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precursor cells having a synchronized developmental stage for a prolonged
period of time without change in the characteristics of the cells.

The oligodendrocyte precursor cells of the invention can be dedifferentiated
back to an earlier developmental stage by sequentially utilizing cell
dissociation (through a digestive reagent, such as a trypsin), followed by
defined medium conditions. Thus, the present invention also relates to a
method of obtaining a differentiated and dedifferentiated homogeneous
population of oligodendrocyte precursor cells or oligodendrocytes having a
synchronized developmental stage.

Finally, the present invention relates to a method of treating a patient using
the cells of the present invention and to a method of screening drug

candidates for use in treatment of demyelinating and neuronal degenerative

diseases that result in the reduction of myelin.
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The axons of many vertebrate neurons are insul ated by
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whi ch an axon can conduct an action potential.

A i godendrocytes are responsible for the formation of
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S’conduc’uon has two main advantages: action potentials travel faster, and
metabolic energy is conserved because the active excitation is confined to the
small regions of axonal plasma membrane at nodes of Ranvier.

The importance of myelination is dramatically demonstrated by the
demyelinating disease multiple sclerosis, in which myelin sheaths in some
regions of the central nervous system are destroyed by an unknown
mechanism. The importance of myelination is also strongly demonstrated in
many neurodegenerative disease, in which myelinated neurons are injured.
Where this happens, the propagation of nerve impulses is greatly slowed,
often with devastating neurological consequences.

Oligodendrocytes appear to be terminally differentiated cells which do not

undergo further cell division in vivo, and therefore are difficult to culture in vitro



often with devastating neurol ogi cal consequences.
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division in vivo, and therefore are difficult to
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homogeneous population of synchronous oligodendrocyte precursor cells
having a synchronized developmental stage and a method for obtaining,
maintaining, and storing the same.

SUMMARY OF THE INVENTION
In one aspect, the present invention provides a method for obtaining a self-
renewing, phenotypically homogeneous population of oligodendrocyte
precursor cells having a synchronized developmental stage. The method
comprises culturing a heterogeneous population of oligodendrocyte precursor
cells having an unsynchronized developmental stage in a medium comprising

an effective amount of a fibroblast growth factor (FGF), preferably basic FGF

(bFGF), and in the substantial absence of platelet-derived growth factor
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phenotypically homogeneous population of oligodendrocyte precursor cells
having a synchronized developmental stage to be stored with high survival
upon recovery and without change in the characteristics of the cells, based
the specific characterization of these cells, which includes high tolerance to
freeze-thaw treatments.

The present invention also includes self-renewing, phenotypically
homogeneous pobulations of oligodendrocyte precursor cells having a
synchronized developmental stage that can be restricted to a single
differentiation lineage. For example, such cells can be limited in that the

entire population differentiates into a single lineage, such as into mature

oligodendrocytes or into type 2 astrocytes.
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recovered with a high degree of survival and retain the same phenotypic and

developmental characteristics they possessed before they were frozen.

The oligodendrocyte precursor cells obtained by the methods of the present
invention can be used to generate homogeneous and synchronous
populations of mature oligodendrocytes in the absence of mitogens or serum,
and have the ability to myelinate neuronal axons. The oligodendrocyte
precursor cells obtained by the methods of the present invention can also be
used to generate homogeneous populations of type 2 astrocytes, lacking in
the ability to proliferate in the presence of specific mitogens, such as bone
morphogenic protein 2 (BMP-2) and BMP-4. The oligodendrocyte precursor

cells of the present invention further do not generate type 1 astrocytes.
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phenotypically homogeneous population of proliferating oligodendrocyte

precursor cells of a developmentally or phenotypically later stage than the
initially isolated oligodendrocyte precursor cells. The method comprises
culturing the oligodendrocyte precursor cell, or a homogeneous population of
oligodendrocyte precursor cells having a synchronized developmental stage,
in a medium comprising at least one factor that promotes development of a
more differentiated stage. The more differentiated stage is further
characterized by the ability of the cells in the more differentiated stage to
proliferate. The factor that promotes a more differentiated, proliferating stage

may be a lower dosage of bFGF or other growth factors.
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medium, dedifferentiation, or cell morphology.

[019] The self-renewing, phenotypically homogeneous population of
oligodendrocyte precursor cells having a synchronized developmental stage
of the invention is also useful for treating a patient, such as in cell therapy. A
patient may be suffering or have a condition of the nervous system that
results from the deterioration of, or damage to, myelin sheathing. The present
invention provides a method of treating a patient comprising administering to

the patient a therapeutically effective amount of the oligodendrocyte precursor

cell of the invention. In an embodiment of the invention, the oligodendrocyte
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In an enbodi nent of the invention, the
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Figure 2 is a phase-contrast photograph of a
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popul ati on of rat oligodendrocyte precursor cells.
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cells.

[023] Figure 4 shows phase-contrast photographs and fluorescent images of
04(+)O1(+) oligodendrocyte precursor cells immunocytochemically stained
with Cy3-conjugated anti-O4 antibody or with Cy3-conjugated anti-O1
antibody.

[024] Figures 5A-5C are photographs of oligodendrocytes. Figures 5A and 5B are
phase-contrast photographs of rat and human oligodendrocytes, respectively.
Figure 5C shows a human oligodendrocyte in phase contrast and the same
oligodendrocyte double-stained with Cy3-conjugated anti-O1 antibody and
FITC-conjugated anti-MBP antibody.

[025] Figures 6A and 6B are photographs of rat oligodendrocyte precursor cells

differentiated into type 2 astrocytes. Figure 6A is a phase-contrast
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precursor cells differentiated into type 2 astrocytes.
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Fi gure 7D shows a phase-contrast photograph of type 2
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precursor cells, and a fluorescent inage of the type 2
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[027] Figures 8A-8C are photographs of rat
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dedifferentiated O4(-)O1(-) precursor cells, and a fluorescent image of the
type 2 astrocytes contacted with Cy3-conjugated anti-GFAP.

Figures 8A-8C are photographs of rat oligodendrocyte precursor cells that
have differentiated into mature oligodendrocytes and that exhibit myelination
around the axons of human dorsal root ganglion (DRG) neuronal axons.
Figure 8A is a phase-contrast photograph of the differentiated cells with DRG;
Figure 8B is a fluorescent image of the same cells immunocytochemically
stained with FITC-conjugated anti-neurofilament 200kD antibody that detects

neurons; and Figure 8C is a fluorescent image of the same cells



around t he axons of human dorsal root ganglion (DRG
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. i ficall: . i,t.hel i t | I :
R YRR e bRt e STVt L RB LR eart ¢ lciantes in
nore differentiated cells in the neural tube (Lendah
dpoEahology Figks iggowga schemmic rReEIsERtationyidpe different cell
expressed by glial precursors. In culture, high levels

dvpeshanacteiized hyctevsinmnenial markars lainteelitrhogphology. Some of
ol i godendrocyte progenitors, but the protein becones

dbese megkémstard discudséd ér moré deed m8lowgodendr ocyt es
(Gallo et al., J.

[029] Nestin. Nestin is a protein expressed specifically on neuroepithelial stem
cells (NSCs) and therefore distinguishes them from other more differentiated
cells in the neural tube (Lendahl et al., Cell 60:585-595, 1990). Nestin is also
expressed by glial precursors. In culture, high levels of nestin have been
observed on proliferating oligodendrocyte progenitors, but the protein
becomes down-regulated in differentiated oligodendrocytes (Gallo et al., J.
Neurosci. 15:394-406, 1995).

[030] A2B5. The antigen recognized by monoclonal antibody A2B5 (Eisenbarth et
al., PNAS 76:4913-4917, 1979) is expressed both on neurons and glial cells

in vivo and is used in oligodendrocyte cultures to follow the maturation of
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Neurosci . 15:394-406, 1995). [030] A2B5 . The antigen
recogni zed by nonocl onal anti body A2B5 (Ei senbarth et

W@Re5/0PNKS 76: 4913- 4917, 1979) is expressed bopdiI/mBr004/002670

[031]

[032]

[033]

[034]

neurons and glial cells in vivo and is used in
oliggosiedrdcgedregenitdrsr @2BSa@ritigehdecohesadwitirebulRited as the
of ol i godendrocyte progenitors. A2B5 anti gen becones

%Wff&ahﬁét@g A6 tﬁ@meﬁﬁﬂe‘ oI o%ﬁaﬁ@teat es into the

mat ur e ol I godendrocyt e. he nonocl ona
o3 1‘?98%%0%?@%@?@0@ glolnﬁ 2 %ﬂ déi oCy t §ﬂa( a3 %%327 1981)
oI| odendr te |on V%en

S oA ERlERAGS oM ik ofBBehe r&&v%omah@ﬁon
Vhen a cell does not blnd the nmonocl
Jvhemadell kings withthe m%@ﬁ@naéa%bcm(% thﬁﬁ,ﬁ”r'% cengiflered
the 0 4 marker is discussed in nore detail bel ow
[(@52). Wharoh icpll dees nThkind vdtrethepwonodclongl andiblody; the datl is
ol i godendrocytes and myelin, such as
gahsidensy Ode) amhdasle(dith€)04 gririatis divcabses irede dothil
sul f ogal act osyl ceram des (sul fati des).
GiAgt osyl ceram des and sul fogal act osyl cerani des are
early markers on oligodendrocyte precursor cells that

y€il % l&iﬂifglgé\{eeégglshﬁglﬁﬁtgjc%‘ﬁgidgf é/(%)’t?/(%nd(rg?yét?? and myelin,
@Pghﬁspeeaﬁaci*e%ﬁﬁ%@"é%%s Gt iadhpo %3?6%5@35%%%%%&%3

341- 354, 198 T n anti bod used to identify
&Hff%@ 66@3&9%?@@% ?'Q%é'dfsk séﬁ{?&ito CespMIdgSRNag; of
83:31 1-327, 1981). Thus, cells expressing GalC are
@mfegalaémsgmfaeﬁl €8 (rg ea[lpBErkexsme pligndendamyte precursor
vitro, GD3 is highly expressed on ol i godendrocyte
ety dmttronairapdsenBor iy ssisacenofidnatpp edigsdasdrobytes éh tulture
matures (Hardy et al., Devel opnent 111:1061-1080,

BRLh viva(Peeiffer B3 Trendb SR//eier 38 ¢d 970 1908eRaff et al., Brain
Res 174:283-308, 1979; Zalc et al., Brain Res 211:341-354, 1981). The main
antibody used to identify galactocerebrosides is O1 (Sommer et al., Dev Biol

83:311-327, 1981). Thus, cells expressing GalC are often designated O1(+).

Ganglioside GD3. In vitro, GD3 is highly expressed on oligodendrocyte

progenitors and GD3 expression disappears as the cell matures (Hardy et al.,
Development 111:1061-1080, 1991). In vivo, GD3 is also expressed in other
glial cell types, such as immature neuroectodermal cells, subpopulations of
neurons and astrocytes, resting ameboid microglia, and reactive microglia.
PSA-NCAM. Expression of the embryonic polysialylated form of neural cell
adhesion molecule, PSA-NCAM, is thought to be important for regulation and

maintenance of neural structural changes, such as migration, axonal growth,
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glial cell types, such as immature neuroectodernmal
cell's, subpopul ations of neurons and astrocytes,

wo edsiongoanmeboi d m croglia, and reactive m cr oRCT/EB2004/002670
[034] PSA-NCAM . Expression of the enbryonic

pand alsalfyt plasticifyqOreier REHN. At G2 IDe 2N Sb N m@t?@ Bb8; 2000).
PSA- NCAM is thought to be inportant for regulation

anige %r@s@ﬁﬂr&@@i l\fﬁ%ﬂ'/laelnosﬁwé%%?é of bil%ﬁg? e?%%ﬂ t83ether

m gration, axonal growth,and a

Glsfeengs ‘f@éxg';egéi%c’a#%qeqﬁéx R iﬁadw%ogééa@é’émors
Py B 8 RO BE R Rl OB L A0E, 166 iiimdod st od. Neurosi

Devel opnment 111:1061-1080, 1991,
cgb%g% 05‘1%1995)} Ngurosm Res 41:540-545, 1995).
[035] Myelin basic protein (MBP) and proteolipid
[035] g¥iyeln basiepmteiniMBl hama pradeolinid witeim (€4 R)r iNyesliB(Sfoteins,
wei ght of nyelin, are specific conponents of nyelin

aminicblcogmnisacﬂ&%y\te@ﬂ of neyeiinj are %lﬁﬁl@dmﬁorﬁérﬁé%*fﬂﬁlelm and
MBP and PLP are | ow nol ecul ar wei ght protel ns and

anigetibhdiodyRIBO MtheSAURTCNS ?n;}é?ihﬁgo er s éﬁ(’j ?L‘ﬁ’sare low

Thus, MBP and PLP are specific aracteri zing

i e e e
185 b AR R BT

ti,ons and cultures of CNS by i nmmunohi st ochem cal
ﬂ‘? Q6Yi88i ng anti- GFAP anti bodies. Two different

t pes of GFAP+ astrocytes are known to exist: Type 1
[036] alial Abgliant acitieamptein(ERAR). ticyts- toritsinniepneliisgy

proliferate in culture, especially in response to

difrirdentsptaltpdoyiish filawdns, WIHERare BONNtiss R GRAM ANk AL BE
anti body; Type 2 astrocytes (T2As) resenbl e neurons or

etagipdestifRryharsue sBBlidHCARY¥ultures of CNS by

immunohistochemical techniques using anti-GFAP antibodies. Two different
types of GFAP+ astrocytes are known to exist: Type 1 astrocytes (T1As)
have a fibroblast-like morphology, proliferate in culture, especially in response
to epidermal growth factor (EGF), and do not bind to A2B5 antibody; Type 2
astrocytes (T2As) resemble neurons or oligodendrocytes in morphology,
divide infrequently in culture, and bind to A2B5 antibodly. Type 2 astrocytes
appear to develop from A2B5+, GFAP- precursor cells, which rapidly acquire
GFAP in culture (Raff et al, J. Neurosci. 3:1289-1300, 1983). The two types
of astrocytes do not convert from one type to the other in culture. /d.

[037] A number of features distinguish oligodendrocytes from astrocytes. In

particular, oligodendrocytes are smaller in size, have greater density of both
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divide infrequently in culture, and bind to A2B5

anti body. Type 2 astrocytes appear to develop from
WA2B54077&FAP- precursor cells, which rapidly apquiB2e04/002670

GFAP in culture (Raff et al, J. Neurosci. 3: 1289 1300,

1198 Jytoplasmtane fuHRass, Mckﬂﬁférﬁﬂa)zﬂa@é leéf?néH'-tE A il ngoglfye%en

one type to the other in culture.

ah thed Wgﬁ%n‘ﬁ'aﬂd R §hc1r§la ngmx#&& Jlé? gleénewed in

astroc I'n particula rocy

SORERT sk Rl e BB Cdife O A —

|br|Is co t he cytopl as and have
( fﬂﬁ&*&%?’%g%f@?m%td}ﬁ%@ léﬂ%vPE%@d nbﬂﬂve’t\@pbg@dendrocyte
aI , The Fine Structure ofthe Nervous System the
NBay dave mapheellsiassxtensiensColr psocadsesr eachut widkeh @odtacts and
Univ. Press, 1991). An oligodendrocyte nmay have nany

cebkatealty em@mémstretwh gfraxoassits sulssaefuent cavdersation of this
contacts and repeatedly envel opes a stretch of axon

Wnliflis pHAISAESPA N RN Afyie i, an fhlai sanfe! bkb S pédjé‘éent myelm
menbrane-form ng nmyelin. "On the sane axon, adjacent

'@é?nﬁéh@%”ﬂﬁ@ttﬁ RGO o‘é'nde‘ SR Al SR gg ﬁﬁﬂn‘ﬁs

every l1Tn unit termna néar an

E%ﬂé@%*ﬁ%‘&o n%é%g* Benigs (Site Youa) %lgléé‘@pf‘?ﬁﬁé%?z?ég
(‘{%’0 t@%tr) M"%g/ gﬁ'r%ﬁlgéﬂn(}rg%@n;?gggg o? devel opnent

deflned by the expression of specific cell-surface

[038] (Befem they fiel matdisiag entpdnmlm%ﬁmtnggcaeﬂm pligecansirecytahgo
best defined oligodendrocyte precursor cell is the
ARRB(gR) roa(y ptagies gd diemelopoane defiped By disé erpneiseion@f3Mkcific
progenitor cell (Noble et al., GHals:222-230, 1995;

RaflifsurBeeaBesptaland 86 to 4RBAct dolwtie 'facta_rrse”ﬂ‘ﬁa best

Neurosci 19:92-96, 199 Ri chardson et al Sem n.
(';%g@%agihg?a r‘f(fr? f@ﬁrgé@%ﬁ%c?lﬁ\%ﬁ? 2)(5@([ ) 6RJdd®ndFstyte

WpI IR (R SATBI M EUPENGbIe ot al., Glia 15:222-230, 1995:
Raff, Science 243:1450-1455, 1989; Miller, Trends Neurosci 19:92-96, 1996:
Richardson et al., Semin. Neurosci. 2:445-454, 1990). O-2A progenitor cells
are capable of differentiating in vitro into oligodendrocytes and into type 2
astrocytes, but not into type 1 astrocytes. Thus, O-2A progenitor cells are
considered to be bipotential. O-2A progenitor cells may be induced to
undergo self-renewal, or proliferation, in vitro in the presence of growth
factors. Forinstance, growth in the presence of platelet-derived growth factor
(PDGF) is associated with both self-renewal and the generation of
oligodendrocytes (Richardson et al., Cell 53:309-319, 1988; Raff et al., Nature

333:562-565, 1988; Noble et al., Nature 333:560-562, 1988), while growth in
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astrocytes, but not into type 1 astrocytes. Thus, O 2A

progenitor cells are considered to be bipotential.
wa@sopreyeni tor cells may be induced to underBOI/IB2004/002670

self-renewal, or proliferation, in vitro in the

piheseasend ofFWPDER N Sasid-Mbroblst @FBWtP f%t%\“’t(ﬂ('\;%@:)

the presence of platelet-derived growh tactor

| & i ' ) I fs :
o S e S TR AifRre Mg Boalgr et . PhAS

: - Y f ., Nature )

A0 ™ N e 522 ipetlS ek un cotored in 2
988)., while. i nthe presence of both PDGF and
Jaerm POt B Ax leraily Grogeiags oremtihiacieratded, the O
continuous self-renewal w thout differentiation

(%QQP@? U%‘feraP Ppremgisse ofigedesiregye, differeojiatiownt bl @:2A

when O 2A progenitor cells are cultured in a nmedium
dyagenitarglls FEY also blednduted exdiffersmtiategintoMypef 28506 cytes
added, the O 2A cells undergo premature _
oVherotieatddogiit ¢0% et Ycﬁﬁtsieﬁ!irhg Raffled -al.%ﬁz@?ﬁ@%%d—@é&

cells may al so be induced to differentiate into type 2
ag8t3?.cyt es when treated with 10%fetal calf serum
( Raf

et al., Nature 303:390-396, 1983). |
i tors are, ner al, .

