEVRISRILL NG SRk AFARIQRIALD ABgene). Photography . .
_[00761 Preparations vf/ere viewe vn\%itE ar(?% ﬁrﬁlffxuﬁ? (E%Z%” g‘?ﬁ’f?os +Z,C8H3”mng
SIS ERPSP el LSRG tva s bt b deskieniainnd svialogwesvide moaimeraclis
th4CapressAdMBRAM in the nucleus and peripherin in the cytoplasm were clearly

identified. A few colonies were so thick, that it was not possible to determine accurately

whether Brn3a and peripherin were in the same cells, so these were not included in the
quantification. Three separate experiments were performed for quantitation purposes, and

over 300 total colonies counted.

Results
SDIA-induction of neuron-like cells from HESC

{0078] Cells with the molecular characteristics of neurons are induced from murine
and primate ES when co-cultured with the mouse stromal line PA6 (Kawasaki et al., 2000,
Neuron 28:31-40 and Mizuseki et al., 2003, PNAS 100:5828-5 833). This experiment has
been repeated three times with modified conditions and cultured two lines of HESC with PA6
cells (SDIA). After 7 days of culturing HESC with PA6, a distinct morphological change in
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MRC 1000 confocal microscope was used for some photographs. Images
were enhanced using Image) (NIH) and Paint-Shop-Pro (Jasc) software.
05-011 6 Quantitative analysis [0077] Four-week co-cultures were
imlﬁﬁl‘ﬁ’é/éﬂgﬂ"rgd for peripherin (peri*) and Bm3a (bm+). ColorRESAAAe5/011857

classified as: containing douhle-stained cell eri/brn+), containing
th%nﬁgis‘é-g? RIS Ef&ﬁ&%?fﬁa gﬁ%“%?%{ﬁ?eﬁﬁggoﬁié%%ﬁiﬂ%FSﬁ&}S\%&h&‘ﬁéﬂn
foreskihithrogliststhgicexqpt es s doth Bmaaoinothe moalsugea 66l e ey othe,
lasn e clearly _identified. A few,coloni ere so thick, that it was .
R R D e A TR Dot
thériatige walpaty el solopiticbBaprataind e rdadrily INE AdantificaltionciFhreeclls

w%g%%%%ﬁ@%ﬂ}%ﬁfﬂ@i%ﬁﬁﬂﬁ[%@ xfaegmt%%sa&aua&%%ﬁ%xﬁmsﬁﬁg%

colonies counted. Resulfs SI>IA-inducfion of neuron-like cells

ORI ST EkeFirrihe oM RF eriratEistids 6P nSavsiss eienies
e romal e PAG (Kavasal o . 2000, Neuron 283140 anc Mzuea "

troma e awas et al. ) uro 1= an izuseld |,
b B ATAS To O A AT (UEh MO e P S LR st
withreaetinteswattons gt @ch 6 omilitioisantid fitrmeihtive froesHl RE G0 ith-Hoefen

| 7 ltwring IESC with PAG, a distinct .

e I TS S e S
neHRSt GERIARES oA Es ShRveTEAyAREEPER RGP IS T tu tiets With MbkigEthe
coRinfidman Taseskinifibioklasis aRRRRFedr A%idenseoowng; P52l When HESC

monolayer. colonies. By contrast, HESC colonies were irregular in outline
WeIR &P YIRS TR AU B A BHALTRR LABHHE ViHBOM 8 & Aagetidpester laver,
veeplomied difiererdinigarinie presarilycdCAMe nedrabms egpreRealsrdRiGrkers
B, C). Many colonies, primarily the larger ones, contained cells

1
(n%{%gﬁ)e‘%n Ing the non-neural ectodemial marker E-cadherin+ in their centers

(Fig. 1B, C). Several colonies expressed a few B-3-tlibulin (Tuj-1)-staining
cells (a universal and early marker for neurons), but most of these Tuj-1+

