DI FFERENTI ATI ON METHODS FOR PRODUCTI ON OF GLI AL CELL POPULATI ONS

CROSS- REFERENCE TO RELATED APPLI CATIONS [1] This application clains the
benefit oWoUBIZRYeMESi onal Patent Application No. 61/ 406p6&&AiS2diiiloeTys€Oct ober
26, 2010, as assigned to the Assignee of the present application and

I ncorporated herein by reference. STATEMENT OF GOVERNMENT SPONSORED
RESEARCH [ 2] This invention was supported in part by grant

R2INH087877- 011 r opiighe RENTIANAON METHEDS FOR PRODUCTON bR (NIMH) . The
Federal Governnent has certain rights in this invention. FIELD OF THE

I NVENTI ON [ 3] Thi s inventiogUigiatESL PoRUIAPYONRICt i on of cells and
honogeneous cel |l popul ations of glial |ineage.

CROSS-REFERENCE TO RELATED APPLICATIONS
[001] This application claims the benefit of US Provisional Patent
Application No. 61/406,664, filed October 26, 2010, as assigned to the

Assignee of the present application and incorporated herein by reference.

STATEMENT OF GOVERNMENT SPONSORED RESEARCH
[002] This invention was supported in part by grant R2ZIMH087877-01from
the National Institute of Mental Health (NIMH). The Federal Government has

certain rights in this invention.

FIELD OF THE INVENTION
[003] This invention relates to the production of cells and homogeneous cell

populations of glial lineage.

BACKGROUND OF THE INVENTION

[004] In the following discussion certain articles and methods will be
described for background and introductory purposes. Nothing contained
herein is to be construed as an “admission” of prior art. Applicant expressly
reserves the right to demonstrate, where appropriate, that the articles and
methods referenced herein do not constitute prior art under the applicable
statutory provisions.

[005] Effective conduction of action potentials in the mammalian central
nervous system (CNS) requires proper ensheathment and insulation of neuron
axons by myelin. Impairments of oligodendrocyte cells, the myelinogenic
cells of the mammalian CNS, cause a number of debilitating and often fatal
human conditions. The incapacitating effects of myelin defects are typified by
motor and sometimes cognitive deficiencies and are readily apparent in
congenital dysmyelinating disorders as well as acquired demyelinating

conditions such as multiple sclerosis and cerebral palsy. Treatment via



BACKGROUND OF THE INVENTION [4] In the follow ng discussion certain
articles and nethods will be described for background and introductory

pur poses.whiantviaegrosont ai ned herein is to be construed agCamwsS2@dosys? on” of
prior art. Applicant expressly reserves the right to denonstrate, where
appropriate, that the articles and nmethods referenced herein do not
constitute prior art under the applicable statutory provisions. [5]

Ef fective condugth@hin@fonafetdsAtudRtBH b efotalod HEhEBIERatiAd cHaALy @l nervous
system (CNS) requires proper ensheathnent and insul ati on of neuron axons by
myel i n | npai r merf ORI o SRePbelien elePgenorhavrinasgini c cell's of the
manmmal i an CNSLOO%PUSGT?anEﬁJHR_ﬁfon%? 8 Rlmhi ?ﬁdl B Ofils@ls hRh JhowhiERN
conditions. The Incapacitati n%J effects of rryelgl n defects are typified by
mot or and sonet ilepddo ewgriry iy e ledestly diyperaydigatehdonseemedsh WV Indreapshrlent i n
congeni {al -dysmyeli k! gy di@arsderss BBy ehiniRSERULLAHRMYRIFBA [ N9
condi tions such as nultiple sclerosi's and cerebra paﬁ Sy. eat ment via
renyel i nati on neciesgletfat esskiivher hinwa pagsitorcatly tomabotidiehumesl fetmstsi ng
capacity of end el L an i f.ex S . i nating
ol s, L6 Trandel an¢ ek amicy o phATREHAN: TR nEAREE AR HE, b con
shown to | ead t aumbecoderclls needed betlvdhicyl shylp onyaitlynahedentlse Thodel
(Wndrem et al., .Cell. StemCe]l, 2 : 553- 65 008).. ile clearly

ot abl §ohi ng. pr SHITO BRI s B “PRdHaRERs g’ Pt BafreRBRY Lo o
from abort ed humatirofl@ensab/eripordenliy tHedak oftRiatdle addractati phifogn Gal

chal | enges; however, provj di]g%%dt hde number of cells nefeded on.a clinical
scal e currently B M8 r 85 pligodendregyies “deyelopment |and; Pt osqrecaingr 4o t he
under st andi ng apdadnfaeafioant of nyelin-rel ated neurodegenerative disorders
is the lack of a scalable and tractable platformfor the study of

ol i godendr ocyt®HevePphei Vialngy P?frgagEFeéléﬂ?ﬁli‘gattﬁ?tlwﬁ%él&mteé’glﬁlst.o. [7] Stem
cel | biology hasmgak Aeh&Hh&ME hdd _Qiﬁelaémm&!éﬁn% and 841 RPh&Mchadhelafy.i MPact
human heal th t hr ough di sease nodel i n? and cell replacenent therapy.

Pl uripotent sterfle@RIeat sipmealt incRardgular nsredictlbarlif graberdaghseaigridant sour ce
of glial cells angh th&l hindfRGePrdelhifors. Winhfe REEMbRUSSEH TGS Rawa created
excitement for myelin repair by clearly denonstrating that oligodendrocytes
can be derived ferginspuior patcbmtepas] tysclearslemosstitipe thpepligaseydredyiEsa syst em
to study ol i godenglioqlic:d! (rfif dfipbRAL ol XL RS0L 9t ESfilia AORULA! o
honogenei ty without reliance on Imrunopanni ng, antibictic reésistance, or
cell sorting techdyglieslendro¢yplioage haprrbatiésdngleérdlr mpuletiénshdngagencitie

excitement for nyglin fepaif. ha QB.A 89’%2 Jegimpe ?““% nge pyre. popul ations
of ol i godendr oc;r%eopr(r)glenl t of cgﬂufl ? ?"aroe1 dllreg1 Uit to osbftg'%n in
clini cal | y-r el evahhiqgesantimpiogs popvidtivodbarhgerisprovildi axgitguene fandygbinent i f ul
glial cells are _necessar 0 _enabl e .t herapy thrgugh transplantation. [8]
There is thus a Hedd inlth dr £ ISR oy bty GhPar s R
popul ations of tpheegitdrakblld (OReapas diffindt orobpa ini diaically-fetavaGsntaias
ol i godendrocyt eﬁ\ﬂetﬂ-(pdes fgrr Sr%gilgi}ngl pql\r/ee QrEci glgnt?fgldél?a %gl?s eErQ Ingcers]sea?ydto enable
therapy through transplantation.
[008] There is thus a need in the art for production of cells and cell

populations of the glial lineages, and in particular for OPCs and

oligodendrocytes. The present invention addresses this need.

SUMMARY OF THE INVENTION
[009] This Summary is provided to introduce a selection of concepts in a
simplified form that are further described below in the Detailed Description.
This Summary is not intended to identify key or essential features of the

claimed subject matter, nor is it intended to be used to limit the scope of the
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SUMMARY OF THE I NVENTION [9] This Summary is provided to introduce a

sel ection of concepts in a sinplified formthat are further described bel ow
in the Devaizbexd®®scription. This Sumrary is not intendedTius20ident7sdy key
or essential features of the claimed subject matter, nor is it intended to
be used to Iimt the scope of the «clainmed subject matter. O her features,

details, utilities, and advantages of the claimed subject matter will be
apparent from t heif@] {@McnGaiir btheneBledl doadls, RRGES Bld KRahdlsk BdiHag t hose
aspects illustrated in the acconpanyi ng drawi ngs and defined in the

appended cl ai s 14001 O1IKE MBI EsEH b appeRel Bem phoolallgenenitiradacuitsy!
generating glialpg&ldidn GRIREdSHOS FpAW ik ARTTR HeaRcAhPh RO URRLIngGe! | s
and/ or neural precursor cells under conditions that induce differentiation
of the manmal i artngiefimed ot bprppeadddslaamel/ or neural precursor cells into cells

and cel | populhbens il e ahichi A5AGE: nIRPESS Bkl B SILI 0012l 50

s for generation, expansion and use of- populations of
mamral i an gl i al compiigng gmwingdhangnpopplatppenisceds amlergodehpiraespr ecllsr ogeni t or

cells, oli 9°de”%8&»3é&?cﬁ%ionr%@1gaé ﬁ%ééeocgﬁérgﬁgu%{?&etﬂé’ ﬁ{ammtaﬂgn b Sé’otﬂegﬁ ic?% of

ol i godendr ocyt e progeni I godendrocytes, and a cytes by the
nmet hods descr i bedd/henarah preegrsorrcels ih@rcelless cell pepuldiians ofehdigichd liosmed i n t he
art currently. | 911 Thus resent invention

provi des a net hod° b engténﬁfg?%({ﬁ%#é%ﬁ%%%e %g%%ﬂ%gg%%%é@rﬁxgg%% Wng:
provi di ng pl uri pet et p@alaisns @hdmamealcinn glid evedls O pavdurlingo popiiops Wwiti pot ent
cells into neuroectpdermcells.b ulturing the pluripotent cells in the
oresence. of one R RBTE T AoBr v e e PR S sRd one o
nor e inhi bitors ggf pvdi@a HOHRRPGRAGTYC pRLOtiS tePatdWdYendrocytes, and
astrocytes by the methods described herein requires far less time than methods
used in the art currently.
[0011] Thus, the in one embodiment, the present invention provides a method
for generating mammalian neuroectoderm comprising: providing pluripotent
cells; and inducing development of the pluripotent cells into neuroectoderm
cells by culturing the pluripotent cells in the presence of one or more
inhibitors of an activin-nodal pathway and one or more inhibitors of a bone
morphogenetic protein pathway.
[0012] In another embodiment, the present invention provides a method for
generating mammalian patterned neuroectoderm comprising: providing a
pluripotent cell; inducing development of the pluripotent cell into
neuroectoderm by culturing the pluripotent cell in the presence of one or more
inhibitors of an activin-nodal pathway and one or more inhibitors of a bone
morphogenetic protein pathway; and inducing development of patterned
neuroectoderm by culturing the neuroectoderm in the presence of one or more
of sonic hedgehog, retinoic acid and noggin.
[0013] In yet another embodiment, the present invention provides a method
for generating mammalian oligodendrocyte progenitor cells comprising:
providing a pluripotent cell; inducing development of the pluripotent cell into
neuroectoderm by culturing the pluripotent cell in the presence of one or more
inhibitors of an activin-nodal pathway and one or more inhibitors of a bone

morphogenetic protein pathway; inducing development of patterned
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[0012] I n anot her enbodi nent, the present invention provides a nethod for
generating manmal i an patterned neuroectoderm conprising: providing a

pl uri pot emd 2096706 nduci ng devel opnment of the pluri pot elCTaskO11i051769

neur oect oderm by culturing the pluripotent cell in the presence of one or
nore inhibitors of an activin-nodal pathway and one or nore inhibitors of a
bone nor phogenetic protein pathway; and inducing devel opnment of patterned

neur oect oder m byegdbdidte By tHigure WhOReEREABIH N iR teReLAR R BEE0OhoRNE OF nDre
of soni c hedgehog, retinoi c aci d and noggin. [001 %Pln yet anot her

embodi ment, t he PredededgeRoR el proWNdaeesn; n‘ﬁ‘flhlé fingr dgyslemati g

marmal i an ol i go%ﬁggdeﬁéf%&ﬁe deggﬁwrtcats Bﬁkﬁlﬁlrlﬁgﬁiﬁebﬁﬂef}@d RO GlcRFard
pl uri potent cell; "i nduci'ng devel opment” of the pluripotent cell into

neur oect oder m b)Pe](l:Sullntth? pregeneh el preuri ipoe ehe fbedhlasi gropelagioaseplatelebf one or
nore i nhibitors gf, e@l%r%'fﬁ@t&a 99(91'10 l&gg y and one or nore inhibitors of a

bone nor phogenetic protein pat ng devel opnent of patterned
neur oect oder my4kul fuspmng &Sh@tsneﬁrthf@@te@idnedlmeints, tthve ppripsteniceclofis ene or nore

of soni ¢ hedgenhqg,,, f gk, ?:gb?asfa?t%n% %ﬂdanﬁog%ﬂﬁ‘er %Lgts tﬂé’kifnp % &gliggment of

ol i godendrocyte pr ogenl rce y cul turing e pa neur oect oder mal
cells in the presenacpreafrsarvell.on smmeeendfodmlefntsbttmmhaatotegr ocit t3 a‘axdemr a

pl at el et - deri vedH%r owtchSt fmage 1p(§§§2<(€jr asrg{iu elntale(%%rePg Itacr?ﬁgllpbgl aspect s of

t hese embodi nentd X Re SpibF 153’ Bt em cel |,
and in other as mesettﬁe tohentmlsas bpiPeate ftralclultmedalthepllre@dncmteechSISTATel . In

sone enbodi nent s, the r od nbryonl stem cel |
(ESC) or a rodedthipi H)(li %f"ﬁ&’t‘t%}t ‘%?fFref‘tfal-‘"&e PR 1HRiAR ﬁp1§]§§tell he rodent
ESCs or iPCs ar eefi béfste cehttrtuufgemfftremtahen t@rreﬁleeaede@tl a JAK/ STAT inhi bitor,

such as JAK | nhi itor |, to differentiate the ¢ into an epiblast-Ilike
cell before CBQQt? S(&ﬂ“f e ?éltqsﬁﬁ alimERfo Etl’E}H'é‘F%Of the ativin-

nodal pathway is SB431542, and the one or more inhibitors of the bone
morphogenetic protein pathway is selected from dorsomorphin, LDN-193189
or noggin. In some aspects of these embodiments, 75% or more of cells
resulting from the culture of the pluripotent cells are neuroectoderm cells, and
in other aspects, 80%, 85%, 90%, 95%, 99% or more of cells resulting from
the culture of the pluripotent cells are neuroectoderm cells.

[0016] In some aspects, one of retinoic acid, sonic hedgehog or noggin is used
in the culture of the neuroectoderm to produce patterned neuroectoderm, and
in some aspects two of retinoic acid, sonic hedgehog or noggin are used in the
culture of the neuroectoderm to produce patterned neuroectoderm. In yet
other aspects all three of retinoic acid, sonic hedgehog and noggin are used in
the culture of the neuroectoderm to produce patterned neuroectoderm. In
some aspects, one or more of a fibroblast growth factor, a platelet-derived
growth factor and sonic hedgehog are used to induce development of
oligodendrocyte progenitor cells from the patterned neuroectoderm, and in
other aspects, all three of a fibroblast growth factor, a platelet-derived growth
factor and sonic hedgehog are used to induce development of oligodendrocyte
progenitor cells from patterned neuroectoderm. In some aspects, the fibroblast
growth factor is FGI2 and the platelet-derived growth factor is PDGF-AA.
neuroectoderm. In some aspects of these embodiments, 75% or more of cells

resulting from the culture of the patterned neuroectoderm are oligodendrocyte
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[ 0015] I n sone aspects of these enbodi nents, the inhibitor of the activin-
nodal pathway is SB431542, and the one or nore inhibitors of the bone

nor phogerwi2012096108i N pat hway is sel ected from dor sonor pRrUS2LDNSTTSB189 or
noggin. In sone aspects of these enbodi nents, 75%or nore of cells
resulting fromthe culture of the pluripotent cells are neuroectoderm
cells, and in other aspects, 80% 85% 90% 95% 99% or nore of cells

resulting from tR@ehitdricUni€ aff int (ifer RLPeLis QIR 59 8hYS 989, LoTB UF RSkt gder m
cells. [0016]1n some aspects, one of retinoic acid, sonic hedgehog or

noggi n i s used iAll% HesUinet dfog ghe t fdurre i ot FaETRAdt GepPerdRiCEN patt er ned

neuroect oderm afid,deRdrsONBpR8ARSGE &1k W0 of retinoic acid, sonic hedgehog or
noggin are used in the culgure of the neuroectodermto produce patterned

neur oect oder mOOIAl yet Mathsepspegpelcths ingkitionhpdedeghameciuisiicoappdiionsoni ¢
hedgehog and ”OQthggéHi% Hﬁe%lgadén%c%' Weniedr LR Nepr &%Ctiﬁ [iH%t o produce
er n artioro

patterned neuroect sOne aspects, One or nore o | ast
growt h factor, ahphateltet-cdeppyedsgroptiiing de tobigodndrosinpogtredyedivyg are used
Lo, i nduce dovel op R Alo P APSRTTLAGNLE LORRRLIRT eRLLALAaMERe |
growth factor, aoppatied &boﬂgﬁdenc&dc;gafpmgmlitbacﬂil,spfﬂnndnx@mtﬁrjrcaﬂtbldgaafchg are used
neur oeot oderm  TRISOHE heBebr ST RRFHbY BBaEEr s Biafy kebi® sPars and

t he pl at el et - derdthee dspgeovihdludeagdating iasmEDGEF-cdRliticheolt e TNl er msubjpctsone
aspects of these enbodi nents, .75% or re of cells resulting fromthe
Culture of the pATPRRHLHTENEGAE (b DL & ThrrigteH Ry s BgEn | or
cells, and in otilwesligasp@eicste pti¥itcdo8s PO MmetBQKOD theidreaticd. cel | s
resulting fromthe culture atterned neuroectoderm are

of the.
oIigodendrocygglﬁkogéﬁfﬁHﬁmﬁewwgﬂﬂﬁﬁéf#]%ﬁr@ﬁﬁwo%éﬁgﬁ‘§ ymgthd {Hvent i on
i ncl ude phar maceghdraly GANRMEN J1RBEARIPE ifddlgidrneuohioRdRNMRC e
progenitor cells of the invention, pharmaceutical conpositions conprising
t he ol i godendr odjaEngiap ghgfendiocyie progemior e¢lls i Ay e fBWIAINSNRYOVIA 2neur ons or

neuron precur SorplLQ%'oleﬁt’ Q129R@REHC dHRQL RGPS Sh D1l | @edepdr ocyte
progenitor cells of the invention, and research tools conprising the

ol i godendr ocyt e npvregderlerm by eeliuriag dfe pitwepoiany edtkin de. prysencect lvae oadpiect s

i nclude treating,s iﬂf‘éjbﬁéﬂ a&&’zﬂl@'ﬁédhf)%tma tha o%%rﬁl)r@ilﬁﬁﬁ?ﬂoﬁ%f LOJRI !SI Ng
adm nistering to the subject a therapeutically effective anobunt of the
ol i godendr ocyt e nmrppgnictior pedih s ppthwdyic eddusingmedehddpmet tohe pitieviedt | on.

neuroectoderm by culturing the neuroectoderm in the presence of one or more
of sonic hedgehog, retinoic acid and noggin; and inducing development of
oligodendrocyte progenitor cells by culturing the patterned neuroectoderm in
the presence of a fibroblast growth factor, a platelet-derived growth factor and
sonic hedgehog; and maintaining the oligodendrocyte progenitor cells by
culturing the oligodendrocyte cells in the presence of an activator of Wnt-f3-
catenin signaling or in the presence of fibroblast growth factor (FGF), platelet-
derived growth factor (PDGE) and sonic hedgehog (SHH).

[0019] In some aspects of this embodiment of the invention, 75% or more of
cells resulting from the culture of the patterned neuroectoderm are
oligodendrocyte progenitor cells, and in other aspects, 80%, 85%, 90%, 95%,
99% or more of cells resulting from the culture of the patterned neuroectoderm
are oligodendrocyte progenitor cells. In some aspects, 75% or more of cells in
the maintained culture of the oligodendrocyte progenitor cells are

oligodendrocyte progenitor cells, and in other aspects, 80%, 85%, 90%, 95%,
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[ 0018] Yet another enbodi ment of the invention provides a nethod for
generating manmal i an ol i godendrocyte progenitor cells and naintaining the
manmal | arwol2bpdeesocyt e progenitor cells in culture compritszeug/ossovi di ng
a pluripotent cell; inducing differentiation of the pluripotent cell into
neur oect oderm by culturing the pluripotent cell in the presence of one or
nore i nhibitors of an activin-nodal pathway and one or nore inhibitors of a

bone mor phogenetyog, P Gk Nof PRUIERYthe | M4IMEINED HRYE! aPIBNLigBfieddricy@r ned
neur oect oderm by culturing the neuroectodermin the presence of one or nore

of soni c hedgehd¥eerigrically &e algafleBHECHoBGRIPIOBRNS] ke BRinhsPerév e Blsnent of

ol i godendrocyt e B,8@&3ht OF (e ahicidtY, thUbiHhIPG WG PakdGl BigrhiAgYE gect oder m
in the presence of a fibroblast gromh factor, a platelet-derived growth

factor and soni &3YieBgatibiger, anddn snerific asnsrtnghe GEKP ingibitenid CHBRYY2br ogeni t or
cells by cult gy th i 0qd te.C inct r. ~ n
y %0;26‘%(: Al dodq %g?c{tsc’?ﬁ’ Bis ChioRirhdhe (R EnP 1%?8@1'9 it olfﬁ@ast or owt h

activator of atenin sign ng or in the presence o
factor (FGF), plneteldetfordendrater digodentrotget om (IRDGZpdandbesio mirazehigdgehog

(SHH). [0019]1n cgﬁ)ﬁrremzﬁﬁt%ﬁgé sinOfculEuq;l—: S o 1%(:1| gm3 uﬁetulglgg[ ttﬁ'ee él%%gé}ltd}o%nt’e 75% or

nore of cells resulting fromthe culture of°t terned neuroect oderm are
ol i godendr ocyt e pprgegiemidelly inceédk labsenendl FAF and D (ES pelcinsthe §O%nc85¥%@ 90% 95%
99% or nore of ffeltl stresul tin ff rom.t he 1cuI ture oft t he Hat ernedt

neur oect oder m ar &' {%SEANYF SEFESH Senit SFICETES 1R JBIETINE¥ et s, 75% or
nore of cells i nliffdientimaomaa@ivaediscity ol rabnd (18).0lAddodetcspakt & thisogeni t or
cells are oligodendrocyte progenitar cells d in other aspects, 80% 85%
50% 95% 99% or BTGB oIBY MRy Rsrp el gue DaRHE BGE T hEom

ol i godendr ocyt e (y agighdch@iocnel proganiter ekilgasgnainhec yihecpfvagesdrig@isingel [ s. In
sone aspects of this enbodi ngnt of the invention, the activator of

Wit - P- cat eni n siCYh4Mentei ¥1egdeadiosy's RAERNHPE S71ls Wnthei RrepecPf ifcP%Epect s, the

GSK3[ 3 i nhi bi t OfndrphdetieRd PRALn anc{@ﬂsa@BTAquiammpaétwa@aeC_ts of this
enbodi ment of the i1nvention include nethods for generating oligodendrocytes

from the ol i gl§éhldr oEXftee epbpdjasnts grd awerts ohtieripyinter aierlesgiibediietheconpri si ng
cul turing the olpgodendiQipyserdswaeni tor cells in the absence of FG- and
PDG- and in the presence of a factor to pronote differentiation. In sone
aspects the oligodendrocyte differentiation activator is thyroid hornone

(T3). Addi t})pEERIPFIRAE bF ﬁflEtFI?b@R%%gbodi ment of the invention include

nmet hods for generating astrocytes fromthe oligodendrocyte progenitor cells
mai nt ai ned i nl@akk ur Eiguoripisi gi peperalll scheniatg shoaving ithipodeng rad cdirestedr ogeni t or

pat hway act i vat oo Best) SRERSsARAT ARFRE L PLELRL R EudAE Conti on are
described in the3PDet &igued2 Deslaricpirt dlustpeing wesu DESTRhETOTREnORx piredBiokl GURES
changes during transition of EpiSCs to neuroectoderm.
[0024] Figure 3 is a bar chart illustrating results obtained of gene expression
changes during transition of patterned neuroectoderm into OPCs.
[0025] Figure 4 is a bar chart illustrating results obtained of gene expression
changes during transition of OPCs to oligodendrocytes.
[0026] Figure 5 is a bar chart illustrating the suppression of expression of
mature oligodendrocyte markers upon treatment of OPCs with a GSK3p

inhibitor Chir099021.

