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level of correctly spliced (exon-20-inclusive) IxkB transcript, and thus very low levels of
functional IkBKAP protein are made. Insufficient levels of functional IxBKAP 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
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neuronal cell types by inducing differentiation of
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[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 limted to peripheral neuropathies
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[0018] As used herein, the term “peripheral neural cells” includes sensory neurons,

sympathetic neurons, and glial cells (including ganlionic satellite cells, myelinating glia, and

non-myelinating glia).
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one of es€ (arro
pair GUEH-Reellsfio shepen irpfIE)x iOnly Bhe of thask (arswa aksutsanmedefor penpherln (B),

and o e enlis e i Been BRCPH s aduriEe of () and
I
9. 1637 ol 4 SR TP s

(G). Ahedeadelis weonBGhd, phtethe samafiddsontaats same peﬁpher‘i’rl-l-rw(ohd); that are

not Tgh (0. G0 hopBPrERPLBa 4L Bt (0aReRA nifgun DL

peri pheral sensory-like neurons from HESC. A field in

~a co-culture of HESC with PA6 cells with a large

nunber of Brn3a+ nuclei and peripherin+ axons is -
[002Ehown aFighoed nBighh-ticatmenbinduees(payiphetaksenserydiksineurags dfom

st 50 By TS Ll P P B st

&m%ﬁe“m{w&lo%b id hobwY) at 36w nwghﬁicdﬁo@ﬂpu@t NuRfae Si@BEn®bf the same
the colony, A portion of merge of "panels A and B is

field éBbshtDWSrbo(dqhe RAS) fesheneslls md leezpecobanyaf HIRSE (astartshy Note that the
Brn3g1-§-l nuc Eef 1“?1k(2k) tapeact)utgﬁe afid 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”. B-3-tubulin stained cells with both bipolar



smal | mass of peripherin+ /Brn3a+ neurons adjacent to
it. In (E), atriplet of sensory-like neurons is
w0 pasastoed by the arrow. The arrow in (F) showsCHUS®I$/011857
wi th the norphol ogy of a dorsal root ganglion
filled arRé WY aRTpsehi@orepo] &t arro
e e o b N (DB s 2
colleqtyomy qf éaavam%ﬁ»; Himelf Geleirg@ined developipg dersabraod @inglion neurons for

compgggogmng'gtgg%mﬁgﬁ S LR 5 Al il s b o0 OL |
002217 o il QURHLEp eb st Flowes oyaiping Brman nd perpherin-

immubofiab8y e ARkt 4 YR oS DHERGLERP nl‘k?e?pe‘[ff’és?&ef?femfr&ghonies which

Brn3a. and peripherin- inmmunoreactive
containsdiag peripBBINA enRimdet eells (Frp Sp@y: gninad Bm3a+ccﬂlhmr@3nphenn+

cells Wd&%}e—gf nteﬁéagegﬂ%ﬁgﬁg ,ﬂ,%her {)Iﬁf;BFrél? iapguﬁglgleﬁge é{f;rage of three
experiifei Brofiddige bt nRie ma&*ﬂo@n&%ﬁﬁn&ehh%r bars et ed.

Results are the average of three experinents
0023j ncl Ud'Fi 2 4
[ g S%IM [ gtggl ]09&{'% eg regméﬁﬁ.&he%xg 82 815)9( g}rlgrécteﬁgﬁc of peripheral
sensonametuewns infSJAnimsucdiddBS Cenitatel chist PRNA Wsédxpreigﬂm fathigh
i nduc HESC cgl t ur es.

R YN RS T ———
By cohfr@@! iiRAé clask 6RBRRY BaAl @a§§ﬁlb'%xﬁteﬁstear1§ ﬁl{?b%ﬁﬁ%lﬁtgﬁ)ﬁ? céls and its

t r eat ment . By contrast he chick e
mRNAnm;re@sﬂ@ ogestate rﬁnnnb taa3 mkrr ef SIBIA treéﬂrmm aﬁdnkdrﬁats folrhirs
inte e’rag d ove HE N f: 3, we ks of SDIA

my enf gt SPFAEISTp o} RREDheTAL Rivers REPHeInsERR only

detectd Bogi 9 webley GHC Sk Qﬁé‘n

peri pherin, vveruzmck)n bﬁl%é?tgﬁtme%ﬂfq{r@rﬁﬂgga%e S of 1 evidence for the
appeagagice of the profaizi a bevat t zlstthn@)ur i nmunocyt ocheni cal

evi dence for the appearance of the protein at about

[0024] hi st iFignre[60T2dipofal gmpress@orﬂ'mmﬁ{ of g clegadtonstivaliteiml crest
crest. in

in SD%%F%F %H%gf g I S fgennegzlgpg lpvgre visH a8 n@aﬁ]éqrswﬁ}@ neural crest
phenotsiRdn A8nPH .éne@fes t(&% tE‘ﬁ &{s&%{ed tcﬁ@%’r}\c}a e%a?{érﬁ ﬁ% expression

non- pri rrate speci es (see ext were o
cons1q§e;tt wathrithe Eerexgicnssf zmeurzdem&t stlisin SDIIAhmtih@e@HESC&iultﬁfbs The

gones Shra SRR LA i ol Pt ren Pk e P coparod o nave
HESO n&trtﬁ?e%e&’eeﬁ& the YERY SARil CSHmamsh ta&dfl%%b(ﬁn ‘b‘ég%gg@l\ﬁgulated as

hree weeks, thé genes Snail, Sox9
cells fw@h@ (hlﬁfvmnfmghl Anetengencasbd ss 4 mmatlee fordicifa cesst callseBoxD3 was

cxpre BB FRRS RS eRs B ML BRI sB AR of BAo-cutture

AP2 eRt ek!sﬁoﬁﬁﬁﬁéa@éﬂjﬁ&h llwé‘éléjto% %ﬁ&é%f @B—cﬁﬁ@rec%r&ﬂtéﬂ its

AP2 expression increased from1l week to 3 wee
expresgipndn bpty evidesmabprepenerswind meunalscrestm}le s"fh@exprmsim prattern of

A2 B LTRGBS IS RS Sl ™

bserv fo he e theI i al marker E-cadhe
[0025]o ﬁldgurer7 'i“empo a expressfaon pattern of genes charactenstlc 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. '



[0025] Figure 7 Tenporal expression pattern of genes
characteristic of schwann cells in SDI A-induced HESC
weuosardso Protein zero nRNA, a schwann cel | speruf1005/011857
transcript, was present at one week of SDI A treatnent
00263Nd i narisasesl AL SEIBEES c@B PhodphSihieEethse-EGYP fusion protein
[ @QOS/ 118320 F}B%USZOE)SI 3??5“3’7 [302.] Fi gure 8 ) P
exprepiipise¢csartin vwhi¢ty s e hippierspEriph pspheier imns¢dioabéveregpression of the
..._fusion.protein expression vector, in i .
vifungtffl R BEOD S HRFE R8PS ety ol i HEEC nndergoing neural
differ€tRidHS OB veétof Raisefi fanelebiaparti@li@cddlapes with selection by
mar ker - f | uorescent reporter qﬁ)rotel n only in HESC

hygrogmgist gul/enfF A6l sertingdif teldy kased an E6HP funsespenecor i s
useful for selecting particular cell types wth
sel ection by hygromycin and/or FACS sorting of cells
based on EGFP fl uorescence. DETAI LED DESCRI PTI ON OF
DETAHEEDNYESTCRIRTIOMGF THEINVENTIOD" provi des novel
. methods for efficient generation of human neural

[0027gr est cEii¢ Sntditielr) protidBR moPelr iebiRiia | fon ifficiBst féidMtion of human
uman schwann cell's (HSC)' and other internedi ate

neurat etest clse@INEE), vansy perinheen] dictons dHPNAL heman schwarancells (HSCY

nbr.y.oni C.. IS df.@r b | .
and offfEe bRk iftadér Lot B8 YiBE=URE DM i, cmpryanic stem
cells R OY artd ¥ huin®in féaal ipfodeifon®@ilI gHIPRS suchQs nBiesphedds. The HESC

can be a primary cells or a cell line. In preferred .
and/op FRRYi fep pessin thh mefleadsadithoinventigucsantena prigery egilg/asra cell line. In

of her .int e | at . S f ' I .
et T, A AE AELJF if Wisia cn
typesSatbspafirimati| i pigol. f i@ pepisdatdfothe @vedi{on thNbeHDSd to generate

and/or other internediate cell types. Alternativel %
substantiallyarusidied repulatiens af &, BRNe He%ﬁpﬁ@é@rtqﬂéerﬂmeﬁ@ﬁ% cell types.

Aterfi Bty el i b AR ol the Brpflion, gf e mixture o NC,
HPN,OHECg aadrot attiep intefmedifSCea rtgtpesr thedNsr derivied Hfiuts thé differentiation of

i sol ati ng substanti al] yuri fjed ul atj an of . NC,
HES Giyang/or [BERPT. o Mlotheds; o bR étl‘%st%rgfaﬁgt dinppriabion gfNC, HPN,
odi nent s,
1C, HnlRr HEHRARL ECh 180 ddleck BMIE EichiiBosigBOt BN,
eur al if i i in i W :
o0ag]o L2 S PhSTBAART IHSLIBARp(b o RNk coma

with $héRaEdiffeentixesh indatins AGHaSIINDIRY. (Shlofy prefeiredugibodiments, the
enbodi nents, HESC and/or HNPr are co-cul tured

NDIA isottiimal-des vehmdneing getavinr (SDIA) Fvawhicbogiments HESC and/or
e O | o .
e R 5% AR b RS S P o

derivaivd/ thereo Défiitivel &iiindutin gbenrairtifferesti ativhl o INEEEPN] HSE, and/or
nore preferred enbodinent, the SDIA is the PA '

6 .
other glesigndeintegmpgiatei gl thresa liya mogaprefaredfapadimene fevidig he PAG
stromt%f cif ﬁr?é@ a &e‘i““atilzé ﬁ%&o?hﬁleﬂggivep ok ft?(fﬁalr&gfl linkd {Hchf&@, but are not
0, a nenbrane preparation of a ce I ne possessi ng.
limitedlb fa mizeibratiegirbmarstioncofed cetldine 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-



| i ne possessing SDI A wherein the cell line has been
histologically fixed, irradiated, or inhibited from
wW@ei05g18920 ough mtosis. [0029] The inventi on aPGDUS2005/011857
relates to nethods of production of neural crest cell-
derivEtPEIKCHcRRL] Butf 48 ot MgnifRAUD PherftbiBS tghﬁ %l %fzh\tvgﬁl cells and satellite
i nvention. Neural crest cell-derived cell’s can
cells)diddretorsncélbt effther pempEECneurovdoctne systemy mﬂdnnobyltes chondrocytes
odi nents, neural crest cell- 8 WO
and/oﬁglf)‘g {i‘fg)é%g’? Ber/ U82005/ 011857 derived cells include,
neu ons

ut are_not lipte schwann .
[00305el l's s iegtion plso P&‘é‘ﬂﬁ%“) ‘g’lﬁé&;}reégp?@ oftdigogders associated

@ di R S W fABYE Cfp ot
it ASLAEHS BLCLRE ORI RN L, PP pronal el e
mcludmg,elmtlrrm lchisal for peripties] fneuropu!hiee dmdafisdrdeatasmotiated with CNS or
di sorders associated wth deficient or defective -
PNSW& 3%9@) and/ or ot her internediate neuronal cell
types i ncI uding, but not limted to peripheral
[0031}eyr opakiHs davenHan dilsoopigidss Asmetiodt g sppemtinsignoy viprgnodel of-

dlsorc'fgf§ Lésgcﬂ%@%ﬁg ﬁéf&ﬁ t clr%g?églv% ﬁ'l\ﬁ?d? rﬁﬁﬁt Hg@ ﬁ'ld%)r doe er 1$1termed1ate

es a ener a an 1n’vitro no
neurodalscniﬁmpSS mmng,tmd noit ﬂilfmtbﬂfﬂonaﬂmhalatysdlﬁbﬁmhlaV@Dﬂl\{ﬁﬁ, disorders

I
assocw%tewm? o R wﬁmﬁsegrfqrrgﬁeq?@fh%dng@% of e disorder can be used to
ers associ ated with CNS
screelg ?ocr%%%ﬂﬁy ﬂgﬁt g@r 2l ?hgdo% !

egenerati o "The nodel s of the disorder
can be used to screen for agents that can alter cell
phenot ype. Met hods for Ceneration of Neural Crest

Meth%s i‘(pi Pe“ @gﬁg)ghlfegrﬁcﬁ?wéﬁ Ce d SChgalg{]ﬁllé‘lpfls,lagl hl’vann Cells

thereof can beé&repar according to nethods of this

[0032] hyent iNe HENe otfcaiintermediate gel dypgsSherspfigasy be prepared
accorgﬂgrto ﬁ‘iﬂh crléﬂf INEE A %fe;ﬁilgfl?) &)tntéc g ﬁlﬁﬁf&&hia%fﬂ'ﬁgaﬁga%dém HNPr

/or into ce neur al Pi neage
with pu NDHedufficiemrty diffefeatigtatHBSC mdor HNPpligtbedelle bf neural lineage.

