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invention relates generally to the field of cell biology of enbryonic cells
and neural progenitor cells. Mre specifically, this invention provides

enri ched popul ations of oligodendrocytes and their precursors, suitable for
use in biological research, drug screening, and human therapy. 10 RELATED
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d i godendrocytes play a vital physiological role in support of the central

nervous system Availability of ol i JEel@¥deEDt es for human therapy may
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There ar'é about 11,000 new cases of spinal 30 cord injury every year in the
U.S. The SCI Information Network esti gakgsouhpat the lifetine direct costs to
patients suffering frominconplete notor function at any |evel ranges from
$400, 000 to $2, 200,000, not including |ost wages and effects on the quality
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tFJ)Z(raE ;{1 ;Fg&qg,gﬂ, mgg@gﬁﬁagr\gm;o%agi@t ore neurol ogi cal function (reviewed by
Traumatic injury to the spinal cord causes demyelination of intact axons near the trauma site,

which robs them of their capacity for neural transmission. There are about 11,000 new cases of spinal
30 cord injury every year in the U.S. The SCI Information Network estimates that the lifeime direct costs to
patients suffering from incomplete motor function at any leve! ranges from $400,000 to $2,200,000, not
including lost wages and effects on the quality of life.
Myelin on cells of the ceniral nervous system is put in place by oligodendrocytes, which wrap
around axons in the vicinity, forming a myelin sheath. The role of cligodendrocytes and their progenitors
35 in disease conditions is reviewed by Keirstead & Blakemore {Adv. Exp. Med. Biol. 468:183, 1999).
_Oligodeﬁdrocyte progenitors known as O-2A cells are present in normal adult CNS and in, lesions of
Multipie Sclerosis, and participate in remyelination (Scoiding et al., Brain 121:2221, 1998; and Scolding et
al., Neuroscience 89:1, 1898). Failure to remyelinate adequately may occur because oligodendrocytes
proliferate symmetrically, using up the reservoir of progenitor cells where the damage is extensive.
40 Considerable research work has been done with a view to creating cell populations that could be
used in regenerative medicine 1o restore neurological function (reviewed by Park et al., J. Neurotrauma
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1 16:675, 1999). Keirstead et al. (J. Neuroscience 19:7529, 1999) |solﬁa N
CNS precursors fromthe postnatal rat brain that generate oli godendroc&'t WLk
and Schwerin cells after transplantation. Svendsen et al. (J. Neurosci.
Met h. 85:141, 1998) isolated precursor cells fromthe devel opi ng human
cortex. Mijtaba et al. (Dev. Biol. 214:113, 1999) report isolation of
neural precursors fromenbryonic stemcells. 5 PCT publication WO 97/07200
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cells require very erent con m_in an undi ffer tlated
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Human ES cells were not isolated until much more recently (Thomson et al., Science 282:114,

35 1998). Hurnan ES cells require very different conditions to keep them in an undifferentiated state, or direct

them along particular differentiation pathways (U.S. Patents 6,090,622 & 6,200,806; PCT publications

WO 99/20741 & WO 01/51616). For this reason, much less is known about how to prepare re!ativeiy
homogeneous populations of differentiated celis from human ES cells.

PCT publication WO 01/88104 (Carpenter, Geron Corporation) describes neural progenitor cell

40  populations obtained by differentiating human ES cells. Populations have been obtained that are over

90% NCAM positive, 35% B-tubulin positive, and 75% A2BS positive. Zhang et al. (Nature Biotech.

19:1129, 2001) report differentiation of transplantable neural precursors from human ES cells.
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primate cells of the glial lineage for wuse in research or the preparation
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i 11 ustrated PArer ¥R the d Sc 8s_ur . X wa ? exanp; e, stem (t:e?,s can be
cul turedS n a nme&thandseertt oS twﬁntﬁﬁ@ia&t P?Btp%is or generating or maintaining the differenttated

cells already described. The methods involve culturing multipotential or pluripotential stem cells in the
presence of one or more growth or differentiation factors, such as those illustrated later in the disclosure.

By way of example, stem cells can be cuitured in a medium containing one or more

differentiation factors such as triiodothyronine {T3), selenium, or retinoic acid, with or without a mitogen

35  such as fibroblast growth factor (FGF). Initial formation of the differentiated cells can occur in suspension

culture, where oligodendrocyte lineage cells may form relatively homogeneous spheres. Other cell types

can be removed by a suitable separation means, such as plating the cuiture onto a surface that

selectively adheres the desired cell type. Optionally, the differentiated cells can be caused to proliferate

further before or after selection by culturing with a mitogen such as FGF or epidermal growth factar, often

40  in the presence of one or more differentiation factors, such as those used in the original derivation of the
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the preparation of pharmaceutical conpositions for human or, ani nal

t herapy. The conpositions can then be #ﬁﬂh Lo treat condi ti ons such as those
10 associated with a defect in the nye on of axons, or spinal cord
injury. Further aspects of the invention will be apparent fromthe
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mai ntained in th ﬁl’ esence o ow concentra Ion o

t he changesprﬁiﬁb’éﬁ? W curedPiReH $as renoved. The |arge aggr egat es
di ssoci at ed, andFigune 4esftows dhec ghangaseappeedng ritenefSFf Warodedvedi The rgeghggregadsl s and
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(arrows). 2 h brigh | ow spheres (arrows) growing as cells
were cul tur@'n &th&tge"wgmrr%rlesg'erg %Me“]r‘%’{:"t‘“ in the absence of - FGF. Figure 6

shows n#§rati on Figiee FBHT@I‘H”B@'V%PWFH@QQIqfraws)(s&’ﬁf'ﬂtaﬁé@l'sr\‘@tﬁ%ﬂwriﬁ‘é(ﬁﬁpg@mﬁ from
the spher egovh metor&ndﬁy\SseaéetcEFGrpl ating on Matrigel (r). Figure 7 shows the

results in whi Ch; %ﬂ%dﬁ.@&){%\ anld b%%ﬁ'ﬂ\? cﬁ'q“e @ad Fréhi té&’lngﬁ%l%qecm(or?‘q 'ih%nce

30 onto Matrig erent cell's were scar ded,
whi ch elim ??5‘?’%532 F’?Vﬁéft‘?r platifjgjon B"f’mge@

Figure 7 shows the results in which oligodendrocyte fineage cells were selected by adherence
30  onto Matrigel® for just 10-20 hours. Non-adherent cells were discarded, which eliminates virtually al} of
the cells not bearing oligodendrocyte markers, The adherent cells were then resuspended and expanded
for 7 days in the presence of FGF, EGF, and glial precursor medium. This has the advantage of
producing a more disperse cell population more suited for therapeutic administration and other purposes,
The cells were then matured on poly-L-lysine laminin in the absence of mitogens. This micrograph shows
35  staining for galactocerebroside (GalC; open arrows), with cell nuclei counterstained using hematoxin
(closed arrows), The percentage of cells staining for GalC under these conditions was at least ~95%,
Figure 8 shows a higher magnification of ES-derived oligodendrocytes. The cells have
morphological features that are characteristic of mature oligodendrocytes: numerous complex processes
that appear to have myelin webbing in between.,
40 Figure 9 shows the progression of cell morphology during differentiation. {A): Undifferentiated
hES cells. {B): Transparent spheres growing from embryoid bodies in suspension cultures containing
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the cells not bearing oligodendrocyte markers. The adherent cells ver.e thﬁn,g,nw
resuspended and expanded for 7 days in the presence of FG-, EGF, and%dfnéﬂ s
precursor medium This has the advantage of producing a nore disperse cel

popul ation nore suited for therapeutic adm nistration and ot her purposes.
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expta the be 6Wgure ?B sho\gP the trans.lerq apptelarl;]nnce o? tra%gc%t%f\ Factor éaxé dunng differentiation. Top

row shows staining towards the center of the cluster on day 10, already regulated down in the more
differentiated cells towards the periphery., Bottom row shows virtually no staining at day 35 of
differentiation.

35 Figure 19 shows markers detected in early-stage oligodendrocyte |inéage cells, present at day
10 of differentiation. Top row: the transcription factor Olig1. Middle row: the transcription factor SOX10.
Bottom row: cligodendrocyte progenitor marker A285,

Figures 20A-20B show markers predominating in the cligoprogenitors suitable for transplant at
day 35. First and second rows (20A): NG2 (chondroitin sulfate proteoglycan, a marker of oligodendrocyte

40  precursors); Third row (20A): GalC; Fourth row (20B}): 04; Fifth row (20B): Tuj1 (a marker of neurons).
Virtually all of the cells bear oligodendroglial markers, but not markers for neuronal cells, mesenchymal
cells, or undifferentiated hES cells (208, bottom graph). ~
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characteriz
differentiating them from pPS cells of the desired allotype. If desired, the cells can be genetically modified

before or after differentiation in any way that enhances engraﬁment'. Since the cells are derived from a
natural cell line but do not require ongoing tissue dissection, they are ideal for meeting the quality controt
35  requirements for regulatory approval.

' Importantly, there is an almost limitless supply of cells that can be produced from each starting
stem cell population. As illustrated in Example 1, once oligodendrocyte lineage cells have been generated
and selected, they can be expanded considerably by culturing in the presence of growth factors,
Furthermore, the originating pP'S cells can be caused to proliferate almost indefinitely, thereby providing a

40 continual source for more differentiated cells,
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properties of oligodendrocytes and for use in hunan therapy 25 An ﬁéeal9
source of the cells of this invention is primte pluripotent stem (pP

cells of various kinds. pPS cells can be coaxed into the ollgodendrocyte
pat hway by sel ecting from anongst several suitable culture conditions and
cofactors according to the strategy described below It has been discovered
t hat conversion of undifferentiated pPS cells into oligodendrocytes can be
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i mprovenent I n overgroun 9 oconot tion
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i nvention may be Fﬁr%ﬁ@rtéiﬁénaﬁérﬂcai-@ﬂl@%tloﬁt:ﬂﬁb ihvantih IspRVIlddaN the ¥ektiapk Bat fiw CUl t Ur i ng
for 3 days on poly-L-lysine and lamnin in the absence of mtogens). This

may generate a nore mature population in which at least 10% of the cells
have conpl exBefiitisteesses characteristic of mature ol i godendrocytes; and

Oligodendrocytes are neural cells of ectodermal origin, forming part of the adventitial structure
(neuroglia) of the central nervous system. They have variable numbers of veil-like or sheet-like processes
that wrap around individual axons to form the myelin sheath of the CNS. They can be identified by

35  morphological, phenotypic, or functional criteria as explained later in this disclosure.