DEFINITIONS
[0027] The terms used herein are intended to have the plain and ordinary

meaning as understood by those of ordinary skill in the art. The following
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[0022] Figure 1 is a general schematic showi ng the steps of directed
differentiation of pluripotent cells into cells of the oligodendrocyte cell

fate. [00EB2pi29s®52 is a bar chart illustrating result®cohtsadines’7ed gene
expressi on changes during transition of Epi SCs to neuroectoderm
[0024] Figure 3 is a bar chart illustrating results obtained of gene

expression changes during transition of patterned neuroectoderminto OPCs.
[0025] Figure 4 igfiRubar akhafidndbd lbisdid ahd NeadeL K| dnderoRb@hdare PresGRNE

SXPT eSSt On CNaN g . buiCare not Tntendeq 1o vary or Giherwsc i) e eaning ot such
terms unless specifically indicated.

[0028] The terms "astrocytes" and “astroglia” refer to glial cells that anchor
neurons to their blood supply. Astrocytes of the present invention refer to
both protoplasmic and fibrous astrocytes. Astrocytes of the present invention
are characterized by expression of one or more of glial fibrillary acidic protein
(GFAP), S100 beta, glutamine sythetase, GLAST or GLT1 and have at least
one astrocytic structural or functional phenotype. Astrocytic structural
phenotypes include a round nucleus, a "star shaped" body and many long
processes that end as vascular foot plates on the small blood vessels of the
CNS; further examples of structural astrocytic phenotypes may be found in the
following materials: Reynolds and Weiss, Science, 255:1707-1710 (1992);
Reynolds, et al., J. Neurosci, 12:4565-4574 (1992); and Kandel, et al.,
Principles of Neuroscience, Third Ed. (1991) (Appleton & Lange).

[0029] A “binding agent” is any molecule that binds to one or more regions on
or in a cell of a particular cell fate via association by chemical or physical
means. For the purposes of the present invention, a binding agent preferably
selectively interacts with a cell surface molecule or intracellular protein or
moiety that is unique to cells of a particular cell fate, e.g., oligodendrocyte
progenitor cells. Examples of binding agents that can be used in this invention
include, but are not restricted to: peptides, proteins (including derivatized or
labeled proteins); antibodies or fragments thereof; small molecules; aptamers;
carbohydrates and/or other non-protein binding moieties; derivatives and
fragments of naturally-occurring binding partners; peptidomimetics; and
pharmacophores.

[0030] The term “biological process” as used herein includes both normal
physiological processes, such as remyelination, neuroprotection, etc., as well
as pathological processes, e.g., those involved in diseases and conditions such
as autoimmune diseases, neurodegenerative diseases, diseases involving
genetic dysfunction, and the like.

[0031] The term “diagnostic tool” as used herein refers to any composition or
assay of the invention used in order to carry out a diagnostic test or assay on a

patient sample. As a diagnostic tool, the composition of the invention may be
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[0026] Figure 5 is a bar chart illustrating the suppression of expression of
mat ure ol i godendrocyte markers upon treatnment of OPCs with a GSK3[ 3

i nhi bi t orwGhr200e®21. DEFI NI TI ONS [ 0027] The terns used I[reraiSnoiang77snt ended
to have the plain and ordi nary neani ng as understood by those of ordinary
skill in the art. The following definitions are intended to aid the reader
I n understanding the present invention, but are not intended to vary or

otherw se |imt bhgidrRAIONBC1Rh of MElly1é §HebFic WHhERS aRPRCIuEH ﬁﬁ%’ formigadi cat ed.
[ 0028] The terns "astrocytes” and "astroglia” refer to glial cells that
anchor of a diagnostic test regulated by a federal or state agency.

[0032] The term "excipient" refers to an inert substance added to a
pharmaceutical composition of the invention to further facilitate
administration of the therapeutic cells. Examples, without limitation, of
excipients include saline, calcium carbonate, calcium phosphate, various
sugars and types of starch, cellulose derivatives, gelatin, vegetable oils and
polyethylene glycols.

[0033] The term “glial cells” and “glia” refer to non-neuronal precursor and/or
fully-differentiated cells in the nervous system that provide support and
nutrition, maintain homeostasis, form myelin, and participate in signal
transmission. Examples of glial cells of the present invention include but are
not limited to oligodendrocyte progenitor cells, oligodendrocytes and
astrocytes.

[0034] The terms “introducing”, “introduction” and the like when used in the
context of delivery of an agent to a cell (e.g., a wnt pathway activator or a
activin-nodal pathway inhibitor) refer to the delivery of the agent in any
biologically effective form, including but not limited to peptides, proteins
(including derivatized or labeled protein), antibodies or fragments thereof,
small molecules, aptamers, peptidomimetics, and/or pharmacophores. The
term “introducing” is also intended to encompass the introduction through
genetic means, e.g., the introduction of a gene expression vector such as a
viral vector (e.g., an adenoviral vector or a lentiviral vector) or an epigenetic
vector.

[0035] The term "oligodendrocyte" refers to mature well-differentiated
oligodendrocytes. Mature oligodendrocytes may be distinguished from
oligodendrocyte progenitor cells both by structural and functional phenotypes.
Examples of mature oligodendrocyte functional phenotypes include but are
not limited to expression of one or more markers such as proteolipid protein
(PLP), myelin basic protein (MBP), myelin-associated glycoprotein (MAG),
myelin oligodendrocyte glycoprotein (MOG), and/or one or more
galactocerebrosides (O1, GalC). Examples of mature oligodendrocyte
structural phenotypes include but are not limited to, a branched and ramified

phenotype and the ability to effect myelination.
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neurons to their blood supply. Astrocytes of the present invention refer to
both protoplasm c and fibrous astrocytes. Astrocytes of the present

i nvent i orwanre12iveract eri zed by expressi on of one or nor @CofuSgdllaF7759
fibrillary acidic protein (GFAP), S100 beta, glutam ne sythetase, G.AST or
GLT1 and have at |east one astrocytic structural or functi onal phenot ype.
Astrocytic structural phenotypes include a round nucleus, a "star shaped”

body and manydoesg pﬁﬁ@%&ﬁﬁs‘oﬁlaﬁfen@r@@t@%rdg@ﬁ%|c@[ls’fQIQT- «pbai-ess grat he snal |
bl ood vessels of the CNS; further exanples of structural astrocytic

phenot ypes may BECefouistEri i t #alst drat olii¥eg theat eaprelys : o RefffssiateariBfowei ss,

Sci ence, 255! 17Qyfis éc%:ﬁ@roéyjtgsgg)l?Cs Bﬁm@kﬁ’s‘ém #he@lfrom dlig OME&Z& botili%y4565 4574
(1992); and Kande? et dl., Principles o% Neur osci ence ird Ed. (1991)

(Appl eton & Lang@)lctura{ @gng}m%lonﬂdu pldinAyPerg e nitxaniples aply apptligetdndrackigt  bi nds to
one or nore regl g(%%m?d} B fl!uﬁ ySI e%no e theRR tﬂu?u cHot ‘ﬁﬁﬁtlad tdatca Vth

associ ation by m cal ans. For the pur poses o ﬂe pr esent
i nvention, a bi mhmgotagem thptraah divads] apd be kegeniladeby thiaetoe meed sasweigeshina cel |

surface ol ecul g rf:)l ;htavea?neféja%.h?%egﬁ?iQ ogfié‘ﬁ s g;{%ht?al%otc{‘f?ér e “ﬂaltq‘de to cells

of a particul ar “Cel e progenl or ce Exanpl es
of bi ndi ng agenme11Mg@henot;@emﬁfbctmyd:limiats';ori inventndiv vitne | ude, but are not
restricted to ti r.of ei ns |ncu der.ivati

brotel nsy . anttBEh edflert RhfuRubon St MRoiind Bt BRGrelor dsrer o

car bohydr at es and/mdsre Qifl‘tﬁé cmeptmt @ivéntioh nidbdrpedrein, esith dtereastactneves and
fragnments of naturall rri ng bi ndi ng partners; peptidom netics; and
phar nacophor es. ﬁ&é‘ﬁ“ﬁﬁ F?‘Rl BCWDYi cal process" as used herein incl udes

both normal physspl Og‘h@aalrmp'[)ﬁlﬁ”ﬁs&aﬁcal@u@&pﬁslercaﬂléfl‘i tefead !oQik;amer or a
neuroprotectlon etc. rocesses t hose

well a th |
i nvol ved in di sdiugdt Iéi‘ﬁéace%ﬁ?:ﬁ ‘{e?lg‘ﬁg%‘gﬂgw?lglé’ﬁ’iiﬁ‘g} Ay e 2pf @8&%‘? of

neur odegener at i Vi &inSRiASRY celd. SRASHEs WwhohMimighigs BEtirfied iRl progidren, and the
l'ike. [0031] The term "di agnostic tool" as used herein refers to any

conposi tion or &8l sadimetarpilsionsspd meruEsPraaicoPlients tihawtery out a

di agnostic tefdow]r a?ﬁ@)(erﬁhn”;ﬁur%&h@@éllss%f&ls% obfs AadhRADPSL 6f bo@l . the
conposition o he i nvention my be
differentiating into more specialized cell types (e.g., glial cells) having a

particular, specialized function (i.e., "fully differentiated" cells) and the ability
to give rise to cells having the same or similar undifferentiated state.

[0040] The term “research tool” as used herein refers to any cell composition
of the invention or use of the cells or cell compositions of the invention for
scientific inquiry, either academic or commercial in nature, including the
development of pharmaceutical and/or biological therapeutics. The research
tools of the invention are not intended to be therapeutic or to be subject to
regulatory approval; rather, the research tools of the invention are intended to
facilitate research and aid in such development activities, including any
activities performed with the intention to produce information to support a
regulatory submission.

[0041] The term “selectively binds,” “selective binding” and the like as used
herein, when referring to a binding partner (e.g., protein, nucleic acid,
antibody, etc.), refers to a binding reaction which is determinative of the
presence of a composition (typically a cell marker) in heterogeneous
population of molecules (e.g., proteins and other biologics). Thus, under

designated assay conditions, the binding partner will bind to a composition of

9



considered a collection of analyte specific reagents, and as such may form
part of a diagnostic test regulated by a federal or state agency. [0032] The
term " excwpizerstdveroef ers to an inert substance added to &Cphseomostrse cal
conposition of the invention to further facilitate adm nistration of the

t herapeutic cells. Exanples, without limtation, of excipients include

sal i ne, cal cium carbonate, cal cium phosphate, various sugars and types of

starch, cel | ul osg dedi¥ahi &S iwdEh@! hdlbackEGEIiAMdEyiQInbEsuiehdaal yailhyl ene
glycols. [0033] The term"glial cells" and "glia" refer to non-neuronal

precur sor and/ ol fRuJgNIGNE fEPEY (e ézthéa CRBPISEION ((eHeMHEFTORIESEY &t B¥n t hat

provide support safdeNUiyidaii@NpedBi 'Bhfaln% ‘k}ﬁnﬁ@&t@% Sive (D U &rbdha and
participate in signal transm ssi on. anples of glial cells of the present

i nvention incl udgenpluer zgise %@tmqﬂﬁrfml@ailytl@mﬁlthgbélfémjﬂ%ymés prdgennd.or cel | s,
Ol I godendr Ocyt eSFh 5' nﬁér &e gﬁ%\{%cﬁéorrdlt{ogg ﬁl%]b ené arlRr bi!n@% ogﬁe%] elr{f&llar

"introduction" en used Iint ntext o very of an
agent to a cell “(aegeg’ compqmtonpmdhdvaw m¢thindatror sognifacaac pinvim-tnodbdr pat hway
inhibitor) refer ¢t f the agent in any biologically effective
form including I?)Ol cu esﬁreg %y pept| des, proteins (including
derivati zed otfO0H2abel @tle prot snzﬂbmo]anﬂe”btsais@lshemin fefeagmnhdeduﬂﬁewfe(sfz,e smal |
nol ecul es, apt amer s eptidom netics Q he term
Tt roduci ngt -+ eompyafE ib G SRiouiREs SRR, FRFSR B Mifdugn
genetic rreans @hgrmacédmeals nt ﬂ@dumhnouxcﬂnidea igeleicalX pies\iotitudeclear, such as a
viral vector denovi r al | entivijr

| vector) or an
Lol aeneti 6 oot aoeingaadRe R 6ty YEFE Bk S e temd ki BhE ke o o
wel | -di fferenti apaeabout 5000 Da, more preferably up to 2000 Da, and most preferably up
to about 1000 Da.

[0043] As used herein, the terms “treat,” "treatment," "treating," and the like,
refer to obtaining a desired pharmacologic and/or physiologic effect. The
effect may be prophylactic in terms of completely or partially preventing a
disease or symptom thereof and/or may be therapeutic in terms of a partial or
complete cure for a disease and/or adverse affect attributable to the disease.
"Treatment," as used herein, covers any treatment of a disease in a mammal,
particularly in a human, and includes: (a) preventing the disease from
occurring in a subject which may be predisposed to the disease but has not yet
been diagnosed as having it; (b) inhibiting the disease, i.e., arresting its
development; and (c) relieving the disease, e.g., causing regression of the

disease, e.g., to completely or partially remove symptoms of the disease.

DETAILED DESCRIPTION OF THE INVENTION
[0044] The practice of the techniques described herein may employ, unless
otherwise indicated, conventional techniques and descriptions of organic
chemistry, polymer technology, molecular biology (including recombinant
techniques), cell biology, mammalian cell culture, biochemistry, and
sequencing technology, which are within the skill of those who practice in the
art.  Such conventional techniques include polymer array synthesis,
hybridization and ligation of polynucleotides, and detection of hybridization

using a label. Specific illustrations of suitable techniques can be had by
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ol i godendrocytes. Mature oligodendrocytes may be distingui shed from

ol i godendrocyte progenitor cells both by structural and functional
phenot ypewo 2Ba9pioés of mat ure ol i godendrocyt e functi on®CTalSeMoNyI6eS
include but are not limted to expression of one or nore markers such as
proteolipid protein (PLP), nyelin basic protein (MBP), nyelin-associ ated
gl ycoprotein (MAG, nyelin oligodendrocyte glycoprotein (MOG, and/or one

or nore gal act 0GetRREOR HRSexafiples Elct. - HEXAP| fRifer QquivRibMr &nQbdi@gsdendr ocyt e
structural phenotypes include but are not limted to, a branched and

ranified phenot PHECAHE t4e OREPITS o PeetsPéctuchyenyteia fcchpawy and
2012/ 096705PCT/ YaeBld4 Q54458 kRR36L Thedh.ar faﬁor'léﬁa{y gRdendceayieppiqaeni tor

cells" and "OPCs" as used herein refer to cells that have the capacity to
differentiate ind@ol dgdehdl daymes (BIOSCSciepdiicheligit SEVHguiighed Gerflom

ol i godendr ocyt es- BoL N By, 5k [ HEhMAbr s@ﬂq)afvﬂqglt)(hg,r@sic%e?ln@&%p%% cdmganpl es of
an ol i godendrocyte progenitor cell Funct ona henot ype 1 nc uge, but are
not limted to, Hel(Dsforh&resar d-amiat ot iak, (Edse. C08Nattseatidiofisder dird be
expanded for thr [ r i I+ ure ] tory.capacity,
and the potenti aﬁfl}gl?%v’ é%flgﬁgﬁ(f%?sa grs’?‘ér?tﬂgﬁlg %?I’?‘%%Eﬁﬁﬁg')g%@%gﬁsﬁén o effect
nyel i nation in Wano Catiddthodyi(Elsevier] 8@8FhithRre¢serimringhetr atadeiad i(2617),

copost L1 on ¢kt 88, PO Rl O NGBS P BT 8,1
exci pient. [0038Julbe tfetmmaplerlsnadauwilenld goanceptdbing IGara00ey, Celief ers to a
carrier or a Culture Technology for Phamaceutical and Cell-Based Therapies (CRC

Press); Sambrook and Russell (2006), Condensed Protocols from Molecular

Cloning: A Laboratory Manual; and Sambrook and Russell (2002), Molecular

Cloning: A Laboratory Manual (both from Cold Spring Harbor Laboratory

Press); Stryer, L. (1995) Biochemistry, Fourth Ed. (W.H. Freeman); Nelson

and Cox (2000), Lehninger, Principles of Biochemistry, Third Ed. (W. H.

Freeman); and Berg et al. (2002) Biochemistry, Fifth Ed. (W.H. Freeman); all

of which are herein incorporated in their entirety by reference for all purposes.

[0045] Note that as used herein and in the appended claims, the singular forms
"a," "an," and "the" include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “an oligodendrocyte progenitor
cell” refers to one or more cells of glial cell fate, and reference to “sorting” or
“inducing” includes reference to equivalent steps and methods known to those
skilled in the art, and so forth.

[0046] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in
the art to which this invention belongs. All publications mentioned herein are
incorporated by reference for the purpose of describing and disclosing devices,
formulations and methodologies that may be used in connection with the
presently described invention.

[0047] Where a range of values is provided, it is understood that each
intervening value, between the upper and lower limit of that range and any

other stated or intervening value in that stated range is encompassed within the

invention. The upper and lower limits of these smaller ranges may
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diluent that facilitates delivery and/or the biological activity and
properties of the admnistered cells. Exanples without |imtation of
carriers wopeoopwsene gl ycol, saline, emnul sions and m PCUMAS3010/05TISgani c
solvents with water. [0039] The term "pluripotent cells" refers to cells
that are capable of both differentiating into nore specialized cell types

(e.g., glial cells) having a particular, specialized function (i.e., "fully
differentiated" jgRbéRkn®Nee {RfRidaPId thEYSrﬂaﬁergiaH%sr hiR€art Q16 &nbSmplAang the
sanme or simlar undifferentiated state 0040] The term "research tool" as

used herein ref e¥idin freapyentien Fubigsinioamy PR?ﬁlfmﬂyn treludad dntG Bnthestaigde of the
cells or cell cogpesi Wh@r@Sth@fstaEelaerathVﬁlBﬁlH&noﬁe%r B56&th & tthd tifids nﬁHgésy ei t her
academ c or conmercial in nature, including the devel opnment of

phar maceut i cal &nelrdng mltb¢ro§4>tba¢f thesa aprduded dlgnitsThe plse daglededt olhs of t he
invention are ”Qﬁehﬂ tended to be therapeutic or to be subject to regulatory
approval ; rather ‘research tools of the invention are intended to
facilitate red®gaBkch &mthedditbwing descliptdeysinppemspecint dorditsiaesset fortl tadi ng any
activities perf nt en [ ion.to support a
regul atory subn1§SF%H¥%F%65Q?$%“5@5%%@ﬂgé?%@??Hg%E Q&?nﬁﬁ%b%v égtlve

bi ndi ng" and themﬂﬂkem@amuse@nhefQMH1nwmentﬂmfémqnﬂ@mhowmﬁmhnmyﬁg part ner
(e.g., protein, acid, antibod ) g ndi ng reaction
whi o' 1 & det er mtrraTuR R B bioBREmR edinnBalt T uh pRy BhaRkTS A cel
marker) in heteﬁagaaemﬂqﬂn&ﬂmbavmnnm0®nnnme&umﬂ&d@edgiutmﬂenetﬁ&nand ot her
bi ol ogi cs). Thus E‘f %f gnateq§assa condj.tions, the binding partner
will bind to a CSHHBE]POGHT SFaPHE edﬂ“ﬁPm}east two times the
background and wi Il not substantially bind in a significant anount to other
conposi tion , / , specific

bi ndi ng wi | $UIBEe ¥et inystion jolliflierentiale and-Gireale LeliPoplaions se and nor e
typically nor fooubl]an 1ﬁe E)l‘ésell@QwElhtmﬁSs B@s@&fgﬁ %n@veﬂdmgverf,a Raepuepstgnat ed
conditions the binding partner binds to its particular "target" conposition
and does not bi it} ﬁelg %"Pd?ﬁ’l {iffergpiatedhiioneh tiodginnd serifs| Acdivelsppesdent in t he
sanpl e. [ 0042] Thendigsdints 08lslaniPhiESIpRtioRDL %@aﬂﬁfe@é@r&@ﬂlﬁhﬁng f—hea mol ecul e
of a size conparable to those organic nol ecul es generally used

cheni st ry- based cphaleradenaling ghyronmgal pepent dr chedexcleitied sgbeal Thls
macr onol ecul es ( f mal

organi c nDIeculégmggﬁggﬁgﬁﬁggééﬂ&g%kﬁkgﬁ%ﬁ%ﬁig%ﬁ&ﬁmxdﬁ§p§Ig%ﬁggégbly up to
2000 Da, and nosf cppasflerabilis inpludiog 4Bist oi@dendDecytes and astrocytes. The

methods provide the ability to create large quantities of cells of the glial

lineage, including oligodendrocyte progenitor cells from pluripotent stem
cells. Such OPCs can then be either expanded into additional OPCs or further
differentiated into mature cells such as oligodendrocytes and astrocytes.
These glial cells can be differentiated directly from pluripotent cells, or they
may be generated from existing neural precursor cells that are already partially
driven down the ectodermal cell fate pathway.