1039] MERPEIRRAT, Qiza \%5%1“‘?8?69%% anhegﬁﬁ‘vggfgigﬁémg?%? o
e ,
Séﬁ@aﬁ%o %giot”g&t ﬁgéié\"n?rpﬁéﬁm Ciq"é Mate they becowiech

reaﬁc,t with the nonocl onal antibody 04. Th_i s is .
feviiisNet '8ss motileakst ara stilvelifepativiet calls sthigle reant avittathe.
These post-O 2A but pre-oligodendrocyte cells have
eeiociendl @otibedy P4calhieds ABHEd HPH trarBien) derlidsmentie stage
onset of termnal differentiation, i.e., the inmature

@ré-@=ien ngmsstng/a,bm?ré@ﬁgtsdério%lcﬁa ckiehavabgsi s
and transport to the surface of gal actosyl ceram des

ConddByelIIeh AR5 (041 (Y Bolid1 TREBACLLOAEN NG POdY

O 1. After a charac ag o
differentiation, i.e., the immature oligodendrocyte stage, is identified by the

H

synthesis and transport to the surface of galactosylceramides (GalC), which
are reactive to the monoclonal antibody O1. After a characteristic lag of one
or two days, mature oligodendrocytes develop with the regulated expression
of terminal markers such as the myelin basic protein (MBP) and proteolipid
protein (PLP), and the synthesis of the myelin membrane. Although most
studies of O-2A progenitors and their more differentiated oligodendrocyte
precursor cells have been isolated and studied from rodents, bipolar O-2A
cells, multipolar A2B5(+)04(+) cells, and mature O1(+) oligodendrocytes have

also been identified in human fetal brain (Rivkin et al., Ann Neurol 38:92-101,

1995).
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or two days, mature oligodendrocytes develop with the
regul at ed expression of term nal markers such as the

worp@sioer7dasi ¢ protein (MBP) and proteolipid precEIBR004/002670

(PLP), and the synthesis of the nyelin nmenbrane.

[040] Aok rgentip séthet Bliticienelo ézﬁrémméngmv@%énheéﬁnﬁed A

[041]

nore differentiated ol i godendrocyte precursor cel

?}m)zbgté?ﬁi%ﬂpﬁe%g“ﬁr%ll%ﬁineﬁ lgé(l ‘??%i%@)@ %r%??n’éb? gG%'PSr&tag een

l's, multipolar A2 _
CHele P 5 I AR S 5
PPOERERlP 2 PRdsdet el (Rad SanRNA B a5 42RA00 . 198: Rao

Atri potent| al precursor cell termed glial restricted
p?ledlu 28y BioGHRE 4803, HOER).i kike £2-24 proganitercalist GRRare

cord and has been found to differ fromthe bipotenti al
CA2B5 (o) dyeninooeaativelcell§ Bad are uabble BNiEe @htidiointet Addronal
1998; Rao et al., DevBiol 188:48-63, 1997). Like O 2A

peregersor aells et heuroGRPUrike GA2RXetls, GRR e Pabieof
cells and are unable to differentiate i nto neuronal

PdifFErenBiati n§ Rt D1iGbdERHbENEs HHH'M@E}%)G%{%J%%E@%%@& 1

are capable of differentiating int

AP RRIRE A %@z%%%%%% (7R8. ORPELR 00 oo

2A
ERPE Syl GrPRRp. hulffabrek D%ﬁ@e@ﬁumeﬁgyceus
be acquired. however, after several days of growh in
dorFeaPA RP&MnaY beragduiied. hoeeven/Bitahee\ryataaysyof growth
GRP cells are unipolar or bipolar. It has recently

beénmediviom sontaining bR&F @GRPPEOSF.s Muayhgoyieally, RPaells 2fe
progenitor cells when grown in the presence of PDGF

aurdpolay oobigolzer Mo (ctehtly Beegdemodiktrated that NERP @én:d may
22:248- 256, 2002) and may therefore constitute the

v 188 to DILADrbY&rthadIced whedldrbih&d t&eblesence of PDGF and
thyroid hormone (TH) (Gregori et al., J Neurosci 22:248-256, 2002) and may
therefore constitute the earliest identified glial restricted cell.

Another class of glial precursor cells, termed oligospheres, has been
identified. Oligospheres are floating cell aggregates which are believed to
comprise A2B5 immunoreactive cells (Avellana-Adalid et al., J Neurosci Res
1:5568-570, 1996). Oligospheres were originally isolated from rat neonatal
brains (Avellana-Adalid et al., J Neurosci Res 1:558-570, 1996) but have
subsequently also been isolated from adult rats (Zhang et al., PNAS 96:4089-
4094, 1999), canines (Zhang et al., J Neurosci Res 54:181-190, 1998), and
embryonic stem cells (Brustle et al., Science 285:754-756, 1999; Mujtaba et

al., Dev Biol 214:113-127, 1999; Liu et al., PNAS 97:6126-5131, 2000).
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[041] Another class of glial precursor cells, terned
ol i gospheres, has been identified. O igospheres are

w0 b@andTig7 cel | aggregates which are believed tRCT/IB2004/002670

conprise A2B5 i mmunoreactive cells (Avellana-Adalid et

aDligosbHdese aRide iRasltliSaRd Bd) bé?&@aga@d 8951BAERE Spheres of

were originally isolated fromrat neonatal brains

(@Ycﬁtfél%rr‘nﬁa 3&é|l§ @lg’%‘sg erésl}lﬁ?\g BEGhARRR th: dﬁﬁ&gﬁ?g’te by

1996) but have subs been 1sol a

e é@@ﬁ‘%ﬁﬁg&rﬁ%n@ e X igerghergndsnerate
e BisyBroad foden, favihabiahdhe shenonge dithess

214:1 13-127, 1999 "Liu et al., PAWSOT: 6126 5131 ,

seBmCytas kpspheiriesnasharaeterized theyiaee arasumsd toebe type 1
propagated as floating spheres of undifferentiated
casttaytad (Lgesyiladr Giarddy1 0 12hd2000). (Thudj fHiesegdésis ehdly
di ssoci ati on and attachnment. Upon differentiation,

obligdephbisemdIOEA ﬁtcﬁg@iutbg@dlwe%yﬁrﬁﬁ censl astrocytes.
Id. Although the phenotype of these astrocytes have

[042] NWBodeEBe I Rt ﬁ‘éur%?gellst réﬁ}‘o @g%ﬁﬁ%ﬁ@g 8%83 Q%rﬁ%p@arﬂest

[043]

astrocyt es (Lee et al.

Fﬁ@?éﬁ B bR ndbp P aﬁﬂﬁ%ﬁ%ﬁd?@%ﬁé B ARples of
| nb |1 th
2r§$4r$ee <] 1561 Brl. o i Gt RIbER T Se TRHRET: and
al so serve as sources of neuroepithelial stem
c@lgogenmcate&mawyées/elnﬂegd ES aedatrensplanted into

ol i godendrocytes and astrocytes. |Indeed, ES cells
ttraumsalically énjuret spinalbeord tdecadrisyraiey tlrraémraspplaatechSGbells
denonstrated that transplanted ES cells survived and

ddriieee mhdalifelentiaedasto et tes, @!\/%Mﬁﬁdéﬁéybﬂa rRigons
neurons (McDonald et al., Nature d. 5:1410-1412,

ARAenc s, A 1A} LSO 2omhelBGaTAR ht
oligospheres from ES cells and transplanted the oligospheres into the spinal
cords of myelin-deficient mutant mice. The ES-derived oligospheres
appeared to migrate into the host tissue, produce myelin, and myelinate host
axons (Liu et al., PNAS 97:6126-6131, 2000). However, use of embryonic
tissue has increasingly become controversial.

Oligodendrocyte development from oligodendrocyte precursors is a highly
regulated and still a relatively undefined process involving various
environmental factors. Indeed, the ability of multipotent cells to differentiate
into glial-restricted cells (glioblasts) and for glioblasts to further differentiate

into oligodendrocytes or astrocytes, appears to be mediated by various

growth factors and transcription factors. A number of molecules that are
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cords of nyelin-deficient mutant mce. The ES-derived
ol i gospheres appeared to mgrate into the host tissue,

w@emdoesnyel i n, and nyelinate host axons (Li UPEL/TE2004/002670

[044]

[045]

PNAS 97:6126-6131 , 2000). However, use of enbryonic

tFRitrBasmpORASHIAIVAD AnPRCAIB 58 Fé\h@wsa% BollafifidRlal., J Cell
A i godendrocyt e devel opnent from ol i godendr ocyte

ps&qsu&sp%*ﬂmm gf(}i@fl MR &S ANBroh 'ﬁalthé‘/ £:313-329, 1996;

rel ati y undefined prfocess I nvol¥ing va

T TR0 b o7
A0, R G, L AR SR 55

astrocytes, ears to be nedi ated by various growth
f(RR@F s basle E‘SENBEGFMD@HIWH@@’DMhﬁactth(éGFdo neurotrophin-3
nol ecul es that areconsidered inmportant in vivo and in
WiNT-3), gtiel grewitle fadori (GE&B lor aeuréguiin), aliliary heGrdttophid factor
(Suppl) 15:117-123, 1991; McMrris et al. Br ain

RONTH), hitSA 38, ( |L189@radsﬁﬁnmﬁ%g+omh%&%% 3,480
2000; 'Baunmann et al Physi ol Rev 81:871-927, 2001

EH%??H&?SH&IE?SE%P Lr%trngfl@ﬁegiaﬁﬁlg"b&@%;?owg] requlated oncogene
Lin-like rovvt h f

RO BERRHaa0 v s Roonte. oSubipthesdprd dapussed in more
neuregulin), ciliary neurotrophic factor (CNTF),
iqﬁt@}gﬁebﬁn 6 (IL-6), transforning growth factor

(TGF), IL-2, triiodot hyronl ne (T3), retinoic acid

rtadeletedd withfackey PRIGH). dPDGFemesabedraidetRizd ap an

and vari ous horm)nes Sonme of these are discussed in

nmperteat gidwthéhctor fdr@é] tHY wroticeitictest YR celRs el as
factor (PDGF) . PDGF has been identified as an

Imhmo&rmmém 3&& aR@idpidiRicY @'u».hsro%%%n%m by

glial cells as wel fferentration in

nent b
%s#@%?%t@%ﬁé# na%‘PE’nUséF R HRR %W%fiﬁ e ant
év%lo%%enqgas PDGF-A null mice showed a large reduction, although not a

complete absence, of initial oligodendrocyte generation (Fruttiger et al.,
Development 126:457-467, 1999). However, PDGF receptor alpha (PDGRR-
a) has not been observed in the multipotential neuroepithelial cells nor in
freshly isolated GRP cells (Rao et al., PNAS 95:3996-4001, 1998). Thus,
PDGF may act at later stages of development, rather than at the initial stages
when the multipotent nueroepithelial cells generate the more restricted glial
precursor.

In vitro, PDGF enhances proliferation and motility of O-2A cells (McKinnon et
al., Glia 7:245-254, 1993; Noble et al., Nature 333:560-562, 1988; Raff et al.,

Nature 333:562-565, 1988; Richardson et al., Cell 53:309-319, 1988) and may
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devel opnent, as PDGF-A null mce showed a large
reduction, although not a conplete absence, of initial

w@bkiogoasedr ocyt e generation (Fruttiger et al.,PCT/IB2004/002670

[046]

Devel opnent 126: 457-467, 1999). However, PDGF receptor
adié ab PSRV aPPackrsn Wlo fBPﬁgYVngﬁ \foed' cﬂlg'b ndr%cpltes

mul ti potential neuroepithell S nor

1@%‘)%%%?@?;%9&81&@ ﬁga g% a 'L’ﬂ%‘? QBIAS GS-?S% @gF andl other

d rat.her tha nitial stages when
%’%ﬁﬁlﬂ%‘ Sé?ﬂa'ﬁLPéPS%qurﬁe" fopc@ivudénsgerr%m%yeely Rad

strlc ed I|aI precursor. [045] In vitro, PDG-
@{ﬁ%fﬁagetep% Y &mfe Rligedendiesytes yTempte etalc dVdtsre 313:223-
(McKi nnon_et al., GHa7:245-254, 1993; Noble et al.
NeR5,r18853Baf &t ab s ature $83:5REE56%1988), ENehin the presence of
333:562-565, 1988; Richardson et al., Ce// 53:309-31

PDEEZRpwaner, iAeregenitoraetls diidabniyat il ﬁumb\é@ oﬁ‘ ﬂfnes
new y generated oligodendrocytes (Barres et al.

&f&baﬂﬁ|ntr149§?c3ilmldg1rﬁe|&ﬁaﬁ|§ﬁﬁﬂ°cﬁeQ:%Ilf @% g eﬂﬁj:[}slétgf) r(]jéVldlng

envi ronmental signals, progenitor cel
?@;%‘ﬁ%ﬁ#%&%@ﬁ%g' RpRARE F?%*‘ka;%uf@&éi%.ﬁé%@eﬁfgg

% Raff et al., Nature 333:562-565, 1988). Even in
the BJresence of PDGF however, O 2A progenitor cells
%wd ‘ aI| 'ted nunber of times before an

; AV HRE Gfer2) e PFSFestinelgtashwnlifesation

stop dividi ng and di fferentl ate into ol igodendrocytes
PFQQF igodgndipcytesigievelopBriEn BeuESEcclas®) et BasBrin Res
fibroblast growmh factor (bFG- or FG-2). bFGF

0588, 1984, iSaectd &al., INAS i2BBIIEHTS L 1585, Besnard etal.,
devel oping in culture (Eccl eston et al., Brain

P -
ol s aitas o oo M et on

Besoagenst eI, J Ndlrodc8Ys DPUB8SHo qg@@}aﬁg 2iso stimulates

oligodendrocyte precursor cell proliferation with the limited proliferating ability

in division numbers or period while preventing differentiation into
oligodendrocytes (McKinnon et al., Ann N.Y. Acad Sci 638:378-386, 1991;
McKinnon et al., Glia 7:245-254, 1993: Qian et al., Neuron 18:81-93, 1997).
bFGF acts by upregulating the expression of PDGF-a, and thereby increasing
the developmental period during which oligodendrocyte progenitors or
preoligodendrocytes are able to respond to PDGF (McKinnon et al., Neuron
5:603-614, 1990). Indeed, O-2A cells have been shown to undergo
premature differentiation into oligodendrocytes when exposed to bFGF alone,
but are not induced to become self-renewing oligodendrocyte precursor cells.

O-2A cells are induced to undergo continuous self-renewal when exposed to

18



1989; Behar et al., J Neurosci Res 21:168-180, 1988)
and al so stinul ates ol i godendrocyte precursor cell

w@e@sidEeation with the limted proliferating BOI/IB20§4/002670

[047]

[048]

[049]

in division nunbers or period while preventing
i tombaretioatdf dif Gfand GIDEB (Boglep ey ale PSS TEBEB-8872, 1990).
al ., Ann N. Y. Acad Sci 638:378-386, 1991; MKinnon et

aBimiladly] Ripbtettiat éﬁeﬂ &: d&@R3or LdIRfe @en’ mB’@é'écﬁfb undergo self-
18: 81- 93, 1997) acts by upregul atlng e
Q@: (X3 ) )
gﬁeé\e[ea@%ghr?eqﬁ??reger |eo uri tr'?tg:;}av\,hl cﬁ (gal gode 'hdrl\?)/(g?g'sg% 4001,
p{ nitors or preoligodendrocytes are able to respond
(McKi nnon et al., Neuron 5:603-614, 1990).

dee O 2 RS ve been shown to undergo
M@pﬁhﬁﬁi& NIGE o8 omBonpt i Scowibdaalsefamily

exposed to bFGF al one, but are not induced to becone

FNG aprearite glivulage @écritﬂer@twn of pligadersivocyde lpracurép2dells only
cells are induced to undergo conti nuous self-renewal
wileen adged edththigh vets sfdhsulim, PDGIF G wathtbtRBEorh Bipatiehs

et al., PNAS 87:6368-6372, 1990). Simlarly,

t(BapeS, TR 36T BAH-ITBCE U050 a6es leﬁalhqv&n*éﬁel@ 9319' 9@20'1 994),
to undergo selfrenewal in the presence of

ﬁgﬁo@%gﬁ&ho soﬂng’é%r%%F@&ﬁw 4904, vit \%&ﬁ%e hiéﬂ:lgrs\pg 371-
S Perehlte F ) ol alaIrhE B2 eour Q‘SL af:& s only

en added vvit_h hi gh I's of insulin,
3‘2 S - &R firig asfaffolquﬂwgs strggtwrally and
Barres et al., Neuron 12: 935 942, 1994). NT-3 also
drastianady simiasde il meynkers of the hematopaietiocytekinddamily.
Nat ure 367:371- 375, 1994; Barres et al., Ce//
Toreatmelrt, of mslzprog[eﬁi&&] cells Iwitr @NTEUmnay i tecthé apibetrance of
(CNTF) . CNTF is a cytokine that is structurally and

faligotiendvalcltesgviayepet 410, Dée/BBABAF $201 48183, 1994; Barres et
hemat opoi eti ¢ cytoki ne fani | y.

al., Mol Cell Neurosci 8:146-156, 1996, Lachyankar et al., Exp Neurol

144:350-360, 1997). Studies suggest that CNTF requires the presence of
PDGF in order to stimulate oligodendrocyte differentiation (Engel et al., Glia
16:16-26, 1996; Fruttiger et al., Development 126:457-467, 1999).