*Neural precursor cells” or “neurcepithelial stem cells” are celis that can generate progeny that
are either neuranal cells (such as neuronal precursors or mature neurons) or glial cells. The term “glial
cells” encompasses mature oligodendrocytes, astracytes, and committed precursors for either or both of
these cell types.

40 “Oligodendrocyte precursors’ are neural cells that are committed to form progeny comprising
mature oligodendrocytes and/or mere precurser celis,ﬂ in preference to neurons or non-neurclogical
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20 about 80% 90% 95% or nore have mature ol i godendrocyte markers su San o
Gal C. The oligodendrocyte |ineage cells made during the prollferatlve é 53‘
can be characterized not only by the markers they are expressing in the
progeni tor phase, but also their capacity to generate enriched popul ati ons
of mature cells or their capacity to performdesirable functions in vivo.
As illustrated bel ow, sone differentiated cell populations of this invention
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of thi nvent 1 on t he ol i goderidrocyte
| i nealgz I(| \rlléi”"li‘:d i eﬁ?%@ﬂr‘@cﬂﬁtrﬁglﬁﬁgméad"ﬁe@ (riu‘ﬁ'f’?@) g‘i fferent : gt ed 1:e| I sgl No

limitation is i npRheksdultares prg desrdbed gy tndifirentizied” Whenat supsiantiel giepesipR@f steppells
exanpl e, th%ndiﬂaexﬂﬁerﬁaweﬁmhesbophhﬂmcaug‘ptafzrrrefphdl@tcalmarpctmasaf IyiciffeenGhiteati das, OF
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undifferentiated cells within .the population will often be surrounded by neighboring cells that are
differentiated.

‘Feeder cells” or-"feeders” are terms used to describe ce]ls of one type that are co-cultured with
cells of another type, to provide an environment in which the cells of the second type can grow. pPS cell

35  populations are said to be “essentially free” of feeder cells if the cells have been grown through at least
one round after splitting in which fresh feeder cells are not added to support the growth of pPS cells.

The term “embryaid bodies” refers to aggregates of differentiated and undifferentiated cells that
appear when pPS cells overgrow in monolayer cultures, or are maintained in suspension cultures.
Embryoid bodies are a mixture of different cell types, typicaily from several germ layers, distinguishable

40 by morphological criteria and cell markers detectable by immunocytochemistry.
A *growth environment” is an environment in which cells of interest will profiferate, differentiate,
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Sources of Stem Cells

This invention can be practiced using stem celis of various types. Particularly suitable for use in
40 this invention are primate pluripotent stem (pPS) cells derived from tissue formed after gestation, such as
a blastocyst, or fetal or embryonic tissue taken any time during gestation, Non-limiting examples are
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Embryonic Germ Cells
- 35 Human Embryonic Germ (hEG) celis can be prepared from primordial germ cells as described in

Shamblott et al., Proc. Natl. Acad. Sci. USA 95:13726, 1998 and U.S. Patent 6,090,622.
Briefly, genital ridges taken after ~8-11 weeks are rinsed with isotonic buffer, then placed into
0.1mL 0.05% trypsin/0.53 mM sodium EDTA sclution (BRL) and cut into <t mm® chunks. After
‘ disaggregation, the cells are incubated 1 h or ovemight at 37°C in ~3.6 mL EG growth medium (DMEM
40  containing D-glucose, NaHCQy;. 15% ES qualified fetal calf serum; 2 mM glutamine, 1 mM sodium
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30  p-mercaptoethanol. Just before use, human bFGF is added to 4 ng/mL (WO 99/20741, Geron Corp.).

The pPS cells can be expanded in the undifierentiated state only by culturing in an environment
that inhibits differentiation. Traditionally, pPS cells are cultured on a layer of feeder cells derived from
embryonic or fetal tissue of the mouse. Culture plates are plated with 375,000 irradiated mEFs per well,
irradiated to inhibit proliferation but permit synthesis of factors that support pPS cells, and used S h to 4

35  days after plating (U.S. Patent 8,200,806). Human feeder cells have recently been developed that support
proliferation of human embryonic stem cells without differentiation (WO 01/51616; USSN 08/888,309;
Geron Corp.). The cells are obtained by differentiating hES cells, selecting cells that have the desired
activity, and then immontalizing them by transfecting them to express lelomerase reverse transcriptase.

pPS cells can be maintained in an undifferentiated state even without feeder cells. The

40  environment for feeder-free cultures includes a suitable culture substrate, particularly an extraceliutar
matrix such as Matrigel® or laminin. The pPS cells are plated at >15,000 cells cm (optimally 80,000 cm?
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Directing stem gells into the oligodendrocyte lineage

The process of generating oligodendrocytes typically involves two aspects: causing the origina-
35  ting stem cell population to differentiate, and causing oligodendrocyte lineage cells to become the
predominant cell type. These events can occur sequentially or concurrently.

The process of differentiation can be induced by causing the pPS cells to form embryoid bodies
or aggregates: for example, by overgrowth of a donor pPS cell culture, or by culturing pPS cells in
suspension in culture vessels having a substrate with low adhesion properties that allows embryoid

40 bodies to form. In an exemplary method, confluent monolayer cultures of hES cells are harvested and
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35
Expanding ofigodendrocyte lineage cells
As an optional step before using the cells for a desired purpose, the user of this invention may
want to increase the number of oligodendrocyte lineage cells by causing them to proliferate further in
culture. ,
40 This can be accomplished by culturing the cells in a nutrient medium in the presence of one or

more mitogens. Exemplary are members of the family of fibroblast growth factors, such as FGF-2 (basic
FGF), and FGF-4, Also exemplary is epidermal growth factor (EGF), functional homologs, and other
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35  Further maturation
When desired, the cells of this invention can be further matured beyond the replicative phase into

a functional phenotype. This is may be done to characterize the potential of the progenitors, or obtain
end-stage cells for therapeutic or drug screening purposes.

Maturation is effected by changing the growth conditions in a manner that inhibits further

40 proliferation of the precursor phenotype. For example, the cells can be plated onto a substrate such as

poly-L-lysine that promotes emergence of the mature phenotype. Alternatively or in addition, one or more

of the growth factors used to expand the cells is withdrawn. Factors that enhance maturation can be
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Expandi ng ol i godendrocyte |ineage cells As an optional step before gfbn Lhe...
cells for a desired purpose, the user of this invention my want t 0 JAR S
i ncrease the nunmber of oligodendrocyte |ineage cells by causing themto
proliferate further in culture. 40 This can be acconplished by culturing

the cells in a nutrient nediumin the presence of one or nore mtogens.

Exenpl ary are nmenbers of the famly of fibroblast growh factors, such as

FGF-2 (basic, FGF), and FCGF-4,. Al sg exenplary is.epi | growt h factor

(Eary, ot TR Pinsan mas e Sraplpdeloetyt o (LRI oY ioPp i,
EGF r ecept or SNhirereptor: SR teperels hgregacheditagctegied matuey. Hhex £38) be hagiested e ckre fieh

fact or ( PDGxampléSisihg trypsin dreolggemiviria fdradstar for(zh4Bfe)s or a@tinghtef @€t or s t hat el evat e
cyclic AWP |l evels, such as forskolin. In the presence of such mtogens,

differentjatjon factor .jni tt,itadtco s such as retinoic acid can be w thdrawn.
Si nce mit ge%b?@@&%g%%fﬁ%w non-specifically, it is often beneficial
to continue | ncl Llﬂa'ﬂ@&hn be c@réc&%@%@&oﬁﬁ@ﬂo%rﬁa%&'of br@n&&pf fcﬁt%ﬁd?trh@&i{eﬁé]in&&‘étb&r s 1n
t he nmedi um tomantgl C

i n preferential. growt h of ol]godendrocyte |ineage
ol 1 8- pr ot Ry UMied 5 TP G URIER A SEPYLTAL MG (s g o
adj usting téxeressadl agliovarkefs, finetioepd Arderianegsusablelin vitie. @nd Fehevies uapmpintusiord@s a host
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| onger pigesent. Once the cells that depend strictly on FG- have been
elimnated, then FGF can be added back into the culture to accelerate growmh
of the desi r@8"¥@cIma9fe. 10 As anot her optional step in preparing the
cells, the user dfiffcteniizged seleeftthinimvention san dh chapackamsraatoedingoth i vhetbler icky ey

lineage cel | Gefdiyi) Qidass cE&hderbabPEIS ollghharbiids. POIaRIcE HeibhockBerefMBal Cibrkéd Gor
Vari ous separ.ation grqlceiﬁitgr es are c?rf]gergl)l at etqé S#.Cth gfcheanﬁl bogi or ectin
medi at ed adHEFEREELCEY 2519 TGY P8 PERY erelT19ae™e MRHRY 5 e it PR e 6t v pi ¢
mar ker s foor fgvingpositi ve and negative selection are listed below Also
contenpl ated are $@p2! bnPorfoitin| suged eEEsDEIH BxplebdRe ag entRbhaged! Shd@igodendrocyte
pronot er-reporter p%il%%ﬁgjsds, constructed 15 with tissue-specific pronoters
such as those for -gal act ose _ceram de gal act osyl transferase (CGI),

2' 3" -cyclic nucl eaesesarebrosigsHBEAEN AR fas paygited cligpyendRg®Es pr ot eogl ycan, NCAM
myel i n basi c pr.ot edy&in badlBittein (MBPY, alatkeiSof fijtark impetia asejelt-@oupingdetd ns; | i nked
to a repgy t%th&ﬁ%ﬁh@%&%s %regélemlaliguﬁemgﬁg{ﬂ@;%%as inciRYoloWiigr escent protein,

or luciferase. een scovered ol i godendr ocyt e |ne§ge cells can
be separated fromPOERRE: acmmbeang Fseptor 5¢5 FREEREETEY PholoprCIsTeEse pligarepgrocytes.
ol i godendr ocyt e diahd @reerdiitypbs on factors in a nore sinple fashion by adhering

the cells to a,suihapl g, SHRRES 3t&pto hrIQERRATRFIhES Rfedsed By _'oﬁg??sﬁt‘ébé(nit&s,

car bohydrates and cel |l -surface receR‘t or and w || preferentially adhere to
the conjugate | i g&PRgdenpiqoyies, Reprans e o SWﬁGlS‘BQféndrocyt es can be separated by
adherencz t o cert aiydinlpaseiighproteie ercapencataipgeie thebis exurskedaan dlignandragytesggatiat i n,
or Matrigel(r), @ﬁa%}%ps@gi ally avail able extracellular matri x preparation

from Engel br et h- HOl m Swar m_t r.25 cells that |s at roomtenperatyre to
forma reconsti‘t uft@oepﬁ%{?e%'}#TDP?B%?@H"@"‘(WSW%I fg'g%gs'de Ty es'oﬁsl¥r°dznfgser?3£r tf)”c?l{/t es
have adhered to thecysrsix (a few hours to a few days), other cell types can
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procedur% has theogagegﬁég%eé’ﬁof breaking up | arger agglonmerates of cells for
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» A2B5, an epitope expressed on typell astrocytes, glial progenitors, oligodendrocyte
progenitors, and pancreatic B cells
. 'the epitope recognized by RIP antibody, which stains oligodendrocytes and their processes,
35 and coincides with myelinated axons in both the spinal cord and the cerebellum
Transcription factors expressed at various times during the pathway of oligodendrocyte differentiation
include the following:
. Olig1, a helix-loop-helix (HLH) family transcription factor, expressed by oligoprogenitars, motor
neuron progenitérs, and kidney cells
40 s Oiig2, another HLH family transcription factor, expressed by oligoprogenitors, motor neuron
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progenitors, and pineal giand