[0050] Figure 1 is a general schematic showing the steps of a method 100 for
directed differentiation of pluripotent cells into expandable populations of
OPCs, myelinating oligodendrocytes, and astrocytes. At 101, pluripotent cells
are provided. Numerous types of pluripotent cells can be used in the methods
of the present invention. The pluripotent cells are preferably mammalian stem
cells, although in certain aspects avian pluripotent cells may be used in the

generation of the cells and cell populations of the invention.
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[ 0043] As used herein, the terns "treat," "treatnent," "treating," and the
like, refer to obtaining a desired pharnacol ogi c and/ or physiol ogic effect.
The ef f ecwOrmaie/d9e70pr ophyl actic in terns of conpl etely orCparskéialobyso
preventing a di sease or synptomthereof and/or may be therapeutic in terns
of a partial or conplete cure for a disease and/or adverse affect
attributable to the disease. "Treatnent," as used herein, covers any
treatnment of g@odipeass sbifle AspRAMH ihe PRVAiOH! &E! Mudigbihe RUNBBre ARAENd NCl udes:
(a) preventing the disease fromoccurring in a,su%|ect whi ch may be

predi sposed to tEiPgicseeedle Buth 1t phtripgent e iclids gHos evpuasindasting it; (b)
inhibiting the g8 cells,fator HAUESIhEMbrid Seifl SVRI(RPRRBEs), A0Hadfdser 1 1 eving
t he di sease, e.g., causing regression of the disease, e.g., to conpletely

or partially remoswabed mperodesivest ag drscrified dages-. DETRRL ED. DEYCRI (PTMAN OF THE

| NVENTI ON [ 0044] Acti f ~gu ' et ej y enpl oy,
unl ess othermﬁsélﬁﬁ%ﬁ%gﬁéé{g?%ﬁ&%ﬁ??%ﬁgﬁgngﬁ%Pgggg&agﬁgggggfpg§$gns of
organi ¢ cheni st r2910/0¢1498fbandt lestrneslabgyatunepd48E1 B 190t 00120¢4), Knubdbudi.ng
reconbi nant techpj eCel. j.ol B | culture
bi ochem stry, agﬁbgggﬁ%ﬁgfﬁé&%g% H%g%a?fzaﬁ?%hqﬁrgggf?%iﬁﬁtrem8§$ll of
t hose who pract iicdcedepiblest samt cellSuochlentonmeptniogain tals HEGGuethai hokude
pol yner array synthesis, hybridization apd ligatign of |l.ynuc| eoti des, and
ot sctt on of hyBrhgaet gui el sl il 8% Poa BRIl ¥ERESt
sui tabl e techni gMasucant be., hadll,by/019):841-6f €1¥nge Reonithe eexanypNasirdier ei n
However, other ' ( c ntional. procedures can, of rse, also be
used. Such convéﬁ@kﬁﬁggg@édﬁﬁ¥§u@§1@ﬁ@P@@@d??%ﬁ?bﬁ?ﬂéﬁﬂs888$§%H'min
st aggars d | abo][ athavy beaﬂtgahegatgdlquna&x&ahdeelrrlle(oaﬂiﬁ4)esu@%mf n&dils Qledahat@,ll ture

BI ientific); Picot 5 H Pr ot H
éress),CbSCi; kc 6@?%%%5§£c‘@e%anﬁﬁﬁgﬂg?ﬂ§%§gﬁ%$égm”@%%% ? é%g??aLanza,
et al., (Eds.) (ROQ@hse, Easeows):-alwm-0fb éﬁmm H MBt 04,006, s3esdRNd: bd.
(El sevi er Academi c PreSé); Lanza, SE .). (2009), Essential Stem Cell Methods
(El sevi er AcadeMaurpidde)00)(3pidAg(20RD: 4o, teds. el SorCellHina¥’ Sbem Cel |

Manual (El sevi erof@adem6usBi@asdiar &NESANGY cdse B Rlent Glbkyhe @fm Aismal  Cel |'s
(John Wley & Sons); Ozturk and Hu (2006), Cell Culture Technol ogy for

Phamaceut i cal arfd reen| ingdyecddplmiytenpicelds. (leRe!lprags §)st ddieintisied ipdnRussel
2006), Condensegd,bx iSo 1,0 u L% on ok Manual ;
( ) ﬁglbﬁsp&fﬁ% 94(113% 53y f&%}q%‘}&' LAl r%ng('ﬂhl'ﬁ%onfgln OfALRTXT

and Sanbr ook and Russe ecul ar oni ng: A Laboratory Manua
(bot h from Col d igpbifongudias BOK Inlabigrrdfartyo Rr eysdays.St ryer, L. (1995)

Bi ochem stry, th . F , . l.ehni nger,
Principl es of[ ?%Ehegfg??§ﬁé§ﬁﬁrHEE%BH%§?P§#§3&6%@%%53&3%5%3g%8“§t al
(2002) Bi ochem stithy¢linkdafly helEchnt W dtypekr egrmange haling efecifiai miradgons drer ei n
i ncorporated in tpeir entirety %y.[eferepce.tog al | RYr pases.

polyhiorphisnis assocfated’with clifiical séfisitivities or patho ogles mh Humans.

Mouse embryonic stem cells having various mutations or polymorphisms

allow the production of glial cells with these mutations, which are useful in
studying disease progression and producing cell populations, e.g., for
identifying therapeutic candidate agents or toxicity testing of candidate or
existing therapeutic agents.

[0053] In other aspects, other mammalian pluripotent cells may be utilized,
depending on e.g., the mammal to be treated or the animal model of interest.
Such mammals include cats, dogs, horses, pigs, cows, sheep, etc., and
primates.

[0054] In other aspects, the pluripotent cells used in the methods of the
invention are human cells. For example, human embryonic stem cells can be

isolated from human blastocysts or derived from a delayed blastocyst stage
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[ 0045] Note that as used herein and in the appended cl ains, the singular
forms "a," "an," and "the" include plural referents unless the context
clearly dwvotatxmemsherw se. Thus, for exanple, referenceCraS2@n/057759

ol i godendrocyte progenitor cell"™ refers to one or nore cells of glial cell
fate, and reference to "sorting” or "inducing" includes reference to

equi val ent steps and net hods known to those skilled in the art, and so

forth. [0046] Unl(@?.s ades LaeHbQt RewW2s6s/04k63)t eslbfpdial candnSChRBLibI ¢ terns
used herein have the same neaning as commonly understood by one of ordinary

. g y. ul |
skill in the artbegdéghied Hramhjother SPRYPNIS MY eldsl gissuenupon B EtMNoiAs

mentioned herei nuRLE JnleRRRPERLAK BN EIHE R RGE ¢ Aind ARhRUKHRE FRuk
descri bi ng and di scl osi ng devi ces, formnul ations and net hodol ogi es that nmay

be used in conneéttdiedwiluripoteniecehs.e Sempiop tolel of ihogedcellniyienty Gair ofign47] Wiere a
range of val ues I [ Lol t I i,hg val ue,
g flotn E)lgl%?/ %%I?qr%ﬁst& égiglﬂlg ﬁg%%@?gls, @zﬁfcg %g;r?]yr E ! &thy 6ty N9

bet ween the upper an range an er stated or
i nt erveni ng val welld thatthagor sit gtigdeicagog ®ringticartbd npresesel vevar kpantanh@isi nvent i on.

.The upper. and | %\é‘ﬂa\yeﬁli(gnn‘lingosa%iurﬁ)gt%ﬁtestzﬁgau Ible%ﬁglggo%mg@%lil nﬂﬁ(ﬁ%ﬂtﬂ@s@t ly be
included in the smaller ranges, and are also encorrpassed’ w thin the
i nventi on subj ectll typeaivythe peedsionalf lepdezesdus dead, | whith miap thulseest at @d r ange.

R N N T I A S
cell lines useful to generate the OPCs, OPC populations, oligodendrocytes and
astrocytes of the invention. In some cases of human embryonic stem cells or
human induced pluripotent cells, the cells are first differentiated into an
epiblast state using, e.g., growth in a culture medium containing a JAK/STAT
inhibitor such as JAK Inhibitor I for two to four days.

[0055] Stem cells for use in the present invention also may be derived from
human embryonic germ (EG) cells. For additional details on methods of
preparation human embryonic germ cells see Shamblott et al., PNAS USA, 95:
13726 (1998) and U.S. Pat. No. 6,090,622. In certain aspects, the pluripotent
cells used for differentiation of the cells and cell populations of the glial cell
lineage are induced pluripotent stem cells, such as those as described in
Tokuzawa et al., Cell, 113(5):631-42 (2003).

[0056] At step 102, one or more activin-nodal pathway inhibitors and one or
more bone morphogenetic protein pathway inhibitors are added to the culture
medium of the pluripotent cells 101. Cell culture techniques are well known
in the art, with reference to such text books as Butler (2004), Animal Cell
Culture (BIOS Scientific); Picot (2005), Human Cell Culture Protocols
(Humana Press); Davis (2002), Basic Cell Culture, Second Ed. (Oxford
Press); Freshney (2010), Culture of Animal Cells (John Wiley & Sons); and
Ozturk and Hu (2006), Cell Culture Technology for Phamaceutical and Cell-
Based Therapies (CRC Press). For example, the pluripotent cells may be
epiblast stem cells, where the medium for culture comprises Knockout DMEM
supplemented with 20% Knockout Serum Replacement, Glutamax,
nonessential amino acids and 0.1 mM 2-mercaptoethanol (Sigma-Aldrich, St.

Louis, MQO), or other media known in the art.
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[0048] In the follow ng description, nunmerous specific details are set forth
to provide a nore thorough understandi ng of the present invention. However,
it wll beoappavers to one of skill in the art that thePpraseont/osTréenti on
may be practiced without one or nore of these specific details. In other

i nstances, features and procedures well known to those skilled in the art
have not been described in order to avoid obscuring the invention. Culture

Met hods of t henokfyventrh©Bnd @r Bidkd @&ﬁvﬂ;h@iaﬁ ARFa i @rsCaldl oRofUhatki ons
[0049] The present invention is based Fhe novel discovery that

pl uri potent st efPBeMOBhegHICtePgiciy é"r‘t@ﬁﬁ whdgor #e sl @ @er iHeduedri es of

devel opnent al tR@ﬁ%h&hﬁ&%:h&h&ncgbh§¢§99nﬁ§$thBHMhﬁhé@%ﬁaﬁ@dB?ﬁmg|'a|
| i neage, recapitulating the conplex signaling environnent present in the

devel opi ng enbr Y§?DAThigsnd, el ua@smellinwre@feﬁh@|B@n8f@mp1guﬁrqy@h drictos el cel | s
i nt | ativel Cs,
Into relatively g QI;efrgnﬂng L4 %th%{]m%ﬂéfﬂg@gé PGP &eu eﬁ%\ g'ﬁ&iaga

ol i godendr ocyt es trocyte e net provi 1Tty to create
| arge quantiti esneivedeh kgl diffetcheatighi atudids mé dlipemousnchudérpgt of NgBdéndr ocyt e

DrogenTtor 0el | SuATuRl YghPRuE g BTLSELLT. LPURREEES GADbRep Pe el fher
such as oIigodemdeqymewqandmmsmDbd@iegn Ehﬁssn@hnalncemusenmnmbe
from ext st ng nekrarisrchrss HarhE: b Srsp Pl SN Rnt 8T ven doun
t he ectoder mal GehbaﬁakﬁnpﬁihmﬂymukﬁﬁﬁﬁkfmgmﬂﬁmﬁdiQMngﬁaﬁrﬁhnﬁﬁhenatIC
show ng the step (% nﬁ E od 1%0(% ected d%fferen atl

pluripotent cel[° HFH% e R B I8 Wgﬁgmgﬁlﬁbéﬁuu%ﬂ ﬁPWhg

ol i godendr ocyt eslodzarscgnalsﬂgr@ﬁy{ba&s tOAtnaﬁﬂalmn@thb@@ﬂ@rﬁf hagkh smafyampr ovi ded.

Nuner ous types of Iur| | s can he use iin the nethods of the
pr esent |nvent|6W (Eﬁgf@p @H@“&QPP@“&F SR B DRI SPH st em

cells, although mdle&mf bﬁilp&u%@ﬁl@&ﬁblaéﬂt@ﬁepﬁrﬂﬁblﬂ&{ ENetiGfInb&al R@Malg used in
the generation of the cells and cell popul ations of the invention. WO

2012/ 096705PCT/ syt iy thestpsssg hESC pluripotency. Examples of inhibitors of the activin-
nodal pathway include but are not limited to SB431542, SB505124, A83-01,

and follistatin.

[0058] Bone Morphogenetic Proteins (BMPs) are a family of ligands that also
belong to the TGF beta superfamily. BMPs interact with specific receptors on
a cell surface, referred to as bone morphogenetic protein receptors. Signal
transduction through BMPRs results in phosphorylation of downstream
targets. The best characterized signaling cascade is the Smad pathway, shown
to be important in the development of the heart, central nervous system, and
cartilage, as well as post-natal bone development. Mutations in BMPs and
their antagonists, for example Sclerostin, are associated with a number of
human disorders that affect the skeleton and other tissues. Examples of bone
morphogenetic protein pathway inhibitors include but are not limited to
Dorsomorphin, LDN-193189, noggin, ALK3-Fc, ALK®6-Fc, Gremlin,
Chordin, and Cerberus.

[0059] Treatment of pluripotent cells, such as pluripotent epiblast stem cell,
with an activin-nodal pathway inhibitor such as SB431542, an inhibitor of
TGF beta superfamily Type I Activin receptor-like kinase (ALK) receptors
ALK4, ALKS, and ALK7 (see Inman, et al., Molecular Pharmacology,
62(1):65-74 (2002)) and a bone morphogenetic protein pathway inhibitor such
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[ 0051] I n sone aspects of the invention, the pluripotent cells are rodent
pluripotent cells. Such rodent pluripotent cells include rat or nobuse

i nduced pvoropawvemns cells, rat or nouse enbryoni c stem eeris2aS76€l | s),
such as those described in or derived as described in, e.g., U S Pat. No.
6, 190, 910; rat or nouse epi bl ast-derived stemcells (Epi SCs), such as those
descri bed in USSN 2010/ 0064380 and Tesar, et al., Nature, 448(7150):196-9

(2007), Epub Juns2brsodBfhhin, RQEIRRE sl hiRie 1hIHﬁQﬁBPBMPe§gﬂﬁﬁ§ts@e by
reference; rat or nouse induced epiblast stem cell rodent enbryonic germ

cel |'s (EGCs) t hafu tava- peanCeran iRiek 4r%f‘brﬁ29%r>ﬂ|r%w%él? FEEenFRECHIPGCS)  of

the m dgestati OQeﬁﬁpd’té(dénﬁ&{bcteﬁLﬂlffergﬁtlaﬂbn 710§e|T|he rZsQ&t Iﬁ:ﬂljoegtoéelq%gc?a}l Resni ck,
et al., Nature, 359(6395):550-1 (1992); and multipotent germine stemcells

(mGSCs) t hat haxﬂ@ﬂnﬁf@eﬁurt@%rdeﬁ@f@@@teﬂrlmmp@&gn%n@@eﬁ@éﬂm HIS hyegdtoteuinar cel | s
( Kanat suShi nohar, , H?L’é % sticul ar
cells (Quan, et ﬂ?a .r,ggeﬁlat(fjfroélggtlﬁl r(e%%gg{z E&%g%;é@ O%g e g@gi'%}agngm, 2006;
Seandel , et al. now‘nm’teate,mﬂ@”( Mg rSaks EIOtIQGZOD}?qulaKon oBtregibn- speCdic] St em
Cel I, 5( 1):87-9 t I r odent
enbryoni c stem grgfl%sgg%& 16t n(?p#?ldﬂd ﬁ%&p%:uquh?%o i gnaHP' Hg?sﬁe c%l | s are
first differentivatted lrefglcm arf e bﬂmtopmgatnemalsltmge e Qlfferegm@mm ton a

cul ture nmediumc inin i.bi t JAK In i.tor | for
Pwo Lo four dayd o Bomhiit Braetlor S atel My Siifnd BrelioeRliPh o o
derived from rodeld insh¢ pieRSicavbf mpmtdlamdela\beld)grm\edheﬁmam (PENOL y/ fiB®blag. g., M ce
havi ng specific nut |on hi sns ociated with clinical
sensitivities or‘grop"étﬁ ?ffoézf(gé) 4pﬁ ‘?\;ﬂﬁg h%ﬁ@@‘?%%) yoni ¢ stem cel l's having
various nutat {(pas] or Spat yHEagdhos Slfﬂino@dg| ovthes PhO At Chic@nprofeig@! inathecel I's with
t hese nutations, which are usef ins i ng di sea ressi on and
produci ng cel | WP%PP&%EEJ‘M@ P@ WaY &mlfyocé‘ﬁ‘fq ?ﬁ?gﬁ@gt‘ﬁ%Pé ?ﬁ’ﬂn& dessHdi dat e
agents or toxi Cinedgch8Stahdn@hn GaMEheAt &SI i€XhS bedGuldier apaudt biCargent s.

[ 0053] I n other aspects, other mammualian pluripotent cells may be utilized,

dependi ng on e. dedzehpg Siearhing Patbvde RIPERE @dkeyr Mt dpguhting nwaeras

interest. Such Redi) GhAUAS i@ SrowdP8SdigiRUnIBDbs aRll BFaniCANE of REEP, etc.,
and primates. [0054]Tn ot her aspects, the pI uripotent cells used in the

met hods of the ibfient Sewc dhedethosmis ovd (o, thEobesieeainplisbed reypmplc epfbiryoni ¢ st em

cell's can be morphogen—a molecule that diffuses to form a concentration gradient having

different effects on the cells of the developing embryo depending on its
concentration. Sonic hedgehog assumes various roles in patterning the central
nervous system (CNS) during vertebrate development, and remains important
in the adult, controlling cell division of adult stem cells. More recently, sonic
hedgehog has also been shown to act as an axonal guidance cue

[0061] Retinoic acid (RA) is a metabolite of vitamin A (retinol) that mediates
the functions of vitamin A required for growth and development. Retinoic acid
is required in chordate animals which includes all higher animals from fishes
to humans. During early embryonic development, retinoic acid generated in a
specific region of the embryo helps determine position along the embryonic
anterior/posterior axis by serving as an intercellular signaling molecule that
guides development of the posterior portion of the embryo. It acts through
Hox genes, which ultimately control anterior/posterior patterning in early
developmental stages.

[0062] Noggin, also known as NOG, is a protein which in humans is encoded

by the NOG gene. Noggin inhibits TGF-p signal transduction by binding to
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i sol ated from human bl astocysts or derived froma del ayed bl ast ocyst stage
(e.g., those described in W2006/040763). Pluripotent cell l|ines have al so
been deriweadofymmost her enbryonic and adult tissues upoRCEASR@NOATEDN in
cul ture, and techniques are known in the art for preparing such human

i nduced or derived pluripotent cells. Conmon to all of these cell types is
their origin fromeither early enbryos or germlineage cells, which appear

to be the only celfg tdhaly Nahher a0 BRVARMS! itfent ORGAT FRIMRN hafelrl S
perm ssive for spont aneous conversion into a pluripotent state. A nolecul ar

comonal i ty anmor§reRexEng SCEpPppd9egia RipE ©XEY delsi Bnndral dadsgemdis Cct 4,

whi ch may thus sgfiMgnaBvibaYAbLAR] tl?otﬁlélef’d}ﬁrﬁ's}/g%alﬁﬁrdﬂﬁﬁltcfrﬁ’Euc%@%ﬁ@&mor not a
cell can give rise to pluripotent cell Tines useful to generate the OPCs,

OPC popul at i ons andlfolygeien Moy keeckaridxaginagey has dsmontiaiadribemogsn. I n sone
cases of human %gep;pgagga%nﬂa?%&ﬁ'ﬂoﬁe agvefagﬁngé} joﬂw&ﬁlqual uhd RQtERbecel I's, the

cells are first renti at into an e state using, e.g., growh
in a cul ture medisen. co &icrﬁtng)@mmesmnt ﬁltﬂOb@db)r the QGasng Akndsnhi bi t or |

for two to four ag(g‘éfaf:tl\[aQeQSIgén%e?s% trsclngfgrlimﬁl r(aﬁz% %aQFoFJBEtgss erfabgléient ion

al so may be deri rom human e ryon| Cc ger i tional
det ai |l s on net hoigsalofg oteipsarsath anbdnt memphegireyio proceigdr MOtgglhlappfstesetoShanbl ott
et al., PNAS USA 9 ) In certain
cepacis. the p drvoRteniedit SRk B Rdoradha P pdn BT BRE celt < ang

cel | popul at i gos3of Phe:lagldeﬁ‘bedcgbbvtﬂ faae)ageD@tFe is Pde©E chupletius pedvatht st em
cells, such as tfhose as de ﬁ n]il (}g zawa et al Cell, 113(5):631-42
(2003). [0056] A<y aid%g“ %‘hée £ropill a0 PSS Pl 4 SEPHRAR PRHPBI tor s and
one or nore bon&ngﬁeg@hﬂg&Jﬁeirymopa@tﬂapmematdlmhfefmw|atnar@namgraadlded to the
culture nediumof the p Iurlgotent cells 10 Cell culture techni ques are

wel | known in t HB @Fpicalyiqrps., prigleeree et (ﬁr%‘ﬁ@hfaf@ktls HBRY yCEititidr (2004),

Ani mal Cel | Cul teyn osfeﬁb@&vosm(@m)l dricgd B EBBPEna(nR QPR LombiHATRM Eeid tw@ul ture
Prot ocol s (Humana rl%‘%ﬂb Davis (2002), Basic Cell Culture, Second Ed.
X

(Oxford Press); Pﬁd@s 9 IGYLerEy Peifeecasly dAYﬁl?Pélllen@éF‘laSeS( diovine el ey &

Sons) ; and Ozt urdio1addidil (200N er&RlaleaCubdfi@yheching! agye f drodehirrceut i cal
and Cel | - Based Ther api es %CRC Press). For exanhple, the pluripotent cells

may be epi bl ast P@P‘éﬁﬂ@él | Buripgdpter mhuratisni siAges oPDEW] sigpading obgsr begas Knockout
DVEM suppl ement qﬁgﬂ%aﬁeﬁ &EQ{){QJE%I%&B% 2Rd ‘déﬂu‘ﬁ?%@&ﬁﬂﬁﬂ{)n ofh W o Af,‘t fre. b st

nonessential am no aci ds an - ner capt oet SI gna-
Louis, M), or ovény invetlied ikrmederning etnldemalrphogenesm In add1t10n to driving

mesenchymal proliferation, PDGFs have been shown to direct the migration,
differentiation and function of a variety of specialized mesenchymal and
migratory cell types, both during development and in the adult animal. Other
growth factors in this family include vascular endothelial growth factors B and
C, and placenta growth factor (PIGF).