GoaRliatid 0ehexING AT (RSN o erigSYlts are consistent with

other observations that PA6 induces neural differentiation from FFESC
[00B91ytaert-Haefeir i6taaderM04nEiRt: 22:HH6IHYurbhseeWRRKEt AHEDIA -induced
o SNt R ORI RISTE e Aot of 10 S Bopfe i mewzons
withemeoTupisiditthe ibis{re Indngoris of staigdrenmmeng: kyniiatife)iciihehion
neﬁ%&?and primary motoneurons; Troy et al., 1990, Neuroscience 36:217-237). After 4
weeks of SDIA treatment, 51% of the colonies contained Tuj-1+/peri- CNS-like neurons and
34.5% contained Tuj-1+/peripherin+ HPN-like neurons (402 colonies, 3 independent
experiments) (Fig. 2A, B). The number of peripherint/Tuj-1+ cells was very variable
between the colonies. RT-PCR analysis confirmed that peripherin mRNA was expressed in 3

weeks, but not 1-week cultures (see below).

[0080] Most of the Tuj-1+ colonies also contained cells and processes expressing TH
(Fig. 2C). Several neuronal types express TH, including catecholaminergic CNS neurons and
peripheral sympathetic ganglion neurons. In order to explore whether the TH-+ neurons in the
SDIA cultures were CNS or HPN-like, we double-stained colonies induced for 3 weeks with

SDIA for peripherin and TH, a combination characteristic of sympathetic neurons. Both peri+



were grown with the same media but on gelatin or laminin without a PA6

cell feeder layer, very few cells survived after two weeks of co-culture,

and none expressed neural markers (not shown). Generation of peripheral

n&HrIRSIEYERIIs from RESC 100791 In order to ascertain whegH&EFS2005/011857

ripheral neurons are present in SDIA-induced cultures, the cells were

a‘ﬁfﬁ%ﬁf@%ﬁé‘a REP U PRS (R IERIE Hrthe Righuiesphos emtsim fiier BHS: cells -were
Titithhak oS dliisidecthe ahiddinelueding sensory ganglion neurons,

sympathetic ganglion neurons, and primary motoneurons; Troy et al.,

0b890, Neurgsggi 217~ After 4. weeks of SDIA treatment, 51%
[ of ?F?e co]onq;gg g@ﬁ%%%%%ﬁ%é% é %ﬁ AR RS for i espegpperal neuron

UL PREP T GRnensE BERERTH RPN KeShiroRbe402reottmigsmarker thought to be
spedBp eRdSTNSXDRHEIBRLSh (F1i8/i oA Bk ipLpgrpherint/ Tu-1+. .
plls was.ve rglsj(ar'atyge bet&lgﬁ%esﬁggﬁ%%%%%ﬁ%@%’ ggﬁ%&#ﬁ%ﬂmng
“}%%%npeﬁp]ﬁqéﬁn Riig s epias dadomchaneianstivof ReEN webk sultipepuiation
of{6e& belwwy:; DB %ﬁQfHMEW&gMO%@@%ﬁ%@H é‘?x‘}tfé?ﬂ?lﬁ_lg gleen used
C ! . 2C). Several_neuronal types express TH,
e R, BB Ve e
coFpRAtén nEarEhedivs sreesel éxplaretvhatherthedittd BESIODS i 18: weeks.

CHRH LSS W BN -|i ble-stained calgnies induced
for i2’-’>I6weeks with SDIA %ﬁ%ﬁ%&#ﬁﬁ% %L,ég%olr%gﬁlné |8%%ﬁ§?é‘8?€ﬁ§ﬁbg' 3).
S RS Y I s s P 2pB ey 20 6611 TBO @Gl omies, as might be
exPECRA 200645k Grivendber e 2k Rl al igre present in the .
h§ uclgrjl{es gutﬁnost of the TH+ cells_-\%?re TH+/pf;g|§cié%§N\g§%I&Qmen%ge Oflcglomes
cateeﬁgiearﬁ?ngregxi%rﬁ%gﬂﬁg 5 BYEATE L GRdréehleresinsd eelifodatodetionmined in

th@@@em@@kmﬁﬂwm@mmtgnem@mﬁubveﬁlea 810 8o SRR APNGNIANC e
préfeh BN Fo(B? ‘%@ﬂﬁe@&r&ﬁ%@o cl)Pl Ieo@s%{'%%{?&u h%%ﬁgggggggg);wﬁon of