30 Effectiveness of separation procedures can be determ ned by neasurlng
enrichment for the markers listed below. Once the oligodendrocytes hd ohl
been purified in this fashion, they can be expanded further in the presence
of mtogens as already described, mat ured as described in the foll ow ng
section, or fornmulated in a manner suitable for ultinmate use. 35 Further
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expr essed bYolelBaRTRARI, bkt nBhddt edﬂgfsﬁcbfrtbpy%vers@'ﬁgnsgﬁ & infilileh plghRRSe
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prot-eol i pi d Ppedths. 5843780 derfothendetai$. Segquehiendatehiat partisulenaparieess e trpbtained from

ol i godendr og)ie Ha@bles Glidhdds DEREAK FOF Sxample, myelin galactolipid biosynthetic enzyme UDP-
galactose ceramide galactosyltransferase (CGT, GenBank Accession No. AHO06651) is the enzyme that

u;‘;)m
LB

catalyzes the final step in the synthesis of GalC.
To facilitate use in research or therapy, it is often beneficial to maximize the proportion of cells in
the population' that have the characteristics of ofligodendrocytas or thair precursars. As illustrated in the
30  Example section below, it is possible to obtain populations of cells that are anywhere from at least about
20%, to over about 60%, 80%, 90%, 95%, or even 28% oligedendrocyte precursors or mature cells (or a
mixture of both), identified as being positive for one, two, three, or more of any of the phenotypic markers
characteristic of such cells, as llustrated above,
For therapeutic applications relating to reconstitution of neural function, it is often desirable to
35  minimize the ability of the cell popuiation to form other cell types — particularly undifferentiated pPS cells,
and cells of non-ectodermal lineage. Depending on the application, it may also be advantageous to
minimize the proportion cells of the neuronal lineage and their commitied precursors, cells of the
astrocyte lineage and their committed precursors, and common precursors for glial cells or all types of
neural cells. In certain embodiments, oligadendrocyte populations according to this invention have less
40  than~1%, 0.2%, or 0.05% contamination with these other types of cells. -
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pancreatidc a andupen diéiéremgiation Raxyre aratutdLbligécamdrcbcytes I then fiombep tand orhdedto v, the

expressed bxﬁmeésg&qrampew hQEae. meuroeaa@és ety 9&)@5]"'[& R4vE m ezramsrru%aﬁ beftwen, %rth
cells, lens o e fv or ot her

cell types i a@la{f& 'P‘ﬁ‘&é“r oa|>(?nS¥d o myerds'h?ao Tﬁgrﬁmm s(‘a?aeru E Et”“a%sﬁ’" 'R%‘%Jkﬁa °% mar ker
of neuronal maturation (nornall y negative in oli godendrocyt e lineage cells)
10 cl ass || IGehajprréatidpasl i n (Tudl), anot her marker of neuronal cells
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positive) SSEA-4 verse t ase
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or tissue se

net hod f%8r mewWdetwtrﬂ%r ¢ tfarﬁar'gfscrém% OU‘;ﬁ"c?Woaetﬂ'Ut genesre il qerpideed i) have the ood
96: 1740, 20Qfhe dexptieeasthe nedfomavhialtiey sarabdvee stand aliyenmasipukedd gesdic a!smerrmomt I ve

I f a si gnrfr,ggé;\tehy det ect abl e anount of anti body wll bind to the antigen in

a standard | nmunocyt ochem st r flo r’ae ptional | '
fixation of the P¥oflegdrogyiRs %Btp?%rfﬁlisl §" g’%.%‘@" "1"%3 é@a‘esggt"a‘}rgy %"’ g"’ﬁ%l body
or ot her coggnetrafimgetpdntiagriedhiiquel.aBesséseion o ithe eax|sr wgmowaofalspr s niscrepécthed i ¢
gene pr Qguchiyoledftodtes arelRBtail@d i iRCunaitferérif Sed iRb\MrougBE cobie of normal mitotic divisian.
In ceriain industrial applications, this characteristic is a valuable feature of the oligodendrocytes
of this invention. In particular, the availability of the originating pPS cells provides a further supply of
genetically matched oligodendrocytes, since the pPS cells can be caused to proliferate, subdivided, and
differentiated into more oligodendrocytes as required. Furthermore, the pPS cells can be differentiated
30 into other therapeutically important fineages. For example, they can be differentiated into
immunotolerizing cell populations that can help render the intended recipient tolerant to engraftment with
matched oligodendrocytes (International application PCT/US01/43434, Geron Corp.).
The techniques described in this application allow large populations of oligodendrocyte lineage
cells to be produced that share the same genome, by expanding the cells before or after differentiation.
35  Populations of 10°, 10", or 10" cells are theoretically possible. Such large populations are usually
divided into separate containers suitable for further culture, drug screening, or therapeutic administration.
Certain embodiments of the invention include originating cells (such as a undifferentiated pPS
cell line, or an intermediate population) in combination with differentiated cells bearing characteristics of
glial cells or ofigodendrocytes. The two populations may either be in the same container, in separate
40  containers in the same facility, or In two different locations. The undifferentiated and differentiated celis
may be present simultaneously or at a different time, such as when a culture of undifferentiated cells is
caused to differentiate it its entirety into oligodendrocyte fineage cells, as already described.
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Nort hern bl ot anal ysis, dot-blot hybridization analysis, or by reverse
transcriptase initiated polynerase chain reaction (RT-PCR) using
sequence-specific priners in standard anplification nethods. See U. S: i JAN 7
Patent No. 5,843,780 for further details. Sequence data for particular
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bet ween agent that Kills cells exposed to it, rendering an aceflular region of chronic demyelination and free of
viable oligodendrocytes and astrocytes through ~80% of the area of the dorsal column,

35 Three days later, the animals receive transplants of oligodendrocyte lineage cells into the site of
demyelination. Optionally, the cells can be prelabeled with bromodeoxyuridine (BrdU) added to the
culture medium 48 h in advance. In the first instance, cells can be prepared as clusters of ~30 precursors,
concentrated to a density of ~60,000 cells per pL. Cne plL of cells is administered into the injury site using
a pulled glass micropipette of ~B0 um outside diameter over ~10 min. After about 2-4 weeks, tissue

40  samples are prepared for resin or cryostat sectioning into 1 mm transverse blocks.
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wi th daily fn%%@iréagbn an%lai' Qéisiféi@vieénce of clinical improvement, For example, overground locomotion
can be quantitated using the BBB scale, a 21-point scale based on joint movements, weight support, limb

35 coordination, and other features (Example 2).
For histoiogical workup, the animals can be preinjected with tracers such as biotin-labeled

cholera toxin B-subunit (CTB, 4 pi. of 0.1% bilaterally into sciatic nerves), or bictinylated dextran amine
(BDA, 10 pL of 10% into the sensorimotor cortex). About 2 weeks later, tissue sections are prepared as in
the demyelination models for location of transplanted cells and evidence of remyelination, which is
40° distinguishable from normal myelination or partial demyelination by morphological criteria. Sections are
also analyzed for axons labeled with the injected tracers, for evidence of characteristic neurite growth
cones. Immunocytochemical evidence of axonal regeneFation can be assessed by staining for neuronal
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15 rodent axons by human ol i godendrocytes is illustrated in Target &
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involved in tissue regeneration, or to deliver a therapeutic gene to the subject being treated. A vector is

designed using the known encoding sequence for the desired gene, operatively linked to a promoter that
35- s either constitutive (such as the CMV promoter) or specifically active in cells of the oligodendrocyte
lineage cells {such as the promoter for myelin basic protein). Various transgenes may be expressed
according to this strategy, such as those that enhance ofigodendrocyte growth, activate remyelination, or
promote axon regeneration. Exemplary are genes encoding nerve growth factors (U.S. Patents 5,885,584
and 6,268,340),
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shiverer mutant nouse (Roach at al., Cell 42:149, 1985), and the Long Evans

shaker rat (Kwiecien at al., J. Neurocytol. 27:581, 1989; Del aney aff [aljfij 7057
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For general principals of drug screening, the reader is referred to U.S. Patent 5,030,015, and to

the textbook in vitro Methods in Pharmaceutical Research, Academic Press 1997, Assessment of the
35  activity of candidate pharmaceutical compounds generally involves combining the differentiated cells of ‘

this invention with the candidate compound, either alone or in combination with other drugs. The
investigator determines any change in the morphology, marker phenotype, or functional activity of the
cells that is attributable to the compound (compared with untreated cells or cells treated with an inert
compound), and then correlates the effect of the compound with the abserved change.
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I ntroduci ng a transgene. Particularly suitable is the catal ytic conponent of
human tel onerase (hTERT), provided in International Patent Applicabi?? qu
98/ 14592. Transfection and expression of telonerase in 10 hunan cel

described in Bodnar at al., Science 279:349, 1998 and Jiang at al .,

Genet. 21:111, 1999. Tel omerase expression can be increased in

undi fferentiated pPS cells, which can then be differentiated into

ol i godendrocm@aﬁnmggﬂicnﬁbait&dphi s invention. Alternatively, the pPS cells

fgnl lrjl gr eg!s];f _?_IrEeR_T_tfg)%tarrﬁgnn ér%w&?ef g&%ge Lrpsgropgl?é?a%n {chtélrjpé%gr%ozlclelg %ghh@ggeri\é@gs:éggt ed
for TERT expf@8<f {ﬁ'?gf?y“"#?l foaglon {ne3 pefientds éﬁeﬁc"f By tthergpy Hnmartigdasatyg cells of this

i Mrunocyt oc lemetoaimag baadmingerddon orf&RT remgelinate pdurcpal ttisawe, o¢ afhadisk Yrovi@Chupgodifdig t 0
standard thmﬁéntenagmrredgﬁérﬁﬂfq& l%t:rai ﬁEkaTs %\h%utrﬁgpiﬁﬁl én? rﬁﬁﬁloﬁltrﬁeoadmmls‘ered .