[0064] Fibroblast growth factors, or FGFs, are a family of growth factors
involved in angiogenesis, wound healing, and embryonic development. FGF's
are multifunctional proteins with a wide variety of effects; they are most
commonly mitogens but also have regulatory, morphological, and endocrine
effects. They have been alternately referred to as "pluripotent” growth factors
and as promiscuous growth factors due to their multiple actions on multiple
cell types. In the case of PGF, four receptor subtypes can be activated by
more than twenty different FGF ligands. The functions of PGFs in
developmental processes include mesoderm induction, antero-posterior

patterning, limb development, neural induction and neural development, and
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WO 2012/ 096705PCT/ US2011/ 057759 [0057] The one or nore activin-nodal pathway
i nhi bitors and one or nore bone norphogenetic protein pathway inhibitor are
added t o wenre12/idstosoduced to") this culture medium NodaCTiGs2@1ps5®i n t hat
in humans is encoded by the NODAL gene, and is a nenber of the Transform ng
G owth Factor beta superfam ly. Like many other nmenbers of the TG- beta
superfam |y, Nodal is involved in cell differentiation. Studies of the
nouse count er parf nRAfurdNAAMs/sSUBAE BhgidAALsist Rirgidene o@mz%nem&dnal for
mesoder m formati on and subséequent organi zati on of left-right axial
structures in edftipedrsessshi ¢ devel opment. A Nodal knockout in nice causes
precoci ous di fdogsent itfl bRGLdLRIHEMH PRELRALLMaNE RMAPEENGR: PhuckR@ Primtive
streak and fallure in formation of mesoderm | eading to devel oprnent al
arrest just aft@cuigededeanatn oretholctlDVi emrodal maingwetli iy whivier wvbth@és to

mai nt ai ni ng. pl ulgRalEAGH Ao TRIEIBENAYS EAGIEGE hanRESEbmpighi ch are
derivatives of t e Inner celF mass but share ecu ar propertie

epi bl ast ti ssue ubinbi dgiet pomoof (@dBPvinhibitodalor diygerdiurngn res presence rft he I 0SS

of hESC pl uri potg I ﬁﬁ@ﬂ gpat hway

i ncl ude but are fn %Yngt %&%ﬁ?f C%OIS(E%T gtefeg%%dg(if g]“%gggét%rl an oI listatin.
[ 0058] Bone Mor phogeheﬂgehngRSHHNanﬁ)S( BMPsplagr @SE3 mhibltyrsaiiat hmagaadsdt hat al so
bel ong to the TGF , bet u terac ecific. J.eceptors
on o 2ol 1 sur t adbneisthehy BE 3P R b BREGRELmL 5, BRERL o or s

Si gnal transduct(Liah), bivranghdi BvRRS- OIXﬁlSd,(IHI@) |(]mrp1li19mim(amytmtd @mpotinddownst r eam

Shown o be i mpGPEENE] FHUS HBC QG dh B kh b GFOTe Hbab ek G R PP PRE vous

system and car thleieag@ refSend®ld itsanitiRos UFRaV Al siang, slewalyapieatvorkMft ations in
BMPs and their ant agonl sts, for exanple Sclgﬁrostl n, are assom ated with a
number of human PEEBT Geyt knpwadon el splep fir cappiogenssis Ad 8R9E DY 29y es

Exanpl es of bonenvonenhegeRRdli ghyf 61@%6&1 r@@my\@ﬂ/a&nmlbmmrsww olg but are
not limted to Dorsonorphin, E,)N- ALK3- Fc, 6-Fc, Gemin,

Chordin, and Oeraﬁ'é‘faEFsVaanlE?@]Wéﬁttﬁ%ﬁ‘fﬂ Bt Cﬁpg? Fsesosiaed inet th%cangweﬂ as

pluri IOOt ent epi bhasbn&h&iR 4 8kt pathhdys anrrRClahMlidh1 Wpglalac hyRytidef i bi t or
such as 5B43 1542, an i nhi bltor of GF beta superfam |y Type | Activin

receptor-like Kisprgsef engK) thateeeyptvdes Wit Reoteipg B oxged-splcp reegpiers fiman, et

al ., Mlecular ﬁ@ﬁﬁgﬁéﬁ oGty q%g&a OR fidke m&&g%)a}cuwg Iﬁsl%@&%d”ﬁhﬁ?ernetic

protein pathway in tor s rso a selective sma nol ecul e
i nhi bitor of Bwrgﬁlghallilmgel(ys@sﬂtm&um etchalige inNA¢ aQloenh & Bicaterin (B3- 41

(2008)) results réa@hése%ﬂeoﬂucﬁ&gc'ﬂléh%vé'fl%?'hgea{‘tl@eéo onG! bt g kG 1%5'6%' ation

103. The resul ting neuroectoderm can en be further dif eren ifated into
patterned neur oestooided rﬁVﬂlO&cqyorccdmp]@e wincht, rvdlepraesmmleby)menlanmng nor e of

Sonl ¢ hedgehog (11§1|_LH28 retl Oi C ex Ol. é%lnsatrﬁq me gflzsnaxe};tl ég Q theV\k” Ch

results in the up- regulalono reqgi nspeC|f|c ransc’rlplon actors dig2
and Nkx2.2, whi q;lnotaneAﬂ?@r maTlhey a@hEEsSePd rt:otﬂpﬁaxvenltrﬂaﬂilbf pﬁmotﬁﬂ ok t he
devel opi ng neural odend

e achieved by durtdrdseuShEl s IR Pere bR RSP RRRe o 2%
pl at el et - deri vedhigrpowtdnid acduttidnPE¥dplex & frhitiebl agbogbowbphasitg- (FGF) and
soni ¢ hedgehog (cgtlglr;{)n staE)lhzes and some B-catenin is able to enter the nucleus and interact

with TCI/LEF family transcription factors to promote specific gene

expression. Several protein kinases and protein phosphatases have been

associated with the ability of the cell surface Wnt-activated Wnt receptor

complex to bind axin and disassemble the axin/GSK3 complex.

Phosphorylation of the cytoplasmic domain of LRP by CK1 and GSK3 can

regulate axin binding to LRP. The protein kinase activity of GSK3 appears to

be important for both the formation of the membrane-associated

Wnt/FRZ/LRP/DSH/Axin ~ complex and the function of the
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[ 0060] Soni ¢ hedgehog honolog (SHH) is one of three proteins in the

manmmal i an signaling pathway famly call ed hedgehog, the others being desert
hedgehog wodoizidsmws hedgehog. SHH i s the best studied | ipganus2afi/o51789
hedgehog si gnaling pathway, playing a key role in regulating vertebrate

or ganogenesi s, such as in the gromh of digits on |linbs and organi zati on of
the brain. Sonic hedgehog is one of the best established exanple of a

nor phogen-a nol mgpmgmm f::ité&ﬁ@%oﬁlﬂe{ OPRsPhdr PRGENS (T Rt By adikgnt havi ng
different effects on the cells of the devel oping embryo depending on its

concentration. P & hedRjEndignasBGnesNvarious roles in patterning the
cent ral ner voyssy st Mk EABhuATd AnERAERE BPes devShARTENL AR ikeni ns

inmportant in the adult, controlling c division of adult stemcells. Mre
recently, sonic QPébg@hé’g fpgher dlfﬁi‘éelmé@ﬁl 1@%@9@# Qfdhfaghaldslem thseaghathegui dance

cue [0061] Reti n%b&r(ﬁCdfdot1§e%)lolé&lla@ hahahd t gmyhﬁl@mlﬁelﬁs g[uggjv ) that

nmedi ates the functions tamn reqw re gr om el opnent .
Retinoic acid i senaged redg thee hagtiohals eofartharaheenipi cive | ditkgd@gedalitohi gher

animal s fromfi %Qﬁ%ﬁnéu‘?léml”&ﬁdro L g z%av[z{%é’ gﬁbr%ﬁ fotdﬁ‘(}’dﬁfu?cpﬁﬁ gf» retinoic

acid generated ima sp Ic region of t ermne position
al ong the enbryoend adchmmmflTBrlllﬁ)o&“ﬁﬁmo@iothmonme,byaﬂefmld hgrna)mamdaffeter cel | ul ar

si gnal i ng nol ecu at _gu el opnment of terior portion of the
aroryo. Tt act o WRPbUH EGIEEY TR Thy B Sy JRRkRE oo P
ant eri or/ post er idovel@aiien€ mivitahglisom beay teynpdﬁuﬁdt Qﬂdﬁﬁefhtrt&htesPﬁgleetlon[(ﬁQBZ] Noggi n,

al so known as is a . protei humans encoded by .the NOG gene.
Noggi n i nhi bi t’s\qi:%:‘ﬁ% PETGHAT pﬁ'ﬁ%ctd‘@n lsbetb‘iaf‘f’éll Ry &‘Eﬂr(”dch?ﬁ*—X‘Pat’fnﬁm ly °

| i gands ?nd pr e\é@ﬂmﬂaquSngmﬁm@}r@mgd AOmtthe pblhﬁlafyhglgﬂd eBRo palh gy fslecept or s.h
Noggi n plays a key role in neural induction i nhi biting BWP4 ong wt
ot her TGF- 13 si d?fé’ﬂ%“’rﬁ’g“i‘ﬁﬁ JopidiorPR fegdhagk BQC%Sﬁoer?‘ﬁ‘teQr‘r‘Bn?GB?ﬁ‘qoé‘f at Tﬁ Mouse

knockout experi ngatis Rane beRIYIsHaahE6i tthabrod@eidh or afstP i dYswRagr uci al
role in bone devel opnent, joint formation, and neural tube fusion. The

secreted pol ypepidnde #ogRjicPntragamsonie thessy hotmonnod g, theiPHEIR A AR nact | vat es

nmenbers of the tifanséopRungiod W4l Akt By wRet %ro%la'é%@sr farchdacki @h@di ng
proteins, such as bone norphogenetic protein- Noggi n aEpears to have

pl ei ot ropi c ef f sEtlem posdy updp Igeulate de\aalepneinthyeid hpsmonessthitrare &t e st ages.

bloodstream. T3 has profound effect upon the developing embryo and infants,
affecting the lungs and influences the postnatal growth of the central nervous
system. T3 also stimulates the production of myelin, the production of
neurotransmitters, and the growth of axons, and is also important in the linear
growth of bones.

[0067] In yet another alternative, the OPCs generated using the methods of the
invention are differentiated into astrocytes 113 in vitro using a bone
morphogenetic protein (BMP) and a JAK/STAT pathway activator 112. As
described above, BMPs are a family of ligands that belong to the TGF beta
superfamily, originally recognized for their ability to induce endochondral
bone formation. One BMP particularly suited for use in the invention for
differentiation of OPCs into astrocytes is BMP4. In human embryonic
development, BMP4 is a signaling molecule required for the early
differentiation of the embryo and establishment of a dorsal-ventral axis.
BMP4 is secreted from the dorsal portion of the notochord, and acts in concert

with SHH to establish a dorsal-ventral axis for the differentiation of later
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[0063] Platelet-derived growth factor (PDGF) is one of nunerous growh
factors that regulate cell growh and division, playing a significant role
i n angi ogEnesi296®Ibr yoni ¢ devel opnent, cell proliferatipom/UuSand/osE59
mgration. In chemcal terns, platelet-derived growmh factor is dineric

gl ycoprotein conposed of two A (-AA) or two B (-BB) chains or a conbination
of the two (-AB). PDGFs are mitogenic during early devel opnental stages,
driving the prolsifh&6as.i oMy ofaakiiddi fEpendinfliRd MRREOCHYIE ANGVSONE

progeni tor popul ations. During |ater maturation stages, PDG- signaling has
been i npli cat ed ¢FRd¢rMekifgus: enpdel i ng and cel lular differentiation, and in

| nductive evepjyggj Nvghy raﬁué land%éthAq{)fk:%Qzl @aTRr ROABEARS 108 radsBri@fdi tion to

driving nesenchynal proliferation, PDG-s have been shown to direct the

mgration, diff¢bENT] arthway akds Ruadichlofplofn theyagraling obfa wigecirayiodfed
mesenchymal and .m - ur d in the
adul't animal. O é)rg{ng% gﬂv(v%/ %Igsg}c{ag%s%el??\dlﬁﬁogv a?' gﬁ% f@“ﬁﬁgﬁﬁgg‘ﬁs%@g{}‘gr

endot hel i al gr owtrdlif¢raieeno g wih.drecha®poigsiel g amenna rggpawe-h Thabtnding(®1GF) .

[ 0064] Fi br obl ast f r r. ECE e a ] of ... factors

i nvol ved in angicgééiéﬁggsipns({ 5 \S/;\%gln%aﬁ%atf)iﬂ%l,scoé%%p Oélg %3%%#%“0%92*%&?2& . FGFs
are mul tifuncti ovhédh reat phasghonylaths ahenvrabepvmranét YT OF peditiestan; spchidly ar e npst
comonly mtogens but also regul at ory r phol ogi cal nd .endocri ne
cfTocts’ They havebor iy S7E: URYHEHEE sy PERES A iR, BReS g ow h
factors and as pooEhs IS sgjuowt and addas e diaesciiptidnndi tirgengdehéspl Bowdct i ons on

multiple cell t L.n the case of four receptor subtypes can be
Deti vated by mor R HabNERES o rr ST R PRt BRI o of FGEs
i n devel opnent alsofat AeE$SESqUiid6Gd1Y depraBs@derAmind ARl seqlienca Rii@fdy p@dt er i or
patterning, |inb develcgl%sngnt, neural inducti.on ani}t@anr | devel opnent, and
in mature tissud$iiSyst 1%Fﬁ5‘i“t?§%ﬁ‘§§ﬁ“§,f°r B 4ot @ T@Eﬁﬁnﬁmﬂﬁ, and

wound heal i ng pr@caEs&Sulad IQRRMEIhe Aeliiaadendr QrRtIA IPHasR|d eicnge! | s 107
formed fromthe patterned neuroectodermin nethod 100 can be maintained in

cul ture without leHkpmigrihibitaty fasir (o bt ¢Hle Glnk pBtidEM on of a wit pat hway
activator, prejgopbl Yisis RInRISIOH! HR'ifyeHRKS blihdiNitRi &, PisripoRint Byiscul ture in
t he presence of fibroblast growh factor (FGF), &I at el et deri ved growt h
factor (PDGF) arsén dnibe diléeepiateg ipiSHMye pepulaygns exdimpdallyyela8rRE[PGsnhi bi t or s
that may be usedyjn,tHg 8} agﬁ bR e MRk Afle THRAL MBS re RikkioRT @ NOt
limted to, P el i T B o © e Wit Mo nfliccdfeP redhithio (BlO,

Chi ron 99021 andligdrissdrocyierpovridanaissexpldsed the dasapPag celNgnd Tnde@ilg43 t o
Gabriel, et al., ' iIS.1Nnco 0. . e n.i entirety.
The wt st gnal i 5Bkt fnd SEIRRILEER AL ek BerRSabrek® i 1

rol es i n enbryodenmsi sindnfbr clagic-€rougbptt diugo s¢reantdgy edMoreomar nthd  cell

physi ol ogi cal processes i.n _adult. ani mls. t tel activate various

ot hweyso -t he el SR Tages e lh I BB B Aot
noncanoni cal Witfupabibayslinalibe. edtamaiicdy, (IMMOPPatdmiayfudbacliffdregsiardseri es of
events that occur, whe{) Wt Er(&t%i ns bi Qd to cell-surface receptors of the
Frizzled fam |y, MEAUEIHY"E RESFBUSPHT S A AERYET YAt BT Red 81 164 % 4mi | y
proteins, ultinmahelyr degstrdening ok for delchas@eeiapies.he anount of P-catenin that
reaches the nucleus. Dishevelled is a key conponent of a

menbr ane- associ ated Wit receptor conpl ex, which, when activated by Wt

bi ndi ng, i nhdibihspineae®nd conpl ex of proteins that includes axin, GSK3,
and the protein APC. The axi n/ GSK- 3/ APC congl ex normal ly pronotes the
proteol ytic dgﬁ)ﬁ%_at NYHetps f‘ﬁ@"@%@étﬂgﬁij‘i@ﬁgﬁ ?%R%]élaf‘%?eélrpogiﬂ@%%sioﬁﬁwml ecul e.
After this P-catigRhfol88) § Y@ MhaGDINEX W ilnPHidt b§det & RORMveRfon
cytoplasm c pcatenin stabilizes, and sonme 3-catenin’'is able to enter the
nucl eus and i nt évlaiet Lo phTO) (rErng &mbispt bavagsteangiive mefiaed oy ¢ 166 pronot e
specific gene expasah aflyor Ry R QliEkinbAASES rafitkiRkeLERR fRBRsPhal ases
have been associatéd with the abi P]I ty of the cell surface Wit-activated Wt
recept or conpl eyt edipinistbriaxi o hadsuhieshsdigndsindrocyfe prRaitASKSllc angdrex.
Phosphoryl ati on 1 ' 1. D L by GKdn. & K3 .can
regul ate axin bicﬁ |1$r11%1%t %ﬁf&g‘i qgrhrﬁee%bgfo?{rgclbﬁdlﬁlnha?gﬂa%lﬁ Vi t’y&gﬁf (%% appear s
to be inportant phamapatinalt kempaitivat ngy 0¢ foneulaedbmanguass osildtoss

Wht / FRZ/ LRP/ DSH Axi n conpl ex and the function of the

Axi n1APC/ GSK3/ [ 3- cat eni n conpl ex. Phog(f)hor ylation of P-catenin by GSK3

| eads to the destruction of P-catenin




[ 0066] As an alternative to maintaining the OPCs in a progenitor cell state,
the OPCs can be further differentiated into cells of the glial |ineage

t hrough twe 2evs®s of ot her nol ecul ar nechani sns. | n sece/USedodsent s, t he
OPCs generated using the nethods of the invention are differentiated into
nyelinating oligodendrocytes 111 in vitro by wthdrawal of FGF and PDGF and
addition of T3 110. T3, triiodothyronine, is a thyroid hornone and affects

al nost every phﬁéf%ﬁgllﬁa%hyﬁb%f%ﬁﬁy icBmb A1 BGYers isD&H HEiTREK'IrseMMibn,and
devel opnent, netabollsn1 erature, and heart rate. Production of T3

and its prohor moHeEerh %%WH@TPTﬂﬁoﬂéﬂé@fW#5¥ed by thyroid-stimulating

hor mone (TSH) V)'fq ChA'dﬁmﬁﬁ{aﬁ% Q4 tﬂé EH&anQ@euH&aH Wl &loyhpBligid by Thik&ioRat hway i's
regul ated via a cl osed- p feedback process. E eva?ed concentratlons of

T3, and T4 in th@hme@o@rrqparag@mmah Higstipns o gheorfireted apprigh TISHe] brainhe
pituitary gl a”dqts&?asc&ai:a?‘s%&&%‘bt%hsof?ﬁe éeh?r%ﬁ He% g%ga%uediﬁ%e%%ﬁ  brhil©

pituitary gland increases production of , y these processes, a
f eedback controbﬁmwgnéﬂﬁlwnbéw(&ﬁSﬂmnm@@@Haie)@h@ﬁanmhnﬁtoﬁﬂmhynmld

hormones t hat arAdnlquathﬂ%P [?19591%;[ | ng ?c%%s Pa{n%{nguf%lﬁ {o P}Pl%m the

devel opi ng enbryo an uences t he
post nat al gromﬂhbmmdmg@ndenm&mtmhbmmﬂu&n$m$MHm1[I@%ahsmumMmﬂmﬁawas t he

producti on of nyell the psur ot r.a tt and .t he grow h
D “axons. - and 1 2785 iREA PRRSh Xl PRAGIRST SFFis iRt g0eT] tn yer
anot her aIternaHmnﬁﬂmmhmtgﬁﬁﬂngemﬁﬂakmdDu&gmgxmhemwmihmdSedkckh&dlnventlon

are differentiat i nt, str es 1 3 invitro u5|n bone hogeneti c
protein (BMP) aﬁgdﬁ ﬁ/%*ﬁ?gpéf Eétcyﬂ?ﬁﬁmffﬁ e§8W?§gdﬁabove,
BWPs are a fam lagméfisulatig@ands that bel ong to the TGF beta superfamly,

originally reco njized for their ability to induce endochondral bone
f or mati on. %R)P paFPSIERRA Yo §%VGPE¥dXI1dofFSH9§%V‘?nﬁSSt Hehs AdHtandA Beor

differenti atl on u@ﬁte@P@ssmgnm agdh@eYt £Sidgke BMRAisthilo WReN pRFAIY QT C
devel opment, BMP4 is a sig VI nol ecul e required for the ear

differentiation aémlrtwﬁ@ﬂ@wbwb CalﬁéF elstteapngns fgeea from savedd daw) OveYial axi s.

BWP4 i s secr et edydk O dniEdidRhidh oP HetdiRkeQfatd 1@%ctﬁ@Je@C hAE dmoddr gt s 1N
concert with SHH to establish a dorsal-ventral axis for the differentiation

of later WO 2012haogrospdTediS2omngsgmn7 89 bet sdgurisieisd . WAL gdfdfqursn, beBVP4
stinulates di ff%%géhhélﬁtdnotguc dlaegl%g‘b&hg%e%& qg@%é’%ht téfsrﬁy%fﬂlét%ﬁﬁyhe janus

ki nase (JAK)-sign trans i vat or nscrlp I on
manner of administration, the judgment of the prescribing physician, etc. The

dosage and timing of administration optimally will be responsive to a careful
and continuous monitoring of the subject’s changing condition. For example, a
treated Multiple Sclerosis patient will be administered an amount of cells that
is sufficient to alleviate the symptoms of the disease, based on the monitoring
indications.

[0073] The cells of the present invention may be co-administered in a
“cocktail” with therapeutic agents useful in treating neurodegenerative
disorders, such as gangliosides; antibiotics, neurotransmitters, neurohormones,
toxins, neurite promoting molecules; and antimetabolites and precursors of
neurotransmitter molecules. Additionally, the cells of the invention may be co-
administered with other cells.

[0074] Following transplantation, the cells of the invention preferably survive
in the diseased area for a period of time (e.g., at least six months), such that a
therapeutic effect is observed. In one aspect of the present invention,

oligodendrocyte progenitor cells are administered to the subject after
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(STAT) pathway plays a critical role in the signaling of a wde array of
cytokines and growh factors |eading to various cellular functions,

i ncl udi ngwpnreoizderoat i on, grow h, hemat opoi esi s, and i nmeag/USespoONETE? The
bi ndi ng of cytokines and gromh factors to their correspondi ng receptors
activates JAK, which then phosphorylates the receptor and STAT proteins on
specific tyrosine residues. STATs then dinerize, translocate to the

nucl eus, bind t QaRikRAGENSHEIEN, $80USRER pARfry Hdlha@lRakR@ndk dpger i ption of
target genes. Four JAK famly kinases and seven STAT fam |y nmenbers have

been identifi ed CCABHBCBAISAYSEIBI qui t ousl y expressed. Ami no acid sequence

diversity anddy;spuersRefiih! GredmShAdelUld-RRATmeaGAURE {REL thE Gbvesse rol es
of STATs in response to extracellular cytokines. Activators of JAK/ STAT

pat hways i ncl udeliRedsrémie idah¢ipioy o yeoppled oyith( R11FYs, off pevgonsc it fay &F- 1, and
OSM [ 0069] Usi ng,.t: t - I I | ri potent
cells can thus gig& ?}eﬁgr%ﬁ%ﬁfgag?ﬁ%egr%ggfgh%{gb%gta% %ﬁgtuo Wene Bbt

clinically-rel evahtpop@dRQes hdlte prventiodend nevmet abherglahipfeonsek.orlhdef i ni ng

the mol ecul ar regyl ati,0n c?ﬂis o?gﬁe%%%%{‘ g&{&lﬁs SeVElLABIRN ik 3RLG5d 9 the
causative cell an rm]l ecul ar de ecefs a unction in congenital disorders
i npacti ng the olncgoddngreoaydre Isuahe agethosnhrédicedi ayhdederibadghput/SENug

screeni ng. More cel | .popul atjqgns of the invention y.he used in
col | - based ¢ her alTue 85T & EPREH RS e Rty O SR ERGL PR ey ¢ he
OPCs can be f ur tilventieh, faf @ibeot il Be ukntd witiedon aPCng digodeendyecytles and
astrocytes that used in vitro 0{ in vi &%for drug screening or for

may be
cel | -based ther é’BP'?ﬁ%t.lonéé‘F DOPFORR SPT AR AT iTBASOf 807701 Nurrer ous net hods for

i ntroduci ng tw76ee! | sicagalyc ehy mpBRUkiiindh sheQkt dahBe hdad @ninbeitorksidcssa subj ect
may be used. An inportant aspect of the invention relates to a nethod of
treating a subj @&t TARRIINY IR (‘:‘Eﬁfﬁﬂlfncgi Bofh ndigicat aad mhenptypds dnditalasy elS'n and/ or

an inability of @hhgIedARAEMOKIRE 0P viseMYBloibRah KhRE h¥erfanl SiudyiRY the
adm nistering to the subject oligodendrocyte progenitor cells under

condi tions ef f e®tidsd of glepyeliating, desiogn dp trBenUyFYRCcR{ det MORilorPgI M8 of t he

phar maceutical GRRRRS MdoRRicTRYGnARe fs%E_’cMc@%ﬁfﬁeésﬁreﬁﬂm%—a&a%légéa?cﬁé1 _
preferably in physiol og;é}cal |y conpatible buffers such as nk's sol ution,

Ri nger's sol uti develsoran pleysedIogisesalimgsdt ondogal @puron/axon survival by using
paramagnetic particles to label cells before transplantation, enabling cell
dispersion to be tracked by MRI. Alternatively or in addition, magnetization
transfer contrast can be used to monitor remyelination (Deloire-Grassin, J.
Neurol. Sci., 178:10-16 (2000)). Serial neurophysiology monitoring
techniques can also be used to assess improvement over time.