NDIA:Enjlta)lgl G@Q{I w?nqgglcgﬁ%r;n@%@eaq?gﬁ{@e r | \éeécrlrgqloggrggﬂtg g[he NDIA is
a stro?@a‘l Ql@h{'é’c{ fftuc i QitP QSb@A} gréglﬁ&b Qo ﬁ%énl?se I-FEW@ Wd Q8-cultured

a stromm ine o vative theré
accoréthgetot theemeiods mdube mogventon abithdiaf steemeait dedit line onfdeN@ative thereof
ot her sired in

/ ' el
effetjys,fos SAGRTE BT G RAOTNOF G Oy o Faethes i dntermediate
cell ty%@k A GRstREn 3Rl lfn%%%owﬁ ifl the aft 'ﬁ?a‘f%xﬂﬂbﬁ§ |Smdca'nrbe used (see, e.g.,

saki et al. 0, Neuron 28:31-40). a nore
those pdl@@leSﬂdedn KKWemknm’tt al.,t EQO(BDNAqusl fZBélFZN) stlnomamore preferred

embo@ ’r‘bﬁg?ﬁé P AR Sronid ol Ehe ‘é{;?d%ﬁl THEITE fed to,

nbrane preparatiqn of a cell |ine possessjng SDI A
[0033nd nomervasies ohefrand gell Jinss dacduds, hyt axs pet 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 paraformaldehyde) 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



wherein the cell |ine has been histologically fixed
(such as with parafornmal dehyde) or mtotically
wW@resgisdo (such as by treatnment with m tonyci nPCI/wK2005/011857
irradiation by 7-irradiation). [0034] In one
into "%ﬁd% @g@ﬁs1ofrﬁ%§g&q{1ﬁe'tﬁ§atﬁhe fHiHse ﬁQH@rcéﬂ es‘iilsf)élﬁmnaare counted
eder ‘layer. Separation may
subsdqaentlyi arslt sdddr/om g entﬁtya)opse@mng N)l]Ac(mqiz@lne, sutaiot Amited to stromal

col It D3b s k) S o B T B BB B hrpocioments o
wherd¥2QPPA 14 895 icB DY 42204 2604 Wfidnaliy) beloRtd €d-tulture with HESC, the

suspensi on by adeduate titration. E Cin the cell
strom;uhs«pilsrvmnntoapdbc@mﬁ@d subsequent |y and seeded on an

entity possessing NDIA (including, but not limted to
[0033t r ormlCo-c&]tlllreI bﬁéﬁiﬂﬁlldnda&ll@ﬁﬁjssmmg NP4 isyimifiated in a growth

medl?]%giao el y éﬁ]‘g S@gggﬁﬁ{pgﬁ%{{?g%}u -?tl(mgcppgn/(gfasgow MEM

t 109€ Knd Lk Ben s rbSladnfent, 2 mM
ot Slﬂﬁlhl%eﬁ QFF@eglﬁklfglg?ng %8%%%%’00 lgul ture of HESr %ﬁd " '
glutaﬁﬁ!:l.ld slmMsIsymvmt@, NDI AmM nohtesehital iamino gacidg,hand 0.1 mM -

preferably including the fal l om ng conponent s

Mercm»#netizanqie dased ep Hisysl qvitire condiions deseribed Rergif, g skilled in the art
o LT R B3 LR Kool IR pR AT ol SR Phiromcnts

Mediam ix0Orepbinished asmﬂﬁﬂeﬂtly‘rm ﬁ}animlncmblt mabﬂﬂygopref@aiﬂgdo}o replacing the

the cell culture conditiops cri_bed here
medigg ot ARRFOPSIEHURA (o EarPTES b oba O abp Gkt corplture of

HES@CURRh defls YREQER ?bt[Ag &mdﬁﬁﬁﬁ‘gitrgﬂgéeda%h a serum- free medium

requi renents. mis repleni sufficrently t
1nc1uﬂﬂ1lgrlbat not éintitedi wbtHei fql].ommgf eBHAK}31 hysdn&nﬂ(ﬁasg@gz MEM 100 uM

medi um at appropriate intervals (e.g
Rt L g mosest ol A B ac 2 fiWamine, 0.1

IR th a
mM {3 etaRORRERT, PRt ?%?%E«Sfe' 'W%ﬁ?‘ﬁﬁ@%&ﬁ%@?%()& he
[003% ltlrgw gqﬂng ssg{népleﬁl[abdl um '\% %em%ed serum-free medium is
contlgh‘?é'& 3 S81the ShffR{EnP %ﬁﬁhﬂ&un?— dﬁM&ﬁl‘dﬁ@i‘i’bP HES@ fnto MUN and/or HSC
Mer capt oet hanol , Trypt ose Phosphate, and
(prefenaplyl at bemstt 2q @itspo) . [ 0036] I n one specific errbodl ment ,
co-culture in the described serumfree mediumis
[0037jont i nukad ahethen specific sethbodiiment, doecultvaxiinuthe described serum-free
dlfferentlatlon of. H o HPN and/ or HSC. ]
medlp@rléfcenweg 9% atigmgsu eera‘a{?g )naxm@efgﬂofﬁ%n%ﬂmHESC into HNCC
SRE odi nrent, co-culture in the described
(preserlé’I ? 'nedi umis continued for a tine suffici ent

[003§p: ef ertéjb ioee ;pg %})érﬁ%éfg%gﬁg I'n an04 %er Speci off cg-culture may be

used @5 RBRAIEELS, hdvliﬁgeﬁ AeatiabpkenpBe daisrmédise-(betwtcan ETESY ahé HPN/HSC
used to obtain cells having a neural phenotype

or betwigasr G Coand HBN{REh HESC 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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or between HNCC and HPN HSC). [0039] Further,
differentiation of HNPr by the nethods descri bed
Wheesiimogl ves rise to post-mtotic peripheral POPURING011857
of various Iineages These peripheral neurons of
ariou nﬁl‘&ﬂ
[00401; ;rbgn %g‘?.%@c expr esSsI on&‘gf Ob&ﬂﬁﬁ@d Qﬁgtﬁglﬁgﬁlgythat POSSEs
NDIAd eHSNPr hee sbigr@iewin@and umllhpdsteﬂxt hidrhg il dblﬂlﬁye tegiveatiseoto several

of HNPr has-the advant age en no id th .
differer elwgraédm;g@ When SBRSFHIon 1f£?é~°rqﬂ;§ﬂ rtﬁ%%a&gescnggd herein. A
vmetgé?wg}%ﬁyc%@cﬁﬁﬁgusédq inchiithg Eg?é?&itﬂﬁﬂﬁ of e ?%)? ekSBfle by the

used to génerate 10 WO 2005/ 118920
methdd6 HekdTRA Iefeid)d himah Gddfijonin tizsuet e edeltibodiamgissye. HSKReh cells are

are co-cul tured hthe entjty that posse N '
typified\py expressin pi LS PO Y (58 o OSI07 T A HSC andior
internfididid Bl &@g%ny iffer SRiakiBn D€ H@s@?lhas tHefdaohake Gﬁ%lﬂé more rapid than

I'neages Ject to differentiati on nethods as
the prdmia:nre $tartin éromi HESC andamietefucd ndNmursualcelbyidddin be
used, including differentiation of HESC (for exanple

[0041py t hen aRpERHS ealb6dii dde thd EMNFirmye néurogpherssh Nemnéspheres are balls
tissue, or adult human tissue. Such cells

ar
of newrghprepurgoms yhat Ese W 48 sespeasionsritue agd SFepHeassidn mechggical cutting

r | .
o R T S e B eyl g
since [beém gefisdefroiapinany baunrced, lisclpdiog eduilt émﬁtaarspma@; cbrdand brain. The

HESC and may r.educe non-peuro cell yield 41
neurogphepRSCATe | EOWRHB A FRINEOD P b teciPs %’é‘dﬁ&ggﬂ‘ér@ Hogghh) which

allowg\let%ﬁ’s ah&gn s kkﬁé | Rac2f2gpRUrRl N%S&&'Jrﬁé’r §114|1 81279 r@\g Patent
I N SUspensi on a1 & and ‘are’ passaged by mechani cal
6,3750071 Ur& Panént rublikativg 2@(12173016460&)&’1‘@ dlffdrayclaixe peurospheres, the cells

are t&%ﬁ%ﬁsg@hg ggqq{elgl{é [jcﬁ, Om Zagaeﬂ]@%h gpwé&ﬁarogaﬁpypolylysme
substﬁm aARnA8) ﬂ'ﬁ‘ép{)éjssma(b% PAE celR§ UCRAP BRY SubH&A in serum free

OWwn I n a‘so ion of growth factors and m togens
medu(m containing NGH and B2 suaplemmt t h@d:ummmpéaccﬂ eyewe3 days. After 7
days q:%chﬁqltur%wgtigp% géjllsua glorpltér T Zila 4%%1%%6 ogserved After 26 days

of co-%gﬁ%ﬁ AR Frerbtistion g 5&m | at e neur ospheres, the
r are trypsinisated to a single cell suspension

[00423nd Pl %eaﬂ?t%@{ %ﬁ:@]fﬂj Jﬂﬂp&ﬁﬁ IQIQJPﬁ' AASIREC. SHN@C’ ﬁ%‘% cultured

r an enti osses ., PA6 cel:ls).
with af %nt@cmbapeﬂ;es} NISIG.“{ tonyfeld HPNIEHSO;TamHmt afhei nqeﬂﬂﬁdlaiﬂ @ell types

B27, suppl ement. Mediumis repl aced eve 3.days...Aft
thereat. 436 RS0GD ek Po G WHAS Gl B S4iURGH GRED GiTEdk ffom those
descrﬁﬁa'}g a%PH@ZSQecoogflﬁg yed. After 26 days Of

turlng neur |fferent|at|on IS seen. [0042] In

[00433?2t Egrlgs cald 'CPod%3 bad| ¢! SRy mé@%dﬁ%ﬁaﬁa@to% hd Dded to the co-

ﬁ an ent’l osses

cultlﬂeoo?ilrme I'41'5’1'8/0r|'ENPratt®déer ﬂieh@“eed'i rﬁfedifﬁdemiaaon edrid/or the type of
pes thereof. 'Tinme periods for_ co-cul tgre . .
ifetenisa (o gn VEoH RSS20 ey wanlRe Adedpsigrsymay Bepddrdsd any time during

co-culture. In one embodiment, bone morphogenic protein 4 (BMP4) is added to the 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 to increase the viability of the differentiated cells. Such factors

include, but are not limited to, Nerve Growth Factor (NGF), Brain-Derived Neurotrophic
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descri bed supra for HESC co-culture. [0043] In sone
enbodi nents, one or npre additional factors can be

w@dasdig9eo t he co- cul ture of HESC and/ or HNPr PoOT/851005/011857
the speed of differentiation and/or the type of

Facteli {(BONSN Netrioddpha. 9- mwﬂ)atcltladﬂeﬁe%uﬁﬁhksmc%‘&“'éﬁal Cell-Derived
The factors rr(?ﬁ be added at any tine durin

NeurgfgophjrtKactor (GDYHS b 8GitrentIn” dwtker rmnlgmtugem dhe secreted protein

) ed to cul t
NOg@gout ie%zn\%‘%é% aﬁ 1 rb§ 0'29\?:66 Rt e;lg %Q?A%ﬁ‘l ?fff%g tétceﬁo%lmre medium
shorttyafterrihe Bedinmag of eudo-ulture.NM arfo@l{erteﬁﬁ)oﬂhhlléﬂﬂrﬁct%fs can be added to
sent?ory neur ons. and hi gh concentrations (about I\i)}‘l
increpgs; theysield 10f Peripherabganghion nerroas onﬁ@dlng,rfmquﬁémmteddph BMP4, wnt,

andr%ﬁl%é’% gthat can be added to the co-culture nearer to
e of differentiation to increase the V|ab|I|ty

[004@{.& t gseﬂl gt{l&{eﬁrﬂ#c{d?&%ﬂ&%ﬁ%@?mgs%&%ﬁ%}gg Eﬁsoé? C%ﬁ@ﬂ)ressed factors are
alterdd iiondddas aMecthdepie o afirentialibn WeY /8P
PCT/ US2005/ 011857  Factor . ( EDNF) I\Ieg’r%g%‘?@gﬁ&ffmma“‘m (e.g.

what typrg of cehls real{). e sucd qr@mﬂlmemwh@ HESG mIEHNBEhhve[hﬂenmmﬂlﬁed

N A SN MO
expregtion pattérl Xmd/ck tMeep@ssd of e3( B8 - Bffa sﬂe%ﬁﬁdé;ﬁﬁjocﬁﬁhﬁte Fdctors can -

cul ture medium short IC;/ er the bedinnin
overexpresead inglade, oyt aetdimied ondEE rsnail, FoxB3t Sox 9plaataJwemn and

o GHHEIGLR) (HILETRRLER P 0120 SO P

Meulembng) dOM,@ev‘élophﬁﬁfh‘lbelleﬂgle,Z%?ﬂbOd| ments, the
expression of one or nore cell-expressed factors are

[0045} t er eDiffer&itiEabn of IEIE anlifog }ﬁﬁﬁ%(s%s & hﬁ\%@ ”Hg»ﬁf IEE and/or

and/ or the type of differentiation
other dptegraediatercel (typg which arecharntetidédrby Bxpre!;dmm bE&GE or more cell-type

nogdi fi.ed co-cul.ture such that
st BB PRGBS uBLi ol R e Lh U eyl marers
or piofiléd ,incledq)r BS61 00 A& URAited a0J/REiphéHBAFA 3 Hensory neurons;
expression. In a specific embod |rrent factors can

periplgriy dongrins detaj hxdrwéaseng pegpharinftytosthet lnydrdiClases fiari $ympathetic

neuroEQC%ﬂ % &BMQ%L; IEANL ér (r)]\gl a g}%}l)g\%ﬂ: §8§e&%':()p75) for HNCC;

proteﬁ%rd) ﬁﬁ-s@ﬁ@axﬁncbllsl\/ﬂiidp%m&of 20434 ; r@@ﬁﬁ@ oppE HEI%I:te@%‘yI a number of
291- 299)%&4 0045] Differenti at| on of HESC and/ or
methc}chﬂsinoyvg§9|ﬂt weludee, foyexamplecimennedsoressengs; ELISA, or RT-PCR.
intermedi ate cell type which are characterized by
expression of one or nore cell-type specific markers
Methods forgturifyirg HNGGEHENs ahdFS@r e sel | -type specific.
Cell -type specific markers or profiles include, but

[004631r e NotTheipitseftlink entiddesricBMPhdses Bdsﬁiﬁ@acfn@ lof $AEC! PN, HSC, and/or
rons; peripherin/ dopam ne beta hydroxyl ase or

other ﬁ@?ﬂ%‘ﬁ’é‘?’fﬁ ey R WhECthgigr %quaag@bf piari n'@ﬁhaﬂfs of purifying the
same. ¢ éept AN 'I-iéSp g‘?ﬁ?or emgew\te ceﬁQypeSO\évana elppulnf%d 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 monoclonal 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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protein zero for schwann cells. Expression of these
proteins can be detected by a nunber of nethods known

wo eooshesdao t i ncl udi ng, for exanpl e, inmunofl uoPEFTRIVOBY11857
ELI SA, or RT-PCR  Methods for Purifying HNCC, HPN,

marke?%%g}iﬁ@ %ﬁ%ﬁ%ﬁoﬂ@éﬁ ﬁspﬁ% ﬁ@&gﬁ ('i)‘? B&)‘i’ ngﬁ,s%aﬂ, Sox 9, Msx 1,

NCX,i avidéorndifiADIe & leinbodimeenid imbbreathe ceiibso z-h&tlts@lhte;i are HSC, cell type

urified met hods of ri fying the sane.
speciffiRpkaEino e PEIOD R ClARbES e hel ¢ tngisaubEatiepe isolated
by anp%éthb@%wamhathe AROUKG bIE, 1 s GRHTHE St Ldibatd with &

desired cell type that has been derived from't
secondhahflbmdanthaals finorefceHESHjvgatédNPnd bindarty theamnlmbdynbmmdl tn the cell

the.art. In ne enpqdi th .desj.red ce pe.is
type-Spag g, fasioh fl GHPRERIG EAGS Ao Ariaf el theReus Sre further
1ncubﬁ&ﬁﬁﬁﬂ§é1ﬁﬂ1tiﬂéﬁy(iﬁai'ﬂiﬁd§ to&hé ant‘iWcQEf Bl 1818 B&IL fﬁk Ipe’ciﬁc factor,
nonocl onal anti bodi es, each of which binds to a

whereiry the sgm_r@ gntibody mttaphefdotp a $pdiddnatiikded gc ema,gngtycpbeads or matrix of a
f cel.l. ran under conditions
Commé‘ﬁf &I fiﬁ @?ﬁl‘}é tf)gk? lﬁid{l?'%x P08 g%‘?dmsnt s V\,her e the
ells to be i.sola ar cell t; ecific
[0047\p 200 if@@czg @nggﬁ%ﬁ% yPe-pFG TuakeR o3 wéofﬂs@f markers
that is‘g{ %clfﬁgtfof ’tH@ cfe@ﬁie& 9011 inEV Méth gt &SA@ZHAN%S%%&{ bd Rbaified such that

the sub nnbpwlahmnoﬁcal\]ls @xpre‘sshag ﬂelpirsﬁlbcmf loerkere hixt prreffesantiatigSolated.
cell type specific markers include protein zero.

