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OLI GODENDRCOCYTE PRECURSOR CELLS AND METHODS OF

‘OBTAI NI NG AND CULTURI NG THE SAME RELATED APPLI CATI ONS

[001] The present application clainms benefit of U S.

Provi si onal Application Nunber 60/487,933, filed Julm

OLIGODENRRGTEIE RRECHRS OREDELICH AND METHODS OFABTAINING

i nvention rel at eAND Cliit AdRENGTHBSAMENg a

sel f-renewi ng, phenotypically honmogeneous popul ation

of ol igodendrocyte precursor cells having a

synchroni zed devel opnental stage, and to the cells

obt ai ned by the nREbATEDAPPLECATENHt invention.

[003] The present invention further relates to nethods
[0010fTheprdsenhapplicatiss claims deeefingf, Udh erovigiginehApplication Number

honogeneous popul ati on of ol i godendrocyte precursor

cedd/a8n @B Nfled KN IrID03zed devel opnmental stage for a

pr ol onged perlod of tinme without change in the

characteristics ofgehe opHiHe INOBATIONRE

ollgodendrocyte precursor cells of the invention can
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sequentl al Yy utilizi ng cel di Ssoci ati on

fﬁ*}{ejt@gb g@lw l%ﬁﬁgggﬁeaﬁw%t%%@%d@nﬁr@ég@ &bcursor cells
LT PP il ghane b o

honogeneous ulatlon of ol i godendr ocyte precursor
ceMeingsis o h@(ﬂﬂ haV| ng a synchronized
devel opnent al st age. [005 nal ly, the present

[003] nVea present évendien ferthente toOIfn hadstofipaigtainipg angetf-
using the cells of the present invention and to a

metemesving, mmeyplmlymangogmwmmwiatmrofuwgod@ndrocyte
treatnment of denyelinating and neuronal degenerative
precursor cells having a synchronized developmental stage for a prolonged

period of time without change in the characteristics of the cells.

[004] 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.

[005] 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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BACKGROUND OF THE | NVENTI ON [006] The axons of many
vertebrate neurons are insulated by a nyelin sheath,
whi ch greatly increases the rate at which an axon can
conduct an actd i al. [ endrocytes are
responsi bl e f%lﬁ@%ﬁﬂbtéknﬂ%lwghmqw t he

central nervous system These ol i godendrocytes wap

I t hei I nbrane in a
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thereby insul ating the axonal nenbrane so that al nost
nwhigiy greatly inasepsesdibedate at whithersaeat tan sonduict ranugstiof
at regularly spaced nodes of Ranvier, where al nost

apbtentiel. sOtigederchacyted are respoasivi@forang feraRapntdfahadin in the
Because the ensheat hed portions of the axon nenbrane
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plLasma menbrane at nodes of Ranvier. [007] The
i FrABYiearkersralinpst alhthe sedium chanmels indheyaxdarmasonesedated.
\% the denyelinating disease multiple sclerosis, in

e

chusny e enshleatttdusportions st the egiropensirahb ®iaveixealient cable
nervous system are destroyed by an unknown nechani sm

Th@pientsy, b arizativh lof i hidntb&na! a"t%n%tl’gﬁégé%ost immediately
denonstrated in rmany neurodegenerative di sease, in

V\%r‘éad%ﬁ%'ﬁig@gﬁg th&He cg%. eThi} Lﬁﬁgctiqnvwoq{aﬁgélgzirrég?%}es

happens, opagat | on nerve |npr S'es

s : i i neur ol ogj cal., .
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t 1 nally differentiated cells whic 0 Nno under go
f%@@ﬁ"@%\aﬁ tWPJPé'P&PE‘l’iaﬂgﬁﬂe%,a%ﬁa Rientialy fravalfaster, and
diffic$lt to culture in vitro _ o .
metabolic energy is conserved because the active excitation is confined to the

small regions of axonal plasma membrane at nodes of Ranvier.

[007] The importance of myelination is dramatically demonstrated by the

[008]

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



2 long term (Verity et al., J. Neurochem, 60:577,
1993). A igodendrocyte precursor cells, which have
proliferative capacity and differentiation potential,