PSGN. Therefore, in previous studies
colifs ierntaipednpramhibodiesiocBin 3o (attaltef ipEea s tontained Brn3at
cetharaciennticrefRREN aada sorallpapuiaton. shGNS neurpns; Fedstova
L8 %| 1995, Mech.D%\él. 53:291-304) and pgﬁg’fw%ﬁ?’ﬁé’é{ o éfb %Q‘E’le'
R HBR BT PEBNSReFy thm deerovatks. bpoog Ao NASVEEs: 6828<RB8R) (not
shdWmg combination of antibodies was used to stain the cultures induced by
SDIA for four weeks. Cells positive for both Brn3a and peripherin were
[0¥BEerved iFgoeeoPMEtOibnimsiiFighe)neGonms of hipsrmpuiative SERRAYf the
peRSUERRS-Ridrate diway from Hie salanies, as.might be expected from
neurons derived from the migratorylﬁga?roa?c e}&g?h(gpg%gﬁﬁbénaf‘m PSGN
ha\éeozf‘dmlé{ge pseudounipolar structure, this morphology arising from the fusion of the

proximal segments of the two initial processes (Fig 3H). A few pseudounipolar peri+/brn+
cells were observed as well as a number of double-stained cells with morphologies
intermediate between immature and mature sensory neurons (Fig. 3E-G). Peri+/brn+ cells
with more than two processes exiting from the soma were never observed, in contrast to the

frequent Tuj~1+ and TH-+/peri+ multipolar neurons.

[0083] PSGN express tyrosine-kinase receptors (Trks) that bind trophic factors of the
neurotrophin family (reviewed in Huang and Reichardt, 2001, Annu.Rev.Neurosci. 24:677-
736). In the chick embryo, TrkC is initially expressed in migrating neural crest and in
virtually all cells in the nascent dorsal root ganglia (DRG), and then is down-regulated in

most DRG cells, and only remains in large, proprioceptive neurons (Kahane and Kalcheim,
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that contained cells expressing Brn3a, peripherin, and double-stained
cells was determined in three separate experiments. Quantitative analysis
revealed that double-stained cells were present in 16.5% of the more

than COIONIES observed, approximately the same proportion GICEGIBMEL11857

at contajned peripherin+-only cells. About half of the colonies contained
19 iureéwé; LR gr%%‘?ﬁﬁﬁe“ﬁ%‘%&f’@%?éﬂ%ﬁ%WEBF’@HH@POS‘“

mitvasken{éigidDHIguibke axgteinesbnewion sawe teaalTokobgefiadeatth o0, Dev.

. 5 t k Q-Gult :
P AR 3 RS e e (o LR g,
inqyepd-fh mBaerk gropisigiRsared ¢ranpenes oo ldgy(Figt3EiGsq kotiever,
exRARIEE PRGN DAVE RIS PSSICAHMIRQIAL SiucHia, @%&W@E%Qy

arising from the fusion of the proximal segments of the two initial
CXESEELGBY QIS o D e UBRUASOMAH B FMbTRE EER Hs wbschsctveck
culdsrove hasagiisahercefl ealexpiainatbaalts it narb alogieSre consistent with
thi teormedei1 te b%tween imm yre and mature ergé)%n%% s (Fig. 3E-G).
SRLTbP RS SHRERSRISIS ThAR TS B BEEET BRRINg e 8B ek embryo.
Perigrainev@NAbgerfist, ohseoraias Bto thles dfeguanitufe)jds-vendhERadpsithe protein
(Fi%}g?jpolar neurons. [0083] PSGN express tyrosine-kinase receptors (Trks)
at bind trophic factors of the neurotrophin family (reviewed in Huang
and Reichardt, 2001, Annu.Rev.Neuroscj. 24:677- 736). In the chick
embryo, TrkC is initially expressed in migrating neural crest and in

SDilinuatval eHlls-bhdfeinascart-Besadiioot ganglia (DRG), and then is
down-regulated in most DRG cells, and only remains in large,

[0q84iprioce pNisstriERrOnaufKahdavelap i dta tbb eicnra? 6 Q200 e89nBByos (with
PQT 2 011857 1994, 7.Neurohjol. 25:571-584). B ntrast, TrkA .