[0048pe| | s Douisthéroehbrlineg, SINOO; BPEHndiediSC afy ﬁolaﬁ@l@f?@ferentlal
any met hod known in the art. For exanple, the cel

expres&m arkieR 8¢ Wdeh ecgniipk of acelkiypepecaie p@@welt HEESC and/or
HINPrlafe gtg ? (;:Fati% E%g.ﬁ’flﬁi E%E&gn%&%(gl ﬁ:gtcirt%loextpP%éi% ?s%ﬁ%( thc.?t is under

boun e- specl or “an
the cohtroFd\KBceih@}pyspsmﬁé\btc&naitat | Viedsy ceﬂhmayé;lellﬁe(aaﬁt}fewtdrhﬁg cells for

differg5igHg {150 FINL Cel PN por SN PY Fentheigti  NTher Sihgifabich upon
expresrimﬁﬁl Vﬁ‘l@% khgégﬁaﬁﬁmafo{' %Q&?’lgt for & aﬁ%en%t)gd E%e{ sxsugcgblg 38 taoselectlon

s or matrix o
marker rmnsol’ﬂh@ ponterxconagonont oﬁﬁieaﬁ)@dgss{oﬁ%igetﬂemommes afgene which

h | | k ' fil
o RSB 1S, b, WU EBEE S BB
statedtal‘)BGe theda o &l @f?@q &Qﬁéf %r&@iﬁs hgay Rdb bk &Red Y6 Relect for cells

e sub popul ati on of I's expressing
GXpre&Shg Whﬁdesir@i phenva‘fpcerhl me&rmdetfmbcehmmm I;INQQ;I HES8G. and/or HNPr
HNCC, HPN an

sably 1G5 gt i P e R pPE ST SRS HE TGP girerivol of a

11 t bcitiB SroRBdtdr Odre Akpscdab! a k¥IBAIcHP 8Ednk is6vdRhI0 ekt "
° #Hﬂé%% ?alnd%)r H|{|Preare s?t ablil t r ansf eggétneo? ¥m HWS °f & Teporter

activitéie(le@c flnoreseruckleis- ﬁl‘é'fpdﬂ’t@@‘?d erhesadlyo thcaslsfetstremah aells e used as

d f a-
LATRERe wifiBa® R\ ireRiatfins Bid stiorBE GRE bl Be PAHTR pahstected with
selectﬁ;hf in@fles [%eﬁéﬂ QﬂmtlmnﬁhyHb@QonbdR{}h%]yl/ Sprdd®id Bid %er@%smtance to

wth a N gene whi ch upon " expression provides
selectignggenia nﬁeﬂrﬁm tb@d!éfermﬁl@h%prqcﬁ@ﬁg fleseribad betielrs | s

suitable as a selection -
[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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mar ker gene. The reporter conponent of the expression

cassette conprises a gene which wupon expression
wW@r@3i10830 a neans for detecting the presence oPCT/iS2005/011857

transferred gene. As stated above, expression of cell

EGFF Y:Qﬂ" beP&@svdn by RIiffeRhDTeMBYp @gﬁa@lfﬁe tbilﬁﬁeﬂsoarﬁieh&%"rdlﬁgl"y different
| s expressing the desire henotype. In preferred

subpmmbé@nﬁ@rﬁtthe dHfgrentigipscelisnwilb suIMNfBr hyg?@wm treatment in each case.
el.ect

el BB h b, R SREER BRAC Bl ErishTERE M Eulg gt remaining are

EGFR-pti#d) € Qiffel GeREQOM e hy grofyeinp BTHP-pesitves eéll%Cérb QBmoved from the
1 ‘%Wnt several days after a reporter activit
cell cp

éﬁéb%@tﬂ:@)d pusifiedbst FAeB se peth saostaton aplplglaty lometcdls gelected for
aceﬂ'ﬁ&ﬁﬁq )J[plc'esgiroﬁ gg& NDI A in the nethods of

ion omal cells may be stably

s 20 E%&%&r SRR B R B s o

hygrob®fcRe sl cited ﬁﬂ& alffb?&ijaa@éﬂ delg afel"s%léété‘df s%!fﬁf" bh %é %15 of fluorescence
procedure described herein. [0049] In a specif

by Fé@@odllﬁemt anglsC embpdimeniNrells reaprassing aaéehctabbmeporter gene are
exposggg? eCtBﬁo%g et shh%gg]g?gel}t)@p@psgﬁf%%egﬁy Egmg punﬁed by FACS.

|fferet1at| t.he net hods descri bed_herein.
[0051d £ ¢ o it 15a¥ iny e > DRPFOMaSETS; Plcgell IRpEReqifi genes can be
used fby(gf&%'e&pﬁtss@n ©P RERREf eE’ Qnd?’f)f %édti\bﬁ rh@keKidnks, nE.eporter genes
' s that do not expres P protein.

1ncludmgﬁnes aechdineg & lvan;letg,r)qﬁ pecﬁsm& Weﬁfkdt)yvglr m@w (R IB)n-hmltmg examples of

whiclb 561648 6 Po £Eha%d dlon; JHOwSCat (RPSAne Ve riugreseat protein, red
ﬂuor%@%ﬂft F B, BQ 8Ghhb&e, BAE T[Pﬁf%fa? aﬁqs gﬁ@ﬁ&ib@ W in gases w Ihere reporter

rent popul atrons o erentiated ce
proteini hdtlvﬁyrmqmemy@dmmy ciffa sulsatitepstich a adetrateawdl be provided at ‘an

Treatment Wt nis continued.until, the
adeq“ﬁ‘&i %C?Vraé\on p]ég%/tgctgggy qegor,tgrﬁgpmtyrg glegt 10@@33‘65 §Engs;aye genes that
enablébinSivad 8#" g gﬁ?ﬂﬁtl&poﬁ &fs‘i’ﬁ%f ReReSd fn\éjg(ei: g%ﬁes gﬁ the cells

renoved & substrate an rifie
are intthe praSShemidbe raspemive rsaleetlcm meeptithat 1souytcoibxxceit]hea'w1se Examples of

sele %5&%‘%&8 fo H%%P%F{AV%\#@?%@ elﬁl %ﬁcgt?erég,;lﬁg@lgoﬁlgﬁtare not limited to,

neomyéifat FRINt n&hﬁ&blﬁ‘ %ﬂio@ﬂidh‘ﬁﬁst@ﬂ@@t BHEbmdsin hy thﬁnyﬁ}bg%mycm B
is omtted and differentiated cell's are sel ect ed

phosphoirensferase; ehé fyaemsciofand pusmeysteNeasetyl byn#Ha@s:. | n yet
anot her enbodi nent, cells expressing a
[0052£}el ect &!mlsmnrl;&ptemsezhatgz&a bifanaionekwith eespiect tolselection agent resistance

cetibic g BheissoqBomsn Aol M bR dSTAIeH s Saditd genetic
engln[:‘%(ﬁo{r o ﬁs Blaribd of YRE BRRACLOAA 9608 r&t@ﬁis ?ﬁclud{as %E{t are not

e expression of reporter gen and
limitegle| toct then folliokeng: gendygrdieynin t 3 @hngﬂxotramfknasbaEg‘x@Be S neomycin

ncodi_ng a ety of proteins well n the art, .
phosig R T BBy B M-SR oL R Pl o hGhedgteins are
comleﬁéd orclibianssksiohs BE %%@FP %?Sérpréa BRhE % tHe' Yefirbading frame

fl uorescent protein, act amase, and
of thd mspefcams@ectiom tharkengianes tho @dothhtanbcrﬂlmaB‘ecsf tiseneention, EGFP and
a selecton’ }n%}ker 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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protein activity requires addition of a substrate,

such a substrate will be provided at 'an adequate
weonsamoeat i on for detecting reporter activityPCT/US2005/011857

Sel ection marker genes are genes that enable survival

[00539f a p%@@bﬁ&lspeclﬁé eaflddiméha of exPprsettiheertidhg BIHS and/or HNPr
mar ker when the cells are in the presence of

are gankestedewhi bthlaV@ oB@PREIOTR Aenngeinelly trerated DN A cgRstgucts that encode a

select?télg 6@%\1( gpgli?ren%o?ez% Qﬁr% rcéﬁilp%% aa&ﬁg&éed—gﬁaéﬁ@ 'f)Hmoter operably

11nked1ﬁ3t cdﬂrt]]m %ﬁﬁe?@n ofhe @Htﬂdﬁd:tiblﬁh @blmmgykﬁarﬂter-reporter fus1on gene wherein
phosphot r ansf erase; hygronycin, an r

the cqihtyggﬁmqaﬁmmcﬁgrerew inactave @y lﬁldéﬁ%%%@%tﬁilﬁg‘?& and/or HNPr and
(ii) a%oﬁunctﬂeé)z ?t[f\?é ?{]o?rfc?ter P%gﬂltrgly%(gﬁsﬂ[)ﬂto?'an§ectoﬁétseﬁﬁﬁ‘on marker

respect to selection agen
gene, ﬁnﬁi&péﬁc&nﬂ? of agltityped #TESC ahd/er &Py whi¢H hmﬂeantegmted the construct are

selectd Eg%gsﬁéﬂg & ABPOBEHA el EAen SSeHm a4 SR Lgefhich resstance is
confefl"ecfl lﬁ?%&h@[’rﬁ'{l 9}?150 %@1(9{ ot ﬁbhégfogﬁlaféds%lecm}ﬁ @drRer"$¥ne. For example,

OW Nng myci n
in orghempbditteat)sther bfendHohl] salectiorc mmrkqnicmppﬂtmt gamrsﬁer]a@omycm B

EG-P, puro C|n I ansfer EG-P,
phospp eSS P AT G, Ble COREEN AT S14 Exprsesed elegof marker gene s

puro QBB [t%gfe%ef rA0e tie sEfé@tl&Pez{gehﬁ aged9fdr! §é[€ctldi’1f of stably
the respedtive selection marker gene. In anothe

transfectbéd HiRSEhis poforhjéis. [[mpmfermirﬁmlﬁ@imemsdthe PN oeusunmﬁ comprising a

rotein ma e tyr nslat froms teo
constwawfmﬁwﬁmow’% 2 SPIEP L BATIET ARSI O FARY 01D e construct
a § Bﬁlh 1 selecti
comyBRED AR e b CIELIR Al By O pitcionl sl

markquap«mtergms, of déshiibed hereint | Dion-linnising ekeeplos|of the crié ﬁYPe-SPeCIﬁC

oS B RS o T RSB i
Sox E’CB'{O%OS/ k185 prorh&ER 3Nelhrd o6 1 ShefiotdrC 1EIROgHNMET promoter,

the present. invention, HESC and/ or HNPr  are
Penpg@ne paemotenhBotiahpomaiere Sailydew afémisti N&QIH yeceptor (p75), Msx 1,

dHAlHZﬁt g@%@g%ﬁ%gg 0 ?)ﬁé %ﬁﬁsﬁwg{gq{egﬁr%%ﬁg%é&z 3?1‘? Jbg ﬁlttl%*ahged into HESC

and/of SINPE Bz aRRbef b€ REAGRY RellOpRWaDIY thd kitk@ttliding electroporation,
control “expression of a bjifunctional se|lection

llpofqmﬁn,eandrretmltaé infeetiongincljities (pkotien By lempiruses (see, e.g., Gropp et al,,

“StabE% gFl?E% ﬂ?x??% '1(%{ &E%E.}g‘g% d%l?lrygﬁgrﬁ d&?l%tﬂ}y ?eélln@lral vectors,” Mol.

Ther. CZU(DStFebUU(Z\)GQM gt hve g@éf@ﬁﬁd embbdiatent, entniodifivation of mouse ES cell
expression of a second sel ection nmarker  gene

electr.op@j:@g@m denfiseq bt de|suitpRlsefor ritakle Jrapstactippst FHSG, and/or HNPr,
acco td %«?%@fl&i’ SN OvRRRSLT HOL (R4 Bz??ejcf?;%ledngw -321, 2003). The

FoS] ng° ce to an appropri te sel'ect ol agent, that
modlﬁSatlcﬁaﬁﬁclhdbsV@I d&ctlfo@Stﬁlhg mhﬂnpssof HESE and/ed HkNPr rather than smgle cell

constltutlve expressi on of the appropriate sel ectj.on
suspepgiops andyEneleckrgporaiipgphescellsiip %h’%g@%gdﬁf’%wc h gojution (e.g. serum-

tion marker-reporter gene is
conta?r%/léggé\l Clﬁx?%m%ﬁL photransferase EGFP (Hyg- EGFP) t he

onstit |veI e rker
[OOS‘EU ronyc %’e?g %tl §ﬂ§]ﬁe§(§ﬂs ggﬁ ag eﬂg’gg w“
purifi¢d @6l Mat expsedk @6 dellntypé-spdcttin Marker or profile of markers.