There is also evidence that CNTF may stimulate the production of type 2
astrocytes from O-2A progenitor cells. CNTF, however, is insufficient by itself
to induce the development of type 2 astrocytes. Indeed, molecules
associated with the extracellular matrix cooperate with CNTF, possibly by
mimicking the effect of fetal calf serum (Lillien et al., J Cell Biol 111:635-644,

1990), which has been previously shown to induce type 2 astrocyte
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Treatnment of glial progenitor cells with CNTF may

i nduce the appearance of oligodendrocytes (Mayer et
wW@koos/008vel opnent 120: 143- 153, 1994; Barres etPEI/IB200Mx102670

Cell Neurosci 8:146-156, 1996, Lachyankar et al., Exp

Neitferdntiztidn 35 0/13GRaffIQR) NaGired0333904096 5198 AlenB 2t al.,

requi res the presence of PDGF in order to stinulate

oNbgpélgngrmygg,d]igfgﬁsfrenti ation (Engel et al., GHa
16:16- 26, 1996; Fruttiger et al., Devel opnent

050 2 0ETneiAY) TR S RS DE e o

f itor cells. CONTF, however, is . )
e AR Glaci & pernmsE celmes Glphaets e
type 2 astrocytes. Indeed, nolecul es associated wt
HBSwriRlon INie matuss elaodehe sy tan BamesretalT Pevsipmanty
by m mcking the effect of fetal calf serum (Lillien
e{ZQa'ﬂ 097-31@:& 199%; dvarmala o636, Bay Bid/JIB0) 1-24hil 896;HBsadetesl.,
previously shown to induce type 2

aShia 6832633, d98@A).i ation in vitro (Raff et al., Nature
303: 390- 396, 1983; Tenple et al., Nature 313:223-225,

[051] 198Mth-rb8aeledTshadRhRYAISRA @Rb@.: GR-o iEH Qtbkine that has
hor none, , 1S capable of mal ining the I
' j ' t recursor cells as
Rli%h begh 3hot g rén’réb%ﬁ%ﬁﬂ%[sé’fﬁ%?feﬁtqogfnaw Vit Brecutsaroells
' | ., De t
ARsB 5o 6 2l Vorbost Rotsa 10465, 49585 bov o

180;1-21 , 1996; Baas et al., GHal9: 324-332, 1997).
[052] [Refinocieaeidand GAMPacd) B sadgetiecialasithagErbia yeg GRE the
is a cytokine that has al so been shown to pronote
shifferentatian ofoligodehdigpogEnpiicaordos cplle (Raiblr etcs], IFev Bio/

(Robi nson et al., J Neurosci 18:10457-10463, 1998).

[1332437Re46,M093; Aluilicstand DeddBoneeR 20 o 680, Mejory aci d
appear to regulate the differentiation of

[053] %Eieﬂé Ia%whrf@@w PCRIFSEREaGIH) SCER Y Hotfdr dhwth factor which
v

has been shown to stimulate proliferation and survival of oligodendrocyte

precursor cells (Canoll et al., Neuron 17:229-243, 1996).

[054] Interestingly, some reversion of more differentiated cells into less
differentiated cells has been observed, suggesting that certain cells of the
CNS possess sbme plasticity. For example, Canoll et al. observed that by
treating mature oligodendrocytes having the phenotype O1(+)MBP(+) with
GGF (glial growth factor) decreased the number of cells expressing the
mature markers, O1 and MBP (Canoll et al., Mol. Cé// Neurosci. 13:79-94,
1999). This phenotypic reversion was also characterized by changes in cell
morphology, re-expression of the intermediate filament protein nestin, and the

reorganization of the actin cytoskeleton. Basic FGF has also been shown to
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133: 437-446, 1993; Noll et al., Devel opnent
120: 649- 660, 1994). [053] dial gromh factor (GG or

woewsegubi n) . GG is another growth factor whiROI/IB2804/002670

[055]

been shown to stinmulate proliferation and survival of

ofi¢ geded tHenynbe PERRLILTE 0liGEH&RIro6RABS lih chiturd! (Fred¥iH R et al.,
17:229-243, 1996). [054] Interestingly, sone ‘reversion

f, MBiBsEi Hes! £0.08517. G8bbSHbMAn!Ess, Mkl Gl enkbal odk

cell s has been observed, suggesting certa

S BRI SOTR L AMELL 1600, ATBLS: ot srowed

ol i godendr ocytes haying the phenotype OL(+) MBP(+) with
TR Goee Plodhnd aelire Robtot he revamian of

cells expressing the mature markers, 0 1 and MBP
(digreendeacyta breciesior celis andialsodaded ta achiove 4, haeegdneous
Thi s phenotypic reversion was al so characterized by

ctemiation of deelifferentigtedioely., Mareevar ssic@viddndeguggests that
internmediate filament protein nestin, and the

rsRGH mﬁmz’ﬁtlgig@ﬂaﬁéptbﬂ§ cal Heatrcontaakes el ererggéér:gtegﬁguir etal.,

has al so been shown todecrease the nu

e Ry oy A PSR Sl vt o2

et : j L. J. ., Res.
FHE 3 D e Yool DL PSS,
: h .
SO e B dsuBEy e Mimet P el aiengor) .
hi eve a honbgeneous popul ati on of dedifferentiated
Ierce 3894 6ean ,75303%0&@@@@056@%@1@%:1\5@ teGOATR)O1(-)
trigger apoptotic cell death of mature

diregggendeltscyaudd be Mansiestly abvertel toNberAZBS(+)B46) phenotype in
44:1-1 1, 1996). Another study denonstrated that

tthe presemeeral BDEE. cldolvevée thieraeied dheebtide &lid ot b
havi ng bi pol ar nor phol ogy characteristic of perinata

o By A PP M P Ry B B8RRI B e
%GJ’Qh%y ?hereafter differentiated into O1(+) oligodendrocytes (Gard et al.,
Dev. Biol. 159:618-630, 1993).

Despite the work embodied in these various studies, there had been no report
of a method for obtaining, maintaining and storing a phenotypically
homogeneous population of self-renewing oligodendrocyte precursor cells
that are synchronous in their developmental stage. Because of their ability to
self-renew, ability to proliferate, ability to terminally differentiate into
oligodendrocytes, and phenotypic homogeneity with synchronicity in
developmental stage, these cells are useful for the treatment of various CNS
disorders and conditions, and for studying the disorders and conditions, both

in vitro and in vivo, and the present invention provides these cells.

21



precursor cells could be transiently reverted to the
A2B5(+) 4(-) phenotype in the presence of PDG.

wolonswer797 t he reverted phenotype coul d not be PCT/IB2004/002670

mai ntai ned, as the cells quickly redifferentiated to

[056] fjiB@foQé’f(h@ SEsoht iﬂb@ﬁﬁﬁﬁ’%ﬁyﬂ@?tﬁ%@%@fb&byit ﬁ{ﬁf %@ﬁ%rsgod that

ifferentiated into Ol ndrocyt €s

- . B - 1993) .. Despite the work
s iargfiots: o@gén?’f%g?%%@Eﬁ’c@w@é@dwg&ﬁdﬁawb@geg?woalso to
report of a od for obtainipg, majntaining an
L8 PhierSlocd BRL e bRInP ey iR Ris T dop lnepitoass ot
sel f-renew ng ol igodendrocyte precursor cells that are
sf%?é’ﬁ iCWar a@bpdinesiis Gpive endlis sphigtendiettauselinfting,
their ability to self-renew, ability to proliferate,
aince the seopeafiihe présendirfeationwilhbe limited only by the appended
ol i godendr ocytes, and phenotypi c honogeneity with

solaiots.oni city in devel opmental stage, these cells are
useful for the treatnent of various CNS di sorders and

[057] oamdid b @asge éﬂ@aﬂﬁ% isS;Sr%%dieﬂggwﬁnH’ér%Rfo%gt ?ﬁ%\/gpiggevr%lues

[058]

[059]

conditions, both in vitro and 1 n vivo, ?n ©

[ ' ' | | 05 Be e the.

S SRlebAPREEY W e fofiE. i Pibecand bt gy hese
stood that.this inv ionis not limted to

BPFIeE rF B b incbRnaSHE s MR the SMalr ranase, and are

understood that the termnology used herein is for the

pﬂ']%@@%orapaw@cwnﬂwn e paventiens subjestio dinyemesifioally exclnded

is not intended to be limting, since the scope of the

gindkartheistated trange. Wi\ Herb éhé statec chrel incldet leeariwiidedthe

clainms. [057] Were a range of values is provided, it

ilisnitsn dengeiscmdtiudiag elthéesmesth el thetlelinsluded lirHsimBasssd
wWithin the invention. The upper and lower |imts of

tihgG@ed MRfheahvéridges can independently be included in
the small er ranges, and are al so enconpassed within

WedYEMLEtheRHBE €5 tdcRnRaY aSR §&ihtiff@ldrhs R M98 din have

the same meaning as commonly understood by one of ordinary skill in the art

to which this invention belongs. Although any methods and materials similar
or equivalent to those described herein can also be used in the practice or
testing of the present invention, certain methods and materials are now
described. All publications mentioned herein are incorporated herein by
reference to disclose and describe the methods and/or materials in
connection with which the publications are cited.

It must be noted that as used herein and in the appended claims, the singular

forms "a," "or," and "the" include plural referents unless the context clearly

dictates otherwise.
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limt in the stated range. Were the stated range
i ncl udes one or both of the limts, ranges excluding

w@Raok®eo779T both of those included limts are aPCDIB2004/002670

[060]

[061]

[062]

[063]

included in the invention. [058] Unless defined

dtuithes selesabthareiserindiahtegindll swimbers kpressingsqueseities of
herei n have the sane neaning as comonly understood by
dngreaferns,deaetioh sdnditions) anldescafortht asedircihetdpesification and
i.nvention bel ongs. Al though any nethods and naterials

SdiaihsPlire@b RAMAIESBBY dsbdilg o diRsLinl AEifs &eg% SR8 term

al so be used in the practice or testlng 0 resent
lu It |
dg}égﬁt b%&mﬁﬂ%'guqﬂu ca{h%gc%séa&n%n one rt@%ﬁwuﬂ?é’)’lcal

JREarRRuR AL ikt Aol SraMortdre e tp%wﬁs%ﬁe %Eﬁvp"é‘m?ns that
vvlth V\/nl ch the publications are cited. [059]
Heaw@e'odqn%ld'%umw%@%m %rﬁaeﬂWStqwgabtseh@@atalned by the

clains, the singular forns "a," "or," and "the"
ipresentdnygniical referents unl ess the context clearly
di ctates otherw se.[060] Further, unless otherw se

i Motindtas ethdirg thattheoeursedogi rasgésngndipardrmétees setting forth the
i ngredients, reaction conditions, and so forth, used

iftohd acsps of fHeCint &b rase é‘dpﬁ}bﬁﬁmaﬁibﬁst t‘he%rH@ﬁ’@a"l YhRRY set

as being nodified in all instances by the term
cfgﬁﬁmwye, i% ﬁ éjurrer c‘:egllél?%gr arre({bgégaegt%#l\gat& %%SS'b eheAny
secif.i LGN and cl ai,ns e approxi mations that

JEFetr EalienhO e MiisTal ?‘Eﬁgwﬁ&ﬁéﬁﬁ sgoeore@qﬂsst%lv
be obt ai ned by the present invention. gﬁ
msﬁw'ﬂ%ﬁoghmq@aﬂ%&d dewdatinmiorng dn “Tea‘fﬁj@§0 Yritesting
paraneters setting forth the broad scope of the
iIMoasEBeNts.e approxi mati ons, the nunerical val ues set
forth in the specific exanples are reported as
PAeusethgrelrs, “phssotppieallyAhymogeneous population” and “having a
synchronized developmental stage” refer to a population of cells exhibiting
substantially the same phenotype and developmental stage. Such a
homogeneous population may comprise greater than about 90% of
substantially the same cells, or at least about 92%, 94%, 96%, 98%, 99%,
99.9% or 100% of substantially the same cells.

“Oligodendrocyte precursor cell” or “oligodendrocyte progenitor cell” are used
herein to describe a cell that has not yet differentiated into a mature
oligodendrocyte and that has the potential to differentiate into
oligodendrocytes. In one embodiment of the invention, the oligodendrocyte

precursor cell may have the potential to differentiate into type 2 astrocytes. In

another embodiment, the oligodendrocyte precursor of the invention does not
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nunmeri cal val ue, however, inherently contains certain
errors necessarily resulting fromthe standard

wa@leasmoi7on found in the respective testing PCT/IB2004/002670

[064]

[065]

nmeasurenents. [062] As used herein, "phenotypically
hiffegatieteuistpiypel 1am$tm’dytem dn"yedanother epylradiment, Zieel
devel opnental stage" refer to a population of cells

eiolhdReyEuRStaror akll ynatyn@e §ﬁé¥%cfém€§tbyﬁﬁe%not pe

devel opnental stage. Such honogeneous popul ati on may

ST AP AR E%ﬁ’"@i ?%‘@?l oY A8, 04
a%ogé‘éiﬁaeﬁ%é%@%? B%?%%“%xp@%%ayoﬁ of 2 HiPRE feaclva ufffdhe

[
oA s /R85 at. €1 P BRCRIERNi nto a mature.
ol i godendrocyte and that has the potential to
dPintilerighhpaagensity oosyEUenigitndy deyelopmaniel siage tayeve
of the invention, the oligodendrocyte precursor cell
nastetmaimed tblyethpmrmuritaif tie alcéll ekestto preducd @ niorpe 2
astrocytes. In another enbodinent, the oligodendrocyte

difsrengatedadellt ira)rie%ﬁrﬁlé,@hdm@%eﬁ@é@s pbstilanéh ate into
type 1 astrocytes. In yet another enbodi nent, the

%g@g%gg@&%&%g@s@? %ﬁ@ﬁsag?é nHﬁMecﬁ’go( egrgﬁmka& rﬁf% by
A2 ot B Bupttn Atfes s DECHfad i

tlbo A2B5, 04, and 0 1, res | vel
Aliog ?'? OCHSRIGEWSP el may herp H‘P C&/d%ﬁfém'at‘l into a
devel opnental stage may be determ ned by the anount of
tphenosynieally heaﬁ@gen@ow papelation pbpligafiendseayies witbin a

cell. For exanple, a honobgeneous popul ati on of

diffgredt tichequartcel qristuasaheces!lutarnenotydeyducle dsttgpe 2
differentiate into a

astrocyte. If the population comprises developmentally synchronous
oligodendrocyte precursor cells, oligodendrocytes or oligodendrocyte
precursor cells having further developmental stage may arise within a similar
time period. If the population comprises developmentally asynchronous (or
unsynchronized) oligodendrocyte precursor cells, oligodendrocytes may arise
at varying time periods.

Tissues or cells from which oligodendrocyte precursor cells of the invention
may be obtained may be any fetal, juvenile or adult neural tissue, including
tissue from the hippocampus, cerebellum, spinal cord, cortex, striatum, basal
forebrain, ventral mesencephalon, locus ceruleus, and hypothalamus. The
oligodendrocyte precursor cells of the present invention may also be obtained

from embryonic stem cells. Moreover, tissues or cells may be obtained from
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honogeneous popul ati on of ol igodendrocytes. A
het er ogeneous popul ati on of ol i godendrocyte precursor

w@edosmoray be i nduced to differentiate into a PCT/IB2004/002670

[066] Of hieyReiepstidHasLe

[067]

phenot ypi cal | y heterogeneous popul ati on of
Anyoasmdaliary spacies, imdluding diodieetse imuntanymopertunahn primates,
i nto anot her cellul ar phenotype, such as type 2

asjuiney toanires, faliaepomilinds, PorcnsH dViess, @tﬁh@r@ﬁ@%ﬁd the like.
synchronous ol i godendrocyte precursor ce

|RlonasFEeNs compriBing GIjeHBAY
havi ng further ?ﬂl opr?ent al st’?gbgI Irrr‘mgy ggrbl se E‘ﬁt}é ﬁrecursor

Shelits [rRdy Bé’é‘% ﬁédi f8m ﬁlf] bhe oP?@écﬁferé‘ d%%%éds%fove and by

developnenta y async ronous unsynchnroni ze

HhAFEBRARMTLPOTH D afror Fé%%ﬁo%r%ﬂ&i%itfe@g”ﬁé an

from whi ch_ ol i godendr oc ecursor cel t he
i'm%lmqrmnmrr%mﬂ%wn&' %@5(@0&6@/ )Gét) aqrecqrméﬁellsen

or adult neural tissue, including tissue fromthe

Hasyoe seyalop masttaliagesmayfienetainedd Gardret ek, Neuroprotocols
striatum basal forebrain, ventral mesencephal on,

| DEVS-2d 81 1983)s ,lemmypmdnaﬁmﬁmethd'@ eyl bheg ﬁdﬁ!ﬁﬂ&dot@}dtﬂain
precursor cells of the present invention may al so be

odoza@(n?m(f § BraceIRdY NS C MGt 4. hMH £19Y YesclibSPH R

or cel nmay be obt ai ned fronany manmal | an specl es,

| AL hod ﬂﬁ%&aﬁ%-.mg nesg“%lov n@%@ IdlIQP&quSCUAtUI’neS

equl nes, cani nes nes

r‘opgfg}{% ay Yogh] Z?'%ﬁiﬁﬁé%ﬁ@ 8§B§bd§h2ﬁfdﬁ?/388g Rnown in the

cursor ce|lls may be obtained fromany one of the
%Em@é(} i bed above and by any of the nethods
known in the art. For exanple, Gard et al. describe an
|Trhmhr@|§anhmﬁgnfm pisides aviedhoZBRDITNG9 Sif-rgnewing,
precursor cells in varying devel opnental stages may be
aiteabtypicaligdoinegersious diputatipnalf adtigbderdrdbge2k8cursor cells

1993). The i nmunopanni ng nethod may be nodified to

dlivirigna synchronized developmental stage. The method comprises culturing
a heterogeneous population of oligodendrocyte precursor cells having an
unsynchronized developmental stage in a medium comprising an effective
amount of a fibroblast growth factor (FGF) until a homogeneous population of
oligodendrocyte precursor cells having a synchronized developmental stage is
obtained. The FGF may a member of the FGF family selected from FGF1, 2,
4,5,6,7,8b,9, 10 and 17. Preferred family members include FGF2, 4, 6, 8b,
9 and 17. Most preferred is FGF2, also known as basic FGF (bFGF). An
“effective amount of a FGF” refers to the amount of a FGF family member that

is effective for inducing a synchronized developmental stage and that

supports survival, self renewal, and/or proliferation of a cell.
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A2B5(+) O4(-) precursor cells. MCarthy et al. have
al so described a cell culture nmethod for obtaining

w@giosogi7dal or ol i godenroglial cell cultures (RECIZEB206wW002670

et al., J. Cell Biol. 85:890-902, 1980). O her nethods

[068] KIRWMe émbbaenatt! theBitiRs HE8fim W&onﬁﬁﬁ%%*??fé‘lta

[069]

[070]

i nvention provides a nethod for obtal

ScehBaRM BRI HIPASIR WHdIRR BRI, the

ol 1 godendrocyte precursor-ce

S nj.ze e} ntal stage. The nethod conprises

b ALEE0HERETS SRRt Bbodiali Torah oGl 25 gk, 5 hgym.
| godendrocyte precursor cells having an

%jsagfglﬁr g inSéHL 38\”@7 '5hAOHMI 6f 4§ g/ mﬁalﬁﬁdeumodiment of the

conprising an effective anount of a fibroblast growth

fiaerion; tay Glrreariceatration ethecudtupmmeditr onayobe about 0.1

ol i godendrocyte precursor cells having a synchronized

de/el tpaeoutal0 sg/ade In anotheaenbddimibe:, HEFGR/cohoBREE6n may
of the FGF famly selected fromFGF1, 2, 4, 5, 6, 7,

HOtoadisb e i AB&H i+psl
g:té:azl?oud’f,ﬂt& 8bu,17'8 g?ﬁ'lyﬁma;@%%rﬁ err eg{e%g’ tl@%:ljgkeal SO

. 1 n f H
e R ot ini” 2P0 @@%Hfge*%@#ﬁéﬁ% ﬁ?tFl
[ i [ ' e evel o nt a
PSR R A5 B Mo g nf&éé%ﬁ?e, €§Iﬁﬁpor

' i : I t, the
P TS HEG o B 261180 NS 81 BMEHIURR Tobe may also
bet ween about 0.1 ng/nl and about 40 ng/ni.
megisadawhen othas R &amily axeintrersfareGeed n plackexstr ialkzaldition
0.1 ng/m, 1 ng/m, 2.5 ng/mM, 5ng/m, 10 ng/m, 15

e/ FGF25 ng/m, 30 ng/m or 40 ng/m. In an _
enbodi nent of the invention, the FG- concentration in

tThenambodimenie of tHe pra¥eManaditidn, Qﬁelcﬁlglr@médﬂuﬁp%%ﬁ&s an

ng/m . In another enbodi ment, the FG- concentratio

é@ﬁ%gg\?e ngﬁ?%% éfe ) E@@‘?H%el&t%ﬂémal abBeN & oPPRIdIS derived
growth factor (PDGF). In a preferred embodiment of the invention, the culture
medium comprises an effective amount of bFGF, in the substantial absence of
platelet-derived growth factor (PDGF). As explained above, an “effective
amount of FGF” refers to the amount of FGF that is effective for inducing a
synchronized developmental stage and that is sufficient to support survival,
self renewal, and/or proliferation of a cell.