-th 1,
R o 1 AR e B B i

whefise dre dEmentiatioteed tith EFTRrkE: (Rifkinsov ahb2006] Dight Bipkeceded by NC-
ik 2did B8 it PR, apalSirielaRiAstaaiat-ARelnde ¥eals iRl TikSGssed

. was Induced in one-week co-cultures when compared to naive hESC,
I B BSe dURRHRRS e PrES SR RREsRSRER Staradndisery orcemeialieess
idefitlgy, 9. e karhiy @D ash o S dEKRERSHRAOMY: Akl eTRISARiR@cks WeRlferal

p&9:6 I;ureshgglsgawme}ls hi r ed in the 3-week cultures. Although
Potfer et ?ypes expr%ss hese receptors, these results are consistent with

[0685) known patigen 9}3m&%'&%&m@&%&%C&Q}QJ%&%%;@@%%?&GN in

the chick embryo. Peripherin mRNA was first observe s of

undiffeaRtipe ks e SRBERS #sToréeiA Y(ws SPIA treatment. High expression
of the early mammalian {Locascio et al., 2002, PNAS 99:16841-16846) HNCC cell marker

(Nieto et al., 1992, Development 116:227-237) SNAIL was observed after one week of
SDIA-induction, and was dramatically reduced at 3 week of treatment (Fig. 6). Other - '
transcripts associated with HNCC development in the mouse also induced by one week of
SDIA-treatment included Sox9, dHAND, and MSX1. The up-regulation of these genes in the
1-week cultures, and the subsequent fall in their expression by 3 weeks of culture, are
consistent with the presence of neufal crest-like cells in the 1-week cultures, and their

subsequent differentiation into sensory-like and sympathetic-like neurons by the third week.

[0086] A few genes considered to be neural crest markers did not show this pattern of
early up-and later down-regulation. FoxD3, expressed in the pre-migratory neural crest, was

present in the 1-week co-cultures. However, it was also expressed in naive HESC (Fig. 6 and
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SDDIA-induces differentiation of NC-like cells [0084] Most HPN neurons
develop from the neural crest in vertebrate embryos (with the exception of

those derived from ectodermal placodes in the head). In order to
dRAMHLE S M ether the differentiation of the ITN-like neuronsRea/oBHwABEEST
I\ﬂlﬁ% _be preceded by NC- like cells, we examined 7-day SDIA-induced
o the’pleSsHes BT MmUY baprelideschtifurmurinekN 6 culture, so its
deiefostunatebss therensine ae SReeHenBatkeLndigative o alcrest
H{gecr%&tgymst%ev%%l%amined a number of diffeE‘Seﬁr%Ei %ﬁ%@%@g §§) ﬁﬁ%& of NC-
arkers in sevVeral spEUEL sy RISt ahmeddhet AT POR c1o088id after 1 week

OWZ?Z*;{FM g asspestommecnidty seriesehdNER RN Bivover, A72 s
an - r.1 and 3 weeks SI _

e%ygatmeﬁg%%gﬂjgk@p%%ss%r% %?ﬁ%eg §éﬁ1§/ rﬁéﬁ?ﬁ?&lf%‘?ﬁﬁ‘@@?@i‘&%{hﬂ;}m mRNA

e%@}@mmmmm@@méwmwm ihtieigeah @.cdBR2n expression.

ItReauelopreantklfx 3423 -‘ d.after one week of

digé% |Asinducti %and was @fgﬁgﬁﬁi%%%%ﬁ%%v&%éf%é %%%jrﬁgﬁ {Eig.