cont enpl at ed e

DNA encodi ng 'rﬁ)'& ﬁF tﬁ%%{)#g{aép‘ °5H{P °§f%the @'I"Ct'l?/b?f 'f”i"[‘f ?‘;’eg%i'f BAte. & 2589, 243
| nt er nat i ondeurPegtieiamingmey Ferasdtieons Wit yecgahe orgmtissugs| theBo6ttol. 23555) . .20 | f
desired, the cel Itge afturé britse dhmmhdarbommmbempa@wﬁQarwn thedohdidh td HeBRktEH t O

renove und| flrt ?d’n‘%rméfla@:t:é%dtt mgﬂﬁ ﬁnpn‘cﬁha}@ tB '?O(H'nulé?é the Qor@@glﬁbg%fl rea.g?olr ne%lg {pﬁ?twg q‘otrant S

i n vivo. undi | at ed

popul ati¥n .“kp%%Gf'P)dﬁgg%@ﬁdfﬁ%@a%ﬁmaatvuaaweww t&"\?@&‘ﬁ%‘l’" 'W‘Wﬁi"&‘ﬁ“céﬁ ta®Y ect or
gene under denprrariatefo fermulpte thewtmposititnatith caig e ranels (eositing joatal@ xS ®i poavide N

undi f f er ent inRt8fme®itd Syelinabsicdapafy. t he TERT pronoter or the OCT-4 pronoter.
The effector gen uide cell sortin su een
fl'tor escent 25, proforesn arfoub P i Flbip o bisS BoglBlony Bl¥ipesPilioens fnbp@elh o

encodi ng, f&f OQQWP%'Y from pRS:erived g9lls by arbering 9P agsr egatafﬁsﬁtf%u"ssuwm culgredas pase
( Shi nouria ata saitable n@ainCsdeh (SMetrigdi®EThe cilitured Bells 260 Red ohlte swbfteBtion fGekarsnmy

have the ef ffeﬁ\p&ayQ ncf ﬁ&dﬁﬁérm céll@greq't%clveos @)ﬁéﬁ@%z‘ Wteﬁlmte%(tcgﬁ%' dre BbA %Et.lrv@reﬁ)gy é'in

ext er nal agen as an R/ @ grg 9‘% IS a er
si mpl ex thyﬁ?'ﬁ?'ﬁéh?{?'%% "qu??'caéérﬁé S \Rk‘ﬁhc?? "5‘.15’@ g F9gstoR olRvednby {”‘”fag
expressed t dohwlispersaormpiidtiphscer elestaganoanaed than~B0 ¢l Be batigted bt hage BiFGlagslin Bins.of
Al ternati Vel mirRiafhf @6kder cneadlerdfds, Gl SBIE R phoviad! b foakeficif eRECL Gifoh QBmifikirafon,

for el an et SEILARMY. 8l TRKES Alkef Sl ol s LENEER L, AneoBORLGH 811 21 o

phenotype susce g
2003- 003218?°nAPf)trat'°"?Pfeb'e & P@ﬂ"awa'ﬂ%%an $oeing Fo5R seao éﬁt%’b‘“f)ée"géﬁ@t figeate| s
altered i n qagen,o0tide eoltancts tenpl, scaib by thé yolume ohite traatn@h\adsh).i N ti ssue

regeneration, or pst@mgsﬂe pveegre@a&&eﬁ@e%tdsel &e&eur&soro; rtaemrabsba: setp:.vb%egy Frﬁc.eat ed.
A vector is desi

gene, oper aPfGRF I>7'%I3’ i ti‘?k‘éeatef’ 3" Qreﬁ?"b ﬁeﬁe\ﬁ,‘\‘@?"e‘glsﬁgtsm”g%ds '@“@?ﬁ“ﬁ@’?ssﬁ’ B ﬁ'éeﬁpi’ ustuf"r\/ @5 (such
as the @RV GranspdrieA) Atamagysiycarfin @aditiop, thewt ingvebe ppegiBdalistolsfized He sl ligiortesfdhocyt e

| i neage cel bigodentreditedSsitgHRmBtosdigas @lis br@hdifEieaiisdd chiR pieparbd RIntthéJame \¥RS LaUise
transgenes %09&3?3( %85§§5@251ﬁ%%rﬁé F?mgtaﬂic‘@s |th11% 6d E?\teﬁ%)(aay 1o ?rb’r%@mg ebﬂgeci)?a?e t hat

enhance ol i endrocyte

regener at i ofgurgER ey fapry S “U%E?Yé§°°é?ﬁf68‘? ﬁ@“'ﬂ%?"?fbce&sr BERTIOVE 5‘6‘9‘6 that qopld ighibit
Patents 5, 8fmyé&iBdion.aond maarGBacadfibish tHie is2adnithisEs todheAbéal dbvitsimentis@nptement-fixing

ol 1 godengr Ogyhafs! ) of5ERKE NHRPL &1' nfinah shO 3% KN, IO SRR oRloaubdles

met hod to produce

i npor t ant r&'g’@aﬂ?ﬁ g%ﬁ@é?*i?gbﬁgﬁ' Braéfh% c%‘ﬁrﬁ’g? 27[ 3@“ T g%déa% Pefent £255 o e

differentiated cells of this invention are then administered in one or more doses at or around the site
where myelination or regeneration of neurological function is desired.
The subject then receives supportive post-operative care, and is monitored for graft acceptance
35 or regeneration of neurological function. Where appropriate, patients may be concurrently treated with
other means believed to restore oligodendrocyte function, such as Fampridine-SR (4-aminopyriding).
Histological samples can be analyzed by immunocytochemistry for relevant markers as already
described, and assessed for functional events, such as axon remyelination, and neurite sprouting caused
by the presence of the administered cells. The patients can be monitored for mainteniance or
40  improvement in their clinical condition, according to the typical pathological features of their disease, and
assessment of function, for example, on the expanded disability status scale (EDSS).



The cells of this invention can be used to prepare a cDNA library relatively
uncontam nated with 5 cDNA preferentially expressed in cells from other
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wWth t h%o Ob?&és‘éﬁﬁtyqn@rﬂg R the c%plicg[ﬁumbar. thoracic, and sacral spine may all derive an improvement or
stabilization of their condition, Acute injuries causing complete or incomplete loss of SC function can be
treated simultaneously or soon after decompression surgery. Chronic conditions can be treated or
retreated whenever desirable. The cells can be administered at or near the site of the injury by surgery,
endoscopy, or percutaneous injection, using a needle, cannula, or other suitable device. If warranted, the
35  electrophysiological effect can be determined using an evoked potentials test. The patients can also be
assessed for clinical improvement in the motor and sensory pathway by criteria such as the American

Spinal Injury Association (ASIA) motor score, and the Ferrans and Powers Quality of Life Index (QLI).
As always, the ulimate responsibility for patient selection, mode of administration, and

. monitoring of rehabilitation is the responsibility of the managing clinician.

40 For purposes of commercial distribution, oligodendrocytes of this invention are typically supplied
in the form of a pharmaceutical composition (;omprising an lIsotonic excipient, and prepared under
conditions that are sufficiently sterile for human administration. This invention also includes a reagent
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A i godendrocytes in clinical therapy This invention provides for the use of
ol i godendrocyte precursor cells and their derivatives to retain or §?$ Q f
neural function in a patient in need of such therapy. In particular, helhil
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sui t abl éﬂnatshrruéan sclﬁcﬁa'@tgtdgﬁhw\ie@éﬂ fress, 1996iang @P’f Urpesdiagtation Sor Mlewrolpriagt Qigprésrs. t he
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mechani cal nean rie I gestion turation.
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have advant ageshileputpesens of cell manipul ation, storage characteristics, and
ability 40 provide a beneficial effect upon adnini stration. 20 The cells are
typically washed, and._t he .canmpati bl e medi um
at a concentration sl t}%ﬁr"gg?’%m&%cf prﬁvéaadgt}aéhemof'lrlm’l"ng"]fufﬂya” Tve dose so as
to retain the cells at the di $®Padeiasepigdimerissftheamemod to 100, 000 cel I's per
pL, scaled by the volume of the treatnent area). Patients are prepared
according to the usual procedures for pgyreLogical adaptive therapy. The
patients nay be treated to prevent rej n using standard

i mmunos#Ppr essi ve therapy, such as 25 Cyclosporin A. Alternatively or in
addi ti on, t BeynpkayDibt@ersigime ofHES ablls inidaijoderdoetest 0 t he al | ot ype of the
ollgodendrocytes usi ng hemat opoietic cells or_undifferentiated cells
prepared from t heumsanemppsicceem (MESecelly piohe 2128431 s 0% Breaeeed i % one
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associ at ed oiduwifg@Bepei n. See Keirstead et al., Brain Res. Bul. 44:727,

1997; and Canadi an Patent 2,253,078. The differentiated cells of this

i nvention are then adninistered in one or nore doses at or around the site
where myelination or regeneration of neurol ogical function is desired. The
subj ect then Técei ves supportive post-operative care, and is nonitored for
graft acceptance 35 or T 8B &r e PlgofenfrorsegeniieLfrequsipn &am hESIFRIE i on. \Wher e

appr opri ate—patients—ray—be—eonrctrtrenttytreated—wtihr—other—means—betTeved
to restore opd.godendrocybe fugneti on,is suceeas Fanpri di-zse- SB-36  37-4t 42
(4-amnopyridine). Hi stological sanples can bhe analyzed hy

LaTaX ] 'tla

£if

3
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Medium: TR TR GRM  GRM GRM GRM GRM GRM  GRM  GRM
bFGF bFGF bFGF

bFGF 4 ngimL; RA 2 ngfml; EGF EGF EGF 2 ngimt;
4 ng/mL RA 10uM EGF  20ng/mL 20ng/ml 20ng/mL  EGF
10 M 20 ng/mL 20 ng/mL

Additives:
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by the presence of the adm nistered cells. The patients can be nonitored for

Yy

mai nt enance or 40 inprovenent in their clinical condition, according%® A 7if;

typi cal pathol ogi cal features of their disease, and assessnent of function,
for exanple, on the expanded disability status scale (EDSS). 22 2i'. t)7
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dysfunction and w despread demnyelination of the nervous system
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treat mer®, as wewith aroilohfidiFt(Bierst 32 e Q@ P)e BeniciniStyeptontytin (Rjilkedoi1A378481 %) wethusathtoxi a
and ischem a. | ngbaydegly itthetbbgishing@pdifeesatliaiiondidiocsiondi tions rel ated from stroke
or traumatic bragn, in0j. i@y i url es. of - yari ' i ng
par apl egi a or | n(l%‘% : thgee“w%rcnﬁl ﬁeﬁﬁﬁiﬁ ger%'héayt gcyn@i' %teq’\-/%_ﬁ',r&ﬁ#é aég‘?‘ :g??é" aczg%ddlg)dat es
for treatment usihfepding dgily for grtotelof & davay A RACTPCk BRiviem WRpheyerRsrPdtrhBMPReL? e and
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Acute injuries causin cor;r%I te or 1.nco I_eti_ I ossd.of .ynction C%R,be