A “substantial absence of PDGF” refers to the absence of PDGF in the culture
medium. Preferably, there is less than about 0.1 ng/ml of PDGF in the culture
medium. More preferably, there is less than about 0.01 ng/ml of PDGF in the

culture medium. Most preferably, there is less than about 0.001 ng/ml of

PDGF in the culture medium. It is understood that PDGF may be
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concentration may be about 2.5 to about 7.5 ng/m.
Preferably, the FGF concentration is about 5 ng/mn.

woe@bmoabt y, the FG- used in the cul ture nmedi uPCT/BB2004/002670

[071]

[072]

bFGF. The sanme concentrations at which bFGF is used
netydoglenously pusddcashiznthet tudiurédEclisaand thusesdmeplsteaalesence of
used in place of, or in addition to, bFG-. [069] In an

ePDGH frmmithetultive pegisien indymee el sssiiiee TAUS LI embodlment
medi um conpri ses an effective anobunt of a FG-, in the

SOREE dVngbn asenMardmeRith MR} cSlaplyE dn HHeWEVL EAURE of

(PDGF). In a preferred enbodi ment of the invention,
SV A RO o K)o e
ReeBenEomaL toTirafied AtBr oo heaTupd dadium ey

that is effective for induci n%%a synchronl zed
deraprEman eHpCtiMeRBoUR e thatsnay simulate prodiigbpaof

survival, self renewal, and/or proliferation of a
wdo.gepousFDGFbubbeauttwaH celisence of PDGF" refers to
the absence of PDG- in the culture nedium Preferably,

tihere érmbbeintertt bétheapregentinlent@nyithe mdthéd farobtéiting a self-
culture nmedium More preferably, there is | ess than

%ﬂé%lr{aé‘b%heﬂmymcaW hB’P@@ehBo&é‘ SoEHI‘aﬁHﬁ ®f BRSBdHAdrdRaE

prefer there 1s less t anaout 0. 001" ng/ m of

SBisBr %E%ﬁ%‘hé# 5933“‘5@@2“? dedoptiEnter LG8 thaf boltpiSe
th”S OB SR BRERESS pbe o q%tugnggb@é'%% it e tion of

ent | on, the cult ur e nmedi um may conprise an

s commstsingopiigodendiaeste argUzsaroalls hiRauRedim peaprising an
that does not have an effect on survival, self renewal
ftechve pmaunt of AEGEHN the sebstantislehsencaof BRGRr Eor example,
medi um may conpri se an effective anmount of bFGF that
BB 5(tH) @Y (-a tellspoltdinedi mnthefimmunopanning method may be initially
cultured in a medium comprising PDGF and bFGF, and any other growth
factor. When the cells are switched to medium comprising bFGF in the
substantial absence of PDGF, the cells will still generally be heterogeneous in
that they are phenotypically and/or developmentally asynchronous.
The self-renewing, phenotypically homogeneous population of
oligodendrocyte precursor cells having a synchronized developmental stage
obtained according to the method of the invention may possess one or more
of the following characteristics. For example, the cells may proliferate, or self-
renew, in response to bFGF without observable differentiation and without

added PDGF in the medium. The use of the terms “proliferate” and “self-

renewing”, with regard to the oligodendrocyte precursor cells, refers to cells
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endogenous PDGF by the cultured cells. [071] In one
enbodi nent of the present invention, the nethod for

wo@bioaioei7oy a sel frenewi ng, phenotypical | y honoRensso6t/002670

[073]

popul ati on of oligodendrocyte precursor cells having a
sthat possessdbe dapabitifyraf toatinss wgeendiyistanpithse pHeRofpic
nmore culturing steps prior to culturing the

heHtamigedaties issuitLEalis! AR, &R! dHoWAPIIRhE $x3%hples below, a
ol i godendrocyte precursor cells in the medi urﬁ ’

ST S BB RingEabifh Kb g v
o PR Bt TR AT T8 S et

. any .ot her grom h factor. Wen the cells are
Sffeun Bifer8tlation H relghed 16F bR alons harbsameleted.ahe
absen of PDG, the cells will still generally be
rF&?'%P RiG§EeNt iRveRlian havs baer confimimughi elurg fammbm than
devel opnmental | y asynchronous. [072] The sel f-renew ng,

eryaaypiTdais) gs beed eretousferepcd &d thenalsifity of cells to proliferate
ol i godendr ocyte precursor cells having a synchronized

dre lorl getemendaturs tefors loliuuring facagesdtnd yedrhe net hod
of the invention may possess one or nore of the

frd ér%‘vhégeﬁérﬁblé%&lﬁé@é ﬁ%-oliﬁ@&eﬁd‘l‘% Sezor{agﬁ‘%fgégglllﬁs?lﬁ%med

proliferate, or selfrenew, ©'n respo

jEf [, A i t hout. added PDGF in
2r Polfilehotls ARE R o AlE of bepRiing  Brraousreecs
" r.enew ng" | th regard to the ol igodendrocyte
aﬁﬁk[ﬂﬂger&?‘eﬁﬁﬁeﬂ BEUPS O byn&et peirpattep odbe oigedendrocyte
capabi lity of continuous cell division wthout
ﬁﬁ%ﬁﬁ??frp‘i’%lscq{ bRy ventiom eayderindusgd de beserate dbgaueraocytes
shown in the Exanpl es below, a unique self-renew ng,
B @nytyethesd knpwioindbe meip sscipap blyatuitaring the ellsSinhayinfgiree
a synchroni zed devel opnental stage that is capabl e of

prediirhewigidut @niy rekebno tisty ndvbd brsilthdiablors &ih atrhBGiund n
response to bFGF al one, has been isolated. The

comprising cilliary neurotrophic factor (CNTF) and/or the thyroid hormone T3
(3,3',5'-triiodothyronine). When CNTF is used, a preferred concentration
range is about 1 ng/ml to about 20 ng/ml. When thyroid hormone T3 is used,
a preferred concentration range is about 1 ug/ml to about 30 ug/ml. The
oligodendrocyte precursor cells of the invention may be induced to generate
type 2 astrocytes by culturing the cells in a medium comprising bone
morphogenic protein 2 (BMP-2), BMP-4, or 10% fetal bovine serum. When
BMP-2 or BMP-4 is used, a preferred concentration range is about 1 ng/ml to

about 20 ng/ml. Other methods of inducing differentiation of oligodendrocyte

precursor cells are known in the art.
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cells of the present invention have been continuously
culture for nore than one year. Thus, as used herein,

WO edosneriee to the ability of cells to proliferBtBIB2004/002670

[074]

[075]

[076]

long-termculture refers to culturing for at |east one

ydlao besausatiiehaigodeadicyte preeatse celle bty ﬂﬁ@ﬁ%&r‘?‘ods of
y be

precursor cells obtained are honbgeneous, they ma

the Rt SR in@eneh até ﬁam@ﬁ%%%ﬁ@@géﬁ&#h@éw{‘c&k can be

ol i godendrocytes or type 2 astroc

bgeafal KRS SUIRgE RIS PRdoRY A T

be i nduced to generate d I D Y
s t, h turi t i
S8R ol o BB oo erbironsalt r aeaeuiagoomen be

factors,, of ip a nediumconprising cilliary

RERH 'S{EP&BW[G&/GP)&C'P& oligaderpragytsorr tyRe 2 astrasytesh ohsmsed
T3 (3,3 ,5 -triiodothyronine). Wien CNTF is used, a
phesginr isslstopliaiinrasaioted’ maane greatabtian dbou/O0Rs 191%, 92%
about 20 ng/m . Wen thyroid hornone T3 is used, a

(9386,634% (05N OB, OAY4, V8% 29@M% Orsl 08BPBE the dIRollenbiRcyte
about 30 ug/m . The oligodendrocyte precursor cell$§ of

tohectirsaredslisan a%d&;dﬂ%ﬂﬁé%ti"aﬁ iﬁﬁﬁﬁ{eaéa?rne%i}‘rﬁaﬁnu?e cell type.

astrocytes by culturing the cells in a

IS [ ' - 2) . BMP-4,
PPt Rb S RRERB AT hE RichEb: SobinRbs i's
r con tration range, i s about 1 ng/n
ER68esRirBhE Rhp s S CHBTEia un N Ret g iopmental stage
d'ﬁ&ﬁrentiation,of ol i godendrocyte precursor cells are
RhIGPRRCRHBVERon mAX IS Bo Meeatisavedwith high Viability and
ol i godendr ocyte precursor cells obtained by the

wiihRgbaMbEhangs iprheectypinoedevalopmentdhaitegtioasu s wsed
popul ation of such cells can be substantially

hestin i higle diabiitpasd agiigh diebfey ehduraivaomehh ?i@ﬂér theRdbout
is, all or substantially all of the oligodendrocyte

ovel op T hLe O odmns oy xSk S8% VR BTt S2ne
Hﬁ@%awing. The cells may be frozen in a culture medium or buffer, with or
without bFGF. Upon thawing, the cells maintain their homogeneity as well as
their status as oligodendrocyte precursor cells. The medium will also contain
a cryoprotectant, such as 5-10% DMSO or glycerol.

The oligodendrocyte precursor cells of the present invention may also be
frozen, and maintained in a frozen state, in the culture medium taught herein
in the substantial absence of growth factors, such as bFGF. The skilled

artisan will understand that other cell freezing buffers known in the art will

produce an acceptable level of viability for the cells of the present invention as

well
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herein, "substantially restricted" neans greater than
about 90% 91% 92% 93% 94% 95% 96% 97% 98% 99%

w@e00300%9Df the ol i godendrocyte precursor cellBCT/IB2804/002670

[077]

[078]

popul ation differentiate into the sane nmature cell

threesel{-erslvirid) epheslotypi ey Wiongo gereanie tnopiutionYof
honogeneous popul ation of ol i godendrocyte precursor

DHbGoRILNG [eONRENEON ARnd8SheRRRRIAY deé}e\?m&@n%ﬁagﬁt%ge

present invention may al so Ee freeze-t avvte e

e abi [k bW ' n i,C ,

S8 ks el 4B UG RIS Roton may
SR o7 e 5SSl b By 6E B venton

%oviability. after freezing and thaw ng. The cells
?ﬁﬁyﬁ %%JFPP%QE?%'W?& f{omhﬁme@tr%bawwa systent, dngludingmenrons
wi t hout bFGF. Upon thawing, the cells maintain their
i enlippgcamspuil deralseliunei spimal zows castes| sgiatlendsaeyt e
precursor cells. The nmediumw Il also contain a

borgopaiot erit@hmesenceplesion; 3636 EMBRY, aabYRbtalahdd 6dr
The ol i godendrocyte precursor cells of the present

inBVRIHS shtaimay fRing thd BeflipizanerdBds %?%t@ﬁ?iiﬁ@ﬁngéin%ulr%ns from

frozen state, in the culture nmediu aught

Lakhli of gromh factors, such as
E@Gqé%gmd%g%ﬁ@éﬁp???zan wi | | understand that other

[ [ ffers. kno in the art wll produce an
TRe sl BRGNP, BchFh Biclly MPripbebpSuakoedbtion B °t he
i i 71 Th | - i ng,
Bl SAF Pl oo dubyingop sveRhranizer! developméntal stage
ol i godendrocyte precursor cells having a synchronized
aavealsp henpaintainedindefinitely in avitureiin substantblbothieesame

capabl e of producing nyelin. Melination may be
phenetgpickandedeveld grmentagstabe vhugdﬁ@@%mﬂrﬂ/d@m@ﬁ%éiﬁgelates

cells of the invention with neurons obtained fromth
eamethod of HRirtafiisy 8 BelfirBREWMGN BhBRS PRSIy homogeneous
population of oligodendrocyte precursor cells having a synchronized
developmental stage in culture. The method comprises culturing a
homogeneous population of oligodendrocyte precursor cells having a
synchronized developmental stage in a medium comprising an effective
amount of a FGF. The culture medium may comprise a FGF at a
concentration of between about 0.1 ng/ml and about 40 ng/ml. Preferably, the
concentration of FGF is at least about 0.1 ng/ml, 1 ng/ml, 2.5 ng/ml, 5 ng/m,
10 ng/ml, 15 ng/ml, 25 ng/ml, 30 ng/ml or 40 ng/ml. In an embodiment of the
invention, the FGF concentration in the culture medium may be about 0.1

ng/ml to about 40 ng/ml. In another embodiment, the FGF concentration may

be about 1 to about 10 ng/ml. In yet another embodiment, the FGF
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from the hippocanpus, cerebellum spinal cord, cortex,
striatum basal forebrain, ventral nesencephal on,

wo owasoer ul eus, and hypot hal amus, or neurons POL/E20€d02670

fromthe peripheral nervous system including neurons

faomeenhatiatomzg| ber almut $ai ¢ Bbout( RBY/m[. OF &lferBidg/, the FGF
sel f-renewi ng, phenotypically honbgeneous popul ati on

afonebh@attanidrabeyt 6 ry/ee Pedrabl! ihe FAFIGdan the culture
synchroni zed devel opnental stage may al so be

TRedUA BHEGEAehe Rah®d ¥ohdbntidkibHE %‘n{ {gﬁlcﬁ%ﬁ%rhg@ Xﬁ,}/ealso

t he sane phenotypi c and devel opnen state.

R Y I8, T, S B MRt o acon

Bonqggﬁeous popul ati on of ol i godendrocyte precursor
%1?3 avi ng a synchroni zed devel opnental stage in
ure. The nethod conprises culturing a honbgeneous

| t
[079] Jdisuprgserntinention Ysecelarasdptaamesthasl iphdedierentatiayang a

[080]

[081]

synchroni zed devel opnental stage in a nmedium
ctigpderdragytarpreétirsot telbtosardawtlopmeatdfigor pHemooydidalyearlier
medi um may conprise a FG- at a concentration of

lstdter Eor alkamipld) ah AZBS]+)0R0EIQHS prtBuRD Eell may be

Preferably, the concentration of FGF is at |edst about

QedifR@émiated i/ A2|§’r59(5-2[q3@é+:}b2 65 Iﬁ)g?érﬂ}'.%or i, BAEH mad2in turn,

ng/m, 25 ng/m, 30 ng/ Inan

ahadii ; t; ' i-00, e FG- .concentration in
?) e cu ubtéé)‘?}{%A’F@rﬁ”;égf’%é&%ﬁSW%.hfséé?ﬁa CP8YRGout 40

anqgt h dinent, the FG- concentration

AR A e ReBEBORR TG syrip call whikh madthrpapable of
enbodi ment, the FGFconcentration may be about 2.5 to
SHrentiatingdglongligodeateaytasyand typerdastiesytestmay fusther de
about 5 ng/m . Preferably, the FG- used in the culture
dedifienentiated-dto aTiliel-sestected precursat-ilenselpwhi¢h alaytifse the
is used may al so be used when other FGF family menbers
abiityutedifferenpibciatobligaatendro@/ast, tty s 1 astrocytes, and type 2
astrocytes. The method comprises culturing an oligodendrocyte precursor
cell in a medium comprising at least one factor that promotes
dedifferentiation. The factor that promotes dedifferentiation may include one
or more of bFGF, PDGF, neutrophin-3 (NT-3), or other growth factors.
When A2B5(+)04(+)O1(+) precursor cells are dedifferentiated into
A2B5(+)04(+)O1(-) precursor cells, bFGF alone is used, preferably at a
concentration of about 0.1 ng/ml to about 40 ng/ml.
When A2B5(+)04(+)O1(+) precursor cells are dedifferentiated into
A2B5(+)04(-)O1(-) precursor cells, bFGF is used at a concentration of about
0.1 ng/ml to about 40 ng/ml, preferably with PDGF and NT-3, in the growth

medium. When PDGF is included, the concentration of PDGF is preferably
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to, bFG-. [079] The present invention also relates to

a nethod of dedifferentiating an ol i godendrocyte
wEe@snewer cell to a devel opnentally or phenot BQI/mEN004002670

earlier state. For exanple, an A2B5(+) X4(+) GO (+)

PR M SR/ € bbﬁ@%mﬁ adivihen Tts & I‘ﬁ@lddéﬂotl%nconcentratron of
A2B5(+) O4(+) OL(-) precursor cell, and it may, turn,

IR Sy :?%ﬁ“%"fxg@éﬂf&% §h3$e23;°’sor
(082 P&ed‘\éﬁ%ﬁa@?@@i&égf’ 1o Setf e SRl SR hcr e

|ated|nt I-restrlcted
Fﬁﬁ%@éﬁf PRstea Lol B Faaigns 204y b asas: prefgrably at a
differentiate into ollglrodendroc tes, type 1
aancebleiien oharputylheo/ml 4s eboul/3 sg/rmhePneéerabky bFGF and NT-3
conprises culturing an oligodendrocyte precursor cell
iareanchediédiin thengroivsh nedium) &disén bRGH isdhciudédiahe
pronotes dedifferentiation. The factor that pronotes

deticEheator bRbFGR rg?yeferualyugsowm Plg/mPILaut oFg/ml. When
PDG-, neutrophin-3 or other growth factors.