HAF WYL R SPiematie rRlsNeerasobsepivit hethelimeysad no
stamgmmmmw@&@@mﬂ@m@mé&@zﬁ%ﬂeﬁﬁ?&?cgbfﬁg}{Q%t%qge
di%@gﬁ%iag&?#g'{%gukae&oﬂ ofége%\eH enes in the |-week cultures,’an.d the

subsequent e eXpresd DSHATEK o dribi ke RirsvesaBisfent
melferpeteprademserchpeal AINES Hikeatets (vibesdiveak cuftaresyand oo-5s2s-

sghwir subsequent differentiation into sensory-like and sympathetic-like
neurons by the third week. [0086] A few genes considered to be neural

[0683%t markarsmshid a9t neny: il Jater.. .
Hﬁj&fvﬂére gkzﬂgn F 9>ED3 %ﬁg@%ﬂﬁ?tﬁ%} gggbr/%#g F}a{?[%ér]lﬁn i&gﬁtrlgpcorgks%q%gsﬁom
present %\ é 1-%&%?%%%@5%&&%5%@3@&9@@@@@@@& co-culture
> TRbIHESONFightiabd 2t RrRA0DHIROR0RE TALS 2B0ROVALN ot a1 1091,
GM&CB@Ug@ﬁ%,%ﬁ%l, e gistﬁ)e%lg:l%-lw) as well Las at three weeks of
culture, S0 its_ detection was Teas Ao AT HARSHEdBRsHisn furrsls that
ARSI bE s ebmiey prysemephil N@pliltelisviridine eupiti®Sd in migrating murine
crdmmugmﬁﬁg%swdgggw%ﬁ%@fﬁl%ﬁhgegg:g%s{%goaﬁ r 1 week. of
y

SDIA treatment, and this was confirme Sence ofits mRNA.
[0088jvever, ARR isriexps esseddianide B &elts %ﬁié(}q it
o fore not syr ri g]eq that it %g%\mgea%ressic%? %:ll\{o.ﬁﬂm%ue téérs?sdg%%ﬁ%
Weﬁg:%s, similar yt%l!(tsﬁe ix%?gggsé i ECREYHONT el didant sxpsessarsfofdhe
miiRety fordrooaciNGe vonkitiorBhaRAreselissiyecior RiterNahaslls thman actin
naggﬁﬁﬁ@s@ggggéggggﬁﬂg{.gﬂg%figmented cells were not observed in the

cultures, and no staining was done for smooth muscle actin, because the

SDIA method, coupled with the

SDIA-induces differentiation of schwann cells ’ {

[0089] SCIA-induced HESC cultures were grown as described supra. RT-PCR
revealed that protein zero mRNA, a schwann cell specific transcript, was present at one week

of SDIA treatment and increased at three weeks SDIA treatment.

Example 2 Generation of Peripheral Sensory Neurons from N eurospheres

[0090] Neurospheres were cultivated for 3 weeks in feeder-free conditions with

presence of noggin (700ng/ml).
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differentiation medium used, has already been shown to inhibit the
production of melanocytes and mesenchymal HNCC derivatives
(Mizuseld et al., 2003, PNAS 100:5828- 5833). [0087]
tnioaitedhemical evidence also supported the induction BEEIDNGEs/011857
from HESC using SDIA. Cells expressing AP2/NCAM were present after
[0Q$H& week ﬁ@@@tnwosammﬂﬁgwnﬁhm@htﬁadd&cchamgte&ﬂti@u@)msion and
p}éf&!}i%@&%&@w&% MIENGHHBL @l AR &?&EE}}D%% e mycin
that &) exp ress@aD Y

Most of the colonies also immunostained positive for cells

1%tnBA6Rrariyherott BRI Fe2 Efter NPE 1 natnlls Mashosse memmmgry 3
daj?@ami&rﬁf esywﬂ Sololemp @1&@%&@@9%&8@&0@@& Chahés v%gssg}g&%ed,
dis S own& I[0088}g r|m 'ﬁi) CI‘geﬁgne be specific for human