[0077] Additionally, electrophysiological measures of sensory and motor
nerve conductivity, for example H-wave response, are classical methods used
for monitoring neuropathies linked to demyelinating peripheral lesions
(Lazzarini et al, Eds (2004) Myelin Biology and Disorders (Elsevier Academic
Press)).

[0078] Other approaches to more generalized phenotypic neurophysiological
assessment are described in Leocani et al., Neurol Sci., 21(4 Suppl 2):S889-91
(2000), which may be useful for interventions aimed at multifocal or more
diffuse myelin repair. For example, demyelination causes alterations of
stature (trembling, shivering) and locomotion, and children with
leukodystrophies have motor and intellectual retardation. Improvement in

these states may be assessed to monitor therapeutic success.
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[0071] Adm ni stration of the pharmaceutical cell conposition by injection

i ncl udes intraparenchymal injections into the affected portion of the brain
itsel f asweebi2/@s7osntroduction of the cells at a nore diPsTalS2&111087750 t he
brain, brain stemor CNS, with the cells then mgrating to the affected
part of the brain. Adm nistration typically involves cell doses ranging
from 1x104 to 1x109, depending on the extent of desired renyelination.
Dosage amount and interval may be adjusted individually to | evels that are
sufficient to effectively regulate remyelination by the inplanted cells.
Dosages ne ¢ Pyc e the desired effect will depend on individual

characteristiggrend the diop8hddnsbeafdMhik e AR of HA{RhiPeRd.ng on the
severity and responsiveness of the condition to be treated, dosing nay

conprise a si nglugedadii iiegichatli damyglinaging|siptesl inclpdgre @enilentisestioni s, with
course of treat 'H@O%oﬂn?e%t bf‘&lmgsr A0 SeYRLL iﬂ%%nfj%{?s &%ﬁﬁ@'e d}{&@?%%ta?efs unti|
. of the

dimnution of the disease state is achieve e anoun

phar maceuti cal gelolvicogiposéltsi onl it patheuladkiiiaaies imiobangniht CNSoExauplise, be
dependent on th is'egsgé wagﬁl%l bQ %ﬁuﬁgdj[alﬁg %r icﬁ El% aﬁgu\ﬁ%riht@(/e&%mg r1]nec1 %fef l : Pt I on,
the manner of adm nistration, e judgnent o t'he prescribing 5hy5|0|an,
etc. The dosage id&mdfitd nsimg) thefced dwpnlagdns atfiton inypdtionedré Yesaribdd fpemoesponsi ve

to a careful an%tc rt])tli nuous nonitoring of the subject's changing condition.
For exanple, a tréated"Multiple Sclerosis patient will be adninistered an

anount of cel [®80hat Mutigeikdlerosie Sy, a plobewivat @edrbdegsicmpivertiseade dfhe

di sease, based on noni tori i.ndications.. [0073] The, cells.of the
eeant oot R GRS RN B g e R img it AT PG iRty heeut i o
agents useful i Rielf@atiifgisnBUSOEEBEReeadd YLt SadRCSvers (WBin&$S Ann

gangliosides; antibiofics, neurotransmtters, neurohornones, toxins,
neurite promoti AFUFH é—?é%ﬁ%%‘}g GHEP Ant Poiscawssy plagssinydes R EIaEPT Vigf

neur ot ransmi t t enmisRtiee hE ardlbint sr00BEY YehakihencCrR Se@bbibleroisgyenti on may be
co-admnistered with other cells. [0074] Foll ow ng transplantation, the

cell's of the i nt&tVon Ferer alsl {hes dseasy rpgieveie ingeldgeen diika™®r a period
of time (e.g., %oér@s@i%& 184s XoMRAL R (B19kaTdrd RAS Kirstead, J Neuroimmunol,

98:69-76 (1999)). Possible explanations for remyelination failure of intact
axons include defects in OPC recruitment to the site of demyelination or
defects in OPC differentiation into myelinating oligodendrocytes. Although
studies indicate that both aspects of OPC biology are altered in MS, the
molecular mechanisms that orchestrate these processes within the adult CNS
are incompletely understood.

[0081] Other conditions mediated by a loss of myelin include an ischemic
demyelination condition, an inflammatory demyelination condition, a pediatric
leukodystrophy, = mucopolysaccharidosis, perinatal germinal  matrix
hemorrhage, cerebral palsy, periventricular leukoinalacia, radiation-induced
conditions, and subcortical leukoencephalopathy due to various etiologies, and
mental illnesses, such as schizophrenia. Ischemic demyelination conditions
include cortical stroke, Lacunar infarct, post-hypoxic leukoencephalopathy,
diabetic leukoencephalopathy, and hypertensive leukoencephalopathy.
Inflammatory demyelination conditions include multiple sclerosis, Schilder's
Disease, transverse myelitis, optic neuritis, post-vaccination
encephalomyelitis, and post-infectious encephalomyelitis. Pediatric

leukodystrophy conditions include lysosomal storage diseases (e.g., Tay-Sachs
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therapeutic effect is observed. In one aspect of the present invention,

ol i godendrocyte progenitor cells are adm nistered to the subject after

adm ni st re0i2ore/b705adi ation, e.g., to treat prinmary andPOEES341a05T752 UNDr S
of the central nervous system [0075]1n certain circunstances, including
those in which the OPC or oligodendrocyte deficiency is coupled with a |oss
of neurons, it may be desirable to transplant m xed cell popul ations, such
as mxtures of tﬂﬂ?ea@?%ﬁ@dvhn@@ﬂwaﬁat IPRASacOf- MeiBadhBY $lch QN 2B dCAgYdoNS or
neur onal precursors The differentiated cells of the invention can thus be
co-i ntroduced wi4pbaEDedyHeukeyseporat exrein! deHcepolygethandosisipsy Spr oduced
as described in SSN, 2010400ZAA 1ucHl CndiBl1C HRRL AL R GH FlilkelY
reference. In ogg@gspﬁééygfhthedl;gggtroq@ adsu Jﬁi; %ﬁéﬁ be treated with
both OPC or oli ege ethy edul joat Ingheedangciiesur s frgmenal
R A R LR S e
phenot ypi ¢ indidmhmrsmBFor exanple, MRl can be used for vrsualrzrng brain
white matter f “91)&6}9%%“(? f&{é AGH& fdtﬁe!?/n%lerlrtﬂ)%t lh@g)haﬁﬁacé’uu% @gpeurrently
practiced for nonitoring rents. I'C resonance spec roscopy
nmeasur enent of mememwhmasﬂanﬂaﬂeymeebmpnanﬂmeduﬂemymmmabhesedmﬁpact on

| ocal neuron/ axon %H&Ym%% m,¥d thqg ar am g neti m1 artr&ﬂ oﬂ&ﬂ?n beI ceIIs
bef ore transpl arftatioh B R TR IR ding [0y

Al ternatively orfeituredil tdliorpmpRgNStrb@yadsi eﬂlﬂ the ms&ﬁrcoﬁdmbni %ﬁelacasﬂ be used
to nonitor renye lination (Delaire assi 8:10-16
(5000)) . Ser s al L PSRV FOREG)E FOMITaRF YRk Pl d 055 §5%6 used o

assess i npr OvemﬁﬁnalOc\bﬁI infjurfBrauhQ6d BlaAd@jury emphduyogetdsBadefioiphy&i ofhegi cal
measures of sensory and notor
subjects treated w1th pharmaceutical compositions comprises oligodendrocyte
progenitor cells in accordance with the present invention are preferably
mammals, more preferably humans and, most preferably, an adult or post-

natal human.

Cell Populations as Research Tools for Drug Discovery and for Toxicity Testing

[0083] One significant use of the glial cell populations of the invention is as a
research tool specifically for the discovery and development of therapeutic
products for modulation of one or more biological processes involved in
diseases, disorders and/or physiological processes such as neuronal repair.
The cell-based research tools may be useful in various aspects of drug
discovery and investigation, including without limitation initial identification
of a drug candidate, confirmation of activity of a drug -candidate,
identification of activity for an existing pharmaceutical product, and/or
toxicity of a drug or drug candidate. Another use of the cell-based
compositions is as a research tool specifically used as a diagnostic tool to
detect the presence or absence of molecules necessary for the modulation of a
biological process involved in a disease or disorder. Thus, in one aspect, the
invention includes research tools comprising the cell compositions of the
invention, and uses of such research tools in the identification, investigation
and/or confirmation of activity of selective binding agents that are useful as

therapeutic agents. The present invention additionally encompasses binding
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nerve conductivity, for exanple H wave response, are classical nmethods used
for nonitoring neuropathies |inked to denyelinating peripheral |esions
(Lazzari rwoeb12al9¢70Eds (2004) Myelin Bi ol ogy and Di sor dePST(USk&I@W5 59
Academ c Press)). [0078] O her approaches to nore generalized phenotypic
neur ophysi ol ogi cal assessnent are described in Leocani et al., Neurol Sci.,
21(4 Suppl 2):5889-91 (2000), which may be useful for interventions ained

at nul tifocal Oryedmy Madhd fidbsRedW@ld e MRRRIAE of FRIiInERANP LR udeBY glchnat i on
causes alteratlons of stature (trenbling, shlverlng) and | oconotion, and

children with | &iKétseRtspraibe HAYAPHHE 6F 2 Apgnopifseltingct ual retardation

| mprovenent i Se TRiAL&ESd} ARRRP A§M L DR LR inlRLARRM 4sC success.
Applicabl e Di gggg@ Sgates Kﬂ%¥8%$he cel | éigotputatlons g&eated usﬁng t he

met hods of the ipreveded @nmetaﬂdbé d@t@r@nmog mestegtchl @f tdemgel rnatNAg st at es,
i ncluding the '%Qh})ﬂdh i Ofe @M §% g%ﬁﬁ@étggfceﬁsf &Qﬁ gﬁfégeél}aﬁ%ﬁf%ﬁu“ ¢

interventions in mu I sease i'nvofving g
particul ar dlsea@esuﬁﬁn©mvomguﬂh@ @N@:GE%eﬁp%aKyn@ﬁ®eaméBa$h@tﬂmdy be

studied and for }M‘@ ?hﬁﬁ‘de LR iaitl%nitr g) %'&gte%}{iﬁlgeatilg%{‘%h% ﬁq using the

cell populations o Avention are descri re detal el ow.

[ 0080] Mul ti pl e sohaewmkios finvBynal gphpnmygreesss theereansiurddegenapatd ve adi sease of
untreated cell, thereby determining an effect of the treatment on CNS
functionality.

[0085] Determining the effect of a treatment of interest on the cells of the
present invention can be used to identify and optimize treatments capable of
restoring neural function via activity of glial cells, and hence can be used to
identify and optimize drugs suitable for treating neural disorders. Determining
the effect of a treatment directed to diseases of the CNS or any other tissue
requiring neural functionality can be used to assess the toxicity of such clinical
treatments on CNS function. Thus, this aspect of the invention can be utilized
to determine the therapeutic and toxic effects of various treatments, such as
drug treatments, on neural function via assessment of the activity of glial cells.
Other aspects of the invention encompass using the cells or cell populations to
obtain gene expression profiles and other changes before and after the cells or

cell populations are subjected to a treatment.

EXAMPLES
[0086] The following examples are put forth so as to provide those of ordinary
skill in the art with a complete disclosure and description of how to make and
use the present invention, and are not intended to limit the scope of what the
inventors regard as their invention, nor are they intended to represent or imply
that the experiments below are all of or the only experiments performed. It
will be appreciated by persons skilled in the art that numerous variations
and/or modifications may be made to the invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as
broadly described. The present embodiments are, therefore, to be considered

in all respects as illustrative and not restrictive.
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the CNS, occurs nost often in a relapsing/remtting form in which a period
of denyelination is followed by a period of functional recovery (Wi ner,
Ann Neur oWQ 26B8/@8®5248 (2009)). The recovery stage i nvolPeegse@mpei7snat i on
via mgration and maturation of OPCs (Chari, Int Rev Neurobiol, 79:589-620
(2007)). However, as the disease progresses, renyelination fails with
progressive |oss of function (Bl akenore and Keirstead, J Neuroi munol,
98:69-76 (199f)0k7] PossbRl Ba@xiRNdkE 0 Sndufy adcﬁmyewuﬁ% rp@a bajuhpeg of intact
axons include defects in OPC recruitnment to the site of denyeli natl on or
defects in OPC APk & &neMaeitonicMAETal iy e1q: ha@ﬁ Y OPIRETEREr 68y edd Al t hough
studi es indi cat gc§iB@ains RS BSREGIRdbr. PrtesPIndlRQY ofbRvidd E}ﬁfsed(ije dsMB, the
nol ecul ar mechani sns that orchestrate these processes wthin the adult CNS
are inconpl et el yyurright.gndedlar Voad1 |sCrdight apamsi molondar edihatiedpdsiue | oss of
nyelinincludeeg'nl 1}3&1’@{;%@ ald pakien £apgi.bi R i nfl ammat ory

denyel i nation condi t a d(}yat rI?c reukogystar otgﬁyp rr%copol ysacchari dosi s,
peri natal ger 0881 nht génkraheahomethadsedesadrebemin qudlis yhe pedifiv eruplasul ar

| eukoi nal aci a, radi ati n :

| eukoencephal opatt)t% %}Va %ﬁ%g?llcg@gﬁﬁ?gﬁagnq%qﬁa% p%&%gtgﬁt %rlllglwprge%%tv Ealjl’ %ajfalmn(%%lls?es, such
as schi zophr eni auch scilodent emtieoyiel stanatélsrand ombliced ]ﬂnﬂpotm Iswechecetlorandcal

stroke, Lacunar infarct n1t}%ost h oxi cul€ut§encci1e9%alt ﬁ di abetic

| eukoencephal opathy;’ 4 R I’l%rln& T EURGERCEpRArSPat %}mé\yr{f}cﬂuérﬁlmt ory
denyel i nati on canftiistt stegn® diffedenictee Mabd édblk énts epbtesoisepitiediikeleellss I sease,
transverse nyeli tic.neuriti vaccj. nation encephal elitis,
b poet < pet ioiBon RS SRR Hok e FoeRBE oS B SER DR W hn 11 ons
i ncl ude Iysosorr&lbrem Aa30eardi R0ARaSMi@Ngls, TaycSashls, dibfiefaagh, fr&avavan S
D sease, Pelizae I\/Erzb cher Disease, and Crabbe's d oboid bod

| eukodyst rophy. P, 1P85?3tn“ﬁ %tod’feuﬁﬁ’ﬁ‘%%éq“)}%%ﬁ%ﬁyltﬂ@sffoén?? s ysipg Bsase.

Radi at i on- i nducegbusn et RehetdNGlcHdRfféradliaBbA DS pREpbEMkRANGaphal opat hy
and radi ati on i nduced rgel itis. Etiologies causing subcortical

| eukoencephal opadthsy PR f1é0 dpxy APDSlarie didfefentfivg fraf dnerigrePdermf Qr ct
states. [ 0082] A%@érﬂédl&u%o@cté&é?ﬁ ih ﬁf?&e%e%staﬁg rdh € (b Q\d%%tdsfhg thd &hods

phar maceutical cell
herein, where such differentiation in human neuroectoderm may take from 2 to

5 days.

Example 1: Differentiation of pluripotent cells to neuroectoderm.

[0089] All cells were cultured at 37°C and 5% CO, unless otherwise noted.

Individual EpiSC lines were isolated from mice of strains 129SvEv (EpiSC5
and EpiSC7 lines), (12901 line) and 129SvEv x ICR (EpiSC9 line), and
maintained in vitro in EpiSC base medium supplemented with 10 ng ml™
FGF2 (R&D Systems, Minneapolis, MN, 233-FB). Differentiation of EpiSCs
to patterned neuroectoderm was a 5-day procedure with complete medium
changes every day.

[0090] EpiSC base medium consisted of Knockout DMEM (Invitrogen,
Carlsbad, CA) supplemented with 20% Knockout Serum Replacement (KSR;
Invitrogen, Carlsbad, CA), 2 mM Glutamax (Invitrogen, Carlsbad, CA), 1 x
nonessential amino acids (Invitrogen, Carlsbad, CA) and 0.1 mM 2-
mercaptoethanol (Sigma-Aldrich, St. Louise, MO). Neural base medium
consisted of DMEM/F12 (Invitrogen, Carlsbad, CA; 11320) supplemented
with 1x N2 (R&D Systems, Minneapolis, MN), 1 x B-27 without vitamin A
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conpositions used in therapy may conprise oligodendrocytes and the nedical
condition is associated with insufficient nyelination. According to stil
further fwetord®e7oshe cells conprise astrocytes and t hePrgdisea@l/osadi ti on
is selected fromthe group consisting of Al exander di sease, epilepsy,

Al zhei ner's di sease, spinal cord injury, traumatic brain injury and

neur ogenesi s deficiencies. The subjects treated with pharnaceuti cal

conposi tions conpk|R@sn, AtdreRdead oeY e mbl @B@RLLOT OReldySy, IEpigecREdance with
the present invention are preferably manmals, nore préferably humans and,
nost preferabl y Pl aidet ssndyds pratane HptdiHonscdn| Bpyul Ress omedig® Resear ch

Tools for Drug Disaanars @ffidodt MO EkiNREESS{sshs. LARERMANgIEN! fi cant

use of the glial cell populations of e invention Is as a research tool
speci fical ly fortM RB4diSde oViemy-/ddrirhdel &peipridit meintaitdraapeliti sicsduct s for
rodul ation of ongRby PHR1R IR0 GR JASARGRRRSEMOLKAELA & digaases,

di sorders and/ or physiological processes such as neuronal repair. The

cel | -based reseatoch seloagbrsinniaSHe (dafMILOM 19H8P ebtsmasp.eansDiogo, diug

di scovery and i 25t gation,; inel ydin i thout J.im iQn initial
identification g¥%§&3%ﬁﬁséggdl at%g%cgﬁ?fpng Pg%&%fégé ?WF?@w%%gﬁ drug
candi dat e, i dentinstiuct@itns)owasofised i iplace yi flosoraerplexifst song @ipenimateuOncal

product, and/or toxicity of r r.dr capdi.dat e. Anot her use of the
el - based compdtf 11 St Sened Wl adiy B SFRESERR: nalF) MilatPds )

di agnosti c tool tag eti@s kufphendated semci®Oor ndbsengie, 2f uVMEIBE6 Ld4esindecessar y
for the nodul ati dof a b'ologic I2process inwp%ve%»inzi diseqfe or

di sorder. Thus, 4™ 98HeMERREct On(HE % SUIBRES BRI MIeeurad base ATy, s

conpri sihng tlhe gelbﬂlilrﬁ@mgosﬁth}grasngfmth_ehoiggm,eat)i o, Sﬁmg?gaﬁldOQf@dCh _ f
research tools in the identification, investigation and/or confirmation o
activity of selé@??@@qﬁthﬁﬁbdébéhﬁ?“?ﬁéﬂmﬁ?é%€§@ﬂhpm§§'Pﬁﬁr%ﬁ@ﬁ?ic agent s.

The present i nvepsiiQhenddcivii Q0@|ngwpﬁhﬁ@g§_ﬁﬁ5($@8?bh,n&ilﬁges waents widiat are

i solated using the nmethods of the invention and uses of such binding agents
in either a thermspelibdse mselivg spalgRsaed &vigeinggn! | vosi THd! reideisr ding to
yet anot her aspegiy (SfonfalQdREESE Mouis NVION hiaRitiddaek & 20Tk d8thiéh et hod of
determ ning an effect’ of a tregtment on CNS functionality, the nethod

conpri sing subj dMPAyande0D ez ol (SHBI J&l3d Spittetpyig@Atll.on to a treat ment or

bi ndi ng agent (e.g., drug, condition such as electrical treatnment and an

irradiation treatnent); and determ ning at |east one of a structural or

functi onal It prtiaie mbedenid] pagis HPa n @RSt reat ed cel |,

t her eby det er i Ng eff f [.0 ity.

[0085] Det or mi Mond 1 Dy rafihec Pheuk ol MY AOSARA MIE LR Y
dish using 1.5 mg ml™ collagenase IV (Invitrogen, Carlsbad, CA) and

dissociated to a single cell suspension using TrypLE Select (Invitrogen,
Carlsbad, CA). Cells were counted and plated at 4 x 104 cells cm-2 on
Nunclon-A plates coated with 0.1 mg ml™ poly(L-omithine) (Sigma-Aldrich,
St. Louis, MO) followed by 10 pg ml™ laminin (Sigma; 1.2020). Cells were
grown in OPC medium consisting of neural base medium supplemented with
20 ng mI™' FGF2, 20 ng ml™" PDGF-AA (R&D Systems, Minneapolis, MO)
and 200 ng mI™' SHH, and fed every other day for 5 days. At this point

cultures consisted of a highly pure population of proliferating OPCs.

Example 3: OPC culture.