(108G is WG &2 BRE th B4 Aég]ggf’()f ?-9?‘ 8?%{&9}'( LBo@f £ ng/ml to

dedr fferentiated Into ecur sor

t@ﬁlﬁl al one i s used, preferably at a
concenp ion of about 0.1 ng/m to about 40 ng/m .

1 precursor cells are
10831 (i viebiEhe Geda ooy @z\faé?&)e@im%ﬂnqa aqgous
cells, bFG- is used at a concentration of about 0.1
menwation ofsiegifferentinfesoliopdendspayeypraptnsopoes. ahus, a
NT-3, in the growth nmedium Wen PDGF is included, the
dmﬂmmrremusqmpmrlaﬂéla@ﬁ dligogerdrecytiel prabansbr ﬂ:ehfﬁghanlring a
about 50 ng/m . Wien NT-3 is included, the

ayneRINIAId dsveldphent3l M%g@frﬁéﬁbé@ukuﬂi@ﬂhta el icobrising
about 10 ng/m . [082] Wien A2B5(+) O4(+)OL(-) precursor

CRlidsst3ne 1966 Fd&bRMYAkqHal fothotes dedifferentiation. The

—

homogeneous population of dedifferentiated oligodendrocyte precursor cells
may be maintained in substantially the same phenotypic and developmental
state in the same medium comprising at least one factor that promotes
dedifferentiation.

[084] The dedifferentiated oligodendrocyte precursor cell of the invention may or
may not possess similar properties as those found in nature. For example,
the dedifferentiated oligodendrocyte precursor cell of the invention may be
phenotypically similar to thé O-2A precursor cell, which has the phenotype
A2B5(+)O4(-) and a bipolar morphology. Moreover, the dedifferentiated
oligodendrocyte precursor cell may be bipotential like the O-2A precursor cell,

in that they are both capable of differentiating into oligodendrocytes and type
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A2B5(+) O4(-) precursor cells, PDGF al one may be used,
preferably at a concentration of about 1 ng/m to

w@b@anoBs97 ng/ m . Preferably, bFGF and NT-3 ar epCnimB20a2670

in the growth nedium Wen bFGF is included, the
CDasteotyted.i On the diféFhdrs, BicHediFbientaRLSIdd IR/ dte t O
about 40 ng/m . Wien NT-3 is included, the

D oarDh e prlinbehion ha? R oo brolfiTactfs thar

' | ati f
SHEREA BB BT o BT R ABT, qoncray

S popul ati on of ol igodendrocyte
Xdhin 8 sBSRRT LR REPeninrin pieine %%»%pbﬂ@dlt@hary
A tured in a nmedium conprising at | east
M@W%?ﬁ?%ééjéﬁhﬁ%b@v@em@fatln@iw estrocytes. The
dedi fferenti ati on. The honbgeneous popul ati on of

disdiffarentiated aligadendrgoygtendremyser qelleafiths dmvergibhsnapyespond
be maintained in substantially the sane phenotypic and

de BAIB hyeyereratiigatype i adthry tsTB UlB iy UiBt GOS0 ONEE.

| east one factor that pronotes dedi fferentiation.

[085] [@%@ligﬁa@nam@yfé‘ SFe%UFéo?tcsﬁs ef fnhggﬂgégﬁfog%‘ﬁﬂePFe%%rtﬁga[ method

[086]

c of the invention m or l:ossess s: a
' ) . For., ex e,

0% QPR EProf Rohlhenfial Mtkh sfedThe éﬁ»&j&wﬁ@aﬁn%gq”n T e

. . . i o t

SR A S BB Rl hriivat s s et

bi I hol . Moreover, the
GG ieeF BAniasting the Slasanareiye risuston aslls of hé nvaptioe with

bi potential |ike the O 2A precursor cell, in that they
ariestrampeushising dstectind theaaiaingeiimghe aligndendrocyte precursor
ol i godendrocytes and type2 astrocytes. On the other
kelhadndionén tededifeingmhediuad Dhe eRaGISIFREBEaR IRGEESObr

cell of the invention may respond différently to
gEdutibn i @ingohatdWéristic of the oligodendrocyte precursor cell, for
example, myelination, differentiation into oligodendrocytes or astrocytes,
surface marker expression, growth characteristics such a proliferation speed,
cell migration, viability, surface marker expression, release of proteins,
dedifferentiation, or cell morphology. Other characteristics may also be
detected as changed.

A test compound may be any chemical, protein, peptide, polypeptide, or
nucleic acid (DNA or RNA). The test compound may be naturally-occurring or
may be synthesized By methods known in the art. For example, a test

compound may be a compound which mimics a neurotransmitter, a hormone

or other neuroactive compounds. The test compound may also be an
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the O 2A precursor cell. For exanple, the O 2A
precursor cell is generally known to respond to bone

woresophaergeni ¢ protein (BWMP) 2 or 4 and ciliary PCT/IB2004/002670

[087]

[088]

neurotrophic factor (CNTF) by generating type 2
agritibeely! &5 an Biebstigicht of BRtiratest inbémraenl R@xﬁﬁg t&?

precursor cell of the invention may respond to

S REER g tpe %F?S%%E%%?@;e@*ﬁkﬁgﬁﬁ?? ﬁc*ﬁ%ﬁ’%{lﬁﬁam
' ' . . een or
S MBR AR G b e Pl Gn el PR fG el ansy be

di fferentiat.i at e o{ ol i godendr ocyte precursor

ierd 167 BRe iR ah SapHiis BUTraSRE abliseRReRtARG conditions of the

ol i godendrocyte precursor cells of the invention wth
dandeys syitpmihat resul fapen wa detgriorationhefngedamagado, the myelin
ol i godendrocyte precursor cell and/or in the culturing

refwiathing Geaerdied by mipslin@oducing cetieate numeesliss t9sliroay be
any characteristic of the oligodendrocyte precursor

destlas & prinRAERER: dUd/R) difstt damadd thitRE AMjdIRldrR 4 BESondary

ol i godendrocytes or astrocytes, surface harker

XRNEAS aMBsul 6@%1‘?\3@@?{; %F(Bﬁé bRk et hP@;nraln{ ?/\’/ents include

proliferation spee m gration, Vvia

si.on, _release of pr.ot.ej
TSR le REAEN LB o BT sflorcs E@Wdume[w; -
characteristic al.so be detected as changed.
A%@}OC’E@SRE%HBA%S‘B%aWX%QH?@% rapgs\Rreen, pepti de,
pol ypeptide, or nucleic acid (DNA or RNA). The test
doYglenaiavivayelise. pradirssivemulitiocal lsgkoenaepnolepathy, central
synt hesi zed by nethods known in the art. For exanpl e,

Pantie noyetipolysts ared/lesons to dng enyetinwihieathing (Bscdestribed below
neurotransmtter, a hornone or other neuroactive

fonpsuondary dventtr SeconTBGUEENIRINRIROs BRARBRELAGFIY¥sions to
In an enbodi nent of the present invention, the nmethod

the S38n TP RRDLKLBL ] LESSPALLS 166 BF sinl oo
ischemia diseases, malignant diseases, infectious diseases (such has HIV,
Lyme disease, tuberculosis, syphilis, or herpes), degenerative diseases (such
as Parkinson's, Alzheimer's, Huntington's, ALS, optic neuritis, postinfectious
encephalomyelitis, adrenoleukodystrophy and adrenomyeloneuropathy),
schizophrenia, nutritional diseases/disorders (such as folic acid and Vitamin
B12 deficiency, Wernicke disease), systemic diseases (such as diabetes,
systemic lupus erthematosis, carcinoma), and toxic substances (such as
alcohol, lead, ethidium bromide); and iatrogenic processes such as drug
interactions, radiation treatment or neurosurgery.

The oligodendrocyte precursor cells of the invention are safe when

administered in vivo and are capable of migrating into the host tissue,
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[087] Agents that pronote growth and survival of
myelin producing cells may be useful for a variety of

W bh@sapeat i ¢ pur poses. Di seases and condi t i onsPOT/IB20&4/002670
nervous systemthat result fromthe deterioration of,

Qsrodasngenydlin, bhe n@é?lhbﬂnéhéé‘itébtd?ﬁ; g\ﬂar%ro%?%@y nyelin
produ0|ng cell's are nunerous. Melin may be lost as a

WIEERE RN ﬁbﬁﬁ@&:osggﬁgﬁdﬂoegeﬁﬁgﬁé@éh@e@éaf’%e
i i N -

[ nodef i ci enc assocj at ed eIo at hy, transverse

A 58 RUFAPb IV eNEor BriHasss mAthas ot eptisap patint, of for the
| eukoencephol opat hy, central pontlne myel i nol ysis and

| kenedif of a patiget, Mjigh epropdsahadiyinisteriog ta thebeatiamnd aow

for secondary events). Secondary events include a
dhesapeuticalbt gffertive esnaurd of the bkgcademasoayte perouessr cell or
caused by physical injury in the brain or spinal cord,

| sligoeBharcdyReefRs invErtibe NaThe@ipeBASAR effetlifst é§u§ed herein,
di seases (such has H'V, Lynme di sease, tubercul osis,

SERAMS b that@m t%?% Qﬁfrt]@tp'r &Jrgbrsgé’}fstﬁét {ssé{ﬁhéﬁ to

Parkl nson' s, zh e| fington

TR e gﬁ%‘e&tﬂ%«n@%ﬁgﬁ%a' b Pstacygioon

Chj Q hrenl a, nutrjtional di se ses/ |sor ers (such as
TEANEB G e BB e PRlsancye selien aan Wil
di sease), system c di seases (such as d| abet es,

Hndlesstapd [t fempentisalwifestive amaundsraf thessligodendrocyte
substances (such as al cohol, |ead, ethidium bromde);
gecirsor oglsndfthg rpmewﬂésvmhioh 1 diﬁen@aised @nabeicondition being
radi ati on treatnent or neurosurgery. [088] The

dtd=ged endrtios eharapiauts of treepdtieref the invention are
safe when admi nistered in vivo and are capabl e of

[089] rrmygéﬁéhﬂgtnig RSF%]@S({I&@)?E%? aﬁ%?i%@g?fr%ﬁ%ma%ﬁhhé\ in He8d of
treatment with oligodendrocyte precursor cells or oligodendrocytes, or to any
subject for whom treatment may be beneficial, including humans and non-
human animals. Such non-human animals to be treated include all
domesticated and feral vertebrates. In an embodiment of the present
invention, the oligodendrocyte precursor cells or oligodendrocytes to be
administered are obtained from the same species as the species receiving
treatment. Examples of mammalian species include rodents, human, non-
human primates, equines, canines, felines, bovines, porcines, ovines,
tagomorphs, and the like.

[090] The oligodendrocyte precursor cell or oligodendrocyte used in the treatment

may also contain a nucleic acid vector or biological vector in an amount
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ol i godendr ocytes produced fromthe ol igodendrocyte
precursor cells of the invention also are capabl e of

wee@doei7oy nyelin and nyelinating host axons. ACIUBR2004192670
present invention provides a nethod of treating a

puffieight todirdcthd 86ressieh iof aQfestreBJn@(E).in WdiRRnt. The
conprises admnistering to the patient a

tclﬁtﬁfs@i@%%ﬁ SRl lekpRIdsRAH d')f"c%n@gﬁﬁéﬁal%ﬁrgﬁinant nucleic acjd vectors

ol i godendrocyte precursor c | orf? t_odendrocy )
he 1 ' " ective' as use
SR e cHTEPRRGEh 4 Tl g bW samrec
P DBeoat il d BB e SRR A 5. 1009, ot

sufficient to maintain or increase nyelination in the
pakfinchHarbayd-aberatpaaP@ssi Siehviludleiogist waclons magpbe contained
t herapeutically effective anounts of the

ohigghidkgitrad ygcier puet as yuseshhd batteriae pwfesdit in a non-
invention wll differ based on the condition being

tpathbgehiand attbrustbanaieicrgatib s irtluding aRahiiSBY vil 988
A patient is hereby defined as any person or non-human

BHBYa, TSRS, aﬁdbrrﬁgﬁm@g%gmlég? ol i godendrocyt e

precursor cells or oligod rocytesi or t? 3ny sabject

f t ) : neficia L nc [ ns
1091] e KOO AR LIRRL pEBIckloe SRRl oo Rt SriBdhe Bens by

treat ed inclqﬁe al | ggggfticﬁ%ed and feral, )

VB PEKVRED® TNRMERY RIFASAT: fiHED Gempriges pysiging cells or tissues

invention, the oILgodendrocyte_grecursor_ce[ls or

drerg Gorattenbdpireduging the Rdsleisi anidveetonpebiokgical wector dnto the

the sane species as the species receiving treatnent.

Ereigedessllsfor fisaued, isad reprepiarting the cells ordidsoes jintb i@ patient

nonhuman pri nmates, equi nes, canines, felines, bovines,

Heee] foeexample)éoell @ganpaphs, Heafh Syet. |PHem. E8HYo-Ihe 1998:

ol i godendrocyte precursor cell or oligodendrocyte used
| Rayrién bf BRI ARS8 INeurol. 144:82-91, 1997: Culver et al., Hum. Gene Ther. |
1:399-410, 1990; Kasid et al., Proc. Natl. Acad. Sci. U.S.A. 87:473-477,
1990). The nucleic acid vector or biological vector may be introduced into
excised cells or tissues by, for example, calcium phosphate-mediated
transfection (Wigler et al., Cell 14:725, 1978; Corsaro and Pearson Somatic
Cell Genetics 7:603, 1981; Graham and Van der Eb. Virology 52:456, 1973).
Other techniques for introducing nucleic acid vectors into host cells, such as
electroporation (Neumann et al., EMBO J. 1:841-845, 1982), may also be
used.

[092] Administration of cells containing the nucleic acid vector or biological vector

may provide the expression of a desired gene(s) that is deficient or non-

functional in a patient. Examples of such genes include those coding for
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may al so contain a nucleic acid vector or biological
vector in an anountsufficient to direct the expression

w@h008/0a587 red gene(s) in a patient. The const rRCT/IB204/002670
and expression of conventional reconbi nant nucleic

%bg ploRSTHR ?eép%n‘éﬁb'dob%ﬁﬂﬁ‘e'@ABiZ\eaéfénaiﬁHQ M}‘éhk%ea?me

th ose techni ques contai ned in Sanbrook et al

T i e ST

nucl eic CI d vec may be. cont ai ed lh a b i cal
51 e&aﬁp%%@%ﬁaamp@radienﬂm deahfyrathsa

non pat hogenic or attenuated m croorgani sm includi ng
Aarama=AamopLvisesid, sgEetening L- [BRPAs ehdothermppuropeptides. The
virus-like particles. [091] The nucleic acid vector or

ldedk dog e alsovecgnginesrpdie produasdgrowth fanterst Bect b Inenteygrowth
an ex Vvivo gene 'therapy protocol, which conprises

efaclios (NGFR hF GF oPDGF s &N TF.om angtatr embodiménto thechigeic
the nucleic acid vector or biological vector into the

Qcid §8€tof B bRIdYicdl 'véé!dﬁfﬁna)a@ﬁ’cdo% APhAMdrie d|i@%ngeﬂebﬁde
or tissues into the patient (see, for exanple, Knoel

fé‘nt@ense ’%qg?rqucl@ﬂetsﬁhier%’%{iall @}ﬁé g‘fcgb% WA %B %?é 'C ﬁﬁ)\? 2 entary

we H Ge Th 399-410 0: K
i fie st onsah '%géér%neéaAQW%%g&% 19 a{%@%ﬂ §hig 3o stably
nucl ei ¢ acid vector or biological vector

i3 SRRl hybridize idedthedrIN t@nStsr'@fsfef&%@e aﬂé thereby inhibit

exanpl e, cal ci um phosphat e- nedi ated transfection
(RWWHI teansdationl and thereforerthexdpwngimam evestsr dJsasdofraniiseose
Somatic Cell Cenetics 7:603, 1981; G aham and Van der

EligoWuclebtides a2 Kgwvn HOtha)art. FbresxdameleniHpiest dlqrMol. Cell Biol.
i ntroduci ng nucleic acid vectors into host cells, such

a5 o6seTBr q>998 a{av@rsr{o%ﬁwﬁﬂ BnBerie oligeNBledtidds ﬁ?ﬂncﬁﬁﬁg
1982), may al'so be used. [092] Adm nistration o

\Clsggcglrc%hy%nth%ﬂ“ﬂ@n%bﬁpt%%f‘i’hé/ BRESSerR c R, WHehPidded to
cultured HL60 leukemic cells, inhibit proliferation and induce differentiation.
Similarly, Anfossi et al., Proc. Natl. Acad. Sci. USA 86:3379-3383, 1989, have
shown that antisense oligonucleotides specifically hybridizing with RNA
transcripts of the c-myb oncogene inhibit proliferation of human myeloid
leukemia cell lines. Some brain tumors are known to express oncogenes,
such as sis, myc, src, and n-myc. Thus, the cells of the invention may be
engineered to produce antisense oligonucleotides that target and inhibit sis,
myc, src, or n-myc. However, the above list of genes is not intended to be
exhaustive. Other genes useful for expression in a patient may be

determined by one of ordinary skill in the art.
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may provide the expression of a desired gene(s) that
is deficient or non functional in a patient. Exanples
w@booswetvgenes i ncl ude those codi ng forrecept oOPGT/IB2A04/002670
respond to dopam ne, GABA, adrenaline, noradrenaline,
[093] sEmetelts of, thglinvemtiahenaybetaghthigtdrae banatraddrebral grafting.
neuropeptides, as well as the genes for dopami ne,

@ﬁt‘i‘tlng’iﬁfa%/ﬂm/dl@@dlr@@tf A RRAHLBA of 2683 W6 'ﬂ% t&ftral nervous

gamma- am nobutyric acid, serotonin, L-DOPA and ot

pr Ogé?ﬁ%‘?tthéj%ntngﬁ@r eslitiSs, BRs UGB %ﬁnﬁﬂlg’crgﬁﬁﬁ @Hg 1&5 surface

e growt actors, such as nerve

( i ment

1 hee Mgy %ﬁf&p%}@%ﬁ*r&%a% bR B S
ti ?e 0|I? nucle ? Antisense oligonucl eotides

QB@ dilﬁ% Q PR ecn%ﬁq F AHnicFPsFiBge &pe dngattash yAlkernatieely,
"sense" or coding strand of a given gene. They are

t¢alls cdtheinventembiay kenithjented intiatiaedally fiptbrtheispmahicord. Such

the RNA transcript of a gene and thereby inhibit RNA

tmatheldatforograéing arleckrefinr o thbee dkiled i #rnarewatdtse ddsesbed in

of antisense oligonucl eotides are known in the art.