B%‘%F é’&‘l‘?ﬁfﬁ ClFRogmEy P AsleBifS grsfFrquently
pr@lcﬁaes dvdm@t:@xwassmg fibthehaoRdiAs fdaturam NG Q rarke sy T heco-
and not human a ri

oo B R A RN o B otomes
W%GB@}@@A%&E@@%@@MM&fsqﬁe@@g@\mmmm@edxmfa brn3a, and
23 B9 BEBloRCASE A RN ZHIR MR A GRANAN, 56l BRSNS - o sonsory

transcript, was present at one week of SDIA treatment and increase g
DOHTEE weeks SDIA treatment. Example 2 Generation of Peripheral Sensory
Neurons from Neurospheres [0090] Neurospheres were cultivated for 3
weeks in feeder-free conditions with presence of noggin (700ngiml). 28

Exp B O PAREA%E Grikdaal! ig %8??@ [00911 About 20 neurospheres

were gently trypsinized to a single suspensmn and plated on cover
[ocsizs with %@1@&'&%&%@ (fa%dég el g % 1éﬂlam:—:d us
streégt%ﬂ'%%{g %;gé pplement 206, DMEM/FIZ 97%. NGF | Orlg/ils.
§ﬁ§§§°eﬁff€r(ﬂ7559§98¥%h§Gﬁ@?éfwmﬁ@ﬁvsmuﬂne
nelaellsreatwmmﬂmc&n@iqﬂé ehﬂrag@%a@ﬁbmmad&ﬂliB&ﬁﬂﬁt@%&ﬁﬂaﬁﬁﬁ:&? (R8s
uce neous colonies frequent
coﬁ{ﬁ%ﬁ& Wé@a%g& Bgﬂg IS mcu ?ﬁ% matﬁnono gfég}ﬁ &%F}E‘)W%HWBV

processes were seen outgrowmg e CO onles

bmés tgdhe wied-ceentgathgperificdbulifiEioiAiGR rvcepioe €p7G3inTells to which the
mo!ﬁ@@l%ﬁﬂ?ﬁtﬁl@&ﬁ?@lﬁﬂn@%@ﬁﬂ@ﬁ&?%? ﬂ%ﬁ{gd'w(%?%z ltiye flgor le, the
Ive 10r 5%"’:3]?&

. eripherin, 14.5% of colonies were immunoposit a, and.
celi5rt (OMRE SR ALl AR RO RN edsmibRdirfbindrso the low
affiniesBigiierof GRRSObABURDNS11s are subjected to FACS. Alternatively, the cells are

further incubated with an antibody that binds to the low affinity NGF receptor antibody that

1s attached to a solid matrix (e.g., magnetic bead or matrix of a columns}. The purity of the
population is assayed by determining the per cent of purified cells that express a neural crest

cell specific marker.

Example 4 Generation of HESC Lines Stably Transfected with a Selection Marker-
Reporter Gene Under the Control of a Cell-Type-Specific Promoter

[0093] The reporter-selection marker construct pN-Select (Fig. 8) is derived by
replacing the constitutive cytomegalovirus promoter from pHygEGFP (Clontech), with a cell-
type specific promoter, in this case, the Bm3a promoter. This promoter will be silent in
transfected HESC and thus cells that do-not possess Brn3a promoter activity will be killed by

contact with the selection agent hygromyein in the concentration range of 100 to 200 pg/ml.
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Example 3 Purification of Neural Crest Cells [0092} Human neural crest
cells as prepared in Example 1 are isolated using a monoclonal antibody

to low affinity NGF receptor (p75) essentially as performed for murine
nE0APHEE Pells in Stemple et al., 1992, Cell 71:973-85. BridiA/HS2005/011857

ulation,af cells comprising neural crest cells is incubated with a
T§h909ne 8@ %%%%n@SW%}E AT HEEHELR Vet s avineliatipat triesh-acetyl-transferase

HmeRaglona i nd are purified by any method known in the :
art. For example,_%%é’ %g”%ijegrgeo?&g &F'in &gﬁ%gﬁ]ﬂ‘i{avﬁffﬁi"e%ﬁ@m vector at a
modRjtrGatebraptFERg ehal bih (sNd thetoRURNinity NGF receptor antibody

{0‘39?[] cells aﬁﬁgbjected to FACS. Alternatively, the cells are further

incubated withan AFRiFEE tAdt Bindsae thens attimiey NOFraaeptdy (1 mg/mk;