(reated Simul t andeTHeT PesdPPased ven e DS deRis Jat HaR SRR B MR bisiges RA i

condi ti ons can blahtseesitive diegdipm from the wells containing the ES cell aggregates was collected in 15 mL
tubes, After a short centrifugation at low speed (800 rpm, 1 minute), the supernatant was

aspirated and fresh medium was added. Gentle pipetting up and down (2-3 times) assured a
20 homogenous distribution of 4 mL in each well of the & well plates,
« Day 10 to 15: After day 10, EGF (Sigma E9644) at a concentration of 20 ng/mL and bFGF 2
ng/mL was added during the daily feeding. )
» Day 15 to 21; bFGF was suppressed from culture medium, while EGF was confinued at a
concentration of 20 ng/mL.
25 » After day 21: New aggregates/clusters with neural characteristics could be generated even after
day 42 by maintaining the GRM medium with 20 ng/mL EGF,



retreated whenever desirable. The cells can be adm nistered at or near the

site of the injury by surgery, endoscopy, or percutaneous inj ection,rﬁ%im@g yaiN

a needl e, cannula, or other suitable device. If warranted, the 35

el ectrophysi ol ogi cal effect can be determ ned using an evoked potentials

test. The patients can also be assessed for clinical inprovenent in the

not or and sensory pathway by criteria such as the Anerican Spinal Injury

Associ ation (ASIA) < RF yREPhérasifts! RS o LS WADGaRRIES By Pidlshafy B ki f €
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the formyof a pf\ggsq&,%gég&iﬁ%sh Qsjild on conprising an isotonic excipient,
and prepared under ‘conditions that are sufficiently sterile for human

admi ni stratior. FMPY $neerGhangregsies wee gaee oa rrivhyehe (Sigmp R2$39)xd s=gtnim
system conpri si wgtedfosethaner duayipg nies dligok-Noad hismbtvadl 164618t A atortamytmérit (e
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(glial @&@&lIs, *ol Pyt dhdireouiressvers fpred ysing parefermeldevde, anttithe eelit wayve charaaattesoy on) ,

i n combi nati on WibnotistdéHemBine Matkails @€ed) REUNG ShibdocerebadidbeiGad, Mae7, el iakad, 5

cell types, songidpes sharing the same genone. Each cell type in the set may

be packaged_together, or in separate contajners in the sane facility, or at
"d'f‘“f"ﬁ‘&"@%‘?@

di fferent |3EHbagREow Agyhags invetad BPRIOMIGRRRPNS- under  control of the
sanme entity or dilguret ehrws enbridd kogiestiyrechigr teo Bays insesrensiaalimrandtiramegium ok
gener al 19r | gigippc@Sor Hediimdi ci nal formul ati on of cell conpositions, the reader
Is referred to (r‘_q% 2 36 . @Dggn?%? 4&% ' . Cene. Ther. and
Cel l ul ar I mrunoth ulrreap , %%’%ées ret ynl.II r &Qﬁgl @#e@ito?jgdr?lmrgﬂéq m@ﬁ'ﬁgcr"?gpgé@
Uni versi ty B Ss@warigaear sihereeasqan pPReAdg| ia e SHPsPrin gty By Fap gi hate sehesssr der s,
T. B.  Fr eemasonsituteat180-9@4lsf the cellsrimthactiress 1998. The cel I's may be packaged in a
devi ce or c ogt ai gighe 3 §¢auk%alassaf@rspﬁi.ret§ lafidr Ewp;eggvonoaf RAl t]tegtf[nﬁﬁ\! SHHRE ftt%meéi(? ally
acconpapl e [ or mat | _rekagl .Osédlges or a (0] ] cells or tneir
Use a5 20 reaMRUsUR G Y Epdlien of FLe it ik SnL BHRHECT BRSPhest L Bleoh oo, or
for any ot Hesk a dedvshvistiispheriqslLishepss dhe spherdstroliabsid iRtk asgeeat A0md EGF alore. hmevarded as
further nonpd spE/%PrtﬁsEdagd bé hastbihanlt HyQicﬁng [;g&w ERAEehirtibn @er@ﬂ-’[FQﬁ'lb GELY Tﬁ)l:&és_ doftRued
I nventi on. I—FS %@Jm " | ‘{: s i nt '
ol i godendr ()kgxft%\'e"sby audﬁ%)ﬁ(g_g r yosh%é S erﬁfp%eﬁé%gnaé%t' F%pg%d? %T?'ﬁ@‘%é’na”" #—?T‘ _%mﬁes
wer e propacdtekephp@s Vildhick el fopévetie pra.dut comeletely fisprpeasriafterevedaye AFraidhebns on
a Mat rizgel (the bRESEs @taimed i thacolucubt 106 esruemirfticadd npetl) fom5 dagsnaind ihe reelkrdsy
prinary mouygginf&essbw 6ddisg gpgs. cont ai ni ng added bFGF (WO 99/ 20741;
Vo, 01/ 5-1616’ 2%igurer40 s?wv%o tFuP gh'anges appearing after bFGF was removed. Most of the cell conglomerates
started to dissociate and the entire culture medium was flooded with single cells and small clusters. At the
same time, new bright yellow spheres were observad (arrows).
30 Figure 5 shows that the bright-yellow spheres (arrows) were selectively maintained as the
culture continued. New spheres appeared every day, some budding from other spheres, some from the
isofated cell mass and some from the dark cell agglomerations.
On day 28, the entire culture was adhered to a Matrigel® substrate overnight. Only the neural
committed spheres adhered to substrate, while the rest of the culture continued to float.
35 Figure 8 shows migration and branching of the glial commitled neural precursors from the
sphéres 2-3 days after plating on Matrigel®. The smafler colonies formed a circle by longitudinal division
of individual cells, while the large ones showed a star shape migration with long processes. More
s migrating cells appeared after a few days of growth on Matrigel®.
After a week, the culture was dissociated from Matrigel® using Trypsin, and then plated on poly-
40 L-lysine and Laminin (Gibco 12163-010) coated Nunc imaging chambers at low density for furher



The hES cells were differentiated into cells of the oligodendrocyte |ineage
according to the followi ng schene: TABLE 1. d i godendroprogenitor f W 2007
Production fromhES cells Day: 1 2 3-10 11-15 15-28 28 29-35 35-36 :§7 4*1’%
Suspen- Add Full Plate on Renobve Culture retinoic strength Renbve Renobve
Plate on Expand PILL- growth Fix conditions: sion culture (acid) medi um RA
bFG- Matrigel (r) cells Lamnin factors cultures Mdium TR TR GRM GRM GRM
GRM GRM GCRM GRM GRM bFGF bFG- bFGF Additives: bFG- 4 nglni; RA 2 nglnL; EG-
EG- EGF 2 n riz&t c@lg daopt e I e 10 pM
20 ngl nL 20(“11““%];(1"'czte o O riglE Ml D TR0 S@N%c%s(ﬁ%gg%g‘g 45’%5) o
Transition e rh?ﬂ"(’ﬁ“ ST‘bss"ﬁﬁde as a 1:1 mxture of GRM and condi ti oned
medi um f or maki ndt WEShsequerly discpygridthap the MaljeelRisetentios sisp cad Hedpdurrdde 15G-20thpusn
Medi um ( GRMThEasrpaneerit cdvbird iR edrdet edhd e @dHérehti caiglare theataakbmaded GaNe@aMdEdb then
concentrati | F (base
TB27 Supgjl e%ﬁ%%%ﬁggygﬁ_%% ﬂa% gf%%o‘r'medlﬁl bﬁ'a% &}9@6%9&%\3 oflpéorqra 1'=m]r_zcér§2) oc
mg/ mL 25 pg/9iPeree sUpgeY ‘ISF'BBE&“&? e’SPedP‘Faad?‘tﬂ'S%ai%”J"deg‘e'pt’wpﬁiesﬁs ng/ mL | pUnL
Put resci ne Si gma FigRregD 2hgws1tDe mggrlieof 1ts trghniue.1AflsURLNerSo i Mattigei®, dhei celis Bprgma
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pgl nmL 40 n / erenti atl on ro 0oC was caonduct e
fol | ows: Dd'g?"‘i“c’q@ﬂ‘?r%iﬁ’éﬁ"é% gerfogneg & BY ety (pieel H85°raReps de R CBeTBL Bi¥EF e t he
ES col oni es by memxitdselabeigthatiémtunggittuitin lude s ouitasidies wiep depitede (Firstrpahew

adherent 6 \Q@|x|m39h%ﬁ§, geggaapédaggwaﬂg)“fda{bn)‘m 10 with 4 ng/nL bFGF (G bco
13256- 029) Peni l %Iﬂngsﬁtgﬁgt 8”Kglcg|ls(ln thecf%ld 931§VZ83 smng)fga %Euign%rkgef)f m.‘ﬁure

only at the begi *t EreneTarT o | 'S were
cul tured wi toﬂ'BOﬂ%'ldfoﬁm weageicels(RA; al | - Tr ans retinoic aci d Sigma 223018), 10
pM feedisng dai | ¥igurs shokot aighedimagniftaties of 3iderifed oﬂgode:ddrtsﬂéaﬁtaim favsmiCpp@par ed

in DVBO at %agﬁ&gﬁb‘ﬁpk{ !@ats{ Q@%%F 2@/‘: m’{e@ells(ha\rénﬁopﬁﬁolo@cap%a%eristics of oligodendrocytes:

specifically, numerous processes with webbing in between that is evocative of myelin sheets.

Example 2: hES derived oligodendrocytes cause remyelination and neural sprouting in vivo

20 For this example, hES cells form the H7 line were differentiated into oligodendrocyte precursor
cells for transplantation using a similar strategy as in Example 1, with some refinements. The formula for
GRM was the same, except that the progesterone concentration was recalculated as 65 ng/mb. EGF was
included in the culture from the outset, and bFGF was withdrawn after Day 2.