For eRXAPR, Aleur® Grafingdin: the Wpdmniegibh a9 BJO%dgﬁ& 28dStenevi,

1988, have shown that antisense oligonucleotid

T BT
g%f\)le er eérﬂ &ﬁbgﬁg 5&“&3%&&3' dslewje Sgy} showy f. migrate,

ncfﬁ gé_ USA 86: 3379- 3383, 1989, have shown

gt fente CoPNYSRYRINGER Terblediave fipgrs (Fspinosa de los
hybridizing with RNA transcripts of the c-nyb oncogene
|Mﬁn11§|'f@$ ot I, iDey Mausasais 14108€94mf892). d | eukeni a cel |
lines. Sone brain tunors are known to express

[094] ofteogsdises the irolentisn siay alsy be co-administeredhwith offersagdnits
cells of the invention may be engi neered to produce

aichsRGroweh faurechandlicdffes! BatibibAcY Heurbttar i,

s/'s, nyc, src, or n-nyc. However, the above list of

GRABShArPndMs, ’cdﬂ(ﬁr%r,“#l%gnfeopr%ﬁ‘notmg molecules, antimetabolites, and

precursors of these molecules such as the precursor of dopamine, L-DOPA.
Other agents may be determined by those of ordinary skill in the art.
[095] The present invention is illustrated by the following Examples, which are not

intended to be limiting in any way.

EXAMPLE 1: Purification of a Homogeneous Population of Rat

Oligodendrocyte Precursor Cells

[096] A2B5(+)04(-) or A2B5(+)O4(+) cells were first obtained from rat embryonic
spinal cord (E14-E19) by the sequential detachment method using Petri

dishes or the immunopanning method described in Gard et al.,
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exhaustive. O her genes useful for expression in a
patient may be determ ned by one of ordinary skill in

wo b@sa01797 093] The cells of the invention nay PE&I/1B2004/002670
adm ni stered by intracerebral grafting. Gafting my

| Ngotopeotdcole@: 208+ 8] $99RtbnaNn McCatthpet At Q. [0 Biol. 85:890-
central nervous systemor the ventricular cavities,

Ssod uroRl. al‘HE SBIRIEE tABn @0kAredth 5%3@‘3@08;[[ Brrnf?r?é (Sipma)

brai'n. Specific procedures may 1nclu
S Sl 10} B @ ol o aqu%ﬁ agegﬁ%gw-
b 0
e e R
se, ski the art and are descrl bed in, for
eﬂ’gﬁgd“@ bﬁ@ﬁ(%&D&i%de\lTﬁ (RED W/RRRSibavinensgrum (Sigma)).
d‘J‘/‘orkl und and Stenevi, eds., (1985). Indeed, rat

B@kblmaﬁd/vaﬁzsvx@qmg@dmoy tvoe Hbgs gn«b\bEGmwaslrEpleelshed elaily.
been engrafted back into aninmals and have been shown

[097] tAfteri apprbximatelgontweak When e pRites becumerebldbafient, the
reci pient nerve fibers (Espinosa de | os Monteros et

adells WeRY tryDeIHi AL vith Heo%ﬁ]@‘(’ﬁ 1389 Zt}yrpél@%lzfsmﬁ ASCa(-)

of the invention may also b co-adi st'er'ed WI:Zj
t i de
OFL RS Buietid Sefife & @%@3@%&%2%@5 s The
t { t ab te
nyééhﬁi%fg&l%?w%%%@m i areadtang (BB S Ghpebi 0o
am ne, L-DOPA. O her agents nay be determ ned by
t?n s’é-tﬂlpdc‘rl’tlbnlaﬁy(T§k($Igmar) tthegknltoF GG aphoximatdnone
invention is illustrated by the foll ow ng Exanpl es,

Wheeth are not intended to be limting in any way.
EXAMPLE 1: Purification of a Honbgeneous Popul ati on of

036 1 e s QuEnRI sgredl o LPB Bk e
§FBh ¥BlpSlar morphology (A2B5(+)04(-)) to multipolar morphology, which is
characteristic of A2B5(+)04(+) cells. When virtually all of the cells acquired a
sun-like multipolar morphology, cells were trypsinized with medium B and
replated in a medium D (DMEM/B27; 15-30 ng/ml bFGF). The cells were
trypsinized and replated approximately every week. During the initial period
of subculturing in a medium D, some of the cells gave rise to type 2
astrocytes, suggesting that this initial population of cells was still
developmentally heterogeneous. Although proliferating A2B5(+)04(+) cells
were induced even in the next step, these non self-renewing cells differentiate
into oligodendrocytes or cells of other phenotypes and died after the limited

proliferation number and within a period of one month. After that, some self-

renewing A2B5(+)O4(+) oligodendrocyte precursor cells were produced and
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spinal cord (E14-E19) by the sequential detachnent

nmet hod using Petri dishes or the i munopanni ng net hod
waelewsnitied in Gard et al ., Neuroprotocols 2: 209PQ1/B32004/002670

1993, and in McCarthy et al., J. Cell Biol. 85:890-

Harted &BProlfératecial ediver B. Wt@lfoﬂuw&@fﬁibc@lﬂuﬁé Wad Yepeated for
poly-L-omtine (Sigm) pre-coated 10 cmculture dishes

(cﬁ;@ oPR)yedt ita $RaSUKYDOf about 20, 000 - 50, 000
rsﬂ%rme%l rl1 2 medium A (DVEM N2 (G bco); 25 ng/n

00 P AT STty sl Lhedlathepe
m‘f@%%moo@*%ﬁf‘éﬁeeb%%% PdRTeR Bopleiti sse die 99.99%

sub- conf | uent ells were trypsinized with nmedium
éa(rénqqgfﬁ/@iaf%ﬁ%%%ze temindepanden stydieg) s¢lf-renawisg,
Buf fered Saline Solution (G bco)) at 370C for 20

rahenoégpicatlyhanmggariaoius €k (401 &) nkgadereipdatte précursor cells was
medi um C (DVEM B27 (G bco); 10 nmM

FskabiBhetr iCaldatdreavunted BBlixioSirg 480 parkforhed|abhyrfGh)
for approxi mtely one week. [098] During this one vveek

| i =
f“r"é’?;bgé‘ﬁ."%é'“gr@nf%? e rpABHE RS %’fg?@?’%ﬂ%t .'po| &

I
RO T e ChctmlcPnT A PRE e SoLfieRin SRRy Foios et
l. t I lls were tr

%‘@Mte%- S BEAP TGP s pamwaﬁm@%ﬁa%
15- 30 /m bEGF). Th 1 t i nized an
2, AL pORINeAHe 1S eGaie Snderld b mrdigtarss rinellaver a
period of subculturing in a medium D, sone of the

err i ganedivumge (F lguf%/gb withasit aoy phesotypicogiesigesmrt hat
this initial population of cells was still .
differbnpatior. alndged ethey egro sabsultuibt morghthah G0 tireeabhag

A2B5(+) O4(+) cells were induced even in the next step,
tMgBRiReNforehdre tABR W50 K8 ThedbideRs @RhILRES unique
characteristics, as further demonstrated in the following examples.

[0100] The established rat A2B5(+)O4(+)0O1(-) oligodendrocyte precursor cell line
was deposited under the provisions of the Budapest Treaty with the American

Type Culture Collection, 10801 University Blvd., Manassas, Virginia 20110-

2209 on June 21, 2004, and assigned reference number PTA 6093.

EXAMPLE 2: Purification of a Homogeneous Population of Human

Oligodendrocyte Precursor Cells

[0101] A2B5(+)04(-) or A2B5(+)04(+) cells were first obtained from fetal human

brain tissue and spinal cord (9-10 weeks) by the immunopanning and/or
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into oligodendrocytes or cells of other phenotypes and
died after the limted proliferation nunber and within

w@2pseniog7 of one nonth. After that, sone sel frRCEW200#/002670
A2B5(+) O4(+) ol igodendrocyte precursor cells were

peLddue esbthnd at alesetbddindEirhpler At Thé Belldierdntian diiired on a
foll ow ng subculture was repeated for over one year in

a0, U@@'%J P IR -bPRHe eﬁfd 601 %%’nﬁ’iﬁlmﬁ’ee&détéé(‘@ Orﬁ%‘kgﬁur‘%fdlshes

subcul turlng ina mediumD, type Z astrocytes

JB2450) PEBRRNSH BT eadaRNE! SOOI A LR efnbn A
) %H@’ﬁﬂfﬁ@ﬁ B P EQ-HelMeTHELA was

est abl i shed. | I's were counted by fixing in 4%
poRd eye ‘i n phosphate saline buffer and
taining with anti-04 anti body (Chemi con) and anti-01
[0102b%ﬁerrﬁnwoxlmeé@vmﬁ)we@ewmnm platesnibeeame subiapmfluent, the
random fi el ds per well under a m croscope. Wen the

ollb svewe teypsmita dwigh meditnnrd €0.M28% thysuin; 10126 mNIIEDTA; Ca(- )
continued to proliferate and could be naintained for

vIRb(-) PaAK sBURREd (FAliAe "RMitOR @t 5&5 %\E 97?’% dpgvezéi mﬂheénw‘he

phenotyp| c changes or dlffer0 |at €

t or,
AP ol il R U8 o qlg@i?&fﬁ‘*@@f%bg% g
Forr oo Ted Shicyie fo) Hh 06 mHISEb s wpPeRdmataly one month,
A2B5( + O4(+) Ol( oli godendrocyt e precursor cell line

[0103MRigring: pn%@mc@m #cubagopinainséding Gf theheellBudgpedo change
Treaty with the Anerican Type Culture Coll ection,

680 h hipokae nwirplyolBYy ¢AZ2BS(E)IAL6R)sto ﬁofultlgbmrmcﬂ@holb@ WhICh is
2209 on June 21, 2004 and assi gned reference nu

E&Tvéréﬁ@ﬁstl dﬁl)rdeflé carnavighiay W@WI@%cquwed a
opul ati on of Human i godendr ocyte Precursor Cel

sun-like multipolar morphology and proliferating colonies arose in response to
bFGF, these colonies of cells were trypsinized with medium B using a
microcylinder and were replated in a medium D (DMEM/B27; 15-30 ng/m
bFGF). The cells were trypsinized and replated approximately every week
and subculture was repeated indefinitely in a medium D. During the initial
period of subculturing in @ medium D, some of the cells gave rise to type 2
astrocytes, suggesting that this initial population of cells was still
developmentally heterogeneous. Although proliferating A2B5(+)04(+) cells
were induced even in the next step, these non self-renewing cells differentiate
into oligodendrocytes or cells of other phenotypes and died after the limited

proliferation number and within a period of one month. After that, some self-

renewing A2B5(+)O4(+) oligodendrocyte precursor cells were produced and
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[0101] A2B5(+)O4(-) or A2B5(+)A(+) cells were first
obtai ned fromfetal human brain tissue and spinal cord
w@ 20300meeks) by the i mmunopanni ng and/ or cul t UPET/TER2DGUNH2670

as described in Exanple 1. The cells were then

cathtted ¢ol proliferate BOhedioad - LFie fallbwing subtuBufsl¥as aspentad for
pre-coated 10 cmcul ture dishes (Falcon) at a density

ocﬁveakyp,@t P ilP9nedif@ 00 cells/cn2 in a nedium A
Ng (G bco); 25 ng/m PDGF, 5 ng/m NT-3). Medium

oo Ak e L
e e R

Sol ution i t . 370C for ;20 m nutes.

%@@Wﬂ%&%@&%ﬁ &@P%Oqleémra@séa HFW%S%%%'EM@ established
(DI\/EI\/!BZ? G bco); 10 MM 3,3, 5 - triiodothronine
(Fiyure 8). AgerHonagrIeous Papplation ofiteian oligodendrdcyte
[0103] During this one-nonth incubation in a medium C,
tprecusbl selegeiibitad sindlag ehfiragteristibs pelthst frarnphe! ogy
(A2B5(+) X4(-)) to nultipolar norphol ogy, which is
characteristic of A2B5(+)X4(+) cells. Wen virtually
all of the cells acquired a sun-like multipolar

EANRLE0L, Ol LA PrLBSEPLOI, R R gl Thawer
trypsi nized with msdi um B using a mcrocylinder and

di um B27
o105}t Shdiuitien B eé‘dm%éPﬁ?%ﬁoraq?dlspi%'a%@%cordmg to
a prOX| rrate every week and subcul ture was repeate
Plgptleand 2nregphgiielmvrsrefiazendn Snt0YorPMSE) IrplaMEcM/827
of subculturing in a medium D, sonme of the cells gave
rimediunvstympemeniest wible pr Mhosug@egtml@c@aﬁawmm the cells were
initial population of cells was still devel opnentally

hebeedgeneausiredn  eeghurp | thé eeds vege ARIRVErd A an average
cells were induced even in the next step, these non
S§H1do% eR@Mtyavigeh InsaxdinUheFRie GHLd7-99% viability in five independent
tests. Moreover, the cells did not show any apparent change in their physical
or functional characteristics, such as homogeneity, morphology, proliferation
capacity, differentiation ability, and de-differentiation ability. The cells
maintained their homogeneity and continued to proliferate without
differentiating when cultured in a medium D.

[0106] The oligodendrocyte precursor cells obtained according to Examples 1 and 2
may also be frozen, and maintained in a frozen state, in the culture medium
taught herein in the substantial absence of growth factors or supplements,

such as bFGF or B27 supplement. Such cells also have a high degree of

viability upon thawing and culturing (results not shown). The skilled artisan
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into oligodendrocytes or cells of other phenotypes and
died after the limted proliferation nunber and within

w@2pseniog7 of one nonth. After that, sone sel frRCEW200#/002670
A2B5(+) O4(+) oligodendrocyte precursor cells were

pritldincledstand statrotiest dedl frsediing Bumére KnowimeiitHeaR willfoduce an
foll ow ng subculture was repeated for over one year In

sadteptaie Rvel _@ﬂ\ﬂéﬂ)iliﬁ{jib?fhea@élfs%ﬂ‘itﬂ@b?ééér@ MRemBh [)és%eu.

subculturing in a medium D, type 2 astrocytes n
| onger appeared and nore than a 99. 99% honogeneous
popul ation of O4(+)OLl(-) oligodendrocyte precursor

est: ished.(E qure 3).. T neous
HEXARELE A USRS ee BrddhioototehBudinhibiceddnios
hi.pited simlar characteristics as that fromrat.
%%Rh%f@@. adT)QgééhBW%’%l@cur sor Cells May be
Freeze- Thawed [0105] The rat and hunman ol i godendrocyte
precursor cells obtained according to Exanples 1 and

[0107Ratranchlemnan eligodemsrecyte grecursar Sells0S6tEMBE dotoFNR 327
medi um suppl enented with or without 15 ng/m bFGF.

\Ibemplbe 1caid 3, mepéctt\ﬂéwwﬁbrémﬁijﬁddtiﬁfoe@4wg)g (g/f)e@éuéfat%lmost

the cells were recovered at an average o

o S . L = 09% vi ahi Lity i
T o R L DM (REoIEr Rttt o

[ i hysi cal, or
o B RRRSrEhy B AP iR FEE 4 Rl that these
hol | if. ti ity,, diff tiation

S0P A O B staining Bt ey SEoaHoaisr antyO4mnsibedy) and O1(+)

iqtalned_their honogenei ty and continued to
@o‘i pipnoavidh GyBresyugsted entir@1 antibepywndbowt 8% oéthe n a
nmedium D. [0106] The ol i godendrocyte precursor cells

S ()P ) gelis cahtinpadotofvaliferats viithmud fllymagtumingdntoe
frozen, and naintained in a frozen state, in the

olijoderedroeytesnad deghtireer sy doullettainmdstiaahi-BrdU and anti-
absence of growth factors or suppl enents,
O1 antibodies 20 hours after 15 pg/ml BrdU incorporation. Thus, the method

of the invention may also provide a homogeneous population of proliferating

04(+)O1(+) precursor cells.

EXAMPLE 5: Oligodendrocyte Precursor Cells Are Capable of Differentiating
Into Oligodendrocytes

[0108] The rat and human oligodendrocyte precursor cells obtained according t;)
Examples 1 and 2, respectively, are also capable of differentiating into
oligodendrocytes. The cells were cultured in serum-free conditioned medium
(DMEM supplemented with N2) (Gibco). After one week, virtually all of the

cells expressed O1 and the myelin basic protein (MBP) (Chemicon), which is
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such as bFG- or B27 suppl enent. Such cells also have a
hi gh degree of viability upon thawi ng and cul turing

W@ e@sb1787 not shown). The skilled artisanwi || PCT/IB2004/002670
understand that other cell freezing buffers known in

tadmaakér eMpréssadoshunmtave aligoeshacgtdsqFejured 5 8BI hhdi BC).
for the cells of the present invention as well.