Tnaiititgody ftinat nisnattachachta &80 LL@H@@I{J&(&%MQQH&%H%%%&B%%T' (1l of cell

?tfu? col mnsgJ he purity of the population is assayed by determining the
?uperéclélﬁ?lgfn p hitied’ c}éliéytﬁg%séx r2%51e fletirap ereiqn cenpepdvifitndtkep of mixed
lireegairap |- BimeratibpRITR BSEnlinenSiablyo Tl ansieeiegdavith %&%%“%% HESC.
suMiRrkRl: Regppit eGe%QC%CL,J%%Ia L éhe.%ontrol of a Cell-Type-Specific | _
romoter [0093) The reporter-Sel st of S RofstRiraMosems (EioRad) set to

328)is288 e driy Oré pracimgy dnetanstitdivecByberneeal vitks MOMBIREHRM elis are
inBHBYRE BF P Haniech) -yih @ cell- gipee specific promoter, in.this case, the

Bm3a promoter. This promoter Will be-sTentih raddaledet higdengiy in a 10 om
ce}hﬁ\ﬁ;@f@éﬁfﬁi@geﬁo@bﬁem@rgﬁmm%ﬁawwmu?@iIigq;tgﬁed ?8 hours
afiepria sejectign.adent.hygromycin in the concentration range o

100 to 200 4g/ml, 29 vv%c 20%21’%%@2@@8‘%‘%%@ (BB T hs4 dasr After
thrﬁﬁ’ W@%@IIW(%W@@H%% FES ek srb ctapandadicind ety ¢inneural differentiation
expésheetyd- traasiREsen ¥ BHESSIPRIS I BembY, the constitutive SVAO e
EP I(1){}](;&8.%8octh plasmids are Ii%a%i]zggd and 1SC gsrtgn ééjf)tra}%r%@?/é;bl} 8§}d exhibit

eiec roporaﬂoen', with pN-Select vector and pPUR vector at a molar ratio of

approximately 15:1 (pN-Select:pPUR). [0094[ HESC are removed in intact

clumps using collagenase AT (I mg/ml; Invitrogen) for 7 minutes, washed

with cell culture medium, and resuspended in 0.5 mi of cell culture

medium (1.5-3.0 x 107 cells). Prior to electroporation, approximately 40 g

of mixed linearized pN-Select and pPUR. plasmid DNA, in 0.3 ml of PBS,

is added to the HESC suspension. Cells are electroporated with one

pulse in an electroporator (BioRad) set to 320V, 200 .tF, ina 0.4 cm gap

cuvette, at room temperature. After eleetroporation, cells are
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incubated for 10 minutes at room temperature and are then plated at high

density in a 10 cm cell culture dish coated with Matrigel. Puromycin

selection (3 ug/ml) is started 48 hours after electroporation.

Puromycin-containing medium was replaced every 3-4 days. After three

weeks surviving colonies are picked, expanded, and tested in neural LLOYD wisEe
differentiation experiments. Peripheral neurons expressing Bm3a are

F§sigtgit to hygromycin and exhibit EGFP fluorescence. 20 LLOYD WISE

CLAIMS: 1. A method for inducing differentiation of human neurospheres

into populations of differentiated neural crest cell-derived cells comprising

Foyliurig %ﬁidiﬁﬁwﬁ’@pHﬁf@&nwgﬁo%”mﬁ%ﬂs_&ﬁ%ﬁﬁm§“r‘Ht9%Bﬁﬁ?tions of

components under serum-free conditions, wherein at least one neurona
@éfpmam@digwé_%ewﬁaf@lls@@aa% f8 bocoumRiiaing, Theuetngsoichgiwrospheres
wiherein saidiiferentintas aav@lrest callifained Grlls agusriectetnditions,

from the group consisting of human peripheral neurons (HPN) and human
WERIGHNA (e pnseepronalelhaasber &F Brasent afiplessslagidn co-culture.
neurospheres are further contacted with bone morphogenic protein 4,
wnt, or retinoic acid. 4. The method of claim 1 wherein said neurospheres