TABLE 3: Oligodendroprogenitor Production from hES cells

Day: 1 2 39 10-15 15-28 28-35
Plate on plastic

, . I h 1 hour;
Cu[_tyre Suspension Adq reinoic Ful sggngi Remove RA Remove bFGE Plate on
conditions: culture acld (RA} medium Matrigel®
overnight

Medium: TR TR GRM GRM GRM _ GRM

EGF 20 ng/mL

bFGF 2 ng/mL Feed every other
Addives:  DECFAngiml eae g ng’ImL ECF 20 g E';‘ffzg POML oy (MWF); non-  EGF 20 ngint
EGF0ngml oy jgyupimt. A 10HMIT ngimk - dherent; complete

media replacement

25

In the first week, feeding was preceded by a 4-5 minute centrifugation at low speed.. After spheres start
to grow, feeding was done by letting the culture sediment for 5-10 minutes in the incubator in 15-50 mL
conical tubes. The cells expressing adhesion factors form aggregates (spheres) and sediment faster than

27



15 Fromday 3, the nediumwas replaced with GRM and no nore bFGF mg?egﬂm
to the culture. Mediumwas replaced every day. During feeding, Ilgh

dimed to m ni num because RAis light sensitive. Mediumfromthe wells
containing the ES cell aggregates was collected in 15 nL tubes. After a
short centrifugation at |ow speed (800 rpm 1 mnute), the supernatant was
aspirated and fresh medi um was added. Gentle pipetting up and down (2-3
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through the injury site of untreated and engrafted animals. Each bar shows the average cross-sectional
30 area measured in five sections (mean + SEM). Smaller cross-sectional area near the contusion is the
result of secondary enlargement following injury. The oligodendrocytes do not induce sparing, but they
also do not make the injury worse. This shows that hES-derived oligodendrocytes are safe even when
" administered within 1 mm of a spinal cord injury.

Figure 14 was obtained from an experiment to measure neuronal branching. Eight weeks after
35  injury, animals were injected with BDA as an anterograde tracer of the motor cortex in the corticospinal
tract. These sections were taken two weeks fater, Only In animals treated with hES-derived
oligodendrocytes was there evidence of axon branching — shown in the upper two pangls as the darkly

stained narrow lines. The branching was observed in areas of the spinal cord just above the injury.
Figure 15 shows quantitation of the neuronal branching measured at 1 mm intervals from the
40  site of injury and cell administration (the epicenter) (mean + SEM for 3 sections per block). Labeled axons
were counted in injured animals that did not receive treatment 3 mm above the site. Treated animals had



continued to grow by adding |ayers. Figure 4 shows the changes appe@rlqg%é e
after bFGF was renoved. Most of the cell conglonerates started to 7} i

di ssociate and the entire culture nediumwas flooded with single cells and
small clusters. At the sane time, new bright yell ow spheres were observed
(arrows). 30 Figure 5 shows that the bright-yellow spheres (arrows) were

sel ectively maintained as the culture continued. New spheres appeared every
day, sone bustdienaxohs & sphibeptyTRhenas gt ap® the @Redtdren tHeseskraltskid otld ihjuierss and
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subsequent | yhedibse panels stlarbdiaistictionaigddatdracged. (r) sel ecti on step can be reduced
to 10-20 hours. The non-adherent cells are discarded, and the adherent
cells are then ressende d. he..2HLesence of FG-, EGF, and
glial precuFsdE R PIGHRRECEZe Heeorproduci ng a nore di sperse
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ol i godendrocyte |ineage cells. 15 Figure 8 shows a hi gher nmagnification of

ES-derived olvegadendrodites staimed for CGarvC (60 X ré&Ynificati offM At | east

-10% or 20% of the cells have nor phol ogi cal charact SI’I stics of

ol i godendrocytes: specificall Mer ous proces bbing in between
I‘% mL ﬁ%w#fv ryot er

that is evo ve of brafdabmin S L | 2Eng/@L; tOl | EROeRML ocyt es
cause renyeﬁ@h‘,a i on ESfidpiEur al ms[mgutl n?ﬂ”ﬂ“”% VO ZQJmE@d‘meHuhl S exarrpl e, hES

cells formthe H7 line were differentiated into ol i geedeedr ocyte precursor
cells for transplantation using a simlar strategy as in Exanple 1, with

some refi neqeft enedhSppli@lidHidranid SrbtocolFalidovararotyficpio@ifors Siab@Dbr frdnsdlantabien are
progest er Onebtgtr?e ¥ ntt[:néfjl E‘.c!hc(i) nha‘é@%elec?oc@@te%%larﬁthﬁg aﬁgr ~§§§, 5339/ dmturmgﬁ:thg\%l stage can
20  oceurto expand the cells as required (at least 8 weeks), by passaging once a week using trypsin.

For purposes of phenotypic analysis in this e_xarnple. the cells were adapted to low-density
culture using GRM containing 5% knock-out serum replacement. The presence of 5% KO-SR starting on
day 21 improved the proliferation of bipolar cefls when plated on Matrigel®. When the cells were plated
on laminin (15 pg/mL on poly-L-lysine) at low density, the KO-SR improved cell survival and growth. Use

25  of KO-SR earlier in the protocol did not affect the course of differentiation, as observed by the growth rate

and proportion of yellow spheres.
Figure 17 shows markers detected on undifferentiated hES cell colonies. Left side panels show

in black and white the red fluorescence from antibody specific for each marker, superimposed on blue
fluorescence of DAPI staining, marking the location of all cell nuclei in the field. Right side panels show _
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included in the culture fromthe outset, and bFGF was w thdrawn after Day 2.
TABLE 3: d i godendroprogenitor Production fromhES cells Day: 1 2 34;9»%1@5‘\15‘3?3?%?
15-28 28-35 Plate on plastic Culture Suspension Add rednoic Full e"'hgth

1 hour; conditions: culture acid (RA) nmedi um Renbve RA Renove bFGF Pl ate

Mat dgel el (r) overnight Medium TR TR GRM GRM GRM GRM EGF 20 ng/ nL bFGF 4
ng/ mL bFGF 2 ngl mL EGF 20 ng/ nL bFGF 2 ng/nlL-Feed every other Additives: EGF
20 ng/ nL EGRhe@arkey SatniniRalode) Cprivtariton BGRe 0 inragtsdllowiztie (idWaFo; estingate- thdo@ebporion ofg/ L
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the gli al - chnmirditihedfapr pgenlytapr smam bitblipdemimicy¢ prequedrspMdrdaonkdA):icett; Farthup to

8 weeks. ( Gyovhom): guhsfﬁ,qmms) Tgh@atmgmg;,gfneg,a@) ol | godendrocyt e precursors ont o
pol y-L-1ysine an ens. adopt
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25 Example 4: hES-derived oligodendrocytes remyelinate axons in myelin-deficient animals

To demonstrate that the myelination caused by these cells in vivo was a direct effect (rather tiaan
by induction of endogenous oligodendrocytes), cells from day 28 of the differentiation protocol were
transplanted into the shiverer mouse model of demyelination, Shiverer mice are homozygous for a
mutation in the myelin basic protein gene located on chromosome 18 (Mbpshi/Mbpshi). This gene is

30 duplicated and a targe portion of the duplicated gene is inverted, leading to the formation of antisense
RNA: this results in severe myelin deficiency throughout the CNS.

Oligodendrocyte progenitor cells were harvested from culture, washed in DMEM, concentrated,
and loaded into a silicon coated Hamilton syringe. Animals were immunosuppressed in this as in all
experiments with 10 mg/kg cyclosporin A. Six weeks later, the animals were sacrificed and sectioned for

35 EM analysis. ’

Figure 21 shows the results. Ultrastructurally, axons of shiverer mice are devoid of myelin or are
surrounded by one or two uncompacted wraps of myelin (Upper Panel). Six weeks after transplantation of
cells, electron microscopic analysis indicated multilayered compact myelin indicting the myelinogenic
capability of the transplant population (Lower Panel).

40 Since the mice are deficient in the ability to produce myelin basic protein, the compact myelin
must be produced directly by the administered oligodendrocytes, and not due to a trophic effect.

30



The ol i godendrocyte precursor cells were then adm nistered to the |ow N
thoracic spinal cord of 20 anesthetized adult Sprague Daw ey rats v thJak 2hR7
noderat e contusion injury of the spine induced using an Infinite HorizonTM

i npactor device (Precision Systens and Instrunentation, LLC). Figure 11

shows tissue sections obtained after adm nistration of the cells, stained

with antibody specific for human nucl ear protein. The dark staining

confirms that human cells survive after grafting. Figure 12 shows
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| ine H7 according to the protocol shown in Table 4. TABLE 4:

A i godendr oprogeni tor Production fromhES cells Day: 1 2 3-9 10-21 %%TZ%JQ .
Cul ture Suspension Add retinoic acid Full strength Plate on conditi §5$&‘ s
culture (RA) nedium Renove RA Matdgel (r) Renobve bFGF Medium TR TR GRM GRM
GRM EGF 20 ng/nmL bFGF 2 ng/ nL Feed every other day Additives: bFGF 4 ng/nL
EG- 20 ng/ m. EGF 20 ng/nL (MAF); non-adherent; EGF 20 nglnL EGF 20 ng/nL RA
10 pM L RA 101 n conplete nedia replacenent |In the general application of
this protocol, oligodendrocyte progenitors suitable for transplantation are
obt ai ned after the solid-phase selection step (any tine after -day 23).
Culturing in the final stage can 20 occur to expand the cells as required

(at | east 8Cmamiss), by passagi ng once a week using trypsin. For purposes of
phenotypic analysis in this exanple, the cells were adapted to | owdensity

cul ture using c%nnginin 5% knock- out .. errn1re l.acement. The presence of
5% KO SR st rticﬁ%,IS m  gHmpope SVEH“Fﬁéhéﬁg » FRCBESBEH of bipolar cells

when plated on Wﬁclog@{cﬁfférenﬁxﬂe@pﬁﬁla@Pﬁ@i&bﬁnméﬁ(ﬂbgtdaﬁs; 288 laninin (15 pg/niL
on poly-L-lysine) at low density, the KO SR inproved cell survival and

growt h. Use 25 ofcelprmiztion differsntisted therefrpm sowpmningiatdeast 0% glidsells, whereur se of

pheros.  Fi e 80 RURE Y E i Gl Bl PR B BRREB Ned oot "

colonies. Left side panels show in black and white the red fluorescence
from anti body specific for each marker, superinposed, on_blue .fluorescence
of DAPI stafnin ,eﬁééfwm#éomwtaecgﬂd&wtsﬁfww ?rpinrm%?eéqupﬂl_a{l% field.