- H P .
EpdRke dligdddndestsns] hrtirsor de%%ﬁi%@@)éré Cﬁy@%?@%&bﬁgng

| nduced Into Proliferating O4(+ Precu
B RS RCHATERY 1Y LR Yo%) LRicBir 2y b il fence
dFe i DL A AR e RV Biep iz callbBBipined In Examples

supplemented with 5 ng/m CNTF (R&D) and 0.5 ng/ni
btgﬁd ?R@P@C&Yedxrr\@er@ %L@mhfmuwn é%@r develgpeeatadstage.
by staining with Cy3-conjugated anti-04 anti body, and
OL(+) by staining with Cy3-conjugated anti-01

anti body. About 98% of the O4(+)OL(+) cells continued

tEXAMBILE &r@ligodendronyte PubdursorCelld Age Cabable of Differentiating
ol i godendr ocytes, as determ ned by doubl e-staining
VhiohAstrddytdd dU and anti- O 1 antibodies 20 hours after

15 nmg/ m "BrdU incorporation. Thus, the nethod of the

i nvention may al so provi de a honbgeneous popul ati on of

iferat i I ls. . LE 5;
1010912 ok NP bitio (B el i i Exdmble 1 are
Diff j.at i | nt ' d t 0108] Th t
sraFla BrieQBatR R ies D rceomdsn. Aelanheiselasianed
according to Exanples 1 and 2, respectively, are also
@gpaKling g} Eaamp&arng wera cHligredrin @MEK/@NQéﬁwaWQQIemmﬁed

cells were cultured in serumfree conditioned medi um

(WHVEND 5gfspl anenmerbheigenidNapteiG0@P-2Aor EMPe(R&R virtually

virtually all of the cells expressed 0 1 and the
lelfitine belld differartiatat! INBERI &rat6iAg he BhifSEe hivRker glial

mar ker expressed on mature oligodendrocytes (Figures
5ibrill 2% ack€ prSikin (GFAP) and A2B5, which together are characteristic of
type 2 astrocytes (Figures 6A and 6B). This is further evidence that the
oligodendrocyte precursor cells obtained in Example 1 were all synchronous

in their developmental stage.

EXAMPLE 7: Oligodendrocyte Precursor Cells are Capable of

Dedifferentiating
[0110] The inventor has surprisingly found that the O4(+)O1(+) precursor cells

obtained according to Example 4 may be induced to dedifferentiate into O-2A-

like cells (O4(-)O1(-)) having bipolar morphology. These dedifferentiated cells
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Thus, the oligodendrocyte precursor cells obtained

wer e capabl e of being induced into oligodendrocytes at
W@b@snord0% ef fi ci ency, providing evidence thaPCT/m2004102670

and human ol i godendrocyte precursor cells obtained in

Ewerfpbipstent and capablesgfeetdiffetentiativy mtabbtsyligiepdmistes and

in their devel opnental stage. EXAMPLE 6:

Qypg&iastescytas @ FAsgcursor Cells Are Capabl e of
Differentiating Into Astrocytes [0109] The rat

[011 1gg@®qmmqoryb%d@fr§fmeﬂefog?§héé aeg&?iiir{q:'% %b@'y pg/e Qinitially

nple 1 are capabl e of ferentrati

LA K BRI B2 T v v
|
PHBE S 1, e B RS B RN S 2L g

iff ntiated into cells expressing the surface
RSO teE AT GIF P Py (Pisnea ) FawrRPR) aTtie cells were

A2B5, which together are characteristic of type 2

d6en denpsizedrangisescubiirechth BEIEM/NE supmerhentduewith 15 ng/mi

evi dence that the oligodendrocyte precursor cells

dift @GF nadrtiailyEadeofithe célisvesver@d toSyNEHOIRPUSIS BitéHid week as
devel opmental stage. EXAMPLE 7: O i godendrocyte

S SaPS (E0OR Ol B0 AR g ooy

reGe i hed~accor di.ng t o

L PRy el SR ISR i 701

[ A( - - vi ng bi po] ar norphol ogy.
SRS T R LB B R WPl
of_ re-dif entjating into both oligodendrocytes an
t{ﬁ)'ég/ﬁﬂ &gﬁe’%cﬁﬂde@ NGMIAYT 3 amd eutiuied anq in abru onesweek,
cells obtai ned according to Exanple 4 were initially
ointyaliyerd! ofrtheiveie Nad Sunperereerted t2040y0M-) BM Rawing bipolar
BMP-4 for two weeks
morphology (Figure 7C). To confirm that the Q4(-)O1(-) cells still possessed
the bipotential capacity to re-differentiate, the O4(-)O1(-) cells were placed
under conditions that would normally give rise to oligodendrocytes or type 2
astrocytes. When the 0O4(-)O1(-) cells were cultured in serum-free
conditioned medium (DMEM supplemented with N2) according to Example 5,
almost 100% of the cells differentiated into mature oligodendrocytes that
expressed MBP. When the 04(-)O1(-) cells were cultured in a medium
containing 10 ng/ml bone morphogenic protein 2 (BMP-2), 10 ng/ml BMP-4, or
10% fetal bovine serum (FBS), the O4(-)O1(-) cells gave rise to type 2
astrocytes at almost 100% efficiency as evidenced by staining with Cy3-

conjugated anti-GFAP (Figure 7D). This is in contrast to O4(+)O1(+)

precursor cells, which are non-responsive to BMP and differentiate only into
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but they did not give any GFAP(+)-astrocytes as shown

by the | ack of staining by a Cy3-conjugated anti-GFAP
wa@eaosioarty? (Si gma) (Figure 7A). The cel |l s wer e PEETB2004/002670

trypsi nized and subcultured in DMEM N2 suppl enent ed

wpligodemidnepyites. HEHS, the dedifferantiitéd of4(H)0a (S eklis were like O-2A
reverted to A(+)0OL(-) cells after one weék as

evélieinthat thyy Wepe Sigitant 8aeiblb e gl td ii
Cy3- conj ugat ed anti®04 antli%body ut gg{v{(%pll@daelnrqlr%cdtes and

ViybB adtryey)j ugated anti-01 antibody (Figure 7B).
Tr¥g medi umwas then changed to DVEM N2 suppl enent ed

112048, 8 P T Ep, 0

cells had further reverted to 34(-)0OL(-) cells having
b%ﬁﬁsuﬁfa %PBW%VSX hCE&'ﬂ% Oficyurfars rearifeirs ey ledso tesponded
0! -?01(-) cells still possessed the bipotenti al

éliéﬁﬁntly t¢ gt leastipne enirenmertal favtorORor)eRbmple cOLA%S cells are
were placed under conditions that would normally give

rinegn to respoud en ONTEy e differéntie htasjpe2 s cytdbe,
the A4(-)0OL(-) cells were cultured in serumfree

commdtiatst, dine de diERdFa A SMVEM SO '
accordi ng tg Exanpl e 5, é?nggjz%%gf@fe%ﬁ%tcmﬁwgre

b L R MG PR et o
e Rl SO A e eGP AT Gt s meine
32‘?%2%‘&?@?05?% e A(-)0L(-) cells gave rise to type 2

| most 100% ef fici ency as evi denced by
staining with Cy3- conjugated anti-G-AP (Figure 7D)
This is in contrast to O4(+)0OL(+) precursor cells,
whi ch are non-responsive to BVWP and differentiate only
iEfAMPL Bdti édlipodent sy teknars, Capabld e Mylingtidn at ed
A(-)O0L(-) cells were like O 2A cells in that they
wer e bi potent, capable of giving rise to
ol i godendrocytes and type 2 astrocytes.

[0113] Human DRG neurons (9-10 weeks) were isolated and cultured in DMEM/B27
supplemented with 10 ng/ml CNTF and 10 ng/ml NGF for one week. The
oligodendrocyte precursor cells obtained according to Example 1 were added
at a neuron:oligodendrocyte precursor cell ratio of 1:2 and co-cultured for
more than two weeks. The co-cultured cells were fixed with 4%
paraformaldehyde in phosphate saline buffer and then double-stained with a
Cy3-conjugated anti-O1 antibody to detect myelin and a FITC-conjugated
anti-neurofilament 200kD antibody (Sigma) to detect axons. More than 99%
of the oligodendrocyte precursor cells differentiated into mature
oligodendrocytes and some myelinated around the axons of human DRG

neurons (Figures 8A-8C). In contrast, a control DRG culture that had not
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[0112] However, the dedifferentiated O4(-)0OL(-) cells
were distinct from O 2A cells because not only did

wo bag/obaek the 0 4 surface narker, they al so recpmBed02670
differently to at | east one environnmental factor. For

elearptescuul with kay atigodaraitbcyte presurestcdIPdiENBr giadkise to
differentiate into type 2 astrocytes. In contrast, the

dely Of jodleAdrdedtes) Rbk did the!DRGRhdBmMd MYEfiKd
wer e uﬁf)ggtgonsivg‘!tg’g CNTF. Thus, fthe egdf(sn_é)%ﬁﬁ}?étg@l(qegults
oRddHMR By be a newly characterized popul ation of

oli godenar ocyte precursor cells distinct fromthe O 2A

. cel |, LE 8. O igodendrocyte re )

10114P5 ¢ B s e O Sy A dBRERS ERHET 6r Sacpings o the
we ksb vverE isokat %d and _cultured in DVEM B27
S RBRER PR WD the sReFifeatarralleioviich A heratgnearporated
one week. The oligodendrocyte precursor cells obtained
R eferangetin thsibemiretyl Tie embadistents within the specification
neuron: ol i godendrocyte precursor cell ratio of 1:2 and
duovidetan #dstratiomaf embodimentoofibekavediion ot shbld el be
cells were fixed with 4% paraf or mal dehyde i n phosphate

sadristreieli ub fiefit tAsdcbpe of drriplentdriti TRE skilbd a#i i
Cy3- conj ugat ed antiP01 anti body to detsect ﬁyéslalnnreg%%mges

P58 8000 e AR B i

j e t cursor cells differentiated  into
e S Rl B R Gr S s Srpaificbe dosr derms e
axons ,of hyman, Dﬁl_g neurons (Figures 8A-8C). In
SBFRIaRY only. ¥t ihs trdskeseRp and 8tk af thedavamtiaseleeing indicated
co-cul tured with any ol i godendrocyte precursor cell
divdhedelloying glaigs. t o any OL(+) ol i godendr ocytes, nor
did the DRGs becone nyelinated (results not shown).

The specification is nost thoroughly understood in
light of the teachings of the
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references cited within the specification, all of
whi ch are hereby incorporated by reference in their
we@niosoet’yr The enbodi nents within the specifi ceCT/IB2004/002670
provide an illustration of enbodi ments of the
We clgiment i on and shoul d not be construed to linit the
scope of the invention. The skilled artisan recogni zes

t Aahethmd of obteining rEOSslf-repaingn@r ﬁﬁ}ﬂ@ég 3{%5??

cl ai ?nsd %onventilgg and t hat T ’@se%i%nten @ t Qgeri(ﬂ%

S W& ' ' xenpl ary

DFSUISIGTRC! AloRRAIRIEIIbRRUNDr SR hAREY Sk gRed o

bei i ndi by._. ol,lowng.claipgs, We claim 1. A

S MopehGT L E0e tob el Br Raia, iR e bstecamensous
omogenous, popul ati on of ol i godendr ocyte precursor

5%?9 gtf?éb?frfg'ggaéwf@ﬁm&?rf@HfS%é@éN%bm@%g@4 S@y@gbrorﬂ:e&dj
th?d conprising culturing a heterogeneous popul ation

ﬁev& ‘?Rjﬁ%@ﬁh?@@?t"é agnediyrmsermpesing anaarnogntof a fibroblast

unsynchroni zed devel opnental stage in a nedium

carapith Eater (EERraffective foranduding bl yath@nddéadsshental
(FGF) effective for inducing a synchronized _
ﬁhlgﬁglet-

detage, opnereiredaid caerinyVsesATiad at f %s&%{tidﬂ gbsEn &bl
out in substantial absence of plateletderived grow
fopived dr&Eactdr PD@H?? b bBGirfA - [enew ng,
phenot yg(rpi cal ly hgm)g égﬁ%’%%gﬁﬁé@ﬁ%%a@%élf feriewihg,

' : r | | s havin synchroni zed
PP Hen T B, Py Ry sobiehatabiie ereqieperis

id self-renew hponogeneous popul ati on of
Z’%Vg‘@a% ﬁ&?%%'éea%@é’ G%QH?GrE%II §tagonpri ses
ol i godendrocyte precursor cells that are culturable
for at, |east agbout one year w thout phenotypic change
i@ed“ﬁmd&ﬁ%% i Whergirhsaig weifrienewing, homogenasus population
growt h factor (FGF) effective to prevent said
o eligrdandsoeiamgecurasiicelis coneprisesstligntiendroahemecusbr cells
PDGF.
that are culturable for at least about one year without phenotypic change in a
medium comprising an amount of a fibroblast growth factor (FGF) effective to

prevent said phenotypic change, and in the substantial absence of PDGF.,

The method of claim 1, wherein the cells of said heterogeneous population of
oligodendrocyte precursor cells have different developmental rates in the
differentiation process, produce cells of different phenotypes upon

differentiation, or respond differently to environmental culturing conditions.

The method of claim 1, wherein the cells of said homogeneous population of
oligodendrocyte precursor cells have the same developmental rate in the

differentiation process, produce cells of the same phenotype upon
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10.

11.

3. The nethod of claim1l, wherein the cells of said
het er ogeneous popul ati on of ol igodendrocyte precursor

weedosmotiave different devel opmental rates in tPEI/1B2004/002670

di fferentiati on process, produce cells of different

pligiecentiation uporesgdohd @ #iet seahé aanr@r té eapiedrtmental culturing
differently to environnental culturing conditions. 4.

Teendgdipd of claim 1, wherein the cells of said
honogeneous popul ati on of ol i godendrocyte precursor
cell s have the sane devel opnental rate in the

dTﬁé PHSAbY BF b@.gn B QFRPSIn thE %ﬂe&&:m&hl&éd g)gph

phenot ype upondi fferentiation, ?ﬁe sane

"&ﬁ%}%rgntdfocg)@é’ He%%??&tc% |%%§WI§|65 %&fﬁ%@ﬂ V%S(Iﬁ Bgéldla?ons OF
CoftiRooBue P bR e iR SoT e delepmeyiat stage,
precursor_ cel I s, each haV| ng a different devel opnent al

swag@m fAisrdgvelapmentakstape ﬂﬁT‘éﬁlﬁéiedsfoi‘géhe greg eensisting of the
fromthe group consisting of the A2B5(+) O4(-) OL(-)

daLB6 o e all (4 develppireataABBiyer i AZBBL )04 (+)01(-)
devel opnental stage and the A2B5(+) O4(+) OL(+)

dés\allopientah kttfeagrl the. Asz(w@mg@wE) d&\Rildprhentih stzgien

t he synchroni zed popul ati on of oli godendrocyte
precursor cells is a popul ation of ollgodendrocyte

pﬂe@ m&ﬁéd @ebﬂaﬁn Rawjineeeid the Br%dﬁr@‘h(zeb 2%% Jation of

devel opnent al stage, a A2B5( vel opment al

R S ﬁ%ﬁb@w syt ecuror
PEgE e A R R R Eufresite dage. = a2 041010
?(ﬁ%v d of claim1, wherein the FGF is selected from

RINBNtS 08 RyASBOHRPH X S) develpemeatal stage.
bFGF), FGF4, FGF6, FGF8b, FGF9 and FGF17.

The method of claim 1, wherein said homogeneous population of

oligodendrocyte precursor cells are restricted to the oligodendrocyte lineage.

The method of claim 1, wherein the FGF is selected from the group consisting
of FGF1, FGF2 (basic FGF or bFGF), FGF4, FGF6, FGF8b, FGF9 and
FGF17.

The method of claim 1, wherein the FGF is bFGF.

The method of claim 1 or 9, wherein the amount of FGF is about 0.1 ng/ml to

about 40 ng/ml.

The method of claim 10, wherein the amount of FGF is about 1 ng/ml to about

10 ng/ml.
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9. The nethod of claim1, wherein the FG- is bFG-. 10.
The nmethod of claiml1l or 9, wherein the anount of FGF
w0 g00abatrd7 0. 1 ng/ mM to about 40 ng/m . 11. TheP@E1B20€H/002670

of claim 10, wherein the amount of FGF is about 1

12, ngherdmethodsbaleimd Tnyherein2he ahwumebhBGFAE abloat S 1rflml.
wherein the anmount of FGF is about 5 ng/m. 13. The
net hod of claim1l, wherein the substantial absence of

13.  PD@F methed ohalaimt!, vheREGFhe ealsstahtial dhsknoglofPDER is Ihe
met hod of claim 1, wherein the substantial absence of
PRGBUNSORPDGIFIuSS thein PBGRY/ess than 0.01 ng/m . 15.
The nmethod of claim1l, wherein the substantial absence

of PDGF is an anmpunt of PDGF | ess than 0.001 ng/m.
14.  IBhe Figho@bhaeid?, Ghardlh he WOSShitaItdRRhEL BF PRI an

popul ati on of ollgodendrocyte precursor cel

df th
OAMBLACS BOSF I 8sBIIFY. 0T HigRf o0 T om the oroup

consisting o a non-human primate,
an equine, a canine, a feline, a bovi ne, a porcine, an

15, '@%‘E} M@f %IQ?@ Hoggﬁred% gh%g%tgﬁeg%%ggﬁcg of IDBGIF‘ is an
T SH G PR L BB 5550 consi oti ng of O

hlppocanpus cerebellun1 splnal cord, cortex,
sal forebrain, ventral nesencephalon

16. Sﬁ%@e ‘PeQJ@'m énwhﬁmthﬁhMens@usmu*ﬁbhaﬂ of

claim1, wherein said honogeneous popul ati on of

&|IQQd§@W@ﬁMF@SUI§DECGHSSBrOb.'t&Ihbd filoas aahaimedes tsetdiged from the
characteristic selected from (i) ability to generate

agrbopegasietng opa podeit] @muaiar? ki raRARNGER DHNES éh\')equme a
ability to generate a hormgeneous popul ati on of type 2

a=nfr; ¥ fefine, a bovine, a porcine, an ovine and a lagomorph.

17. The method of claim 1, wherein the heterogeneous population of
oligodendrocyte precursor cells is isolated from a member selected from the
group consisting of hippocampus, cerebellum, spinal cord, cortex, striatum,

basal forebrain, ventral mesencephalon, locus ceruleus, and hypothalamus.

18.  The method of claim 1, wherein said homogeneous population of

oligodendrocytes precursor cells has at least one characteristic selected from:
(i)  ability to generate a homogeneous population of oligodendrocytes;
(i)  ability to generate a homogeneous population of type 2 astrocytes;
(iiiy  ability to dedifferentiate; and
(iv)  lack of ability to differentiate into type 1 astrocytes.
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10.

20.

21.

22.

23.