—_)

n(.)ﬁngs gglgeeﬁter cent Qf
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transfected HESC i s puronycin. In preferred
enbodi nents, the DNA construct conprising a
wa@oeostiigoed i vel y active pronoter and a sel ecti oPCTVERI005/011857
is separate (in trans) fromthe construct conprising
a cell-type-specific pronoter that controls expression
.~ of a bifunctional selection nmarker-reporter gene, as
oq%{ I, 4L do .exanpl es of the cell
Use type- rgggg? %ﬂkg?romhk}ﬁﬁ%&ggﬁﬁ?%l s expression of

he sel t|on rker ene_incl ude_t he
(005315 owi etk%%?) 1gethp I’é’PduQQQBIOéQéWﬂhCTGSt

cell—dbnpéd)mllseffom Nﬁ%ﬁlﬁ@fbﬁhﬁh&l oF HNQ‘Ce&f the B&/ehi rl'nrb pecific
pronoter, Brn3a ﬁgom)t er, Snail | ow aft | nit I{f&is
embOﬂtIe@}Sx rfurgleras; cellisrived cellspaube difitttentiater dtom fmce@ @ vitro. Any

et B B e B eV aeTs bt

Additidrml factars ivagloddiaythot be adING R HNTC céllsaﬁfrﬁgtdhﬂ&mﬁmm HNCC
retroviral jnfection, including infection

cells may oF fay pekke {ngégiedéo dave @qygbe)mregion, of a cSiledxpBessed factor.
6|?enet ic nodification of human enbryonic stemcells by

[0056] ent i vilp ahotherspeeific eniodimenthsural 20688 cdibBerivedells can be

) R et SRR i ned sk by
local srwlfo@hieﬁt {I¥DchAR] B0 RBGEESE4:668- 9{ ﬁ%%ﬁsea(@]ﬁ R of the

according to the nethod of Zwaka
body wheredbe HCC aetinglaitadaan xhnditerniine whabnhdmlcmést oéll-derived cells

el ect cl unps of HESC_and/ or
e AR AR SRR el L RS B SaB Se Fnvcc ot
duringtigftdmiptiomt HNECC b&llsGfhy &r by Abt Be%ﬁ&&i'ﬁ'e& 0 RER e drér)r@bssmn of
solutiaon (e.g. serum containing cell culture ne

aceu‘F@B‘Sﬂﬂe ‘f@fé()fpurl ty of the popul ation can assayed by
determining the per cent of purified cells that
(0057 x pr es gn spﬁ@fme&mbctdymemspmurzﬂ iccestregl kédrived cpllofrchrleobut are not
05/ 1189 PCT/ US2005/ 011857 Use of
hmlteﬁlg% r“S}“O&F egg’ta TS %rYfCS § g&’?ﬁ’@@hﬁfﬁh@ﬂl&ﬁlﬂ% SY§tem55]

melanGbed) CRERBbCER GA/bON S 1O
lragguctl on %}{‘t neur al crgg?n}rﬁklﬁg%%e %ggE f1r9%2rf1meNeuml

Cresf,twm@@&imcbﬂamhndge Hineersitfy Rréss).i nvent i on. I n one
specific enbodi ment, neural crest cell-derived cells
[0058Ean beHINGCE eclisdricalle dlffdrmnatdlﬂ%m HNCCro? theinYentBtiBebe

for diff |
e SR bl e et g rer & crest T
deﬁc1édiﬁ)ér QEfebE IIRE S cﬁﬁgfeﬂt Bxloﬁléfg}%vlél%af glleLt ceﬁu erived cells can be

fferentiation.
treatedhpidihieiimaglantation\od I-H‘H(f@ roe ENG@ ties &a@eﬂwhéllyaor partially differentiated.

HNCC s of i G Eftealiaied o HNES bt e iriation enad becised bscreening
assaysdbf cﬂﬁ@@ﬂiat atred e &f@lm pﬂaﬁlo\r%%;%ﬁﬂﬂ%&l{s%% AL NG R fective

determ ned. at | east

HNCCegrdefisienton de(ft@mlmmam prestg&u-demedx cell286: 663- 9) .
Because of this, the area of the body where the HNCC
are inplanted can hel p determ ne what neural crest
cell-derived cells

Methods of Expanding Differentiated Neuronal Cells

[0059] Expansion of cells during the differentiation process prior to cell
differentiation into the desired cell type can be used to increase the cell yield. In one
embodiment, HNPr (e.g., HNCC) are isolated from differentiating HESC co-cultures and
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the HNCC differentiate into. Additional factors may or
may not be added to the HNCC cells during
waldosarseda i ati on. HNCC cells may or nmay not berPoDdsioo®oi1857
to have altered expression of a cell-expressed
. factar. [0 ; ecif | [ ]
incubgg@f it gy R oo PreSREEHI A REHARL B St Blorif 8 state of
differen€ifion STh@btpand skesliBtoan Shendlelrstuafedtth ehqpdiffiepdntintidn conditions until

the deRia oot P bRy B oY BeT SRR S i A B, where
HNC hedtdled i ?@%@, th[gg?gg% %ﬁgﬁe expRAIAIUE cﬁ@ﬂjﬂfe:dggﬁm and used

niversity Pres HNCCcel |'s or cel o
according fecthe mictiaddsbf ftheimyeiiod veithduth ectivmirgtoi the diffeyertitation conditions.

transpl anted jnto, a tient, in ne t her eof . far
Any reiigeen faewh T Rupettheeedll g toob FRpRBARY GaBibisgd., for example, EGF
fici - | NG mEY: el SR a célEm@aegdnee
andFﬁgS?é;l cr%g{ltogglftsle&geeéiﬁ{/ed celellregdl?gn be tre%t ed b%/ t he

i mpl antation of HNCC or HNCC that have wholly or
partially differentiated. HNCC cells or cells

e R BN O BBy i Voo

tiol . of t hol t hat ' i.Ci . .
PR Tt it St e -
deﬁci%_f’c:c or defebties et Cs HVe! Agds apd/ob o dinf@mediate neuronal cell types

) fferentiated-Neuronal Cells [0059] Expansion of )
including, [tait dhot limjtedre neripherebneurapatbies gpd déspsdess jagsociagedcowith CNS or

di fferentiat.ion.into the. j t :
s ol (eRhedlioh i B e REFGER, BRCE by HBE SR iy hifbmediae
neurof&l- @11, typNEah Y @Bads aldiseliddnamgintihede of (et innentidnSMd introduced
_ co-cultures and 16 WO 2005/ 118920 PCT/ U82§85 11857
into anripdiyiduell imneddd tetaoheds appthen epbadimen| HE r, or HNC can be
oo B, 0 L AL 8 R SHIE, il g gsivd ol pe i
vivo usBigith8ttods b thedhfdrgioant i at i on conditions until the

desired cell type has forned (i.e., HPN and/or HSC).

[0061§ " anotRrRFNIaAaAERbf HMNEsSSHNPNGEG ficfaplyhfor destideatlof a peripheral
cell type, the cells can be expanded as descri bed )
neuropalmamdﬁm nevrsthal ajeny Sidhgas wseliag fam dymgs  Exmuples of peripheral

i nyentj gn_w £ hout ' ] ' i ati
neuc QAR ) SRSl BLYRRGhE b8 A BhTRILA Wity min
periphd@ald ﬁe&&?ﬁﬁﬁ:@ dasgédlatee whR dacufeolor eohaomit einflifimat@ydpélgheuropathy,

are H m togens and neurequlin/heregulin are sch\/\@lnn
amyotrephic nliatesa} esederosiT (S Wallerian flegenaoghion; digfal axonopathy, collagen
vasofPUBRTE 61, BLhREEELhatad, MAULARDly Bt 0 Ghtemic tupus
erythéihﬁt@élﬂ;?,lf diphHiapial deedlitait peripldrak nemopathydéd. g tChaecot-Marie-Tooth

HNCC, HPN, HSC and/or other internedi ate neu

) | I
diseasec@nqludipg @g)e I ﬁ&qed&i q@g,allbqutyﬁgg), | ¢TRgtary _I?Q;mbw %ﬁ%qr&neuropathy
(type%f;,glflf %%ggg%d%?orgéaf ﬁ{ugag%eﬁgoﬁlg%ﬁ{e?&iWHﬁe%ﬁ% ’wﬂ:_r)fls\%abﬂlty to

eratron. ment, "HNCC, )
pressafedpey, ahfdetioisndissasede.gt, 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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neuronal cell types can be nmade and isol ated using
met hods of the invention and introduced into an
wo pabsaisda@l i n need thereof. |In another enmbodi PENUS2005/011857
HESC HNPr or HNC can be introduced into an
atropﬂ(f ugl o?(ﬂ: Qg&g qs'ker 5abitan @aﬂioﬁf ﬁﬁ)ﬁé‘ilﬂé‘t @ﬂofdﬁl?anbn €dapsone,
e |re Vi vo uSing the nethods of
emetind) Vigsavy (meta[sO Qekpbathital; rleads plikkofuaaritoin, Gﬂ'thldﬁkllmphdnﬂ; phenytoin,

g SR R TP b REC RSB D SHERR s, ot
mdustﬁéﬁgei gé%%dp&fdaﬂh ATRS dRgsy il @sclhdiag (Baval h@amna) and ulnar

t he met hods di scl osed herein Tnclude, N
nerve palsii@Beerk |ami Berkon, edSpaﬂchemlaiMma} opRiaghesis and Therapy, 17" ed.

t d h fl
S A A 8 e T Bl ALY 1, s
emboéﬁﬁieln?{)f 88 g%gﬁﬂﬁ{féﬁtioﬁnthe%bﬁﬂoﬁh ?)IQFDPat hy, collagen
vascular disorder (e.g., polyarteritis nodosa,

[OOGZLhe matgl dcra?&};)ﬂfrﬂ hbﬁ oﬁ %Sé%?tlﬁ@ﬁsl 4 BlRapy for treatment of disorders
t hemat osus g{ heredi tary r?grl pher al

assocﬂafydrvﬁﬂaCN}S dreeNS my@hn ﬂeg&nef%none EXxamples of tlsedisaders include, but are
(includjng t type. I'l,.and all subtypes

limiteFee Al okgesisinghiBaiss SilATHEE PR 4 ‘yf%ﬁyé gRolynevppathy, and

Guill#AABakb's &%fheo cARAIAR B8halfL ﬁ&ﬂ&% e%rdégaa(e}audiﬁaﬁ&*d%ﬁr&f the CN'S are
neur op ath y Wth 111t presslre pa

automnmhnetmmxderdi sd’&s:phénal glervous DSstent ymgelih ielameg( eell§ may not be

infection wth Borreli rferi i nv
recospived G PSR 1rope R BT auRpapins BRpmery i TS myeln
forrmgg polic disease or disorder (e.g. arryl oi dosi S,
abetes nellitus, hypothyroidism por phyri a,
sarcoi dosis, or, wurema), neurofibromatosis,

Genep&iJﬂ of zﬁpﬂ VH% Mﬁtﬁpﬁf ﬁéuﬁo?aﬂﬁ@seom astic disease,

nerve Sy, po por phyri a, postpolio

[0063iyndr O ﬁ{v%}lﬁ&f‘ O:}g;ﬁﬁgs zno{)z%sﬁ%ﬁel glei‘lf)héraf fietopathies. In

ar pal tunnel rogressive

some reﬁﬁ)bdimemﬁr \a&n’(mdrﬁgfene&ﬁ’llmfestmcbﬁ &pemffbilly\mtﬂﬁ%lwiﬂnﬁgﬂﬁ genome
PCT/ US2005/ 011857 _atrophy (S a toxi.c
of HESKy mndell NG P oRe 46 ASRPaeL ch Bl bAinalfogstapred T the art for

mamﬁﬂ%r on@f  th Méfmg%tf%&é %?Pﬁﬂp Lo ceﬂseﬁiﬁi%r changing the genotype of

uran 0|n ort I ni trophenal, phe ol n,
the HBRU dodlon éilNBm It}frougmr@t@mmmm dcdlmuplee,syme ph oscphaltﬂetatmns can be

o Sl i el i
HES%@H(;(/ ﬁﬁl@atéﬂ 5hs tor’&lrpi/&s BaltSiork a8 t8™Mé associated with

e Merck Manu Di agnosi s and
specifit aemplqglchl’ﬁtsoaﬂars ENCEHBG #1536, camidénn intyrdediatobgetiktypes derived

from E}%?e &gl grglé? v or | &laé HfO%Fﬁ%\/ %I%ggtg H{quhg%tﬁ{ﬁileoﬂl}enpme of the cells
and pB?éi'lSl@ %Eﬂbénﬁénﬁg re$tORG@rmAN finkig) S Rlietadv E19Notbr HiDfatiohs may be

HNPr is a therapy for treatment of di sordefs
introdassd wihathdthveinoh pNBusly ke idgnéificd Vd‘ég@p@muluabphenotype as a means

of .th rders. i ncl ud but
of in{e3ERuE ol gﬁﬁp‘??’g% SRRl ot Uy Rpfeyt & Aufition
denyel nati ng pol yneuop | 1 ai n-Barr
[0064yndr orf8. o &MY Podiam’ ﬁ%@%&l%ﬁéﬂ@hﬁaﬁ"ﬁ?ﬁm to possess a
mutaflliS RISIEAD ggné %%gr 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 IVS20™TC

transversion mutation. Generation of a human embryonic stem cell knock-in cell line
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aut oi mune di sorders. Peripheral nervous system nyelin
formng cells nmay not be recognized or may be
wo e@wsgniozed | ess wel |l by the autoi nmune machi neeyUSIvamn011857
CNS nyelin formng cells. Generation of an In Vitro
includ®dg thiefenliRuiRRR! theatedsUTGB] gehbiafink RAViarietiap vak®@ comprising (a) a
provides in vitro nodels of peripheral neur opat hi es, )
large gemonso fregmetiodfithe HBKAR genaam whenhetho TVE2Q er estransyarsinm mutation

e SR e B A R BELOEE o R A i
casset%fel’&lclﬁﬁe%i hin tHeesanirhRdlatedBBhiRH! Gt RN g&e ({8, SRR region of

nmouse enbryonic stemcells. By changing the _
homolygnod thedxBKAR penchiESiraindhe posilifr sdl¢ntionghpressionioassalie includes a

techni gues, one or re.nmutations can be .introduced
constVR 44N PREBRIET WIS o7 e U A Beo it Jhaghii s forase, and
a negX‘ﬁJebse?egzﬁbH I'é'?(g?éssiﬁﬁ WaeRaktNbested WilRRE RN %Qétiﬂ%?éct&aua&{ﬁone, but
nmut at e to to be