Ri ght side paneile sowNgod2Adrbéiee freukedts or ittt BllsVriurd @@, | son of the two
imges allows the viewer to estimate the proportion of total cells in the
field that express the marker in question. The top row shows col onies

post L1 v Y, a0 58 i SHnpLcl Wy SR pe 0 1 o

row shows stromal S surr ies positively or the
mesoder nal differknsiated SelBpalatidhexpressdNGR prodeoglyadred cel |'s within each colony are
BMP4 negative. Figure 18 shows the transient appearance of transcription
factor Pax6 during differentiation (Left side: antibody plus DAPI; right
side: anti bbdy Fhasystemgeatrdingetd anylmppcdding cddimywhetini anleagt 800hafithkscdllin thent er

cel It over AEePRAL B v lor TR OR SRAE ey R BEel et

cel | s sanpl@DGERoday 35. 10 Figure 19 shows markers detected in early-stage
ol i godendrocyte |ineage cells, present just after renpoval of retinoic acid
on day 10 (Left side: antibody plus DAPI; right side: antibody staining

al one). Tops I OWhe §y§t€mtaEc%FOI§x(§g'7tb By ;?L}g%efi&%tc%rim,qrﬂﬂéin(agﬁti/ﬁttEO%Qf-tb%\éieggﬁﬁhé ow. the

transcription factor SOXI O (772%" 1. ottom row. non-speci
ol i godendr ctffarentipiedeptiropdationshever binoREmEhology gharacteristic of oligodendrocyte
Pprecursors. '

6. The system according to any preceding claim, wherein culturing the differentiated cell

population for 3 days on poly-L-lysine and laminin in the absence of mitogens generates a

population in which at least 10% of the cells have complex processes characteristic of mature
 oligodendrocytes. ‘

7. The system according to any preceding claim, wherein implantation of the
differentiated cell population into the spinal cord of a shiverer mutant mouse causes

deposition of compact myelin around neuronal axons.
8, The system according to any preceding claim, wherein irplantation of the

differentiated cell population in or around the spinal cord in a contusion-injured rat causes

improvement in overground locomotion.
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Fi gures 20A-20B show markers predomnating in the fully differentiated

ol igoprogenitors at day 15 35 (Left side: antibody plus DAPI; right side; -
anti body staining alone). First and second rows (20A): N& (chondr6f i Akl 2ot
sul fate proteoglycan, a marker of oligodendrocyte precursors); Third
rowm(20A): @Gl C Fourth row(20B): 04; Fifth row(20B): Tuj1l (a marker of
neurons). The results show that at |east about 80% of the cells are positive
for oligodendroglial nmarkers N&X, Gl C, and 04. Cells that did not | abel

wi th oligodendroglial markers were primarily positive for the 20 neuron

mar kers GFAP or Tuji (20B, bottom. Doubl e i nmunocytochem stry shows that no
GFAP or Tuj 1 positive cell co-expressed oligodendroglial markers.

Furt her nor e,9.no BM¥stan adGidikg4o apupreceling chiih eetieeeln thendlffesitiag deflat t hese

cultures were devoi d.of undifferentiated.cells or_nesodermml | ineage cells.
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subsequent paRgadias frehmdIiaGIntitng HEEfostal 4 MehdGhi 20RNdIRGRhefecEREWy el | Nat e
axons in myelin-deficient animals To denonstrate that the nyelination caused

by these celd$? jigandfoparefigdc sridirecerter. ef f ect (rather than by induction of
endogenous ol i godendrocytes), cells fromday 28 of the differentiation
protocol were transplanted into the shiverer nouse nodel of denyelination.
Shi verer ni dé- ar Erehipviasyacgerdiog toryprecadingelpion wherain therdji@éremiatedsed prot ei n
gene | ocate . WA ). ' ' plicated
and a lar ge%g‘@%tlﬁgﬁlgg? 8%3’ %"%@Bf' %got%gsﬁ mgl\g'%éﬂlk%' @nlﬁeﬁ%ngfgflﬁ gg&?‘%gag‘!frlo t he
formati on ofcultundd is anseasior¥ds td foira cel agPrdgates in the pessencapebasiv flebdblast groyh

t hr oughout t.h A i godendr te, pr.ogeni,tor cells were harvested from
culture, MEWE’H%’M%’YEWé&%&?%{%M‘g%@I oaded into a silicon coated
Ham | ton syringe. Animals were imunosuppressed in this as in all
experinments wth_10 I kg ¢yclosporin A Six weeks later, th imals were
sacrificed éﬁnd 2@6@?%%@6%‘@?310_3@3’2““%%5?@F’s.‘"’hﬂeﬁh%%g“ %_gcaﬂe resul ts.
U trastruct gép%laltih(n ha8 8RR Sb@inedhY ¥ oBlss H WikcRIBal €E1YOrel sratAGdrin-glfal €
surrounded by one or two unconpacted waps of nyelin (Upper Panel). Six
weeks aftercalisanspl antation of cells, electron nicroscopic anal ysis
indicated multilayered conpact nyelin indicting the nyelinogenic capability
of the transpl ant: popul ati on (Lower Panel). 40 Since the mce are deficient
in the abilily tThe pseaucsrdiyeioiany prstdinguldingivhercimthe diffepmaihtedyell i n - nust be

produced directly .by the adm.nistered, oligodendrocytes, and not due to a
trophic effmfat‘é@%ﬁﬁ?@ngb@rﬂ‘ﬁ? \?é’tﬁh"g\ tg@&%&r?ﬂ?f)@w 1AM spi nal
cord functi @mpfibihg thirsiddbmioae @6d ic¥eshn®! | godendrocyte |ineage cells to restore
neurol ogi cal activity was determined in a rat contusion nodel of spinal
cord injury.” 5 Moderate contusion injury was induced in the |ow thoracic
spinal cord0f afeskiiebics ldh eéﬁf@g: Dodredn chliFretbatitgd &y | mpact or
devi ce. One week a1?%er thgﬁ}gﬁ{jgur%/?rt e C(*)h%%lhsﬁéon SIElt e \zas transplanted with
2.5 x 105 cpsiphigtidnhagtbepn obtaiukidibma proress inavkiqhl thacellsalrd capersiip diffesentiates pr epar ed
by exposi NG GE g ;Hg% jfferentiation schene (Exanple 1) for 3
mn wth trypsi #%ﬁ@%ﬁﬁ%@mgé%n eﬁo%{l:%'e cell s non-adherent. They were then
rinsed in basal nedium and concentrated to 6 x 10 cells 10 per pL. Six
weeks after; i nj t Wl . e tracer
BDA (bi ot i il at z!ée\’systéntﬂ EecBRUATRY Sny it Galndlofiith SheWid the B8 B &L RELAT

pluripotent embryonic stem (hES) cells.

15. A method for providing a differentiated cell population comprising at least 80% glial
cells that express cell-surface NG2 proteoglycan and that are negative for NeuN, , wherein said
method comprises providing the system of components of any one of claims 1 to 14 and

separating said components.

16.  The method of claim 15 which further comprises expanding said population in the

presence of mitogens.
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dextran amne) into the notor cortex. Enerald green was injected into the

| unbar spine to |abel lunmbar tracts. The location of these markers sy jan 7607
det erm ned when the experinent was term nated at 8 weeks. Figure 22 shows'=
t he overground | oconotion scores for each of the two groups in this 15
experiment. The upper graph shows the results of aninmals subject to a 200

kil oDyne contusion; the | ower graph shows results of-a 250 kil oDyne
contusion. The BBB scale is a 21-point scale that rates normal overground

| oconoti on based on joint novenents, weight support, |inb coordination, foot
pl acement and gait stability (Basso, Beattie, & Bresnahan, J. Neurotrauma,
12:1.. 1995). (~) animals treated with ES- derived ol i godendrocytes 1 week

af t er inj urly. ( nThe metho@AY claimtl 5 of 1 Gwhivh fisthee comnprisermitivéngssaidpomtatibnisi on 20
but no admynjstered cells {n = 3). an, SEM for assessnents. done blinded.
Ani mal s endFAFE W]f%nﬁﬁgﬁ?fgﬁt?/égﬂgg?%m%@%yt es showed significantly
better function (" . p<0.05), persisting for nore than 5 weeks after
treatment. These results denonstrate that ES-derived ol igodendrocytes help

restore fulfti ohbf®eRAd Shrmpene ofskaEns ule 1 ywhich furthfr GOmpisss (eplete ear |l i er
exanpl es shuyrtRatatdd HPE R g{gtpg?ulggigngodendr ocytes cause 25 neuronal
sprouting, and renyelination of nyelin-deficient axons. Either or both of
these effects may contribute to the inproved behavi or observed here. It is
under st ood 1§ hat ' t ik ' |t er of routine
opti m zat | o ThheBb pPARE Bt b IR SRR PR BB T 1 o

t he i nvent poammad30tical compostape of the appended clains. 31 .i 0 N a~q' n7
CLAIMS 1. A system of conmponents for generating glial cells, conprising: a
line of undifferentiated primate Pluripotent Stem (PPS) cells; and a cell
popul at i on2gli f f &meHddaberodiEheEli-0 Brlkaro iufdiffgemiated Qaigiate P ipatent Stencel | s,
wher ei n t&? Rg&al cel ] s express_cel|,-surface NG proteo I%dcl;an and .are
negative f&@S  CORPIHEHE REihe pn gﬁﬁ%@?@?ﬁ@%ﬁ%ﬁ)‘l"&ifﬁ@ﬁ{“ R CAUANDE wher ei n
the cell popiiogdn, PNgardOfdPh HHRSd BAKIRL rBOFIeN BAPL NERd BEraGetindRiabid Ricepidi Ure
cells or mxture of both. 3. The systemaccording to either preceding claim
wherei n about 94% of the cells in the differentiated cell popul ation
express NGy pr SBEF clai rstr?g} { ; cedi ng cl-aim
wher ei n a?ﬁll'eag{lﬁglg%t/éyof tct%aeun?eol’&}ﬁ?n t cg glé%é%’%ﬁ%@% c‘:ecpfﬁpopul ation

al so expr exspensiBs cwturg kaselodbmueqli aggrkgatevintthe preseticrofisad eyptogums and ig@POSFRa) . 5.
The system according to any preceding claim wherein at | east 20% of the
cellsin the differentiated cell population show a bi pol ar norphol ogy
characterizi c Tot methogade @0\ €1, yifepsinl tHeQfifogedis epidernsy loerth faese BEGIF)Ng t O
any preceding claim wherein culturing the differentiated cell population
for 3 days on poly-L-lysine and lam nin in the absence of mitogens generates

a 23.  The method of any one of claims 20 to 22, comprising culturing the cells in a medium

s

comprising the thyroid hormone T3 and selenium.

24.  The method of any one of claims 20 to 23, wherein the ligand for a retinoic acid

receptor is retinoic acid.

25.  The method of claim 23 or 24, wherein the cell aggregates form yellow spheres in the

suspension culture.

26.  The method of claims 20 to 25, further comprising separating glial cells from non-
glial cells by plating onto a solid surface, and harvesting cells that adhere to the surface.