[0092] Cultures of EpiSC-derived OPCs were maintained and expanded in
neural base medium supplemented with 20 ng ml™" FGF2, 20 ng ml™" PDGF-
AA and 200 ng mI”" SHH or 20 ng mI™' PDGF-AA, 200 ng m1”' SHH, 100 ng
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present invention can be used to identify and optim ze treatnents capabl e
of restoring neural function via activity of glial cells, and hence can be
used to ivwenbidopemwad opti m ze drugs suitable for treati rgTaSaralosssor ders.
Determning the effect of a treatnent directed to di seases of the CNS or
any other tissue requiring neural functionality can be used to assess the
toxicity of such clinical treatments on CNS function. Thus, this aspect of

the invention canbgogdld l1bzed dmtﬁﬁt @}rcm n@11k b@dlﬁlh%mreagﬁra%m tspxi ¢
effects of various treatnents, suc drug treatnents, on neural function

via assessment dPuishMOYckOpzmy JHEg ﬁRang §éﬁlt‘Ff§S MoppgapoligsMebt 21ddP nghe

i nvention enconpas'sNys (REDINRemS! Mishnfip oﬁ?'l\hop%ﬂﬂeéte'v&?%tﬁei?d%bt(ﬁ’c@ gene
expression profiles and other changes before and aftefr the cells or cell
popul ati ons ar e vsiibpesned Nenclpnt4 phtareatted PXAVPIYESO[NIb®E)] Fiselamglit.owi ng
exanpl es are put v f n the art
with a conplete Ccﬁhg(% osp'st1 afc @ﬂ?rqagffvgﬁ%Lﬁo%?&gh ma%lcgﬂé}d'J e%idseg t he
present inventian2 add' el qmof iOiCendetll bordadliiy frozdneorsbopal ofd what t he

i nventors regar i.on, [ar e resent or
mply that ¢ he CROBRI e 2 TRPRY PRtk B IS BhARGES, LRIGEE
performed. It V\,iCEA) dnd 1QHp DAL @ BigmhAlgraths Snd.oslsi M®d Fan thdheunawlstivehat

nuner ous vari ati and/ or r?glfl cati Qps rray@e de to the |nve tion as
shown in the spetifiEPEnBati ntpgssv@thout dep t g PV om the €5 Fit or
scope of the i nsahieqamtigsceils oad! yass@sd:rat bed0%Thaflpnes and sedabali zrrents are,
therefore, to be1 ogﬁlderzed n %@% ects %s illustrative av&
restrictive. Yotefoes7o5Pet 5%%@? [ RFBRY B4 o Ltet] Been made
to ensure accur aﬁisﬁthdSIhetéIeSpR@tbs 0 gmmblerzae uﬁeehl(ne%I g(tj cachNPALRdgs , anﬁ d b

t enperature, etc. ut some experinmental errors and devi ati ons shou e
accounted for. ?eggeél 19 Hgicae egPyrtnahedls o b‘ﬁlrdtascug’ru@“ﬁ%t?‘{ué‘t by wei ght,

nol ecul ar wei ght is weight average nol ecul ar weight, tenperature is in
degrees centi grade and pressure |s at or near atnospheric. [0088]1n
gener al , t higxamplarhddiffere Haeeerved 4 Gsn t he specific exanpl es

[0093] For differentiation of OPCs into oligodendrocytes, cells were plated at

2.2 x 10* cells cm™ and induced with neural base medium supplemented with
0.4 ng mlI”" T3 (Sigma-Aldrich, St. Louis, MO), 200 ng mlI”" SHH, 100 ng
ml™" noggin, 10 pM dibutyryl cyclic-AMP sodium salt, 100 ng ml™ IGF-1 and
10 ng ml™" NT3. Attempts to modulate the outcome of this differentiation
paradigm included treatments with Jagl (R&D Systems, Minneapolis, MN),
CHIR99021 (Stemgent, San Diego, CA), LIF (Millipore, Billerica, MA)
and/or BMP4 (R&D Systems, Minneapolis, MN).

Example 4: Time-lapse imaging of EpiSC-derived OPC differentiation and

immunostaining.

[0094] For live-cell imaging experiments, EpiSC-derived OPCs were plated
onto poly(l-ornithine) and laminin-coated glass-bottom microwell dishes
(MatTek, Ashland, MA, P35G-1.5-14-C). Cells were seeded at a density of 3.1
x 10* cells cm™ in differentiation medium (T3, SHH, noggin, cAMP, IGF1
and NT3). After allowing the cells to adhere for 3 hours, images were
collected every 10 minutes for up to 72 hours with a Hamamatsu Orca charge-
coupled device (CCD) camera on an inverted microscope (Leica DMI6000B)

outfitted with a precision scanning stage (Marzhauser, Wetslar, Germany) in a
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bel ow are applicable to mammal i an pluripotent cells; however, certain cells
such as rodent enbryonic stemcells and i nduced pluripotent stemcells, and
vari ous owbepizvmemwal i an stem cells (including hunman st e®CTAISR&)/ONHP9 r equi re
a first step to differentiate these cells into epiblast or epiblast-Ilike
cells. In addition, the timng required for the various differentiation
steps described herein may vary between mamrmal s. For exanpl e,

di fferentiationifycQom RlidatibRtIRRbeL/l BvdroPREH TG85hO0dEMhY ) BT €CandRy t ake
from2 to 5 days using the nmethods herein, where such differentiation in

hunman pl uri pot ert? &l Sdppiiye tfagus PpiERh Wast ged do dppjdain gpufipogitiop focus

differentiation f,h@H DERYLARCWRARE MekOolRiatRrIRY RGN PRCHIGASIIA I CE My
take from1l to 2 days usi ng t he net hods herein, where such differentiation
1

i n human neur oedtravieieiraeP>t ake from2 to 5 days. Exanple 1:

Differentiati f pluripc I ol Al cells
wer e cul turedﬂg)t9 7C1rg‘ﬁ%jrggﬁ%ﬁ %gﬁiﬁl\%&&g %é{fvam?g%&%%%tg} ?nglb?{g?\%glﬁlulgl Epi SC

| i nes were i sol d@t%etof/ vdnparifoanadehsda dilevsron Yo Seseppy BpiBCs Hanlel&EdIASC7 | i nes)
(12901 line) an \V X, | ' |i.ng), . an i nt ai ifhyitro in
Epi SC base nedi 3%1553?5 %ense%ﬁdedl b\g)ﬁ%%n?%%r%%gﬁ%{ltf)%ﬁé&ga (Iﬁbﬁeg%tp e(?r%%l

M nneapol i s, M\ Tr2@BXREB)PBSOipHf 24)enCé¢latwae teh bkpkS8Cr tnongpadifie bindiohg

neur oect oder m was

- da rocedure wWith c | et e i um ch es_every day.

[0000] Epi Sc. basa HoP LA EFEREREh §a¥ehd of BTE BT NGy PO g R Temr | sbad,
CA) suppl emrent edanibriige? QUAKrio AR forSer2u hdRe pk acamaampdriti; (21n34°Cy.ogen,
Carl sbad, CA), mM d utanmax (lnyjtra , . Car| shad, .. 1 X nonessenti al
am no acids (I nj)i“lnla%@ﬁl, oS iwé‘i?a !Utﬁ?%i%glné.sfﬁlﬁﬂ}i‘ ﬁr-‘dcﬁzg’fttaéeﬁ]t%‘@? ﬂ’ﬁnol
ESi gma- Al dri ch, sl@ﬁh}l))lesid&tﬂes 8veriNt. a)tMe@roalforhal&ﬁlr ge@bmhntb?pasﬂuﬁdé eShnples DVEM F12

I nvi trogen, Carlsbad, CA; 11320) su enented wt x N2 (R&D Systens,
M nneapol i o, NNCrLmioedath B g et th Og opiPRHE AlgadloEdmeltad, cay
and 2 nmM G ut amaXeon@iy dabdics FRlEGEenVar R BI-§ted] updel rehandperupassagi ng
conditions in Epi SC base nmedi um suppl enmented with 100 ng nil-1 nopggl n (R&D
Syst ems, M nneapg®r ivsualigrgion ofg nylgis pmplesswere (ingubatgd AYidy { dtg, mbt PARdui s, MO

mai nt ai ned as a @RuAMIgEACK:. $OLYNIONiN P miaRd. 2 NM dor somor phin ( END;
supplied as a 10 mM stock solution in O. 0.1 nMLDN-193189 ( Stengent,
San Di ego, CA00R8I nt &iveedll sgingng1wasvsed & khosesllstifens ke (. nigve eclishe

manufacturer’s inst BMSﬁeg N 10%%0%?%?%56 W%%é%%%e?%i&%@ﬁﬁtﬂo?y fqQr some

experinents. On day 1, cultures were m xture of” Epi SC base
medi um and neur &0 tiasie 3AEdi Uetssuapp Rantig minead] thiee hinkd vithgwari- eurpdgegen, 20 nM

5B431542 and 2 hi I . f 1 neur al
base nedi um supp gqnﬁlﬁlgdﬁ%\n&tlhrhff)gl}%%%n%@efyg%gg#ﬁnﬁgsz%y%rf%‘m%gﬂ%55355 and 2 nM
dor sonor phi n. OandancuBgted with Laneslexve Frof-gdbeladl tsbronéary ahtitpds elnvidigom

suppl emented wit 0 -1 in., On day 4, culture re fed with
neural base rrediét}%%bsaapg%erquélrﬁ Iélg%\%i% £ hfabatnré)x%t? PPHEY G n,ée%gwerﬁi/lﬁ}egt i noi ¢

aci d (Si gma- Al dipemieabi$ized dnduiagned Mdh Dreiing aisindide mscle. 20 MM st ock sol ution in

DVEQ) and ZOO[dbgﬂnﬂ.- %’rir%l;'rl; n%%(?diessy 1slste rrv‘vse;re %rzltéilt!o%i?e's to Oct3/4 (Santa Cruz, sc-
5279; 0.4 ug ml™), Sox1 (R&D Systems, AF3369; 1 ug ml™), Pax6 (Covance,
PRB-278P; 0.67 ng ml™), Olig2 (Millipore, Billerica, MA, AB9610; 1:1,000),
Nkx2.2 (DSHB, 74.5A5; 4.4 ng ml_l), Sox10 (R&D Systems, AF2864; 2 ug
ml™), 04 (1:10), GFAP (DAKO, Z0334; 0.58 pug ml™"), BIII-tubulin (Covance,
Tujl; 0.2 pg ml_l), and MBP (Covance, SMI-99P; 2 pug ml™! or Abcam,
ab7349; 1:25). The Nkx2.2 (74.5A5) antibody developed by T. Jessell and S.
Brenner-Morton was obtained from the Developmental Studies Hybridoma
Bank developed under the auspices of the US National Institute of Child

Health and Human Development and maintained by The University of lowa.
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Exanple 2: Differentiation of Epi SC-derived, patterned neuroectodermto
OPCs. [ 0091] Day-5 patterned neuroectodermal cells were released fromthe
cul ture dwehoregiossl. 5 ng ml-1 col | agenase |V (I nvitrogeaT/tSarisbady CA)
and dissociated to a single cell suspension using TrypLE Sel ect

(I'nvitrogen, Carlsbad, CA). Cells were counted and plated at 4 x 104 cells
cm2 on Nunclon-A plates coated with 0.1 ng nil-1 pol y(L-om thine)

(Sigma- Al drichpooft - EetdsbrydRsud, %Hb?%ﬁfi 4y 118 (91 Mlendorl @M NxddShone,;

L2020). Cells were grown in OPC nedium consisting of neural base nedium
suppl ement ed wi t¥fe paafpgmaldehydemadpryoxtipgedng\fier proegen ey Rgpingyedivis |

M nneapolis, MO@ndmdRP ﬂﬂmmlsohlu%ﬁﬁtra@r&?h bQﬁ%elf\%e)ﬁ ) Pﬁr6 (ﬁaéécﬂcl&i{s 5 days.
At this point cultures con5|sted of a g{y pure ation of

proliferating OPEse blpskedmt éo%,do@m@ummﬂeo [YI@@Q](@JI 4 huss  Sftions
O Ceaeny s FRR L S ) LS 0 PRI OAR Saserea i,
or 20 ng ni-1 PIBCB-%A@\ 1200) rgd nikxg. QSIGP[SHEO(74r5@5278 8 ng ml™) antibodies
overnight at 4°C.  Alexa Fluor-labelled secondary antibodies (Invitrogen; 4
pg ml-1) were used for detection, and nuclei were visualized with DAPI.
[0099] For flow cytometry of PDGFRa and NG2, EpiSC-derived OPCs were
collected from culture and blocked in 10% normal donkey serum for 30
minutes. Cells were then stained with allophycocyanin (APC)-conjugated
PDGFRa. (eBioscience, APAS; 4 ug ml™) and unconjugated rabbit polyclonal
NG2 (Millipore, Billerica, MA, AB5320; 1 pg ml_l) antibodies for 30 minutes
followed by incubation with Alexa Fluor-labeled secondary antibody
(Invitrogen; 4 pg ml™") for 20 minutes. Isotype control antibodies were used
as a staining control and to set gates (APC-conjugated rat IgG (eBioscience; 4
ug ml™") and normal rabbit IgG (Santa Cruz; 1 pg ml™") with Alexa Fluor—
labeled secondary antibody (Invitrogen; 4 g ml ™). Cells were analyzed on a
BD FACSAria, and plots were generated with WinList 3D 7.0 software.
Quadrant gates were set with isotype controls at less than 0.1% double-

positive cells.

Example 5: Co-culture myelination analysis.

[00100] Primary neurons were obtained from the cortex of E17 mice.
Following dissection, the cortex was incubated in 0.125% trypsin in Earle’s
balanced salt solution (EBSS) for 8 minutes at 37°C and resuspended in 10 ml
of DMEM containing 10% IBS. The cortex was centrifuged at 600g for 2
minutes and resuspended in 1 ml of neural basal medium (NBM) containing
2% B27 (Invitrogen, Carlsbad, CA) and 0.25% Glutamax2. The cortex was
then triturated through three glass pipettes of decreasing diameter, centrifuged,
resuspended in supplemented NBM, and filtered through a 40-pm cell strainer
(BD Biosciences, Franklin Lakes, New Jersey). Cells were plated on chamber
coverslips that had been coated with poly(d-lysine) and laminin and

maintained at 37°C, 10% CO, for one week. FEpiSC-derived OPCs were
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ml-1 noggin, 10 nMdi butyryl cyclic-AWMP sodiumsalt (Sigma-Aldrich, St.
Louis, M), 100 ng nml-1 IG~1 (R&D Systens, M nneapolis, M), and 10 ng
ml- 1 NT3 wB&m2®¢stoens, M nneapolis, MO and fed every oPherusday/osTPLCs were
grown on Nuncl on-A plates coated with poly(L-ornithine) and lamnin Cells
wer e passaged every 3-5 days with TrypLE Sel ect and typically seeded at 2 x
104 cells cm2. OPCs could be readily frozen or thawed and were

cryopreserved i RufMeMasSHPP] 0818 ¢hiuteNorLlRUe IR AN YMEMARID) Sdvthsbad, CA)
ant 1006 DVBO (S gim A drh o e B e unT i GPC

experiment, at "MFd&¥ageany added o ceprog euesyefellss gstteBrocssis Ejuent |y,

cell's were passagefn&iusfRc 060Nt HENCE @ndisRedrdadly-Ed hsih@4vigpl | s cm 2.
Total cell nunber at each passage was counted with a hHenocytoneter. Rates

of growth were débesnniGragbrigee.eddh a9d ddHgebudind(Teit SNryeunicsn hdiye MADi r e
popul ati on of cell YA { I ~ | e-4: DI rentiation
of Epi SC-deri ve%h@’oggeg' Atl%gg%ﬁg#%dﬁeg%g?ﬁ%ﬂ] F%dﬁ@é?q%g@ﬁi%%meg

ol i godendr ocyt edor d&giction andmaclpl weredisedlizd Ritlk DA®Y cells cm 2 and i nduced
wi th neural base nedi um supplenmented with 0.4 ng nml-1 T3 (Signma-Aldrich,
St. Louis, )0 ng nml-1 SHH 100 ng nil-1 noggin, 10 nlVI dibutyryl
cycli c-AI\/PM2 162699” 19(,) tl%nan B9 G- 1 and 10 ng ni-1 NT3. Attenpts to
nodul at e t he @wiedme Adlf etferiments f Wiglr eniniaddt iwere ppgradtidghy ithe [Totiediohaleat nment s

with Jagl (R&D St M nneapol i | R99021 enmgent ,.. San Di ego,
Sy TR M R s TSRt M e B R o RTERE T Rneapal s <.
MN) . Exanpl e 4: pbitmall capse3 (RapB)ndivefer BabSGr/de)y mice derlCisdi Hokefoe i at i on and

i Mmunost ai ni ng. 0094] For |ive-cell i i hg experiments, Epi SC.derived
OPCs were pl at edragﬁ{?adlt Py?ﬁ-%@lﬁétdﬁ?ﬁ ;m@ Py n‘i"‘ﬂgc@%ﬁs@a“%fla%t- bot t om

m crowel | di shesofiddrintekd 2AshiArels spend®dFhsi 5. ol deutdl base@hddsanneee seeded at
a density of 3.1 x 104 cells cm2 in differentiation nedium (T3, SHH,

noggi n, CAMP, | dalectehanikieslly tartarget he fafieneprptecalleupsat yragRbPS Hor 3

hours, images \A@ﬁiﬁ-lcthtaaﬁﬁlme@é@&ﬁénﬂéh W Hteifi@ sydiRed MrddhhRUaEIWM th a
Hamamat su Orca charge-coupl ed device (CCD) canera on an inverted m croscope
(Lei ca DM 6000B)0sutmirigheefl Midtipe #ndprleimg W@irriet @rivicenty & edgeth OVaPPhauser ,

Vetslar, Ger manyyich rﬂrg@ctéd Laiti! Q‘%JiSlC-hé}%@i‘ilj(BnasC\%ﬂQ@Eoﬁ%@ O aGndaPgeon,
Er bach, Germany) at 37C and 5% CO2. Adaptive focus control was used to
mai nt ai n mul ti postieusging painds (& prahyze imyelipation. tNlige wegbddepls apeastiegeeder at ed
using | mage Pro vﬁlhugod?elﬂg d%glgc!ﬁ? &Eﬁﬂﬁrﬁzf exﬁa{zﬂlec§§d acepromazine), perfused

transcardially with 0.9% saline at room temperature and then perfused with

ice-cold 4% paraformaldehyde. The brain was dissected and fixed for 2 hours

in 4% paraformaldehyde then cryoprotected with sucrose. The cortex was

frozen in optimal cutting temperature (OCT) medium on dry ice and 20 pm

sections were cut on a Microm 525 cryostat. The sections were air-dried and

then frozen. For fluorescent MBP staining, slides were thawed and allowed to

dry, then rehydrated in PBS. Slides were treated with ice cold 95% methanol

and 5% acetic acid for 7 minutes, rinsed in PBS and blocked in 10% goat

serum for 1 hours at room temperature. Slides were then stained overnight for

MBP (Covance; 2 pug ml™"). Alexa Fluor—labeled secondary antibodies (2 pg

ml_l) were used for detection and nuclei were visualized with DAPIL.  Stained

sections were mounted using Vectashield (Vector Labs) and imaged using a

Zeiss LSM 510 META laser scanning confocal microscope. All images

presented are maximum intensity projections of a z-dimension series
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[0095]In vitro-cultured cells were prepared for immunostaining by fixation
in 4% (vol /vol) paraforml dehyde (El ectron M croscopy Sciences, Hatfield,
PA) for Mompmuwewsand subsequent perneabilization for POTrGSauti®S7Heth 0. 2%
Triton Xin PBS (pH 7.4). Cells were then bl ocked for nonspecific binding

wi th 10% normal goat serum (Abcam) or 10% nornmal donkey serum ( Abcam
Canbridge, MA) in PBS for 1-2 hours at roomtenperature (21-24C). Primary
anti bodi es W_erec@héi%’fngd)fllfB-QhQ}%hbd’llgli&@déhé&éﬁi ARE, 0.hgubalRichaMididiviihe sanpl es
ei ther overnight at 4C or for hour at room tenperature. Sanples were
rinsed with PBSS&HBe fleiertaddy LM ALQ 08Walpr opri ate Al exa Fl uor-1 abel ed
secondary antibodies (Invitrogen; 4 ng nil-1) for 1 hour at room

tenperature. - For visualization of nuclei, sanples were incubated with 1
ng m 1 DAPIExagipdangi- Agarqtyitic slige culfusgingelingtyn 4nalyPBS for 5 mi nut es.

[0096] Li ve- Cetdmé%]ail\j'?%lﬂ%fég@fm%% 9900 e o?‘%xldd:tzlga" {n?cggx{aggﬁéém&lt&ﬁloag‘g Li ve

cells were bl ocke normal goat serum a ant i body
for 20 min at 330 noetoranaiwdices genmiage pi ndeida Mibratemei Faeeswierhcullaresh neur al

base nmedi um and fi in 49 r , [ wi th PBS
and i ncubat ed vvia% i?)lgeggouﬂly ec%gg r%?%?r -9I%@gﬁgg%gg%dg?@g}r)%gﬁ%gvi%%%dvt??%i trogen,
Car |l shad, CA; 4 hoge rdruth) mpdified Ndond PRIGH- A0t & razwﬂ@s.E[ﬁE(Ehsrimre t hen

o ) ipe

per meabi | i zed a%csst vg‘eilsnr?lgnu\{a\dlgt/ ri]njg:'%é% w'{tg aV[;u“Tllélé‘ lgia%sepi%gt?le 1enito' the slices and
grown for an additional 10 days in culture. Some OPC cultures were first
lentivirally labeled with EGFP. Slices were fixed in 4% paraformaldehyde,
treated with ice-cold 95% methanol and 5% acetic acid, and assayed for MBP
expression (Covance; Jackson Labs, biotin—anti-mouse IgG; Vector Labs,
ABC; Sigma, DAB). For lineage-tracing experiments, slices were assayed for
NeulN expression (Millipore, Billerica, MA, ABN78) and GFP (Invitrogen,
Carlsbad, CA 3E6). To analyze the myelin ultrastructure, fixed and MBP-
stained slices were then fixed (4% paraformaldehyde and 2% glutaraldehyde
in 0.1 M cacodylate buffer, pH 7.4), incubated in 1% osmium tetroxide and
stained en bloc in uranyl acetate. They were dehydrated and embedded in
Poly/Bed 812 epoxy. Thick (1 pm) sections were cut and stained with
toluidine blue. Thin (90 nm) sections were cut either en face or transversely,
collected on 300-pm nickel grids, stained with toluidine blue and carbon-
coated for electron microscopy. Toluidine blue—stained thick sections were
imaged on a Leica DM5500B microscope at 100x, and toluidine blue—stained
thin sections were imaged at 80 kV on a JEOL JEM-1200-EX electron
microscope. Staining of sections for MBP before electron microscopy

allowed for efficient targeting of the regions to be analyzed.