SO a express nutations known
outsida ssfothie ategidnvdf homsheyi foi thenkbdBKOAB fene) witbmein diss megative selection
HNCC, HPN, HSC, and/or  internediate cell types deri,ved
eXpIegSiQPneASPRESECONRITISES AeRPPSHERYHY aGH e PHSNGHSdTiviag xprRssipy of herpes
Jvest | gates the.nhe e - ' :
SR ) B FARELIRE ol EL ool i i
neomih & (pRksitivelyy seletther celis thui lave genymivelly iintbgratbddbel targeting vector
whi ch have, not previously been jdentified with a .
describg g, 1 BSRBIPHY S5 erfOanstedanth yBLelPYace fjestipuly oels in
. o eGlH e [ I n
wtic] 358 e RAINGS R 308! iehle SNEHTAN Incuated by
homold¥Btis FEsonitendtiva fHieesbyt exqindisg ke megatisteabeleetlonBrARegpioe cassette.
. Which has been associated with fam lial dysautgnom a
This prmpdure Smatigemsupielized dp . other, SIS egRnCHHS) Pl | p @ preforred
. .G .
emboélgr?e?)?, glg?légs%n%ﬁg éx‘f%l}l?{r g?fll&%%ﬁ&{saﬁﬁ%ogﬁ/cﬂ ﬁ%q{s'@({l‘ E@Kkontéﬁ transfected

on 1 n the endogenous P gene
HESG smtihbe ANB20s6Tvor selections v sdllsnimmwiach darge@emerfabotbnalleles by
of a human.enbryonic stem.cell . knock-in

cell line 18 .
homolggopptrsPmpghion bes PLS5Es/ 18 £1 8H7malY e E‘Phﬂ‘ggl,enL'ﬁ Rgpgve selection
casse m?&hﬁ%ﬁtfroﬂ % t%l'%g?g gffeclﬁf Ln@ﬁ@ﬁﬁ%%bg@lge%oﬁﬁhﬁtﬁbhw the targeting

vect or conpri sing arge gen _fragment of the -~
vectot WBRBBCgaxdéori HINRhiscdet¢dted bis2@edling Colonizs of cels that survive positive

mutation. ha intr ced b eneti c engi neerin
selec{, rAATERE Of Bk T LT SeloBl Mot agrg REROm DNA from
€1 dubje L dnific DR toDapphliriAd $ésHi Qb GigbAE Ald detecti
the C(?ﬁlgl%gestr?gjéf ?ﬁgw%%%@gr%Nr etgi ril)pr%hl gﬁf honol og;sl t% t he eef: e
homologdiA\Reg@mitsihatiosher dien ItBEAFogeriamie Iseiisedyi Bouthern blpt analysis of
EenorpGRBTSHOMAIEeHS dF DV s EBaBE S RoFEAGHOh syl etect Ftegiiiion of the
a negative-sel ection
targe@%ﬁf@%ﬁ%%ﬁ%@sﬁ?@?%@ét ed within the targeting
ector . bo Si h ' .
onc3focs SR BB AR b B RO, B ptods deseried
herei, 8428CHd Q8ed SXRaRRSI Gl HAGSRIrtthe genpaficesf AIESC and/or HNPr stably

constitutively active pronoter driving expression of
transfeeted awith a selecfion marker-reporter expression cassette under the control of a cell-
type-specific promoter. The resulting embryonic stem cell lines will have a mutated IkBKAP
gene and have a stably integrated selection marker-reporter gene. In a specific embodiment a

HT->C fansversion mutation and

purified population of HPN, homozygous for the IVS20
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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thym di ne ki nase; (ii) positive-negative selection
wherein cells are first contacted with neonycin to

wQ positigoeel y) select for cells that have genonPCHIUB3005/011857
integrated the targeting vector described above, and

ubsequ . I t ' iclQvir .
006002CCUER G .35 ARG B4 o v
of ons erjmene polypeptides assecigxdonitlc a hbyropathe.g Aalyadethyd known in the art can

hqnpl ogous reconbi nati on thereby excl uding the
be u%f;@gtgt ALY SEpEss9hn Bk pRe SHRodiments 8t transgeng,ugder the control of a
n [ 0t h ; as:
co B o ah 2 Syl o, W AREEESiRNA. or
antisepem beshholagy dnssedf tondessryast ex@ressias e MddifiebHIESC and/or HNPr can be
I ransfect .HESC and/.qr HNPr .to favor_ se|ecti f
used {RPBOMO{ihe itV epiph R trisrapbiots o Revt ek eelly(e-5. HINCC, HPN, HSC,
and/oP QARIACANS EAC R @lak QhsPIAP 110C GHERE bxptddsBA levels. In a specific
alternative enbodi'nent, a riegative se gCtI on cassette
emboilsnany SIRDA isused tohiecteasgetyiresyionanfitios [KBKIAR@end GOHBN in models of
reconbi nation of the targeting vector in HESC and/or
FD. pNpris detected by screening col onies of cells that
survive positive selection. Screening of HESC and/ or
HNPr col oni es includes isolating genomc DNA from the
col onies, subjecting the genom c DNA to appropriate
Screening for Substandegythat D ecerade dgioptdsisngf Himnan [Pegipheral Neurons
reconbi nation at the |-kBKAP genom c | ocus by Southern
[0067h] ot aned gscwsat abgyenmricertaie hibiodimeans df des tisvemtioby HAN derived

.C, PCR reacti.on that wi]l detect integration of .
from FES 15 G pisgagiatoBs KB Heoraerglsd e sRsrolp B sfisorder can
be usédamang/ s%tefﬂglpgoi‘ BR&Hp1EhE HEN Ez‘u{‘ﬁé usddGH e’ s@h?egir%éasgzﬂﬁto screen

met hods déscri bed herein, can be used as starti
for subetiahcdsi thatsddcorase hpopgesie AN &f aldESGfiarthbodink$u®y the neurological

disorcgl; gqbéés F%ﬁi %}g:élgrit{lq%gﬁﬁ%@p? @1% logrg%g&s ¢ iElger g@ff(?’ Elt_%’transversion
sl BB9BEIS DT KY€ g

apoptsdiabl thes HPW. alredl preftreat ¢fbodimieke hurifled HPY tHA€ B hdroAygous for
spegific enbodiment a purified population of HPN, .
the Z y 0 OHRNSY gp1onHEURILOD +HB the BBKABrgsne ass olatedinamudirwell dishes

T T Ty e AL N .

over Hbinge @@oﬂ&nﬁ@tibﬁﬁcd’@ﬁﬁ% Qigre @8dur Bﬁ‘ﬂ'lagﬂit\idé‘? PESESAR are contacted
invention. 19 WO 2005/118920 PCT/ US2005/ 011857 [0066

with tagtt subpiangeseIver 2 mesosl of st withjnr whigh nearomsliarfopéesis would] normally

alte ion |evel T-OF re polypeptides .
oceur Ju o kp LN ATl STATHS 20 Ay ABEHGE, kD RPIHG) Ehep includes
tCga : r i :
(N Tt e Lo £ ORI GRS R 1 afct soptss of
HPN (ogsdiirietityl welf@uideiot &poptesisiof (HRN TG pds encaxpee 386 iparllel for test
I n anot her enbodi nent, siRNA or , antisense technol ogy
substange gad Fopolaihsianse SEOURs o APGMOsiNE be arpapprsd bynwarinuis methods,

: l £ be U [ hovent | O: 1
o e Bl O (pe Y Pl oo, TN
stainitg5Efc.
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and/or internediate cell types) that display the

al tered expression levels. In a specific enbodinent,
WGQR0RSIA18930 used t o decrease expression of the | RBRER2005/011857

gene in HPN in nodels of FD. Screenl ng for Subst ances

Screehilfdifo % S¥HIP c?ez?secﬁle
R kit D A Y,
Exon tatlons knomn to be associated with a neurologlcal

di sorder can bhe used as nodel systens. For exanple
[0068] he HPKTOHFT @W@H@Htmfaﬂlednmowsa% HBNT 0" s cloedetect substances

.f d f
that P 10 MG SEINISE SEhe TTRE ST on OV BrlikricR g IeBRAP
gene B/ Ot TECppiR NiA @)&lﬁiﬁﬁﬁ bR 2 @1 RsH9VBE Mﬂ@}‘ﬁ 16 &f8vell known in the

NS20+6TTC transversion nutationh in the |1 BKAP gene
art and HMH@TBH)exampld@ quassaiveacdatettinsrptiomRCRsassia; RNA blot assays,

ecre s of. thes HPN In.a preferred
or RN i rine s 11 Bk a dnolie S SSienpr o davA fom
PNVE2
e S T L Pl o
hybridizeg o targetugdeahces cwkiehi fi@kadx@nt 26 ofifhe dkBKeMNgaed, 8@ that a PCR
with test substances over a range of concentrations
produgifctistingtly greadergpglepelabsizothgnithuerpectrdreduat sizgigenerated by an
e S [
RN EABABEE ot thiiod Bl B o RN Pt oxctudes
exon 20 Viii) r@l&ﬁlﬁﬁcﬂﬁiﬂ Odr thyi fegpédmee FHhotlieeto Hising> Gnextibéyd isach as video
A control oup incl udes N+6T *C) that are
quantl@@ﬁ@%@%eeﬂ%qphoeﬂe@m se@ﬁraée@b‘%%ﬁ@uﬁ - known to affect
apoptosis of HPN (e.g. dinmethyl sulfoxide). Apoptosis
of (HPN#6T C) is neasured in parallel for test
subst ance and control substance groups. Apoptosis can
be measured by various methods, including staining. ..
Screepjngor SubstaneesrthahIngrease the Ratians aHsBKAP &Gangilyis20
MinigeneintRINA Thohling Fixah 20rtg [KBKAP Gend\[Y SPOE 19 RHAVA Excluding
Exon BCT/ US2005/ 011857 Screeni ng for Substances that
Increase the Ratio of Endogenous |i BKAP Cene
[0069] VS20+&d -futhetRMAbddigienid | dTOthEX@nerdidn] OTESERARCKRRE wild type with
| VS20+6T-*c nmRNA Excl udi ng Exon 20 [0068] Anot her
respecs nio tierendogsnoush dxkBROEhErem U euseHiPiM drrnsiection @@peagments. The

e RS 055 BB R LA b 0 R BB ackone,

selectioii%%@ffﬁﬂ_esmfénﬁg%n@@%bfégélﬂﬂ cB3sette, 2khd éﬁmoﬁﬁ"_’ma’ced IxBKAP
| evel s are wel known in the art and incl ude,

mlmgmwﬂil@; cqnpnsqSteamn\Q@ anglvids qdmrjam@mmSptTrmfamn of the minigene

R ot tecti . \
may B BRSienty Dok ot IRERE TALSIE0 APSTRLBi Mt ohgine mRNA
transcHA 1&velMat Bnyb ot & %ﬁ CF?eﬁni‘bni esty Sp%@&h%ﬂcgm%dlﬁlents the

control substance (il rimers that
transfection with the minigene is a stable transfection whereby a stably transfected human

embryonic stem cell line is established (herein termed a minigene human embryomc stem cell
line). Cells from a minigene human embryonic stem cell line can be used as the starting 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 can
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
21



hybri di ze to target sequences which flank exon 20 of
the | xBKAP gene, so that a PCR product of distinctly
w@e@atieso20ol ecul ar si ze than the expected prodPCT/USI028011857
is generated by an nRNA tenplate that includes exon
excludlhe SSnCORAELLes.0 Mo BRNY hRIRALEhE Natio BFCthEA8Pe] of minigene
exon 20 (i1i1) quantification of the respective :
mRNpr trelnsctipt imiludngrexomd® touthh laee] wf demigepganRINA deansaipt excluding
f el ectropharetically separated PCR products. . .
exon G0, Bty POTIAG < ParR AEERGL Pt GACEHY WE RERIS gfe desiened to
hybridEBKPt eséq‘éiga&t%‘vit'hﬁl thé NgRREbatRbbnd PEudbNgo BXPiidize with
20 to | xBKAP Gene |VS20+6T->C nRNA Excluding Exon 20
endogen0eo] humart uemberonenbeainneetls soquankes.i nvint prgferredESmbodiments,

measiils“bnE el SPBRAYe] Qe ERRPEIRIG SR AR g 20 o he

level ®F AT FERO LIHERDA RianS@ it Rl bfoh 20 i8 rhdS GBS bEUCExposed to a
that includes a vector backbone, a selection-agent

contrplesiibstengrchat aes votprtbost minigenes BURNA  tragseripgrpplicing. This method is

VS20+6Too P rini iy i _ y
sl 380 T8 e e TGS B TR i ot
cellulgd phetibRPes ARYciBRAWIBNEIBIOAP gbttd misgpliénger i od

sufficient to quantitatively nmeasure m ni gene mRNA

X | . . ; 7 4
[007(%] Lags Crigileo fe‘ﬁ% of (ja.l"ﬂ %MXh&ftHﬁg&eQ Bobidd r&greﬁéé)ﬁfatnﬁﬁtg Eréd abstracts

referred enbo nts, transfection w
cited hereing erechersbyansdrpbtated byaresdremdeiin thenhettiedty tanstralfiilly describe the

transfected human enbryonic stemcell line is
state %étggﬁﬁit%WZ‘bCh(tﬁSﬂ%‘ieﬁnP%P%i%nSa m ni gene human enbryoni c

stemcell |ine). Cells froma mnigene human ]
[0071d nbr y orfhcVasiolimca@nges cambe gade Bethg abevardescrbeds subyedt mptter without