(iii) ability to dedifferentiate; and (iv) |ack of
ability to differentiate into type 1 astrocytes.19. A

w@edos/eEaEeEW ng, phenotypi cal |y honbgenous popuP@t/iBm040f02670

ol i godendrocyte precursor cells having a synchronized

dAasifepnewira, phBag‘qphdall;ahoa@d@yxoU@@oEﬁlah@ﬁ RbligdderiBrdeyte
20. A self-renew ng, phenotypically honbgenous

pmmumdr@eu@hawh'g@p@&%ﬂmﬁﬁdﬁde@sgﬁ%ﬂbl %@@gmeﬂ%ﬂhe

synchroni zed devel opnent al stage obtail ne

ksl of cisk@im 1, wherein sai d honogeneous popul ation
of ol igodendrocyte precursor cells are restricted to

t he ol i godendrocyte lineage. 21. A nethod of obtaining

LN ifferentiated .

o BT RERARRIE RORA AR fioBeno B PRo EHEEef oasrandrepyte

n i cal nhonobgeneous popul ati on of
G iReR 5P B b AR TieB ekl Pavalenmigiah stagecobtoinedery the
devel opnental stage in a nedium selected fromthe

ﬁ'\é’ ({4318t 1 ngherein s3id homaganeous piputptianyof miligodemdrocyte
(b) a nmedium conprising an anount of cilliary
N GEWIsPH pRll areaestict¢diaTtie dligbtiendecyte lnsagduce
differentiation of said oligodendrocyte precursor
cells, (c) a nmedium conprising an anmount of a

3 pretBod of pbiaing priemoger(ebll mwidtoinesTtdifsrehfisiege
differentiation of said oligodendrocyte precursor

adigbdendmdyed)compritis BuIBRRRY 4 §b i i
cilliary neurotrophi cng act om}é (CNTF ﬁé{aﬁlgagﬁ%r}rdg%lga@?
Hotnoderndouks| i ff1Gi I hduce
Jonogerediis d ngg‘gi@88@";’%82%&56%%55fgg'é%?%'ilg a

. d,of claim?2 wher ej n t he anount
Snefrptzeg JBPHERG) feoB 47 adhitiustorigeist. o tha gup
et hoﬁpof %I aim21, erein the anount of T3 is about
£ORGISANG 05 (RhrpMediii frpking any mitogensdb) efmedium somprising an
an undi fferentiated popul ati on of oligodendrocyte
amount of cilliary neurotrophic factor (CNTF) sufficient to induce differentiation
of said oligodendrocyte precursor cells, (c) a medium comprising an amount
of a 3,3",5™-triiodothyronine (T3) sufficient to induce differentiation of said
oligodendrocyte precursor cells, and (d) a medium comprising an amount of

cilliary neurotrophic factor (CNTF) and an amount of 3,3’,5'-triiodothyronine

(T3) sufficient to induce differentiation of said oligodendrocyte precursor cells.

The method of claim 21, wherein the amount of CNTF is about 1 ng/ml to

about 20 ng/mi.

The method of claim 21, wherein the amount of T3 is about 1 pg/ml to about

30 pg/mi.
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24.  mAimstiiodi afgnaintaiviel BhelrifférahBsted HERURRIBRNY Y

25.

26.

27.

28.

20.

30.

31.

32.

precursor cells in culture conprising: culturing an
undi fferenti ated popul ati on of oligodendrocyte

wW@e@soweT cells in a nmedi um conprising an anoRC/IR20042002670

(

fibroblast gromh factor (FGF) effective for

8h8%Grocyte

. : . . li
wherein said culturing is carried out in subslgantl al

?E&%@%r@eﬂé’ irpb@tpk 'c@ﬁ{drl‘éfjﬂ%; %[Jﬂl\.ll\ﬁ Laeha fﬁeggrﬁ%%g pogulation

ereby mai ntaining an undifferenty ated po

oL r r ells i.n culture. 25. The

ot AR o BESRIE 28l %o el shistag BB rvargior a

t 0 C iSti GEl, FGF2 (basic FGF or

5B B RS D e b OB s ndpeentitec
thod of claim 24, wherein the FGF is bFG-. 27. The

ﬁ%\f?@%praﬁn@l stageowherein saidpidiusing is harredouuttin stib&@Rtials

about 0.1 ng/m to about 40 ng/m . 28. The nethod of

chkgancenf piteletidarivéd geowthrfactor (FOBF) sthaksiiyt mbiMaihAg an
to about 10 ng/m . 29. The nethod of claim 28, wherein

t iredifienentititeaf pdpdation @fktﬂi@bdéncﬂ\%/c?ﬂ_eaprbc@n%or EBfs ﬁ%@e.

of claim?24, wherein the substantial absence o
is an anount of PDGF less than 0.1 ng/m . 31. The

b
Tihatmhod FiCCISm M ukereln 8 081 LR popay For

A nethod of dedifferentiating a
gegfdf‘r':ggﬁgw ng, phenotypically honbgenous popul ati on of

ol i godendrocyte precursor cells having a synchronized
The method of claim 24, wherein the FGF is bFGF.

The method of claim 24 or 26, wherein the amount of FGF is about 0.1 ng/ml

to about 40 ng/ml.

The method of claim 27, wherein the amount of FGF is about 1 ng/ml to about

10 ng/ml.

The method of claim 28, wherein the amount of FGF is about 5 ng/ml.

The method of claim 24, wherein the substantial absence of PDGF is an

amount of PDGF less than 0.1 ng/ml.

The method of claim 24, wherein the substantial absence of PDGF is an

amount of PDGF less than 0.01 ng/ml.

The method of claim 24, wherein the substantial absence of PDGF is an

amount of PDGF less than 0.001 ng/ml.
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33.

34.

35.

36.

37.

38.

devel opnental stage conprising: culturing a _
sel f-renewi ng, phenotypically honbgenous popul ati on of

w@lkiogoaEatr ocyt e precursor cells having a synchCDIB2ed02670

devel opmental stage in a nedium conprising at |east

ofengihoditai dediffenentiatingra wﬁwﬁevﬁﬁé,%éﬁb@yﬁi&g\l? %Eég%rilonus

dedi fferentiation. 34. The Frrg}et hod™of cl al mrf
Jus]E: o) pe ' r .
;‘?ﬂg?ur sor g?glfqégeh agjdggé %%g ( Jgrgg['%;:%%%a"%%\p?r%rg@%f ﬁl
@dfo ' .0 W act or, i )
A S s Ty A P8k TestHgoransgyeicaly
| erei n sai d honogenous
et FS@DL@%@J%@MEW@%%@W@SW Bevas
A(+) OL(-) devel opmental stage, and said a
f%ﬁ?ﬁr* J&édg%%wé'ﬂgmse piage 'PBAReHivna foawpvising aifleasiauie
1 ng/ to about 50 ng/nl. 36. The method of claim 34,
M@g’g?n}?cé%ﬁ g aneMount effadtive te promoteetedPRGENtiaticn
amount of about 1 ng/m to about 50 ng/m and
neutrophin-3 in an anount of about 1 ng/m to about 10

ngheimetBod of rlainra3n wheosinslaid hoBbgenbes pbpulsabel ofedi um
further conprises bFG- in an anmount of about 0.1 ng/m

tohigadendrog ptengeotirsan delieid Qi WZ%? %@ eRfomental
about 1 ng/m to about 10 ng/m . 8). 'I(h?ebﬁgia% 01p

stayenadd, sanaf RiaBt bhe gmmaggﬁsﬁ%g HSHIPERY %gagﬁ%@rfcfsof about 0.1

ol i godendr ocyte precursor IS a ho _

PRRHI @t ] Lgodendrocyte precursor cells having

an AZBSE%@&PW) devel opnent al st age, an

A2B5(+) O4(+) OL(-) devel oprent a: st age oggan_l_h thod
+), devel opnent al st age. . The

gfégﬁéﬁég?"%&%i“ﬁﬁr R %?dﬁir%@m?@@a@uwgaumlpa ©f of

oligodendrocyte precursor cells has an A2B5(+)04(+)01(-) developmental

stage, and said at least one growth factor is PDGF in an amount of about 1

ng/ml to about 50 ng/ml.

The method of claim 34, wherein said medium further comprises PDGF in an

amount of about 1 ng/ml to about 50 ng/m! and neutrophin-3 in an amount of

about 1 ng/ml to about 10 ng/ml.

The method of claim 35, wherein said medium further comprises bFGF in an
amount of about 0.1 ng/ml to about 40 ng/ml and neutrophin-3 in an amount

of about 1 ng/ml to about 10 ng/ml.

The method of claim 33, wherein the homogeneous population of
oligodendrocyte precursor cells is a homogeneous population of

oligodendrocyte precursor cells having an A2B5(+)04(-)01(-) developmental
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39.

40.

41.

42.

43.

44,

ol i godendrocyte precursor cells dedifferentiate into a
honogeneous popul ati on of ol i godendrocyte precursor

w@edosmot1avi ng an A2B5(+) O4(-) OL(-) devel opnent BCT/EB28¢k002670

or an A2B5(+) O4(+) OL(-) devel opnental stage. 40. The
nélagedan 2854+ ¥043)0 Whedeisioprenti didgbasrent AQ_BQ?!—)O_4(+)O‘I(+)
ol i godendrocyte precursor cells can differentiate into
ofle\gioleneniac ytage. or into type 2 astrocytes. 4 1. The

met hod of claim 33, further conprising transferring

sai d ol i godendrocyte precursor cells at |east once

dTiié REteed Bf eldinh BB Wﬁe?éiﬁ%@Moﬁ%gbngé)@é?Gb@é{i@ﬁ‘oPSi ng
a digestive reagent. 42. A population o

' ' [ . rsor cells

DR e ek R BOAEN el BRI pSdangtysa.
el f- renewi ng, phenotypically honbgeneous

oo JERGRhdR b Beyer sple indas SR FBS OO
synchroni zed devel opnental stage that differentiates
IR YS! $38P S5 PcA2BH HE4PORYE) developmantastagsh
bone norphogenic protein 2 (BMP-2) or BMP-4 in an
apount effective to induce differentiation into type 2
ke Bejhassohrlaimmas, wheress frendedifferentistetnaligodent! ooyt
amount of ciliary neurotrophic factor (CNTF). 44. A

dudttnser eells caredifferantiageinto oigadumdredyites opinto type 2

ol i godendrocyte precursor cells that differentiates
iastroclege 2 astrocytes in response to treatnment with
bone norphogenic protein 2 (BWP-2) or BWP-4 in an
anount effective toinduce differentiation into type 2

o SOHRITIA, SRR o ATy b Ao

T U R s U

using a digestive reagent.

A population of dedifferentiated oligodendrocyte precursor cells obtained by

the dedifferentiation method of claim 33.

A self-renewing, phenotypically homogeneous population of oligodendrocyte
precursor cells having a synchronized developmental stage that differentiates
into type 2 astrocytes in response to treatment with bone morphogenic protein
2 (BMP-2) or BMP-4 in an amount effective to induce differentiation into type

2 astrocytes but not in response to treatment with any amount of ciliary

neurotrophic factor (CNTF).

A dedifferentiated, homogeneous population of oligodendrocyte precursor
cells that differentiates into type 2 astrocytes in response to treatment with

bone morphogenic protein 2 (BMP-2) or BMP-4 in an amount effective to
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45.

46.

47.

46. A nethod of screening for conpounds that affect a
bi ol ogi cal function of a honbgeneous popul ati on of

w@bkiogoasedr ocyt e precursor cells, a popul ati onP@f/1B2004/002670

ol i godendrocytes or a population of type 2 astrocytes,

cinoipee siiffegentatonciaty Bpeingstiogald buterﬁﬂ\m Rébponse to treatment
phenot ypi cal | y honogeneous popul ati on of

OlyitH @AG R OGH ST clia®f HE @ tropRIc synchroni zed
devel ogmanta st agg)ﬁobt ai rr?g’d Cb%CﬁﬁXCmst od of claim1l
or a popul ation of oligodendrocytes differentiated

 TRSRAthd BPERMH &%%13440%%@ AR a?#cgtﬂit%?%l\@y %%‘?%@MP 4is

met hod 1 or a tiron o

re honngeneous populatlon
o%%%ﬁﬁe@@ﬁ%@ﬁﬁ%ﬁ@nglf claiml with a test
conmpound; and (b) detecting a change in a biological
f t.io the.o odendro cursor cells, the
T8 of selrRauTtuioT SRETRey BEY baitect o hulodisal fngtion of a
met hod of claim46, wherein said honbgeneous

P%@NWWOR}J'@W@ME@@@'?H@FWDMUrSOd:e:lells, a population of

popul ati on sel ected fromthe group consisting of

odliggdendtaytas e ppepulation ot bipk aétradyes, comprising:
A2B5(+) 4(-)OL(-) devel opnmental stage, oligodendrocyte
precursor cells of the A2B5(+) O4(+) OL(-) devel opnent al

sedge cumtactiiggmdeifitsmaying, ;@Iﬁemj!j’/rﬁ@éIIWl%MégQrﬁeédkepopulatlon of
A2B5(+) O4(+) OL(+) devel opnental stage.48. The net hod

of cl &:bl@bﬂl@nd?ﬂ&?fe%ﬁécb&%r%@ﬁ’é‘ﬁﬁwhé @&Hcﬂ%rﬁé?c?d«g\r/elopmental

reduction in at | east one of haract eri

S gl SISO SRURSRATFSARS, O LA
TS T X T -

protein |ev n the culturing nedi )
dedi f f %‘HFS:?M bﬁ meingdioh claimrtaek @ppﬁma&lgn ohifpec strocyte
nmor phol og

Ogy. .
differentiated from said homogeneous population obtained by the

method of claim 1 with a test compound; and

(b)  detecting a change in a biological function of the oligodendrocyte

precursor cells, the oligodendrocytes or the type 2 astrocytes.

The method of claim 46, wherein said homogeneous population of
oligodendrocyte precursor cells is a population selected from the group
consisting of oligodendrocyte precursor cells of the A2B5(+)04(-)01(-)
developmental stage, oligodendrocyte precursor cells of the

A2B5(+)04(+)01(-) developmental stage and oligodendrocyte precursor cells
of the A2B5(+)04(+)01(+) developmental stage.
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48.

49,

50.

51.

52.

53.

49. A nethod of treating a patient with a disease or
condition affecting the central nervous system

wWewpndwdhg adm ni stering to the patient a PCT/IB2004/002670

therapeutically effective amount of a self-renew ng,

phied eiatRbE of bMirﬁGfGP%BﬁéiH%@@ﬁé%%é isdh Prease or reduction in at
ol i godendrocyte precursor cells ‘having a synchroni ze

d I ; [ , im 1.
R4Sl ORI R bk RIS TP St o

net hod o
' s . cell di f f tiated
YRR, ATk Rl PR bR ok oty Bstrante & Asidvies.
patient. 51. The thod of claim49, wherein said
dﬁ’@h‘%@“%} SQ"(‘ﬁ?EiCP gHotadion, viekility. igeaeiaxgreRsiuagsoisin a

neur odegener ati ve di sease. 52. The nmethod of claim 51,
vibaressios.apratale igvels indhe wyltdiing sadliurs, dedifferemtiatiomngrowth
the group consisting of spinal cord injury (SCl),
neharagtedsticd, endsied! ngdholdgyman i munodefi ci ency

M5- associ at ed nyel opat hy, transverse

nmyel opat hy/ nyelitis, progressive multi focal

| & uhatod ep rebiing b HaticANits isedsPONddrititichy Sl ARIgRE Tentral
| esions to the nyelin sheathing. 53. The nethod of

ChetvBuS Systbhe EShfbri%ﬁ‘fgdad?ﬁMfs‘?Q@?%efbefh%tﬂaﬁgﬁé ﬁ%%%ebﬁcally

sel ected fromthe group consi ng of

i : i1 L ' t SDAT :
PR ot of eSeARhb il sfiefPERIELY HBGEReale popuation
bld ndness, and a neurodegener.ati ve dj sease due to
I SERESSeroR e SrOiispr P BR R aSipEh B dghcyommaental
culture of rat A2B5(+)4(+)OL (-) self-renew ng
olipge abtainest by themetindelclaier s havi ng ATCC deposi t
nunber PTA 6093. 55. A substantially pure,
sel f-renewi ng honogenous popul ati on of ol i godendrocyte
prhe medfd ektlaisn ASvivhgrein sgidaiigodendu cyevarieoprsentcalls are
stage. 56. The oligodendrocyte precursor cells of
olifierentistedvdreteeiifferenfiated ynioh te admadstestio @psEd patient.
stage is A2B5(+) X4(-)OL(-).

The method of claim 49, wherein said disease or condition is a demyelinating

disease or a neurodegenerative disease.

The method of claim 51, wherein said demyelinating disease is selected from
the group consisting of spinal cord injury (SCI), multiple sclerosis (MS),
human immunodeficiency MS-associated myelopathy, transverse
myelopathy/myelitis, progressive multi focal leukoencepholopathy, and central

pontine myelinolysis lesions to the myelin sheathing.

The method of claim 51, wherein said neurodegenerative disease is selected

from the group consisting of Alzheimer disease, senile dementia of Alzheimer
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54.

55.

56.

57.

58.

59.

60.

57. The ol igodendrocyte precursor cells of claimb55,
wherein said synchroni zed devel opnental stage is

WO2B50677€(+) OL(-). 58. The ol i godendrocyte prRBCUIBR004/002670

cells of claimb55, wherein said synchronized

‘{ifﬁ/ {)3312 tF%lrklﬁEé‘ig%lée%sézﬁglﬁﬁfﬁ@ﬁB)sgh%é rscﬁ@mlaﬂbﬂndnesws

nd ocyte precursor of claimb55, wherein

[ I t

S BB BBh A SRR B e et
self-renemnnglhonngenous popul ati on of oligodendrocyte

sor ,cells consisti I t di fferent
B Siieria i soRGE b8 ADd R ko Ehelitd
devel opnental stage is selected fromthe
@dﬂggd@mdrﬁgyt@fpr@ﬁtérsw%lt&bwcg ;iea@%'ﬂgrﬁﬁﬁﬁf’if\ 6093.
stage, the A2B5(+)O4(+) OL(-) developnental stage, and

t he A285(+? A(+) Olé +) devel opnental st age.
A substantially pure, self-renewing homogenous population of

oligodendrocyte precursor cells having a synchronized developmental stage.

The oligodendrocyte precursor cells of claim 55, wherein said synchronized

developmental stage is A2B5(+)04(-)O1(-).

The oligodendrocyte precursor cells of claim 55, wherein said synchronized

developmental stage is A2B5(+)04(+)01(-).

The oligodendrocyte precursor cells of claim 55, wherein said synchronized

developmental stage is A2B5(+)04(+)O1(+).

The oligodendrocyte precursor cells of claim 55, wherein said synchronized

developmental stage is bFGF dependent.

An admixture of a substantially pure, self-renewing homogenous population of
oligodendrocyte precursor cells consisting of at least two different
synchronized developmental stages, wherein said developmental stage is
selected from the group consisting of the A2B5(+)04(-)O1(-) developmental
stage, the A2B5(+)04(+)O1(-) developmental stage, and the

A2B5(+)04(+)O1(+) developmental stage.
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