Dvbhepresacnt Rlagp o vibsse sasbdiffepaateddisirabersstrelcrived cells are
{GGRY Frothanvethag acsriding torclRiah \ﬁ@ﬁb%ié}aﬁlaﬁéx%féﬁmﬁi){?ﬁbs A€ human

selected from one of the following: a) PA6 stromal cell line; or b) a
b eellvidéSétlective for inducing neural differentiation of human
neural progenitor cells. 6. The method according to claim 5, wherein said
stromal cells are mitotically inactivated by a method selected from the

Joildiimes thyE otataify sarbesainiaianepimhaso Aty dirbesteentacted with bone

£0R% @{@ﬁ&@ﬁg&ti}@{@@bl@%@g ggll proliferation; b) irradiating said
stromal cells with a dose of y-radiation effective for inhibiting cell
proliferation; and c) paraformaldehyde fixation.

4, The method of claim 1 wherein said neurospheres overexpress NCX, Snail, FoxD3,

Sox 9, beta-catenin, or neuregulin (GGF).

5. The method according to claim 1 wherein said stromal cells are selected from one of
the following:

a) PAG6 stromal cell line; or

b) a stromal cell line effective for inducing neural differentiation of human

neural progenitor cells.

6. The method according to claim 5, wherein said stromal cells are mitotically
inactivated by a method selected from the following:
a) contacting said stromal cells with mitomycin C at a concentration
effective for blocking cell proliferation;
b) irradiating said stromal cells with a dose of y-radiation effective for
inhibiting cell proliferation; and

c) paraformaldehyde fixation.
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31 LLOYD WISE 7. The method according to claim 1 wherein said
stromal cell derived component is selected from the group consisting of
the following: a) a stromal cell membrane preparation; b) a stromal cell
membrane preparation treated with a histological fixative; and e)
conditioned medium or purified component thereof from growth of stromal
cells. 8. A method of purifying a desired differentiated neural crest
??WYW&Ho%Qc&&H&HQSéQ%QM'ﬁ%ﬁ&%ﬁ' %iﬁ%&%ﬂf%e@f%@ivgd component is
cell-derived cells from neurospheres according to claim 1 wherein said
rderiedFarede grapRse s lEprrRfrtbe fdlepérably associated with a cell

type spgcific prapapter cWhaIGHHRRIE RYNQtRS]S expressed in the desired
differentiated neuronal cell; and b) isolating (:_elfs that express said .
reportéY gene? SUAMAbAsHIRaRRshEPRIR EATaGetEthai Bigebastological fixative;
differentiation,gfjneural crest cell- derived cells comprising: a) co-culturing
neurospheres with stromal cells or stromal cell derived components under )
serumftee cAEHINGTH R PirBeRte Bl fHe canpRpENcoMRpalinddy growth of
determining thggifgcton differentiation of the neurospheres to the

differentiated neural crest cell-derived cells, wherein an alteration of the
differentiation of the neurospheres to the differentiated neural crest
gelhdenivad reds aacampareddithe difierentiatian efirgurasphergsgtved cell
contacted with the agent to the differentiated neural crest cell-derived

L digates that the candidate compound alters differentiation. 32

a) differentiating said neural crest cell-derived cells from neurospheres

LLOYD WISE

according to claim 1 wherein said neurospheres comprise a reporter gene operably
associated with a cell type specific prompter, wherein said promoter is expressed in the
desired differentiated neuronal cell; and

b) isolating cells that express said reporter gene.

9. A method of screening for an agent that alters differentiation of neural crest cell-
derived cells comprising:

a) co-culturing neurospheres with stromal cells or stromal cell derived

components under serum-free conditions in the presence of the candidate

compound

b) determining the effect on differentiation of the neurospheres to the
differentiated neural crest cell-derived cells, wherein an alteration of the differentiation
of the neurospheres to the differentiated neural crest cell-derived cells as compared to
the differentiation of neurospheres not contacted with the agent to the differentiated
neural crest cell-derived cells indicates that the candidate compound alters

differentiation.
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