' f ini NG if \ j:OE | f L
derafi oy 6L oSl 8P W SEh sl N et st
matte@ Xoitained dil éhe sboviesiepdriptiongocdefiird ihythé BEpdniSR Qtabihis, s interpreted

mut ati on. HPN derived froma m .nigene_human enbryoni.c
as degoripiave @nd illpsiative of ithe Preseit dnvratig.e Medifisetionspnd Variations of the
: ] \:hgd ng of the
preseﬁnﬁﬁ?%@f%‘g%?n%%@ %brléaflﬁgclz#%t&p gh% C“g"ﬁgi&tﬁ ha "(‘It'he rati o of the
| evel of mnigene mRNA transcript including exon 20
to the level of mnigene nRNA transcript 21 WD
XAﬁ’ﬁglr 18920 PCT/ US2005/011857 excl udi ng exon 20
E ses. Methods for neasuring the ratio of the

| evel of m nigene . NA transcri pt ineludipg.exon 20 .
Exantlge S,h@eP%r\?éﬁon ber m@&?é‘eﬂmﬁﬁ'&ﬁ% Y&P‘Ek&‘&&%ﬁﬁonss and
Neuralgresp Eells frogn Eygnan fimhbyyonris Stemdeellfescri bed above,

except that primers are designed to hybridize to
chs wi thin the vector backbone and not to
hybridize with endogenous human enbryonic stem cell
Cell @dtyrences. In preferred enbodi nents, neasurenents of
the ratio of the | evel of mnigene nRNA transcri pt

[0072)ncl udiphghm SXQRbABncXtéM elld BIFEE-1 PR XY(12)IRAHURNA XY and HUES 1
transcript excluding exon 20 is nmadé fromcells

(XX)éxpowsldines)] 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 PA6 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 m nigene nRNA
transcript splicing. This nethod is advantageous, in

WO b@t/118920 m ni gene serves as a reporter of m sBEl/USI0§011857
wi t hout causing other cellular phenotypes associated

R R R e W L MEE

streptadagtimhact s cited hereln, are hereby i ncor por at ed by
reference in their entirety to nore fully describe the
state of the art to which the invention pertains.
[0071] As various changes can be nade in the
SDLA auéasiescri bed subject matter without departing from
e scope and spirit of the present invention, it is

R TIe RO S A RN T—
in 24 BRI1IdNKHES. PCEAMEENnt BHNEES Wer®irbyted #adl typbitH Rl e 4 1ntaE§ the

resent i nventi on. |\/de fications and variations o
ﬁbrobéfrse wsder laysrevasitemosedmansallybleaving the HES Codolories. ahipveplonies

were 7, oELANTPY oY TR0 PSRt Bt et 2o

contai@igaéll. Cresme&aid ﬁfai tHeichbiERA tEIDTVIIKC SR BuBE Gl gow MEM,
Materials and nethods Cell culture [0072] Human BoW

10% W?@trﬁe&@ mhw@melng Z[mE’BgllltW% 1( pymdatel f2$ mVHQon-essential

ammoa&?d%_& lf)?mlﬁgiﬁ: vate togﬁé re i tlﬁﬂﬁ%fh and 6 days

after HBSO @laingf 0 &yl B 3tic neexar whﬁMﬁnhged () @% BHI-29 86 B6m/Glasgow
tissue culture dishes and passaged every 6- 7 days i.n

MEMg 804 R%T@Ra@@ﬁom@u%ml\é arainewl oVl pYOYkeR O pon-essential
amino>Ri ¢ BricH ngﬁﬁ?{ n}e#t BeArS ﬁgl{ﬂr/]quglarlc% ffoﬁﬁla%gls gu{)sequenﬂy,

am no aci ds
medivei waptepiaced Byer tlo dahd. 13- mer capt oet hanol and 4 ng/n
b- FG-. The nouse PA6 cell line, obtained fromthe
Ri ken Cell Bank (Ri ken, Japan), was cultured on
gel ati n-coated dishes in 90% DVEM 10% 22 WO

Immlﬁ%??( g}éﬁ%@r CT/ US2005/ 011857 fetal calf serum 4.5

se, 1 mML-glutamne, 75 units/m

00 L5 L B AL BT 0 D B A P
parafo@ﬁh@%hi&ecf@ﬁg@%lﬁ3A%} ﬁﬁéiﬁ # PBS, thb @oﬁé}?lﬁﬁl Werd %5%\%%1 for one

nfl uent cultures, were reate pS|n
hour in blﬂchmgmdhltlhe cotiiabring | %e5-0 L bovmay@'um/ﬂbumm;rﬁ?/ehbrse serum

O SRt 2 A i b B Rl SRttons .1
tubulif/in}-$ (MO PROBE&Y, Nur8Afkdnf\bl: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 v‘Vith 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-gallate, and sealed with nail
polish.
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contai ning well. The medi um was then changed to 90%
BHK- 21 nedi umi @ asgow MEM  10% Knockout serum
wo epbacweent, 2 mM gl utanmi ne, 1 nmM pyruvate, OPAT/IIBL005/011857
. nhon-essential amno acid solution, and 0.1 nM
RT-PCGRMRLFAR! oet hanol . Medi um was changed 4 and 6 days
after HESC plating. On day 8, the nedi umwas changed

10 90% - i a MVEM, .100
[007%] etr ahy@?&%%sp@f%m@%ﬂﬁ?%ﬁ%@f%%} #ithe Aurum Total
RNAKitl(#7TB2-46826 B3OSR DR accardingto Wd fhai@hstik @8 pri¥dcols. Reverse
suppl ement X1, and 0.1 nM 13- ner capt oet hanol .

trans@oBodHRergse chiticasHons® T-BERAwwed pevfermyed uaingiByaly-To-Go RT-
P GBI 5L AR ) B ARG o i

(#ABpfi4dfIab e gbaby de for 30 min. After rinsing in PBS, the
coverslips were incubated for one hour in blocking
sol ution containing 1% 05-011 5 bovi ne serum al bum n,
5% horse serum and 0.5% Triton in PBS. The foll ow ng

Ph t@%la' Redi es were used at the indicated diluti ons:
0 ! PI? tubulin/ Tuj-1 (1:600, Promega), Neurofil anment

1:600,, Sigm), Peripherin (1:1100, _Chem con), Bn8 a

[00764 7 : 100,1?@?8?%%'6?(‘5?6’1‘ W(eﬂ!:“ilé{(), éﬁ@ﬁl@&?ﬁ@ meszxm)sqowm,
' - icgt; - cad [ —
phoioHPLC O S G40 8 RBBReER Tk ERIIAD Ao

MRCr1j0RQ eenfoeplanicentbyps waRBSd dockoteephoitopratat dhagbd Wedeh@hanced
. [i ti di for, 1 t room erature or
usmggx\?ég%i' m gﬁgﬁéngéé%ﬁa%@@ﬁ?ﬁm %é'%é ex au488, 594,

and biotinylated anti-nouse and anti-rabbit followed

by Extravidi n-conjugates) were then applied, and

nuclei were stained with Hoechst (0.1 gg/m).
Quantisgtéresamalysiver e then rinsed in PBS, mounted on

m croscope slides in 90% gl ycerol, 10% PBS, 1%
[0077h- pr opFougaletlate cultinds o2l igdnidsthinkd for pHesA- gr?‘w;)%d Bm3a

ﬁﬁ&%}é}é&% PCT/ US2005/ 011857  RT- PCR anal'ysi s T 0075]
(bt npolgaies wiere elassilipd st eqniainingrisallerataing] eplls, (Uroi42i+Handataining
inglel : it - 0 .Bl O RAD . .
e 5n 854 e SR 558 SRR Pl i i
that expressdoth Bivi3arin fied yvbsuasad pbdpieringaelid Gorliin RER clo@sy
d .ﬁ%&f&fmd rsln%ié%eead - To- G ,RT- PCR beads 8#27-_9266- 01
1denttiAgd, - SHEVHCRIOTLES Ve E &Q Thigk that dgyasmat peesitele se determping acqusely
hethks 7 6 :
vt ORGSR s AL s Ot e
quantificetiars chires sepathte phyetiognaphad pesforgedfol qameital oses, and
over3%§%i opg and anal ogue vi deo canera (Cohu). A Bi o-Rad

otal colonies counted:

Results
SDIA-induction of neuron-like cells from HES\C

[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 100:5 828-5833). 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 PAS6, a distinct morphological change in
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MRC 1000 confocal m croscope was used for sone
phot ogr aphs. | mages were enhanced wusing |Inmage) (N H)
wa@r@sResond - Shop- Pro (Jasc) software. 05-011 6 PCT/US2005/011857
Quantitative analysis [0077] Four-week co-cultures
the hEB‘%’! SolbiiBYRas bhdepRA. flnidiferechiied HES(pQiliurgd RitH nbuisear human
brn+). Col onies were classified as: contajning
foreskgiofibuodlastszippeated es ﬂ@lse,(rpum origvalanonglaysr splanisg. By contrast,

HESCSO%qE%rrlgs grt{a% %g%ulgre 1no Sutlit afltf gaga,#rg/ S%BiA %taﬁ?erﬁ\ ﬁ‘% this time point,

was one
the lar¥ &ﬁa@&ﬁtybﬂ%hloﬁiéi&hff&ehﬁ&emm pis1asi BONQANIP Imenﬂahplrenuﬂshlecells
1/}é}olasmwere clear|ly _identified. Afew fnles .
(Fig. LB b Many: Rolomatpnmarrlﬁéhqqlérgebe%%% Bonsaingd gellsaprasaing the

non-n%%ﬂc%f arial I\ggﬁ{ EE%aﬁHﬁ%ﬁi‘ﬁ%&? Eérpgl'g r(gfk V8! E) | Seveldfl colonies

ese were not Inc

expreshdd atfe\fvlmiﬂtubmﬂhn (Thj-Epstaininy alle (Expeeisatemisarlg mearker for neurons),
performed for quantitation, purpgses, and _over

but mbgothess L &S Mo HHOEIRaA IAS (DGSPAN JTER 1eghigAre consistent |
with cﬂﬁ#ro%g rtlf&ﬁctﬁétl PAd fnﬁﬁéé’sﬁé%aﬁ Qi BdntEebh From I—IIES@@uytaert-Hoefen

aracteristics neurons are i1 nduced from
et al., I2304 rGell 2ha6p o674t BréSvedierafiensaedingHBESCwintBAG bellspmassive

neurogzg (@%grlggtll!gﬂgl W@S%Kamggg%lg pr%%nvgrl@b@toc o ty. I\ﬁ%eo’&lan 50% of the

colon{"eggve?@"’t"ﬁ%gsm eﬁ&_ §r ??é%rk?@f‘étalﬂ@é ax&ﬁsgﬁg’ GRERY. eWhen HESC

ree ti ed conditions and cul tured
were fioneswith tHdESRewntdia Bricon @dttirsor(l@ﬁ’lirﬁ\yl withfonka PA6d:a§l§eQ§¥er layer,

cultyrin SC W th PAG, i nct, nor phol oqgi cal
vry {Ehaise SHived i DBy 3o ol BRI pased Rypgal markers
(not Hgﬁg.col oni es was observed. Undifferentiated HESC

cul tured with nouse or human foreskin fibroblasts

appeared as dense, round, or oval nonol ayer col onies.

By contrast, HESC col onies vvere irregular in outline

af ter daso DIAtrea his tinme point,
Gener#éﬂq%g rBl?‘EVOBfmﬁ’o‘ie =2 Eﬁf‘sr renti ated i nt o

rimarily NCAMF neur al precursor cells- (Fig

[007 Manyn @sdeste ascertpin vhgtharpeti rplgre@gpnsglﬁ%gres%m gpl'[édnduced
culturgs tl%%ﬁ i(sRN%ﬁ ?ﬁlﬂ*?ﬁéggmg(g 2‘%} etﬁrgﬂlr(o@m %81&%%%%@? ?Fé’sent In neurons

with @@n@ BuBkle tB¥ PNSS@Rtuding esnisGry3zanghon heur6is) jsyrhpathetid gnnggon
cells (a universal and earl

er for
neuroppsnd gringaiy srotqraurans; Teqy & ay; %P%Qor‘{el%asaﬁlacea%ﬂi) -3t ¢ Rier 4
b | t h

o400 T A B o A ST RO NS e pons
34.5% comaideS Cuf- B&l)jpfeﬁphetrtﬂ-lkiél’ﬁrhkeeteuedns (4@Dealpni€s|3 independent

22: 669- 67% Thr f?}; ;} ? HESC on PAG6 1
expergaens) (Fig FPLPRRT UL bRV SRR gle

i

v RS ABREGEE 3 b i
weeks, thait ﬁeﬁl-abeehsultlﬁfeg(sed: Below).. When HESC

[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+
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were grown with the sane nedia but on gelatin or
am nin without a PA6 cell feeder |ayer, very few
w@edosa1®er vi ved after two weeks of co-cul ture, pandSone 1857
expressed neural markers (not shown). Ceneration of
and HRELd I ] er
R A e e R S
TH+geri AN Svilre eateclldminersic netvensel | s wer e i nmrunost ai ned
for the protein peripherin, which is present in

eur on i.5h _axons out side .t CNS (i ncl udi ng sensor
008 ol R s e e e fgrsrb of bhorsripRA Heuron
sub-population, seRdop ebiigivm nelifd (BSGRY). Thdi@99no B@g&@ﬁ&ﬁgﬁg}lgm to be
, (]

,36:217-237). After 4 weeks of "SDI A treat
specifip SrdpiGNi dheredire dinpserviguy sthdippel BSGRNEEtrielativey) doutse-staining

; : i . i -q +/ i i. i k
i o AR BRI RSP A gt ot
of CNS-hepro@\Fe@jtovaldtel.nuodm: Mezh. IR&! 59001 i304) ﬁ%?éggg%ﬁh bhs been used

was. very variable between the col onies.
asa Cgﬁ%}ﬂysf{)*él’ﬁ%# identy (Mizuselgieat iabnH03n PHIRISAL Qi §8 28 58383 s Ftis

PN . _ b .
comt B RS\ s YR U S0 A o wecks
Cells petitise fordotit BusSaoed pexpli@isweg obktrvédinkonddf thSBYBHRS (Fig, 3).

neyronal types express TH, including catechol am nergic
SomecpdheiE aPiES SFporpRyIrpanigrated Apay fem the galogidsoas might be
r e {H+ neurons .
cxpo Rl BBl Sn UL ) OB T SR8 oo
that cautalneé céllaixpecssing| RmB & petiphierie dnd doutle-wReked o8ilt Was §Q|elfenined in

for peripherin d TH,. a conbi nati on characteristic o
three §W&§? e bty [oplFis seveplsd Wit Zopblesstgaaboells were
presemGl/163200PhA 1 tharfddtoR&S db’séx%'g%t a%ﬁr)dg{im%%%ﬂl]l%ts% Proportion of

were present in the cultures, €
coloniss thag conteined paitiptiair-orNeells. kebauahalf bottrrdolsliel dntained Brm3a+

0081 |t ) t tested f th
T e TR e
stained QBEIOLY waAElkd ObkePRIATR Afed FOGY) P%t}{bgég\\%@ﬁg?s%rglcﬁlm@ (not

mar ker thought to be specific e, I'n
showmr evi ous studies of PSGN differentiation,
doubl e-staining wth antibodies to Brn3a (a
[0082] i anscImptaiwra PS&N (ikeaharyasth@rreatdng) & bRRSEY, aRditd majority of the
.J@gglL opul %ﬁi?on of, CNS neurons; Fedstova et al.,
pertt/bgigaT nRroRs pRsprveddhaddhis seppholagy (g BEHA). i Howererbwatre PSGN
have s ' (0 ' J, useki .et
e o SRS bl Listag NoRRE ReiShor te
proximgltsepudite of thestwodeitiat prosésaesn(FihaHY: uAtfHWQﬁeﬁdUﬂM%ﬁﬂiar@ériHbm+

colls o Oy o8l ok B ublontasesioeb e cmermbolviss

internfettiagh between RAARULS aﬂdnﬁ%@ééhl?dgg\’l@uﬁﬁg %13%{3%-35! %ﬁ%btn%—la cells

.. mgrated away fromthe col an as m expe
with niqre thandwopmecedensiexgihgf ramthesnmi Weratmevyr sbeervall, ialcostrast to the

ﬁequeH1 fujQF-I[ G’ 'i"ﬁgr?pe%];- 0 ti%giale fcieurons.