Example 7: Results

[00103] To differentiate epiblast stem cells (EpiSCs) into a neuroectodermal
lineasge, EpiSCs were treated with SB431542, an inhibitor of Alk4, AlkS and
Alk7 (activin-nodal signaling); dorsomorphin or LDN-193189, inhibitors of
Alk2, Alk3 and Alk6 (BMP signaling); and noggin, a BMP antagonist. In

response, the EpiSCs rapidly downregulated the expression of pluripotency
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[0097] Pri mary anti bodi es used were anti bodies to Cct3/4 (Santa Cruz, sc-
5279; 0.4 ng ml-1), Sox 1 (R&D Systens, AF3369; 1 ng nil-1), Pax6 (Covance,
PRB- 278P;w0.2612/00¢7081- 1), A ig2 (MIlipore, Billerica, MRCTAB2@1O577% 1, 000),
Nkx2.2 (DSHB, 74.5A5; 4.4 ng ml-1), Sox10 (R&D Systens, AF2864; 2 ng mil-1),
04 (1:10), GFAP (DAKO, Z0334; 0.58 ng nil-1), 13111-tubulin (Covance, Tuj 1
; 0.2 ng nl-1), and MBP (Covance, SM-99P; 2 ng nil-1 or Abcam ab7349;
1:25). The NKX2.82ndshetPADPodnt (HQ0¥MAVR! 0RS), Rrebulat8 S8 Sbbci@REna-
Brenner - Morton was obtained fromthe Devel opnental Studies Hybri donma Bank
devel oped under 2eRfs sHelspi Bed ¥ Nepsoddsanghppgshugnt pnspholqseical eangysi °d Heal t h

and Human Devel Q&%nlladﬁlﬂg-%%hi{%@i gﬁQn@{ B@&o&%d\éﬁﬁskﬁi&gr@r{) rzb.OVVa-ThM\D

2012/ 096705PCT/ US2011/ 05 0098] For enbryo tissue, onic day 11.5

(E11.5) enbryos dilEarentipiioresiraiagy 494 gaireindy melusledng desubledincrYPhs elckpidned. After
antigen retriev S| ' It e ' [ te and

0. 05% Tween 20: %}Sﬁﬂgg 8@%%@%%%3 I\EA%%OSC‘%%{’:&%X&%%n%@ggd&?fﬁs%{xzm Wi t h
0.2% Triton X fdPaxB+hodibexl+Becti ons were then stained in bl ocking solution
using Adig2 (MJhipore, Billerica, ok Nkx2. 2 ( DSHB,
74.5A5; 8.8 ngdoﬁfi‘hl) rrgr%?sgﬁvgéﬁ?‘géﬂs&gé%d;‘%dgﬁ%g‘gﬁwR‘E}‘.]K’%?Og%%“?E&&Sér(‘i(%Sa‘%‘el | ed
secondary anti baoluesd (denxoettodrgen bedavag thi- Iduwelr &piederfved dateeetli on, and
nucl ei were visualized with DAPI. £0099; For .f| ow cytpqgt hy Pf' PDGERa and
NG2, Epi SC- der i VSt OBPEEMAE REFINSLEH I8P el ¢ UPE°hnd B §2KEEEn 10%

nor mal donkey sekwim e, Sfectficnudlitr fedukssr wWenaink hea cstablished! bwi Tobal

al | ophycocyani n (APC).- conj ugat ed PDG-FRa Bi.osci ence, APA5; mL- 1) and
ncon] ugat od 1 aBRES HEI B SRREERES e 1 B8 Ae Ty B Lk AR50 1 g
E{L- 1) ?nL [ Pogi eSnfelic ﬁ&nnhmpirﬁgl fm(;ﬂltﬂi@mckoba/ of ﬂfju’@afai:m@libf;/ﬁl;rhspégséxta_

uor -1 abel ed secondary antj bho nvi t rogen; n - r m nut es.
| sot ype control S3Hf SBQ%P%%}%)eaynﬁé)é@ré@nﬁgg@@i thy ﬁgtoﬁliﬁ)ﬁ‘il PRt H%d)?f’tt% set gates
(APC- conj ugat ed agt4 E%@C(@Biv&i?iitfbﬁ{é@;neﬁrd@&oﬂ@lcmlx)vaﬁﬂéht&pfd?aﬂ di@Rbit 119G
(Santa Cruz; 1 ng nml-1) with exa Fl uor-| abel ed secondary anti body
(I nvitrogen; 4 rRBCCHIC Opyentigdns Of fingic gl apd SEithin the gmtip pseBce dnd pl ot s

were gener at ed %g%lnwlmﬁieﬁltthépigalg RAIHNRAE Eway UIBEY @AImGRELSINER feSEL W TH
i sotype controls at |ess than 0.1% doubl e-positive cells. Exanple 5:

Co-cul ture nyel iweerleviorapbOY§irslevant aRLOGPLimy fagwrsy OighireshNkud?e Bbt ai ned
fromthe cortex (Qf..&lf tgrﬁ'ofﬁf?e%sla %439119111@%@&%ﬁeﬁnﬂeuwgao&%t@nma i ncubat ed
in 0.125%trypsin in Earle's bal anced salt "sol ution (EBSS or 8 mnutes at
37C and r esuspenledonevdiipping ofxpBivEN cionthgi méntgl ICMriEBS. ZPhe dotheex was

centrifuged at . ' S dy delRed, I r.al basal
medi um ( NBM) cogltgg?q?ﬁl% @%EB%%%I b f*ggﬁféﬁ@?‘ﬁ bhic dceﬁ)' el o,

A ut amax2. The awubexodsas ekpressed prioperrpastedortrhlamd glvxtdeneaethg esdinpinget t es of
decreasing dianeter, centrifuge resuspended in, supple ted NBM and
(11 tered througn a6 s Ry, 4RRErRE O Gesliar BTSN Lakes,
New Jersey). Celdemouseme thdtahepronrion b pliding clovesmhdnps cididéadhadpbopen coat ed

%'[GE p(élp?/(sg: ggf:sgggl%ér&g%agéﬁmggg pl%}i)o%nz%%&quntg'&egg’gng’pe(gigg/%&l?%f Ih%r one

developing spinal cord in 5 days.

[00105] Upon passage, the EpiSC-derived patterned neuroectoderm
immediately gave rise to both BIII-tubulin+ neurons and presumptive OPCs
that expressed Olig2 or Nkx2.2. These results recapitulate in vivo cell-
specification events at the ventral ventricular zone of the developing spinal
cord that are known to give rise to both neurons and OPCs. In these cultures,
the neurons did not persist beyond the first 3 days of culture. However, the
presumptive OPCs developed strong, co-expression of Olig2 and Nkx2.2 and
rapidly proliferated in the presence of FGI2, PDGF and SHH to produce a

confluent and nearly homogeneous population of cells in 5 days (10 days from
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suspended in 1:1 (vol/vol) m xture of neurobasal and DMEM (ND) grow h

medi um 2 and added to the neuron cultures. Cells were processed for

i mmunof | Wsoespaeemsafter 6 days of co-culture and anal yred/usgimngsNvePr
(Abcam Canbridge, MA) and 13111-tubulin (Tujl; Neurom cs, Edina M)

anti bodi es. Alexa fluor-1labelled secondary anti bodies (2 ug nil-1) were used
for detection and nuclei were visualized with DAPI. Exanple 6: In vivo
nylination anal ysiig difféORHEAd oAt EBREY. 1 TREE BpWCtdleriddi OBCSeWsiRd appr oved by
the Institutional Aninmal Care and e Commttee of Case Western Reserve

Uni versity. Ear IpPigibstipRiramogiiplogy 3andpexppesyeds fppasripon fasshiandhiell ni ce
served as a hosty,frot fher El?dﬂsa‘%'@%tl bligh QfxEpiseGAeDaRE, FBER efﬁ%lps wer e
anest heti zed with sofluorane and x 105 cell's suspended in 1.5 nl of
neural base nmediNff weing4l apnsisteat Wi thair én allitoy counterparig eigurre 31 utthee cor pus
callosumat ar B p o) a

Ham | ton syri nggatpﬁ](?gﬁg’ﬁétﬂ k‘ﬁlﬁr‘% kgéhg&}oml%grl S\r,]\tﬁ%@%’ rglésneg?f:\wd Jlo 5 mm
anterior to breqmea@dEhedlaPﬁlwrfme@ammM@@ndmdawetMEpdbﬁldwr| ved OPCs
as well as contr b t

nyel i nati on. gm?ney}\g ﬁgé% ysglg(r:\tg)es 4&%(1&&&?%%%3%@86 é)oﬁgt%earl ‘f%ﬁ( ket am ne,
xyl azi ne and acéﬁ%‘(ﬁsmﬂmw expmdédﬂedatt teasiswgn dhasdakss, \Maidmg) pﬁ%l(ﬁl&lbll ne at

brain vas. i ssealSuCmNE FRER PP s 0r bEF iRor ot PEP TR RS e T

cryoprotected winatursefahioaethodhfeuciaddpexdenas-dérved @pls(nmptmmdhng Libdsi ng
tenperature ( %)mﬂdl um.on dré |ced and 20 nm.sect) ons re cut on a Mcrom
525 cryostat. THE"SAWET §HsI{iERal gPrdey SEAS id eé’ﬁ 0?’?“8’? SEgdr WFuor escent
MBP stai ni ng, slsiml@&nivaEe dtﬁbammdteanekuafblhrw&ﬁdlnt:mldélyntla&dmaﬂfm@{wdﬁtat ed in

PBS. Slides were treated with ice cold 95% net hanol and 5% acetic acid for
7 minutes, rinsédGsnvipeY anygelblitserregilic ofeatinst serum for 1 hours at room

temperature. Boidgs welagethiad it @ifOediaQve tapaht off B¢ EMBR-dHoMROPE;, 2 Ug
ml-1). Al exa Fluor-I|abeled secondary antibodies (2 ug ml-1) were used for

detection and nukq EpiSgadpdved; QRay wewdrsatednviginmyroigshgimpag (dék twhiiisiswer e

nmount ed usi ng V%Bv’éﬂuﬁéﬁhp()}{%ﬁtb@{h habs) an@%‘ vlv%gﬁ‘e%uld%gﬁﬁie%ragﬁﬁo%sofl—s“ﬂ 510
META | aser scanni ng confocal m croscope. i mges presented are maxi num

i ntensity proj edifi(engtoppligedendgicyiepsin §b&€iﬂ%0%b@1h| fi2nagpdofDGE-@am opt i cal
slices collecte [ [ t d by LSM
510 software). gxhgér/rp{&ﬁdgmgs @%Héﬁcg%p@% d%‘gﬁc@%iﬁegt%g]f@%iﬁl{ nfﬂlgnal ysi s.

[ 00102] The f or ebifaemiaef explisiPdly shiovaigedendrocyiies QV@W@Wthmyodusssect ed and

300 nm cor onal r o cul tured
as previously dgksdg??eb gﬁ{eﬁ Wﬁs;ﬁ%@dl\éﬁn Eg@ %scgﬁwg\ﬁﬁgw% hor se
serum nodi fi ed oN2keauiid, PDGY- A 2f rdifBerckaipgon grexteﬂt@En Eﬁ%SC&dmells/wdreODCs was
manual |y injecte | ass..p e int S|IC grown for
o addi i onal - 100aiays O vBle ffluo RSBl ol el MR RS 1 Tl Ty
| abel ed with EG(H)CsS{b@ltsaﬁanmn}ecdunmdmm ra@%l}ﬂ&freﬂﬂsm’fn'ﬂdle@a’mﬁdtehneh reated with
ice-cold 95%rret ol, .and 5% acetic d assayed for ression
(Covance: Jackso| §h§) g‘yo{e}yngamefe 4(53811% a%‘d“i?é‘ %/ dL%%g E§c‘ Si gna,

DAB) . For | i neag@sticaaahdgef@xmefbientds bosd f1@f€611g®ﬁélﬁlr(a§'&§yﬁﬁdl dsanydNauN
expression (MIllipore, Billeric and P (I nvitrogen, Carl sbad,
CA 3E6). To anallﬂ?gfe P‘i’féelqry@ﬁli’ﬂ% Lﬂr?tfl\@épﬂq uBrP[‘ﬁ’ne P (Rila: hg! W@@%"%’éfeﬂed slices
were then fixed gﬁﬁ%’p@@[@tmmhd%&ﬁﬁ oﬁ@@heaaﬁ)g}lt@lg@a@dr&e Aogh MFiQurk M

cacodyl ate buffer, Tp cubated 1n 1% osmumtetroxi de and stained en
bl oc in uranyl doet é‘?é‘lffefﬁévtl%%s Biehyawatide aamelthehbdddadsiAcyBs| §f/ Bed 812

epoxy. Thick (1 pnilutafft hQRShs WRrEotsbilve NGl §dyad, 'E}f%q)vw\xﬂlﬁlnhﬂéﬂl fléhﬂﬁ‘ofm ue. Thin
(90 nm sections were cut either en face or "transversely, | écted on

300-ri m ni ckel diiYsderived ORed hod bagome pligadentioqytagetheiteh ce ﬂ%dhaléldaneed for

el ectron m croscoRyerad @ defls NRaPLYRE @&aﬂhﬁ&ﬁoﬁ Bﬁa‘ﬁ%ng?ﬁg%ltﬁ’&i% 18 &alcmaged on a
Lei ca DVMb500B mcroscope at 100x, tol ui dine blue-stained thin sections
wer e i maged at SmleklﬁpS@dlnaa@EmlyleMTQMOI@XOQISEQWYQMrﬁhl@:pmobé)PCSt ai ni ng of

sections for or r 0 I Ci targeting
of the regions to ﬁefél afﬁ)gfylg)g% 19%?%(%95%8@(%%% %9T O(g%lgi]tmfég gll%f erentiate
epi bl ast st em celibsleadipey®Ss ind Mt \@erﬂemamrmdéfemeﬂ innsagfeiendspirSCs  wer e
treated with 5B43 1542, an inhibitor of Alk4, Alk5 and Alk7 (activin-nodal
signaling); dorsonorphin or LD\ 19318§ i nhibitors of Alk2, Alk3 and Alk6
(BMP signaling); and noggin, a BMP antagonist. In response, the Epi SCs

rapi dly downregul ated t he expression of pluripotency



genes such as Pou5f1 (al so known as Cct 3/4), upregul ated neur oect oder nal
genes such as Pax6 and Neurod4, and underwent norphol ogi cal changes to form
radi al | y-wogari@ewspat t er ned neuroectoderm (Fi gure 2). Phirassdeffifoserrenti ati on
strategy was extrenely robust and resulted in >99% of Epi SC col oni es

form ng patterned neuroect oderm expressi ng both Pax6 and Sox 1 (Pax6+ and
Sox 1 +). [00104] To test whether the induced patterned neuroectoderm

behaved as uni nduaed onalf-ReaLRACT M-BEAYESing td8 ckRAUGEEJaRliG okl ved
patterned neuroectodermwere patterned in a region-specific manner. In the

devel opi ng neur diPi% upeived pfa§ fqudturee| did nef e dhfis propawisni¥s2baite @st abl i shed
by | ocal signal gjikdiQfafen@s SHI TRAWAGENGestddS HHE ShightP.cbH8aBLVALOR! g&mSp' nal
cord, OPCs first enmerge fromthe ventral ventricular zone of the neural

t ube in response&xpresssBnpPatictie dye sorpr{tSHpeodpriirestykes rwidy gimapstimmgmndhe
notochord and fl.gok.pl ate. Day-4 Epi SC-derived patterned neuroectoder m was
treated for 1 day wth specific concentrations of retinoic acid and SHH i n
t he continuedl(pl@dende ofanmogghn fuoctpatlt erapettioenvili EpedG-dgivet- 9pesi fi c way.
This treatnent r N . r | ati on of -1 tr cription
factors Aig2 arlll?d3§e Hlbéég%glﬁ.p%tfhgﬁgégrngegés{}n%frlﬁyplgtv P (%?tc%e‘fglﬁlg}s{%%nﬁcats g/r%g in the
pat t er ned neur oestiodeganoiypini tikedulivre andnix owerbyajppicrign éxpriesbfagn ofn t he
ventral ventricul ar zane of th g vel. opi %% muse ne r al ok be.E %(Edi tionally,
the Epi SC deri ved §sAttar RS IREEe foder hobXpr &8s s8UHF oipes, BpiSt-

post eri or-r el at edridaxOpenesre phawd @doki deiingoiith aluttuigpionahousOkdrticdent i ty

al ong the rostrocaudal axjs. The results d nstrate at rovi si on
of guiding devel"SPIEhE™S gﬂ@t‘(&% 9 glitggen?%e‘pﬁitﬁléggg)ﬁe@ﬁeﬁpésaé('p‘ghveagﬁycgat t er ni ng
of pluripotent ¢allisferditifed 8@ MBPIRLRLL. f Macicet the MEPt dagnideveinopiwig Spi nal
cord in 5 days. 0010% Upon pﬁssage, t he E?i SC-derived patterned

neur oect oder m i MHEAHERIBT ¢XGav &hich 4B sysgeiye 91 PYEHRCSERIR ARATLY -ndBFSns and
presunptive OPCglefifat OPXPpRS®ASy Gkp&dd @ THKHE nde proaEEEMBPSWebSekigcapi tul ate
in vivo cell-specification events at the ventral ventricular zone of the
devel opi ng spi nathidotracked ayity PET-RBBLR CollsgisyegepingeleppoRbesidiGr dis and
OPCs. In these gWelilbRaic fdi&uiREUTONSscl FurdRf REfuSibRinal§YaNge tHpssdirst 3
days of culture. 'However, the presunptive OPCs devel oped strong,

co- expr essi on ofdedyddg@Pgnda Mirsi2ble qigarotyalsi dicy quiteie| dseayawad utﬂrilzeghfé presence
of FGF2, PDGF a - (o nf 1&aAr o] us

popul ati on of cg??lgﬁgdn&geh@g%gu( %g%gdgs ffn%g{rg)r} %?ﬁﬂgﬁg{ar ergrggt@?egtt%igon of the
Epi SCs). These Epiogd, theetirve dli@PCS caRhpdsinp@tishavergrgMbabhitship pizr(winshphol ogy

and expressed transce.l.pLi0 t . | r has dig 1
G Tap, Nox. 2 REoTB AR A MR SUELAGR ARG GG, TN (el
in vivo count er pegrbenty FHidgcomepagd) mydlie affgyi BCdger | TrenspREd Mpe$E-dsyvedhr onous
and highly pure -90%.cos e essed.t.he QPC surface rkers and
LA M L RS BT AR D T S e

Addi tional ly, thesenEm SCshieeryBdinGPiCss. cOd abilig @ XjpasidiadiiedrOrs beast ei ght

passanss: 1 10, BLEUS] MRl naple, QUIDELS, (2ROFS callighof pure

indgpendently;dq&kﬂ%ﬁnﬁnkfﬁnkhmeaféﬁaphuﬁhagwh&mg&m%m@mlniCF of different
genders, straj n evel opnent stage) were s t aneously 5

di fferenti at e&%gﬁl fIoLAsSER FH}yﬁﬁ%ewgﬁ‘gé?l&h?f%@@??F’b‘f%?iv {tht o oPCs

wi t hout any cel leefid NRersP@Slivieied MG ffieC atiiu@N Scorpld0 LQRIuHO odeh&itvrne the
differentiation capacity of the Epi SC-derived OPCs, the EBiSc-derived OPCs
were treated wi tHMURAYGO8IPAChopMHe (MBYshi/ii) eHPS s Ksoutco PBES] WHSr t ant bot h
invitro and 'naﬁﬂ%&d%ﬂ7&%agh§&fiﬂm&&ﬁh&ﬁﬁggﬁdﬁPﬂmE&m&B@%fh@&ﬁmmd o

ol i godendrocytes, in the absence of both FG-2 and PDGF- AA. These conditions
caused the Epi S@ibgerip\he bapcs Magy prishespifdYIBPemaxelingheatis were fleunenini at e

excl usi vel y I nt g0l i,gadend OGS EpRY Slere dpc@¥ut BB iff Oi3Rsplanted

Undi fferentiated OPCs di d not exppess the ol i godendrocyte cell-surface

mar ker 04, but tyntdy Addfiomdilly flamshdemtaddpP(Grapatased tormaigragaosabivelie cel | s
were strongly 04+ wi I C d - - r-est .r.emai ned
aig2+ OPCs (ceﬁ?g%%%%ﬁgFﬂgi%%ﬁﬁ%e %ﬁbﬁ%rgﬁg%h§?¥% gg(%gﬁ%gﬁébgﬁdent

| i nes, n> 480 cehjkgtion sByh dathe3ontrdlagswl Odiztuol wagodsadedc WNoewraradhsupr egul at ed
the classical and defining markers of bona fide oligodendrocytes such as
nyelin basic protein (Mp), proteolip?a protein 1 (Plpl), nyelin-associ ated
gl ycoprotein (Mag) and nyelin oligodendrocyte glycoprotein (Mg) (Figure
4). The differentiation was highly specific as neither GFAP+ astrocytes or
13111-tubul i n+ neurons were observed. By day 4, the overwhelm ng majority
of Epi SC-derived OPCs had becone ol i godendrocytes, though cell death and
rare proliferation events made exact quantification challenging w thout

o I L T -— a4 o o B -



cells were delivered into the future corpus call osum of newborn,

i mmunoconpet ent shiverer (Mypshi/shi) pups. The nouse brains were anal yzed
3-7 weekswafzvevosTfecti on and assayed for the presence etCTmsediinst7ed fi bers
in the brain. Many patches of MBP+ nyelin sheaths were found in mce
transpl anted with Epi SC-derived OPCs but not in untransplanted controls.
Addi tionally, EpiSC-derived OPCs appeared to migrate extensively in the
host central neryQumt SHMBIL PRI E, I BMA QNN Rhy SF iRt §hRPlandd QAMt he
injection such as the contral ateral striatumwas observed. No teratomas or
aberrant cel | ul diPiYrowtnd Were odetivedoins grgfuastd. themilessther ahgs! ant ed

wi t h Epi SC- der i ved;iOdGsotrad NBat g0 BORESORYakhai &t JRKGR dageither. these
results denonstrate that Epi SC-derived OPCs function to produce conpact
myel i n and provinelia andaproaisicea stastable epuree|df scelly oppptimize librsedased
transpl antation st¢ B Strdi@ics B LI &Ra r- [00109] Next, the ability of
extrinsic fact orts tpgénmgu?tétt%iﬁsheﬁjﬂ%’flflé%nti ation of Epi-SC-derived OPCs
was expl or ed. [08409]hi Vektnterbilion obditonws: faoprstthenslohleatbe diffsravdetomi @n of OPCs
frompluripotent, cehls.. |t oy] d pl at for S f cul es that
i nfluence the trEé)?lglbtﬁg\ﬁédo pcéiﬂ&ss %ﬁ{ogedm’%g%lgénvgﬁg%ny%ilé)g]?@%atﬁ{ ?Cg}t%}ﬂgrl y
pertinent to di pordietic & sdomplutip@ém celtsl @ pogides wipkrfernN@xerc@PCs ar e
present in or close to de i nated | esi ons eneral.ly dq not

renyel i nate derryl%(ﬁcf“cﬁgl’tS etgatax@ﬁlgr}ce@eatr%rim%qne Ogt@)o - 81?9 p?lfgé%?ngfoéytf%r usi ng
the system to sgagetlaflprpegdnowndisorddpistB denivgpte QRGssiverterceXpased t o

three different atment regi mens involvin dul ati on of signaling

pat huays. ( Not ch ONARC I RS de ESr ™ O D JSTRRe b e e B

ol i godendr ocyt e rélgyinop emielidbtedatdner @Rtaisahplo ProobREidFRIM fopbisilpihdC- der i ved
OPCs for 2 days with T3 differentiation _nediumin the presence of the Notch
li gand Jaggedi (ISGP O ¥ {8t camoaets PR rdiscdoP Gunee cxpsed spythree

ol i godendr ocyt esyiffddsit NeaBndik MFedidenP iRbRER motiigidobe sehallSK3dBwayd negati ve
regul ator of Wit-P-catenin signalin was tested by treating Epi SC-derived
OPCs with the GSNSEB Wakifthiatesin o lﬁa‘g@a)MQVlOPHVslmph@éqdn@n@lg%@ﬂrqcé@ ina

concentrat i on- deR@lisiiing b itBlhd 400 Ofrre@inl APsENAs Ca¥h Rt idgbenliaat | on
wher eby cells remained Aig2+ CPCsnan{j di d not progress toS 04+ A

ol i godendr ocyt esvihFl {diflsrepyationyaedium é thetpgessagggd dhe Nagh ligansolageil