27.  The method of claims 20 to 26, wherein glial cells are caused to differentiate further
by culturing in the absence of mitogens.
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popul ation in which at |east 10% of the cells have conpl ex processes
characteristic of mature oligodendrocytes. 7. The system accordi ng téfhﬁﬁﬁ ey
preceding claim wherein inplantation of the differentiated cell population
into the spinal cord of a shiverer nutant nouse causes deposition of

conpact nyelin around neuronal axons. 8. The systemaccording to any

preceding claim wherein inplantation of the differentiated cell popul ation

in or around the spinal cord in a contusion-injured rat causes i nprovenent

in overground |oconotion. ';2 9. The system according to any preceding

claim wherein the differentiated cell popul ation has been obtai ned by a

process in v ch Tﬁx@ﬁ)e%ﬁioﬂ:ﬁfn%@ld tatze,dwgé?énﬁﬁlpbﬁ cﬁfs%re#ﬁl‘h'aﬁﬁﬁﬁ&tén@ a fresh

medi um containing a mtogen, a ligand for a thyroi or nohe receptor, and a

| i gand for &mbsianifofiem cplseept or. 10. The system according to any
preceding claim wherein the differentiated cell population has been

obt ai ned by a process in which the undifferentiated pPS cells are cultured
i n suspensi @4. so Tas methofl of anyomielof algigm=fbib &8 whereintike: eHeshéained hafe thasi ¢

fibrobl h.f. .\ i h [ d i noi id.
11, The' sysCORHREGR B s Ayttt e SRR iR bt o T {7 er en ot ecl

cell popul ation has been obtained by a process in which glial cells are
separ at ed fan1non-%$i£J cells. 12. The system according to any preceding
claim wheréfn t hencihed sersering @ gormppynd fﬁerdéarfaqtpaah%aféi%@nnw:ai ned by a

process in whi Cha}db@aiﬁiﬁ%h%gr%ﬂﬁicﬁlﬂfmﬁe’?&ﬁh@d el BEHokIMg 16 AYUnk 8f dMImb MY {1 d
hor none and sel enium 13. e system according to any preceding claim
wherein thel8ifferentiated cell population has been obtained by a process

in which the cel %f,cg_ﬁfbff}iﬁﬁﬁﬁgaé{}%“%%wﬁ%%&,ﬂeﬁf’m{dwt her by culturing in the

absence of mtog em acco 0 any preceding claimwherein
the pPS cells ar e detemminingdny chageemntells dipthy populatisi erthdidcHyityathdt reultslfoom A

met hod for pr.ovidin i fferentiated cell population conprising at |east
80% glial - C8P% gor’iﬂﬂg‘ff‘@&!bb’ﬁﬁme‘é‘ﬂi%‘lﬂface NG2 proteogl ycan and that are

negative for NeudycowbRrigg the SRinge withithoefTe@ Ol Bepolid @Y ighil Bellsf he syst em of
conponents of any one of clainms 1 to 14 and separating said conponents. 16.
The net hod of claim 15 which further conprises expandi ng said population in

the presengg ofAmmwsnyeﬁ&tﬁagMbk&ﬂ%amlzompmﬁugmbmg a%f)pu}dtﬁhﬁf 15 or 16

whi ch further_ conprises maturing said 1popul ation beyond the replicative
phase into differeRtiated eedls apoeding {pABY one o claims 15 to 19 and combining them with a

neuronal cell from which the axon extends.
32. A pharmaceutical composition, comprising the system of any one of claims | to 14,

33.  Use of a system according to any one of claims 1 to 14, in the manufacture of a
medicament for the treatment of trauma of the central nervous system and/or acute or long

term abnormalities caused by trauma of the central pervous system.

34. Useofa systém according to any one of claims 1 to 14, in the manufacture of a
medicament for the treatment of progressive demyelination, multiple sclerosis, acute
disseminated encephalomyelitis, chronic inflammatory demyelinating polyradiculo-
neuropathy (CIDP), a peripheral neuropathy characterized by demyelination, or a congenital

metabolic disorder.

35.  Use of a system according to any one of claims 1 to 14, in the manufacture ofa

medicament for the treatment of phenylketonuria, Tay-Sachs disease, Niemann-Pick disease,



18. The nmethod of any one of clains 15 to 17 which further conprises

depleting wundifferentiated cells in the population. 19. The nethod of any

one of clainms 15 to 18 which further conprises preparing a pharnaceu;i@gj.ﬁva7
conposition. 20. A nethod for producing glial cells fron1undifferenti§t Al
primate Pluripotent Stem (pPS) cells, conprising culturing the

undi fferentiated pPS cells in a fresh nediumcontaining a mtogen, a |ligand

for a thyroid hornone receptor, and a ligand for a retinoic acid receptor.

21. The nethod of claim 20, conprising culturing undifferentiated pPS cells"

in suspension culture so as to formcell aggregates in the presence of said

m togens and ligands. 22. The nethod of claim20 or 21, wherein the mtogen

i s epidernal t of clainms 20 to
22, conprisfﬁgﬁgﬂ%?ﬁ%ﬁ%ggﬁﬁgggg%wg’?%b%£E@ﬁ?%h?ﬂ%€%%$?§%ggﬁﬁ%e t hyroi d

hor mone T3 affenaseyelonpurapatipy Peliprus-Merdhanbiergdiseasey onlbeds harpditams optis atropin3,
wherein the ligand for a retinoic acid receptor is retinoic acid. 25. The
nmet hod of claim 23 or 24, wherein the cell aggregates formyellow spheres in

the suspendf.on Usddf asysten? Gecoifling tovy hocofalains hitord4, 20the onifactune ofser

conpri sing separati l.ial cells fromnon- glial cells by plating onto a
solid surfa@g&cgﬂﬁnﬁ%?%etgeﬁ{"ﬁateoéé?'fwéc‘frﬁlg‘émﬁdhere to the surface. 27. The

met hod of clainms 20 to 26, wherein glial ‘cells are caused to differentiate
further by _culturing in the absence of mtogens. 2* ii;," 1l E JAN 28. The
met hod of cPhi ne Siptampacserdingipanyione efielpimphtocld) fos tragtmen bR oF thp sengrat
enbryoni ¢ sh@RusIfERn &fldracutdS lonEmBhAEIIGs B0 B tralina 6F fle¥Bntdf L0 28
wherein the cells obtained have the characteristic of the differentiated
cel | s of thEersSEESADT any one of clains 1 to 14. 30. A nethod of screening
a conpound for its effect on glial cells, conprising: a) obtaining a

popul ation of differentiated cells according to any one of clains 15 to 19;
b) combi ni n3B.t heA swsteim asogrding td avy ond aflelainkse] toddp fon the; treaimetd oEprogressig any

change to cglls:in the ulation or.their_actiwi Jlts from being
conb ned wi S Bttt ARG S Bt iked s PrlomlelBb S The oftect of
t he conpouniiflefmglotyeden§elinating golyradiculbatliophttaf (OTRE), apetiphgalaeuyathy i n vitro,
conpri sing prepar,i a population of differentiated cells according to any
one of cl ai ai%'“%“g%l’élegﬁ “’é‘t’)‘ﬁ’l&)i’rﬁ’i‘:I‘?l’ég‘*f“l‘i’éﬁ%"%ibf"ﬂc disorietur onal cel | from which
t he axon extends.” 32. A pharnmaceutical conposition, conprising the system of

any one of clains | to 14, . .
3 A system according to any ene of claims | to 14, for the treatment of phenylketonuria,

Tay-Sachs disease, Niemann-Pick disease, Gaucher's disease, Hurler's syndrome, Krabbe's
disease, adrenoleukodystrophy, adrenomyeloneuropathy, Pelizaeus-Merzbacher disease, or

Leber's hereditary optic atrophy.
40. A system according to any one of claims I to 14 for treating spinal cord injury.

41. A system according to any one of claims 1-14 substantially as hereinbefore described

with reference to any one of the Examples,

42. A method according to any one of claims 15-31 substantially as hereinbefore

described with reference to any one of the Examples.

43. A use according to any one of claims 33-36 substantially as hereinbefore described

with reference to any one of the Examples.
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33. Use of a systemaccording to any one of clains | to 14, in the 57
manufacture of a mnedicament for the treatment of trauma of the cerl flad#Al
nervous system and/or acute or long termabnormalities caused by trauma of
the central nervous system 34. Use of a system according to any one of
clainms 1 to 14, in the manufacture of a nedicanment for the treatnment of
progressive denyelination, multiple sclerosis, acute dissem nated

encephal onyelitis, chronic inflammtory denyelinating polyradicul o-

neur opat hy (ClIDP), a peripheral neuropathy characterized by denyelination,
or a congenital netabolic disorder. 35. Use of a system according to any
one of clains | to 14, in the'nanufacture of a nedicanent for the treatnent
of phenyl kefonum gsten] e uRAHEESifY ©aARF Sne i cRIMNI FUO kulilt5B8@TLas herdbinbefopdiCher’ s

di sease, Hurler's syndrone Krabbe' s _di sease, adrenol eukodystrophy,

adr enonyel &?&EP%‘&%WerW‘PEMOWF FpaeMeY di sease, or Leber's hereditary
optic atrophy. 36. Use of a system according to any one of clains 1 to 14,
in the manufacture of a nedicanent for the treatnent of spinal cord injury.
37. A systemaccording to any one of clains 1 to 14 for treatnent of trauma
of the central nervous system and/or acute or long termabnormalities
caused by trauma of the central nervous system 38. A systemaccording to
any one of claims | to 14, for the treatnment of progressive denyelination,
mul ti ple sclerosis, acute dissem nated encephal onyelitis, chronic

i nfl ammat ory denyel i nating pol yradi cul oneuropathy (CIDP), a peripheral

neur opat hy characterized by denyelination, or a congenital netabolic

di sorder. 39. A systemaccording to any one of clains'| to 14, for the
treatment of phenyl ketonuria, Tay-Sachs di sease, N emann-Pick di sease,
Gaucher's disease, Hurler's syndrone, Krabbe's disease,

adr enol eukodyst r ophy, adrenonyel oneur opat hy, Pelizaeus-Merzbacher disease,
or Leber's hereditary optic atrophy. 40. A system according to any one of
claims | to 14 for treating spinal cord injury. 41. A systemaccording to
any one of clainms 1-14 substantially as hereinbefore described wth
reference to any one of the Exanples, 42. A nmethod according to any one of
clainms 15-31 substantially as hereinbefore described with reference to any
one of the Exanples. 43. A use according to any one of clainms 33-36
substantially as herei nbefore described wth reference to any one of the
Exanples. 26 8 0 JAN 217 44. A systemfor use according to any one of
clainms 37-40 substantially as herei nbefore described with reference to any
one of the Exanples. 3
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