[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
virtuaily 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
doubl e-stained cells was determned in three separate
wexpsnisyent s. Quantitative anal ysis reveal ed tPet/US2005/011857
doubl e-stained cells were present in 16.5% of the
1994, W&&ﬂi&ﬂz&:@??@s@f BPSSVRE TRRRE Sl RbRkedliNAppRAERLy post-
proportiron o col ontes that contal hed )
mitotip@ciphein DPRG) ahd appsatsssonpédvchat labealtharcFrkCh@ifan ehale £000, Dev.

.. COo i ne r + cells, a al. L percent age. di
Biol. FEFAGHAS RISPGR iy sieair S Ertr ek Terred i T was
induc@h&@rﬁ:w&ﬁ@ot@ﬂm%%mwa@eﬁbaﬁmm&%@t,a;hbselqnaﬁly, its
weeks, but not at two weeks of co-culture (not
expressianw)s lojv@0 82hree wenkaotice-cEgass (Higk®. rhaki, by perrast, was

neuyrons) .are bipolar. and the,.mjori,t f. .
expresSei PAP N TRl B e baRRF sed T oYard ga aref i o 3-week
culturd&: ShodgBRNG cell i ed leRpfRS{INesd WY& térs Uik siiRsults are consistent with
pseudouni pol ar structure, this norphol ogy arising from

the krtohwn [fattsinoof exprespien of sk FreFpiotsgfrsiey doping RGN fipthe chick embryo.
pecit DR SR S5ty s B R BLAPR, e o e protn

ig. shoubl e-stai ned cell's with norphol ogies internediate
(Fig . ;

bet ween i mmature and mature sensory neurons (Fig.

3E-G. Peri/brn+ cells wth nore than two processes

exiting fromthe soma were never observed, in contrast

to the .freguent Tujnd+. H+/ peri + mul ti pol ar
SDIAﬁWSWSq&%B%’gﬁthMé;%{r%gglsﬂt yr osi ne- ki nase receptors

Trks) .that_bind trophi¢ factors of the .neurotrophin .

10084 an 1y MG HENBERIPS Savstip G TRl e DB AEDras Bribtyos (with
the e@@ér 't%) o @f"th&%l{feﬁl%ﬁ)l/ ﬂoﬁf‘éc@c?c?e‘rrngﬁﬁco_d'eE‘ irl A8 hehd)C “Inié‘;?&ﬁ‘ Y®determine

Isinitia expressed I'n mgrating neural crest
whetlsn the differentistical dfithaHIPNe k¢ setirons We obsesesimight bs atecedast by NC-

B N MY ERTENENT PV e

. S | i .
o NP 8B M AASRAE s

identity b Mersixamilndd/A inlowlof diffpegsedoules wisp as ERIC npskers m soveral

.mtotic neurans i and appears sonewhat | ater
Specigy Py FREReS W&%EBEE@R; 2000, Dev. Biol.

227: 465-480). RT-PCR anal ysi s .of SO A d HESC
[0085 eveal &P ﬁ?& anplysts wermalea &F & 37I6h 8%@@5‘““ ers on
mdifgegiﬁﬂgéd%ﬁ%%?i{bgﬂqﬁﬁ@ra?fér § And3lwekbEBTA t{@dﬁﬂent. High expression

sequent expression was |lower at three weeks
of theodarlyan atinlixred ocBsogo etdl., 200k RNAY 98:d084 124 6§46)dENCC cell marker

U R TN SERTIEE A
SDIACHIGLEE B and¥vh& Qféﬂﬁti%ll'l‘ﬁfedﬁ@éd atBPEk cﬁ’tﬁh&ﬁ&t‘(ﬁ%ﬁ 6). Other

receptofs, these results are consistent with t
transdsipdsusspaiated mithdINEXbdevekiporentin thh swase alse pndweced by one week of

TR e
1-weblPEuIRASE ah Phhe sT6s QLI FhINin thEir @xpredsion by 3 weeks of culture, are

consistent with the presence of neural 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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SDI A-i nduces differentiation of NC-1ike cells [0084]
Most HPN neurons devel op fromthe neural crest in
wQ esosaigoad e enbryos (with the exception of thPEEUS2005/011857
derived from ectodermal placodes in the head). In
MitclRI0R 1.t HHCERhE DSy, SBL s Lald ﬁ{lﬁt LB?
' cHPN- Iai ke ggés}?gﬁgsﬁﬁv/e obs emgg r%%él%is agg{rgérwggéé%eogﬂgy OIts
detectipk @vas ddsk snfommativedhamibd afordmyniBidleAtiansuriptclaso$he prsence of NC-
.. the.presence of nol ecul es expresse [ rine NC.
ke iy b ARy Har St ReToped that dfpaysetipressed after 1 weck
f SDIAGk Sk bME arRf thikOW A onGilBied b q@{p it YR ; i
° number of "different ol egul Zs sﬂg giéﬁut nal?lggbg%vgr’ AP2is
expregesddryadpidespeteadls abyvellmnNiGsandi intherpfare dioRSurPaSng R0 &5 InRNA
RT- PCR .anal,ysi.s per for ned for series . of H ) )
oxpreIpR EP AR VG VD A e i ngibte fiiibrome ip Besadheiin exprossion.
It is thetefode WRAlY $habBhicillfiR@ b iR onsdr & Permi i RS ok Egdeﬁﬁaltc@ﬁs to
... early manmalian (Locascio et al., 2002, PNAS
differgutiaie gad/on melply. HRigmented ceHamers not (ohsaved @t thalbulturegaad no

- t 116:.227-237).. SNAI L S erved .after on
sainifg 435 3PHE B b Spidscte fotinaherapsd B APy PaulndSeh the
differafitiationasidioh st dasBhéadyHesn slown {3 iRBibit the BRRGEIHGE &

associated with HNCC devel opnent in the nouse al so
melanagyies and BiesenshymebRNGIC dabiatives @dizneski e 4lc 2003,PN648 9 00:5828-
5933 HAND, and MSX1. The up-regul ati on of these genes in

the 1-week cultures, and the subsequent fall in their

ono 2 23 RS it S SRS o
HESC Usihp SBEA, aHis ehBlletsing APSSANEAN i t&nt é@e{/l"ot?iﬁ g&c{é&?}rf 8o-culture

sensory-1ike and synpat hetic-1ike neurons
, a coppbuiation Howgh| tobefobaragtenistc oHING(2calls (Fig. BB anelMlitthell et al., 1991,

est.. S Agi t show this. pattern o ear |
Genef RS, T:E £ i of B Rl s Pt Rlabustlamnslf e gotls tha
exprebdedthe Biai: REWOAbPIEIHSSdeptodPT S , RIBIER exprosdelldn Lii¥BEKe murine
co-cul tures. wever, it was al so expressed In nalive
crest ¢qHisCStempde agl Anderson, WH2(04) M1 $E288 DCTs1s8200%5/ 011857
Mtchell et al., 1991, Genes Dev. 5:105-119) as
[0088)el | | aPCR primemevere dksigudd towletspeafic $ar lunsan rRINEGt | @omntrol

was .|l ess i r ive t he af orenentj.oned
CXPerPey %H“ff@?fl%éﬂ%nw@ %?&sféﬁé &HTn fere fidaot cxpress ny of the
mRNAB forditht a4 BRCC ABMBAC ViR At &is re)épl%@é@ﬁ%ﬂuﬁﬁtﬂtala&‘ﬁﬁt MAan actin
expressed after 1 week of SDIA treatnment, and this
transopipts, everriecied nidyshows).pr esence of its mRNA. However,
AP2 is expressed by epidermal cells as well as NC,
and it therefore not surprising that its nmRNA
expression continued to rise until 3 weeks, simlarly
SDIAtImdubes differ&RRionbfsclowaletdlly expression. It is (
therefore likely that our culture conditions are
[0089per M SHOIR.ihiceAMIASE FRlurkelvor. f8wnths L&A bAYS, RT-PCR
and/or nmultiply. Pignented cells were not observed in
revealkefl ¢hag prateinesto mRNAya schwaiumn celbspeatficdomscripiy wasiebdnt at one week

of SD% %la & tallni] inc?e%‘s:eacfJ ast%hrteg %vee sléﬂig régtgﬁen%.oum ed with

Example 2 Generation of Peripheral Sensory Neurons from Neurospheres

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

presence of noggin (700ng/ml).
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di fferentiati on nedi um used, has al ready been shown to

i nhibit the production of nelanocytes and nesenchynal
wobioS 10 vat i ves (M zuseki et al., 2003, PNASPCT/US2005/011857

100: 5828- 5833). [0087] I mrunocytocheni cal evi dence

[00912'[)'S Z. S URRIE 26 HetbSpHeRAURLE %@n@%ﬁmﬁzﬁ ek sﬂiggg?ﬁ' $hdp¥nsion and

Cell's expressing AP2+/ were presen
platedmecme Rlipsfwitlo PAGI cells ] DRGamcdlnm G‘iﬂtliatmnd; h%uﬁbducﬂhn Steeptomycin

1%, B% %{18 oL ht i‘&ﬁggﬂ%ﬁj %ﬁ ,ldtg(}% 1]<9§1g/r§](}g ﬁngul\IA{l Bygxts] %lapllaceetd every 3

days. coh@T @@saﬂfw—cumnm& RABRENNAThépUSIoERA] GRinks wab @Bserved
expressed the | ow affini FQA{ neur ot rophi n receptor p75

dissocigtpd Reyresphiepasdrnated with SDEA arodugedrheterngeneug splopiss) and frequently

proce%? Wé Seeflgg?}%%@nder St'gcmh ﬁéegcg %%?s daté'ls}}oéglg 85.%%&@% days of co-
culturfiipe fibdrhCdifferentiBiBwaRAS - usﬁgnﬁmlnohﬁmemmgﬁt $0.5%WRBlonies
|

that the (erl ne) PA6 cells grown alone d not
were EXBRRENOSiYY forr paripherimidaYo of eollniea verpinannpenositye fihrn3a, and

"

neurof®)f f erenti ati on of schwann cells [0089] SCI A-induced
HESC cul tures were grown as described supra. RT-PCR
reveal ed that protein zero nRNA, a schwann cell
specific transcript, was present at one week of SD A

Exan@x@ﬁtlﬁﬁ’% di‘ﬁ&ﬁ%f@? ngCetﬂgr ee weeks SDI A treatnent.

nerat Ion o er | heral Sensory Neurons

rom r ospher Neur o es e cul.tivated
o] O™, RGBT 63, L00RRL et sl ot . el fege
monoﬂfmﬂ@@ﬂbéﬂ;(t?ﬂ@ﬁ’gifﬂhﬁ N&F ME&0p7 L& 8afially as performed for murine
PCT/ US2005/ 011857 0091% About 20 neur ospheres were
P

neural@pticglls imYemnpledal-¢ 1992, Sl 97885 Brinflye avoplatierof cells

l;
compx?gﬂq% ?%{%Qgcerg% gfl ﬁ%‘@?’ﬁwdhﬁgf 21 p g!r;[l}(/)ﬁal:,?%tl% %El.{/‘j’l specifically
binds &ume Inens®b treﬁt%eHWEMEEl&N QAFAityNGGF X0ctptar (p75)VRTHIM D Wasch the

pl.aced every 3.  days. After 7 days of co-culture

monogiepd] aPIAbO%YeIM@Hﬂ%WﬂﬁSﬂ byiagxmethotigowiia thegds Fegexample, the
cells aﬁé ARt HcGHatBE Wi r@s%eﬁ%ﬁh@%gf@dtapﬂﬁg RERAYER e | low

et erogeneous col oni es r OCeSSes were
affinitg NGIF mﬁegfoo‘anmig)d‘}n’mm&:lhsate@h@;mted t¢ BACS. NOitersitdwsmy), the cells are

furthe s ed I O G P IRae 1y APTauyNGE resgpiop antisody that
is atta¥fRid8o la"SOHA Q0L 1. %em%%‘let q{e%@ B?ﬁia ix % %%ns)c G#h%ﬁiuﬁgr of the

wer e i mmunoposi t1
popul@iqurie assayledahjs detpeniniyigehe pemnkefp](nfmil ceHs thanetresstadreeural crest

of sensor neur ons
cell sp%cﬁisé marker. y ).