Wit - P-cat eni n si I [ I b bietd ptively
regul ates the %%?t 85111? glogwag?/%%:g%e? (ralﬁr'%}]%uég}éitqé‘?cr)br%%{)%e o} ?%tg%eggl?l%%yt es.
[ 00110] The fi nalsiniteearoteqel, theyvadt wédiSfos wegatioé réQyla8e-deWinlr8da©mas t o

signal ing casca o] t ecl f SN vt LNt nate gli al
fate, astrocyt egsg%q'l?%a%gn%s%(fs[’%pﬁ%ﬁglﬁgé@@@&b\?\nc% ﬁ;”%]\/%ge ginsg(%Peukem a

i nhi bitory fact onhiitor FYHIRE8QA1t didlisi ieatthent megubed iny a gbneelrdtnulepaxgoi ng

nmor phol ogi cal and.gene expressjon changes. incl.udin he upr | ati on of
oAb i i cat i va hRRDE oEMRIARRRD S AARRER A AL MBI 25
dermonstrat e t hatOXsainadldnorprgesploudd-paigedindsicens dedlre BasHdssiestlem provi des

a powerful way to scr&en for. gogvul %t ors. of. O|1.I gode.ndré) t.eB‘.ge.vel pment and
nyel i nation. [OGTEEEF TRk CPPBEE MG PR8I SR 08t ALY (e PPIBi Bl es of the
invention. It wdSK3pe pappragiagded it OPhosete Skidl becksi et fignsioh i | | be

abl e to devise \clﬂ?b%\‘l)q%ﬁ arrangenments whi ch, although not explicitly

described or sh T8FYSS- enbody the principles of the invention and are

included Wit hjgn1id]s Sier fidal aRAnREO PR O1VEU Ik PALADEE EpBILdegvampires @nd

condi tional | angua%]g‘1 recited herein are principally intended to aid the
reader in under StEARMNGSHE BrIcoprgscibt OPhe i nfehtiomt alfnthelidoncept s
contributed by the dsPYERLOMRealifent Bf ENSCLREYINEP@ ith BRP4aNE 1duReRB CONstrued
as being without limtation to such specifically recited exanples and

condi tions. Mor égveiory alartost ddlenenptdcheineily medeity ngl picllncinsk@sinzaspect s,
and embodi ment s fpidiida 4RDTLAN Ao h! cifecs ARGHIAE 1RX ATBLERich Y eof . are
intended to enconpass both structural and functional equivalents thereof.
Addi tional |y, itGHAP,imkicativeef redpatification g aitioaytent Biepanmehulddebonstraeur rent | y

known equi val en i val ant op&ad, i r [ any

el enents devel otﬁtzaé%?ﬁ%tﬁggfg}r{%o@?nﬁ®ﬁ%?gt§r¥e&?3%%§q %?E%H{ g}é)glrdgi & (s)\%%rtmst ructure.
The scope of the present invention, therefore, is not intended to be
limted to the exenplary aspects shown and described herein. Rather, the
scope and spirit of present i nvention3?s enbodi ed by the appended cl ai ns.
In the clains that follow, unless the term"nmeans" is used, none of the
features or elenents recited therein should be construed as

means-pl us-function limtations pursuant to 35 U S.C. 112, 916.



What is clainmed is: 1. A method for generating mammal i an neur oect oder m
conprising: providing pluripotent cells; and inducing devel opnent of the
pl uri pot emO 20196706 Nt 0 neur oect oderm by cul turi ng the plpariyseaigns77éel | s in
t he presence of one or nore inhibitors of an activin-nodal pathway and one
or nore inhibitors of a bone norphogenetic protein pathway. 2. The net hod
of claim1, wherein the one or nore inhibitors of an activin-nodal pathway

i's SB431542. 3. ylhe wethed 9br GhétiuMidks M%l%bﬂbnﬁﬂﬁyt@n%e@béﬁﬁﬁﬁ dnghi bi tors
of a bone norphogéenetic protein pathway is sel ected from dorsonorphin,

LDN- 193189 or ndg§iiAdtion. The nethod of claim 1, wherein the pluripotent
cell is an epiblast stemcell. 5. The nethod of claim1, wherein at |east
75% or nore of cells resulting fromthe culture of the pluripotent cells
are neur oect otl¥d klcellhs pregedineraerphstibustatos the IPENGpISS ofjhemapmiont Ivelst 90% or

more of cellsr %%Lﬂgbie ﬁtekrdr?rééﬂt thgs% s?ééi#eh%%@famt 981 Bl bk r{Btd%Wse Galib are

neur oect oderm cel | generating manmal 1 an patterned

neur oect oder m canprgesieny: whicly hlthongh plourckplttentdesebéds or ishowei egeidlevel oprent
of t he. pluri pot %&tbogf lhlesprilngi Rs 3 %Heolg\?etnaﬁl? rrﬂa Q”X i&c"l”cfe it Lttshgpirﬁ)tl alll{ql pot ent
cells in the presence of one or nore in i Bitors of an activin-nodal pat hway
and one or nor e stcopki Buttrsonf alhetoonpdesrand pbraliiemel iacguagoteeitad Ipatihway; and

nductng Cevel onmenhuf BRHLELTR RS SERRTLBHL HAEE Wy o

aci d and noggi n.invention and the concepts contributed by the inventors to furthering the art,
and are to be construed as being without limitation to such specifically recited
examples and conditions. Moreover, all statements herein reciting principles,
aspects, and embodiments of the invention as well as specific examples
thereof, are intended to encompass both structural and functional equivalents
thereof.  Additionally, it is intended that such equivalents include both
currently known equivalents and equivalents developed in the future, i.e., any
elements developed that perform the same function, regardless of structure.
The scope of the present invention, therefore, is not intended to be limited to
the exemplary aspects shown and described herein. Rather, the scope and
spirit of present invention is embodied by the appended claims. In the claims
that follow, unless the term “means” is used, none of the features or elements

recited therein should be construed as means-plus-function limitations

pursuant to 35 U.S.C. §112, ]6.
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8. A nethod for generating manmal i an ol i godendrocyte progenitor cells
conprising: providing a pluripotent cell; inducing devel opnent of the

pl uri pot emO 20196708t 0 neur oect oder m by cul turing the pl ecirpst@nosTsed | in

t he presence of one or nore inhibitors of an activin-nodal pathway and one
or nore inhibitors of a bone norphogenetic protein pathway; inducing

devel opnent of patterned neuroectoderm by culturing the neuroectodermin

t he presencenhgfis ORgcQls: Mor e of soni c hedgehog, retinoic acid and noggin;
and i nduci ng developnent of ollgodendrocyte progenitor cells by culturing
t he patt er ned lneunsEddaE eeresRing dngmpyngliza r}ﬁﬁ@@@ﬁ%émcﬁon@ﬁémgyrprﬁwﬁ@gof a

fibroblast grow,fB8ehOtels aRl ah&lcho- @ﬁkk%ﬁ@mgﬁpﬂ%hpﬁﬁﬁkgﬁ<%ﬂ9 if@ni c
hedgehog. 9. The nethod of claim8, "wherein two or nore of a fibrobl ast

growt h factor, acpbetelean-idesulivaee é}eomutbpmm&tcelﬂs andle govskrcenddyeig are used
in the culture Hork P&Eﬂr?% L&' Nedifa OQQ?%%%9%8%|£ Sr o i H'Bﬁoﬁ?ﬂac’d of

claim9, wherein a | ast growt tor; a platelet- derive grow h
factor and soni doheagewhogenerceprosagaibwayhe cul ture of the patterned
neuroectodermal cells. 11. The nethod of claim8, wherein the fibrobl ast
grow h factor is FGF2 and the platelet-derived growth factor is PDGF- AA
12. The net hod. dmemieaiom@plamtnér\elmeinm apf or mbrenohibit@e dbidan acganinoddledgehog
and noggin are us in f%ﬂﬁ $ |ture of the neuroectodermal cells. 13. The
met hod of cl ai m® “M%g tinoic acid, sonic hedgehog and noggin are
used in the culture of the neuroectodermal cells. 14. The nmethod of claim
8, wherein at 3| gastmdtbd of dminel ofvhaehl ser@subt g fithitiotshef aubdner e of t he

patterned neuroect Gt M phstin Dafivay ¥ AT NGRS BRI BN b3 35! ' <

or noggin.
4. The method of claim 1, wherein the pluripotent cell is an epiblast stem cell.

5. The method of claim 1, wherein at least 75% or more of cells resulting from

the culture of the pluripotent cells are neuroectoderm cells.

6. The method of claim 5, wherein at least 90% or more of cells resulting from

the culture of the pluripotent cells are neuroectoderm cells.

7. A method for generating mammalian patterned neuroectoderm comprising:
providing pluripotent cells; inducing development of the pluripotent cells into
neuroectoderm by culturing the pluripotent cells in the presence of one or
more inhibitors of an activin-nodal pathway and one or more inhibitors of a
bone morphogenetic protein pathway; and inducing development of patterned
neuroectoderm by culturing the neuroectoderm in the presence of one or more

of sonic hedgehog, retinoic acid and noggin.

8. A method for generating mammalian oligodendrocyte progenitor cells
comprising: providing a pluripotent cell; inducing development of the
pluripotent cell into neuroectoderm by culturing the pluripotent cell in the
presence of one or more inhibitors of an activin-nodal pathway and one or

more inhibitors of a bone morphogenetic protein pathway; inducing
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15. The nmethod of claim 14, wherein at |east 90% or nore of cells resulting
fromthe culture of the patterned neuroectodernmal cells are oligodendrocyte
progeni t owoceld®67086. The met hod of claim 15, wherein aPCrassi19526or nore
of cells resulting fromthe culture of the patterned neuroectodermal cells
are ol igodendrocyte progenitor cells. 17. The nethod of claim 16, wherein
at least 99% or nore of cells resulting fromthe culture of the patterned

neur oect oder mal @@lIbpmAl 6f PhileaRdaRdfopaYdcemy0aaN}ih theCRblcSetoddm ihhe met hod
of claim8, wherein the one or nore inhibitors of an activin-nodal pathway

is SB431542. 19 .therpraschaen Hade OF mOraelprpic hgfgeheg. feingis asileand moggireandnhi bi t or s

of a bone nor phogeRRL! & vRbRh& b RALBYRY ok fh&delis P FRESYBEPI N,
LDN- 193189 or noggin% 28.]%ﬁcéngos%tionKE%%%%%gihg fﬁe g}igodendrocyte

progeni tor cel | Pajwroduestedodandioly in Geararrredf opg or Tee elonprsbision of
claim 20, further, 60 !Edrjs%ﬁl&efa@&'ér&@& ﬁ@tmﬁwopﬂldggﬁgﬂé%%ﬁ% 22. A research
?’l e % ce ]] S roduc

tool conprisingthe oligodendrocyte progenitor ed according to
claim 8.

9. The method of claim 8, wherein two or more of a fibroblast growth factor, a
platelet-derived growth factor and sonic hedgehog are used in the culture of

the patterned neuroectoderm cells.

10. The method of claim 9, wherein a fibroblast growth factor, a platelet-derived
growth factor and sonic hedgehog are used in the culture of the patterned

neuroectodermal cells.

11. The method of claim 8, wherein the fibroblast growth factor is FGF2 and the
platelet-derived growth factor is PDGF-AA.

12. The method of claim 8, wherein two of retinoic acid , sonic hedgehog and

noggin are used in the culture of the neuroectodermal cells.

13. The method of claim 8, wherein retinoic acid, sonic hedgehog and noggin are

used in the culture of the neuroectodermal cells.

14. The method of claim 8, wherein at least 75% or more of cells resulting from
the culture of the patterned neuroectodermal cells are oligodendrocyte

progenitor cells.

15. The method of claim 14, wherein at least 90% or more of cells resulting from
the culture of the patterned neuroectodermal cells are oligodendrocyte

progenitor cells.

16. The method of claim 15, wherein at least 95% or more of cells resulting from
the culture of the patterned neuroectodermal cells are oligodendrocyte

progenitor cells.
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23. A diagnostic tool

produced accor di

ng to claim8. 24. A nethod of treating a nedical

conprising the oligodendrocyte progenitor cells

condi tion

of the CNBOiI20122096105] ect conpri si ng adm ni stering to thePsuhjSee/ 087759
t herapeutically effective anmobunt of the oligodendrocyte progenitor cells

produced accor di
ol i godendr ocyt e

Wt - P-cateni n si

ng to claim8. 25. A nethod for naintaining the

progenitor cells of claim8 in cell culture, conprising:
culturing the oligodendrocyte cells in the presence of an activator of

nal i ng. 26.

met hod for naintainigg t he ol i godendrocyte
i 9§

6. A
progeni tor cell-sthefmeghogjgncRim Ao.cuterei af least 89% Opmors <fials reewiiRdPRg t he

ol i godendrocyt e ygelhifurk Not RR PLEIRAC Beltbectdde LIRS L 20T AWLRdipRl R (FGF),
pl atel et -derived grow h factor (PDG&) and sonic hedgehog (SHH). 27. The

met hod of cl aim
ol i godendr ocyte

18.

19.

20.

21.

22.

23.

24.

25.

26.

ppEenifgieeldsi n at | east 95% of cells in culture are

progenitor cells. 28. The nmethod of claim27, wherein at
| east 99% of cells in culture are oligodendrocyte progenitor cells.

The method of claim 8, wherein the one or more inhibitors of an activin-nodal

pathway is SB431542.

The method of claim &8, wherein the one or more inhibitors of a bone
morphogenetic protein pathway is selected from dorsomorphin, LDN-193189

Or noggin.

A composition comprising the oligodendrocyte progenitor cells produced

according to claim 8.

The composition of claim 20, further comprising neurons or neuron

precursors.

A research tool comprising the oligodendrocyte progenitor cells produced

according to claim 8.

A diagnostic tool comprising the oligodendrocyte progenitor cells produced

according to claim 8.

A method of treating a medical condition of the CNS in a subject comprising
administering to the subject a therapeutically effective amount of the

oligodendrocyte progenitor cells produced according to claim 8.

A method for maintaining the oligodendrocyte progenitor cells of claim 8 in
cell culture, comprising: culturing the oligodendrocyte cells in the presence of

an activator of Wnt-p-catenin signaling.

A method for maintaining the oligodendrocyte progenitor cells of claim 8 in

cell culture, comprising: culturing the oligodendrocyte cells in the presence of
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29. The nethod of claim 28, wherein the activator of Wit-P-catenin
signaling is a GSK313 inhibitor. 30. The nethod of claim?29, wherein the
GSK3[ 3 i MDlznt20m96708 CHI R99021. 31. A conposition conpri SCmgSkée/057759

ol i godendrocyte progenitor cells maintained according to claim25. 32. The
conposition of claim 31, further conprising neurons or neuron precursors.
33. A research tool conprising the oligodendrocyte progenitor cells

mai nt ai ned accorbirdiast QrowiRitiBATGEY plheBi-AGRO8 Lot dvth Ao CAMUHSInAY t he
ol i godendrocyte progenitor cells maintained according to claim25. 35. A

net hod of treat iSARC Bedeeliec@Mondi tion of the CNS in a subject conprising
adm nistering to the subject a therapeutically effective anount of

ol i godendrocyte progenitor cells maintained according to claim?25. 36. A
met hod for geRérlaei methed iof cdamdeGcyhersinf dloleatt hed %l df gestie ndr @dyteeaigr ogeni t or

cel I s mai nt ai ned,;;aG¢&QALNG plPeflbofldi 25, conprising culturing the
ol i godendr ocyt e ﬁgggenit%rpcg?ﬁg %n the absence of FGF and PDGF and

presence of T3.

28. The method of claim 27, wherein at least 99% of cells in culture are

oligodendrocyte progenitor cells.

29. The method of claim 28, wherein the activator of Wnt-f-catenin signaling is a

GSK3 inhibitor.
30. The method of claim 29, wherein the GSK3p inhibitor is CHIR99021.

31. A composition comprising the oligodendrocyte progenitor cells maintained

according to claim 25.

32. The composition of claim 31, further comprising neurons or neuron

precursors.

33. A research tool comprising the oligodendrocyte progenitor cells maintained

according to claim 25.

34. A diagnostic tool comprising the oligodendrocyte progenitor cells maintained

according to claim 25.

35. A method of treating a medical condition of the CNS in a subject comprising
administering to the subject a therapeutically effective amount of

oligodendrocyte progenitor cells maintained according to claim 25.

36. A method for generating oligodendrocytes from the oligodendrocyte
progenitor cells maintained according to claim 25, comprising culturing the
oligodendrocyte progenitor cells in the absence of PGF and PDGF and

presence of T3.
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37. The nethod of claim 36, where the oligodendrocyte differentiation
activator is thyroid hornone. 38. A nethod for generating astrocytes from
t he ol i goslendrawytoe progenitor cells maintai ned accordi RTIUS2@AFTISRS,
conprising culturing the maintai ned oligodendrocyte progenitor cells in the
presence of a bone norphogenetic protein and a JAK/ STAT pat hway activator.
39. The nethod of claim 38, wherein the bone norphogenetic protein is bone
nor phogenetic protein 4 and the JAK/ STAT pathway activator is |eukem a
inhibitory factor. 40. A nethod for generating manmal i an ol i godendr ocyte
progeni t or cePl-sThamethediohtainnrgvherrdhealigedridaceyes digereriion yatiaagr geni t or
cells in culture,coMmbigiA9: Providing pluripotent cells; inducing

devel opnment of the pluripotent cells into neuroectodermby culturing the
pluripotent cells in the presence of one or nore inhibitors of an

activi n- nodal - ienhi Rt genetic
ot ei 1 pat hudr e e e A B el R IR

cul turing the newigsiotbderaning ® hdaipr @§erewpuding enitwingethgehogainedt i noi ¢
acid and noggin; .. j vel. .of. 0] j engr e tor cells
by cul turing thémgﬁgﬁé?ﬁgﬁ%ﬁgﬁﬁgggﬁg%g?ﬁ%e@%%%giﬁgﬁﬂ%%éﬁggéﬁgga% a

fi brobl ast growtpmottiaehd JAK/SPAdtm@lhetay detivaoed growt h factor and sonic
hedgehog; and mai ntaini ng the ol i godendrocyte progenitor cells culturing
the oligodendrocyte cells in the presence of an activator of Wht-P-catenin
signaling. 4139.The nethbodf ofaic|38] whé@in thheosd motpheganéc protwdimisebaonahi bi t or s

of an activinnodal pathway is SB43154 e one or .nore inhibitors of a
bone ot phogenetREPBREEUE S Hb! 6 AR St D PGt C o P
LDN- 193189 or naggbitory fhdior.The nmet hod of clai m 40, wherein the fibrobl ast

grow h factor is FGF2 and the platelet-derived growth factor is PDGF- AA.
43. The nethod of claim40, wherein at | east 95% of cells in culture are

ol i godendr ocyhg AnRaRAi fofleef@dtIng- mammalian oligodendrocyte progenitor cells and
maintaining the mammalian oligdendrocyte progenitor cells in culture
comprising: providing pluripotent cells; inducing development of the
pluripotent cells into neuroectoderm by culturing the pluripotent cells in the
presence of one or more inhibitors of an activin-nodal pathway and one or
more inhibitors of a bone morphogenetic protein pathway; inducing
development of patterned neuroectoderm by culturing the neuroectoderm in
the presence of sonic hedgehog, retinoic acid and noggin; inducing
development of oligodendrocyte progenitor cells by culturing the patterned
neuroectoderm cells in the presence of a fibroblast growth factor, a platelet-
derived growth factor and sonic hedgehog; and maintaining the
oligodendrocyte progenitor cells culturing the oligodendrocyte cells in the

presence of an activator of Wnt-B-catenin signaling.

41. The method of claim 40, wherein the one or more inhibitors of an activin-
nodal pathway is SB431542 and the one or more inhibitors of a bone
morphogenetic protein pathway is selected from dorsomorphin, LDN-193189

or noggin.

42. The method of claim 40, wherein the fibroblast growth factor is FGF2 and the
platelet-derived growth factor is PDGF-AA.
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44. A nethod for generating patterned neuroectoderm from neuroectoderm
conprising culturing the neuroectodermin the presence of sonic hedgehog,
retinoi c woi2di2ze7osoggi n. 45. A nmethod for generati ng olPCyaendnstrye e
progenitor cells from patterned neuroectoderm conprising culturing the
patterned neuroectodermcells in the presence of a fibroblast growh
factor, a platelet-derived growth factor and soni c hedgehog. 46. A nethod
for maintaining oligodendrocyte progenitor cells in cell culture,

conpri si ng: CuéW%EHﬂ&h&h%ﬁQh&HPQ@“QBQQMIQ;Eﬁ&'@w&ﬂﬁt&ﬁsﬁﬁa§ﬁﬂ&em9f an
activator of Wt-P-catenin signaling. 47. A nethod for generating

astrocytes fromobRpdsadrende pegenaopecdiseni t or cells, conprising culturing the
mai nt ai ned ol i godendr ocyt e progenitor ceIIs in the presence of a bone

mor phogenet i ¢, prot,al Hx99&~ gron]oéﬁ e%&h&%ﬁ%ﬁklléﬁmméb hOd for

generating ollgoden rocyte cyte progeni tor ce
mai nt ai ned, conwpmsnmggc@htmgﬁhgnmm@wmhmgodeﬁ@mmwwue(ﬁﬂ@g@ﬁﬁd@ﬁ0$elIs in

the absence of %&ﬁmﬁngmﬁBSEOQQS presence of T3.

45. A method for generating oligodendrocyte progenitor cells from patterned
neuroectoderm comprising culturing the patterned neuroectoderm cells in the
presence of a fibroblast growth factor, a platelet-derived growth factor and

sonic hedgehog.

46. A method for maintaining oligodendrocyte progenitor cells in cell culture,
comprising: culturing the oligodendrocyte cells in the presence of an activator

of Wnt-B-catenin signaling.

47. A method for generating astrocytes from oligodendrocyte progenitor cells,
comprising culturing the maintained oligodendrocyte progenitor cells in the
presence of a bone morphogenetic protein and a JAK/STAT pathway

activator.

48. A method for generating oligodendrocytes from oligodendrocyte progenitor
cells maintained, comprising culturing the oligodendrocyte progenitor cells in

the absence of FGIF and PDGF and presence of T3.

43