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 hygromycin in the concentration range of 100 to 200 pg/ml.
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Exanple 3 Purification of Neural Crest Cells [0092]
Human neural crest cells as prepared in Exanple 1 are
w0 s@batsado usi ng a nonocl onal anti body to | ow BET/URL0Y011857
NGF receptor (p75) essentially as perfornmed for nurine
The VeRtrpPUR @SIbntesh) i§ ah BxpileSiRH Seckdr i i y@ﬁl - -
71: 9?3}’)- 8.5@Bri ef): y, a %tgpul atfij onr lg;w héce}h%g%m orrp#Ti ascletﬁ/ transferase
eXpresaignds deivers by dbe Iconstigutivec 40 edomoteh Batio phashidabre linearized and
' i ecificall. bi nd o, the neural crest :
HESG i} W8 RatRr, B el n ol a5 Bise Yopher) anctaPVR. vector at a
molat fatiofiif@prloREnatBNGe] @NaSeRBEHMORY | s bound are
purified by any nethod known in the art. For exanpl e,

0094jhe coifkscang bhb -1 nﬁl@&gt Lt haf rescen )

[ . c]onj ugated anti tr)%%lyvﬁgtﬂ I'n satg%]\g%hgﬁﬁ%véoqgaﬁ?iaﬁﬁ& (1 mg/ml;

Invitygen)rfer @ privwtes washediyithrodll celtirs nesdiuradjdeebwdesdedRAGS ml of cell
ith

Al ter.natively, e cells are further incubated wt :
C“It“’éeﬂnscw‘i“b(@d%%ﬁ‘ai meﬁg)s Rripritp glepbopesatiom approngnately 40 pg of mixed
i ' ] t 0 li.d natrijx
e Rl A a8 e DRI P o RS, i gffed 1o me rrmsc
suspepeions yCelis sreeclegimpotaied ovithi snapsisy 4 Ry eldek§fomidt (BioRad) set to
320,\]1 Eg fllgr ce&t of purified cells that express a neural ,

e FEQHE, g DA< i PeVetter Mapompgmpplagira. ddies ekeciroporefion, cells are
. e T. with a | ectj.o _ '
incubfie ol 1O iR, o (eRBRIEG g U fefl aiitef LAER density in 2 10 om
cell oGhthie- diytpeodpd avifti B QD BErof QS8 VeictiBn 8 hg/m) s started 48 hours

reporter-selection marker construct pN-Sel'ect (Fig.
after plectgenoratian. pjuroneysinreoniginingemediust wastrepleced every 3-4 days. After

Qv r oppnt er., from EGF ntech), . o
three ERSERAINE "ShorRC W PP ARbAedr snf 4o 5 B8l cifgentiation
experBn@s. pP 4l nelifdr® dXpREBIng B | ' | i ibi

t ransf egﬂtiigj HESC and t hus gel I s!1 taf]é;f‘esgszt)dnﬁg% hggrsoéneyscén and exhibit
EGFH YASSCHE G ot er activity will be killed by contact

with the sel ection agent hygromycin in the

concentration range of 100 to 200 g/m. 29 WO

2005/ 118920 PCT/ US2005/ 011857 The vector pPUR

(Clontech) is an expression vector in which puromycin

N-acetyl -transferase expression is driven by the

constitutive SV40 pronoter. Both plasmds are

linearized and HESC are co-transfected, by

el ectroporation, with pN Sel ect vector and pPUR vect or

at a nolar ratio of approximately 15:1

(pN-Sel ect: pPUR). [0094) HESC are renoved in i ntact

cl unps using collagenase IV (1 ng/m; Invitrogen) for
7 mnutes, washed with cell culture nmedium and
resuspended in 0.5 m of cell culture nmedium(1.5-3.0

x 107 cells). Prior to electroporation, approxi mately
40 g of mxed linearized pN Sel ect and, pPUR plasmd
DNA, in 0.3 ml of PBS, is added to the HESC
suspension. Cells are electroporated with one pulse in
an el ectroporator (BioRad) set to 320V, 200 F, in a
0.4 cmgap cuvette, at roomtenperature. After '

el ectroporation, cells are
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i ncubated for 10 mnutes at roomtenperature and are
then plated at high density in a 10 cm cell culture
waele®b/1cvad ed with Matrigel . Puromycin sel ecti oPCT/BS2005/011857
g/m) is started 48 hours after electroporation.
ai ni ng medi um was repl aced every 3-4
WHA’E%S&W{% *hree weeks surviving colonies are
pi cked, expanded, and tested in neural differentiation

experinments. Peripheral neurons expressing BnB
1. raAgnsthethforindueing & fgreantationioldummas qub bryopip Stem eI EESC) or

hman e PR i e (AP M0 pleipny of 0} el il ol

comprijdlﬁg &f eulturipi said 19FS O wrdINRndgonoms aggregatmal dondl(cﬂelES@)tth stromal
human neural progenitor cells. (HNPr). oh Jeast
cells Opeimmaltqeﬂr@ﬂmd mmpwﬁ%&e%ﬁ jopg.gvherein at least one
HNPr under
nemo??gna;hl g4 };S}S%elﬁclt:%ﬁdﬂ t10 lgmc?%%g%u%nal cells or
str omal ceI | derived conponent s under serumfree
2. CORSidettRADf claier @hérent sal EGHES Cane selected fioal the grdup consisting of

marker is present after six days i culture. 2. The
HES17HERBJHUES, HUES2, JHAER?.HYES ﬂqqééfpégg sel ected from

the group consisting of HES1, HES2, HUES 1, HUES2,
HUES3, HUES4, and HUES 7. 3. The method of claim1l
3. WTE fidhdsicdf@1ditPr whereiedaid HoPr fis slectdiefrgmabp group consisting of .
consi sting of neuros g:m human neural crest
neurogpdieres apdilmmpn nguralrey ‘rﬁ?fﬁg%N tlaim 1 wherein said
differenti ated neur onal cells are selected fromthe

group consi sting of human peripheral neurons (HPN) and
4. humsmelsdivevhinel WhefchS@)id diferdittietedateomabéells| aug selgcted from the

wherein said dlffe enti at ed onal ceIIs are H
groupgiopsigiingef s igarogs (D in e R I}F (HSC).

wherein said HESC or HNPr are further contact ed w th
bone norphogenc protein 4, wnt, or retinoic acid. 7.
5. ThHoemmdthabofdainl hiverein yhié difarersiatad neEsmabeeliggpe HNC

over ex ress X, Snail, FoxD3, Sox 9, beta-catenin,

differgpti (GGF). 8. The method according to claim
1 vvherel n sal d stronmal cells are selected from one of
the followng: a) PA6 stromal cell line; or b

)
6. stThemdthaddf clhiime wiiefaiu 534i¢ EIHSSF of HYEe mgfuﬁégrr %ﬂntacted with bone

d| fferentia unan neural pr ogenitor cells. 9.
Wrﬁt?ﬂ‘éac‘@graﬂ’? neIG 4 Sﬁal m 6 wherein said stromal

ceIIs are mtotically inactivated

7. The method of claim 1, wherein said HESC or HNPr overexpress NCX, Snail,
FoxD3, Sox 9, beta-catenin, or neuregulin (GGF).

8. 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 huiman neural
progenitor cells.
9. The method according to claim 6 wherein said stromal cells are mitotically inactivated

by a method selected from the following:
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by a nethod selected fromthe follow ng: 31 WO

2005/ 118920 PCT/ US2005/011857 a) contacting said
waeosmedo2cel |s with mtonycin C at a concent r aPCDIS2005/011857

effective for blocking cell proliferation; b)

ir { gg: gc%n:t %ﬁmggl?lg Sfto %%["? &}S lﬂlhﬁ% {l‘wélélac ??o@cjentration effective for

pr ol i f slogking Bell prufiferhtip@r af or nal dehyde fi xation. 10
The nmet hod according to claim1l wherein said stronm

ce) | dmradwénhg@@udmtinem c¢lls witle desecef 1Fradintion @ffgm‘cqofor inhibiting
consi Stl{] g%ét he fo low ng: a) a stromal cell

menbr atfé lng 8% b) a stromal cell nenbrane
pé)eparﬁgrhﬁ,@mgfdgﬁy&dﬁm{bh a histol ogical fixative; and

c)” condi tioned nedi umor purified conponent thereof
fromgrowh of stromal cells. 11 A net hod of

purifyi.ng a si r.ed, di i a r
10. Jgf\fb r‘q)étl} ﬁg&cc §m§lt9 {%aﬂr&%[‘ivé rel‘h sal rllrgag ﬁ?@ﬁg ‘96% %qmqonent is
selectéfﬁ%}n%e Bp cassiQind d¥ghd ﬂ)ll@bv&lmgn 1 wherein sal d that
or HNPr conprise a reporter gene oper ably

a@s)som &S@Qm@l qeH raerslriane preppi@tigpeci fi c pronpter,

erein
AR R R G R i S
tPat  eypidssncdaheliiaRe ptiifiedenaporkat thetef fivinhgbwih of stromal’
cl'aim 11 wherein said desired differentiated neuronal
cells. cel | is a HNCC and said promoter is selected for the
group consisting t of Snail, Sox 9, Msx 1, dHAND, and
Iow affinity NGF receptor (p75). 13. A nethod for .
duc i fferent
1 AR bbb ¥ bR ditRisefiaf R iRl 68} pomprising
C Q)Tp ri ﬂiff&entﬁhng saill akind@alsalldrdhEEST ocHAIPMadgorling to claim 1
i ncubating said HNCC with at | east one factor th?f{
wheregnspdthatRESC o HINRF eqaprise agsporter as eRpalyssagiat &V&P& cell

e O

neurod# cellndret hod of claim 13, wherein said neural cr est ‘

cell-derived cell is selected from
b) isolating cells that express said reporter gene.

12.  The method of claim 11 wherein said desired differentiated neuronal cell is a HNCC
and said promoter is selected for the group consistinglof Snail, Sox 9, Msx 1, dHAND, and
low affinity NGF receptor (p75).

13. A method for inducing differentiation of a neural crest cell-derived cell from a neural
crest cell comprising:

a) isolating said HNCC of claim 1;

b) incubating said HNCC with at least one factor that causes HNCC
differentiation or overexpressing in said HNCC at least one factor that causes HNCC

differentiation.
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the group consisting of neurons, glia, secretory cells
of the peripheral neuroendocrine system nel anocytes,
webesdisveyt es, and snooth nyocytes. 15. A net hedr/ok2005/011857
treating a disorder associated with deficient or
14. dg[fh%%éﬂ{@d Gf &bl S8R safdSiERh %%s?ﬁéﬂ-&er?&%@elﬁé fected from
admnistering to a patient in need thereo
the gidip tensistingatfeaduroasr ginatecratedyl cells bfitheheviphdrebmeuroendocrine system,
differentiated fr n1huH?n eggr onic stemcells (HESC
melanpeyies, iqnduogytes, ang SgpoHt Eype &1 s (HNPr) by the method
conprising co-culturing said HESC or HNPr under
non- aggregation conditions with stromal cells or
15. stA oretiododltteating a disdrdso aysonietedsvithudefariers er defebtieedifferentiated
conditions,. wherei.n at. | east .one. neur,onal rker
neuropl Gk optisihe affuflying E)EbaripA i et ool GlreroReted heuronal
cells 1t RRQ 1ebn _ﬁif?ér&gtﬂa@ed’ﬂ'a&h Slufhaf @nfbribEOsERY cdlig (HERT) bhuman

dysaut onom a and sai deficient” or defective
neurafipfogenitartcells GANReUhe methsd comprisingero-pHorialg sadBSE .or HNPr
17. A nethod of..screening for an agent .that. alters
undericpy AgeScRaaD eoRciBpns it Shomelosily of SEfipheldgfyedgomponents
underCserifikt!fied Iconditisas, ks aPleadtldRe néhrbRalleti@harker is present after six
non-aggregation conditions with stromal cells or
days iy fursel | derived conponents under serumfree
conditions in the presence of the candi date conpound
b) . determning the affect on differentiation of the

16. HEHe msth&iNG¥ clhien 1 He/hefbin §£4 aixbidt &dfaneidl sdutEiirhia and said
wherein an alteration of the differentiation of the

deficipptge dsfechnpdiffesentiptednauraaberlispre periphetal @garongel | s as
conpared to the differentiation of HESC or HNPr not
contacted with the agent to the differentiated

17. neAnnetiald ofstlesningdbicat ggnt that altdheditferditideade oL Asirontidells
alters differentiation. 18. A nethod for generating

COMPHANEH vitro nodel of human familial dysautonom a
c risi : gt d P .Sl " .
11 SerRtind SR ERA G DB offs el n6iP 2B B Anditions with

stromaptdlls @d strorBil R ndelriy pé porpencatsaindier seeamefiles @inditione i the presence
Wi | g type cells; 33 WD 2005/118920 PCT/ US2005/ 011857

of thefyan @ﬂ{%ﬂomnoiuﬁg said HESC or HNPr with under
n ‘Tilj - a9 e 'ﬂig tlfeQJI%'cf 6P B rBtions bf MEBIESE lo* FINFr to the
stfomal ce rived conmponents under serumfree

differentiedéd ne@menal c}lli sol ati ng peri pheral neuronal cells

wherejn said.peripheral. neyro el | conpr i I mef
wherd gh Sbeei peBE LR Shispat 1F ResFauiineiAps dfferortiatea
neuroB® cERS RS ESlBpared to the differentiation of HESC or HNPr not contacted with the

agent to the differentiated neuronal cells indicates that the candidate compound alters-

differentiation.

| 18. A method for generating an in vitro model of human familial dysautonomia

comprising

a) generating HESC or HNPr comprising a modification such that expression

levels of properly spliced IkBKAP polypeptide are decreased relative to wild type cells;
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19. The nmethod of claim 18 wherein said nodification
is selected fromthe group consisting of. a) altering
wo b@samdogenous | XBKAP gene on one or nore of poEUBEEZ011857
or HNPr chronosones to make a mutant |i BKAP gene; b)
i nb) oducd)-ngltm‘img' suid HHIC adiNPT ithgindernMirigtedat mnditions with

ne | B }—Eé: of HNPr; and c) using sIR
sppmabeelhdeatved cempongaigunon éerunefreem@ldmnﬂad
Of I\EZSLGIQ_OI@_ ??) %f?@?éou?]o %@lﬁtwﬁé%@%d%?ﬁ)h&%?ﬁeurgna cells

compnse lower expression levels of properly spliced IkBKAP polypeptide.

19. The method of claim 18 wherein said modification is selected from the group
consisting of: '
a) altering the endogenous IkBKAP gene on one or more of the HESC or HNPr
chromosomes to make a mutant IkBKAP gene; ’
b) introducing a mini-gene comprising a mutated IkBKAP gene into the HESC -

or HNPr; and
¢) »  using siRNA to decrease expression of the IikBKAP gene.

20.  The method of claim 19 wherein said mutant IkBKAP gene comprises a IVS2076™C

transversion.
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