0 : heh cel | ul d ecu) ar

oo TVRH R Y Bt 80537 198 Slidoaendrocyte
nﬁel i nat i on/ depyel i nation/renyelination may be studied

i re%rﬁqroceﬂﬁdwﬁ?cﬁmaas Riolifgtative gapeacity sngifferentiation potential,
nyel i nati on/renyelination in vivo. However,
oPffgoasksiesthy whicteealiutar and motacotasméghdnisms of cell

ol i godendrocyte precursor cells in the central
ndiffecentiatipatamt ro@IB)ationdispoydiination/edmgelikation ey ®e studied in
that they m ght be a phenotypically heterogeneous

pofrel @id provideSk 8bhircetforbromdtin lind¥H ination in vi
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popul.at i 0 rinmpry oligodendrocyte precursor
c‘é‘?rl‘%gﬂsgiqﬁat %ﬁ@ ”é'gﬁ%g%i arheseimieally haterggenpoos population
there remains a need in the art for a self-renew ng,
phaiedh stale dl CommdVaigeh 4698186354, 49761 bidesgn citures usitiated
ol i godendrocyte precursor cells having a synchronized

désorl dipsaniatatl periagtal dneinarewintinkerontly tletetoBbAGous population
mai nt ai ni ng, and storing the sane. SUMVARY OF THEp

| WiEENRE EeHOARBd ) deviBiepMeRRe natliftg. M 88SHerbfoYE BEER Qifficult to

provi des a nethod for obtaining a self- renew ng,
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fibrobl ast grow h factor LFGF), pref erably basic FG-
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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(bFGF), and in the substantial absence of
platel et-derived growth factor 3 (PDGF). The nethod
yi el ds a sel f-renew ng, phenotypl cal | y honobgeneous

i te recursor ceIIs havi ng a
S ey dpineleieBelle el ecogehedus
char en;ﬁ one or nore of the follow ng
aBPP %‘%‘%0 pHgo deQYé%W%Ser@"sﬂ‘@«vm @/ynehropigednse
to bFGF without differentiating, (2) term nal
dAevelpementalistage whishanaw he ghacanisrizashby ahe on nefre of the
ol i godendrocytes in the absence of mtogens or serum
( Bllogéngeahilities (6] seif-rénenine pesitieration i %Sp@frhs@fto bFBF Without
astrocyt es in the presence of BWP-2, (4)

ddifiehéretiaging| @Z)lt@ﬁmnéﬁdlff@rfe‘hﬁﬁfld)rﬁ’ithfa Hﬁ’rﬁb?é‘fi’édt%rbddﬂjlatlon of
vitro and in vivo, (6) lack of potentia

dbligfeprirb&fiEs iMthe éﬂé@ﬁﬁé’f of i oggﬁg or seﬁﬂ'ﬂ (35 heRelidN of a

degree of ‘“survival out ¢ o ter )
?'ﬁ‘%@"@ﬁ’eﬁ%@%@'%cg@t vﬁsAq%staﬁﬁca{?eascméﬁ"ﬁﬁ%a@wq@fofﬁmp 2, 4
e HefirfiedShs G rBrotae! o iation i aht i (6) lask of

sel f-renew ng ?rol iferation, the same as nulti-potent
sPeiendial todiffereatialedntenype tlyasifocytespaad dy pihigh ggree of
honogeneous popul ation of ol i godendrocyte precursor :
celinvival withouchargeriolthe ohamdtatizties op tintells Lgfoﬁtgtﬁangbéfter
stored with high survival wupon recovery and w t hout
chaingdrozent he characteristics of the cells, based the
specific characterization of these cells, which

I @ﬁbﬁ@'@sﬂmﬂh@fbﬁa%&éﬁét&% dfthe E bREAes a@ag&ﬂe%%a%%’c]to% the

12] "The present invention a inc
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rocy precursor ’'ce
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h cells can be limted in that t he
pheanotypicalVChor%ogeneous population of oligodendrocyte precursor cells

e
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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entire population differentiates into a single

i neage, such as into mature oligodendrocytes or into
type 2 astrocytes. 4 [013] In another aspect of the
invention, the self-renew ng, phenotypically

hir8pethes aspeeinfitae inventien.dhe selfertevng: phenetypicatly
cells having a synchroni zed devel opnental stage nay
ahemagenealis papuiation od ofigedereirgcyte peedursoreceli$having a
present invention thus also provides a nethod for
obya¢hTonged develtpanenitalgstage ehast alsd be rhaidefingt {rlefinitly in
culture a self-renewi ng, phenotypically honbgeneous

pophiliat i The pfeseht BOERMSH BrStRsP PRI n%:?rhéoﬁfd?%\ﬂtémir%,
synchroni zed devel opnental stage, conprising culturin

t h%iﬁ@imﬂ@,r@ﬂﬁnlu&oriﬁﬁ PHehiten iR lcullile9 Sglﬂg%r\%g/?fé% Rhengtypically

precursor cells having a synchronize

' ' - i Si ffecti t. of
FAgAboefeB TERpUALERAPbIIMhROn e olfersdh PR et
VIO B PR AP G0 ORI el B o ous
and quqgeEePus ol i godendrocyte precursor cells by
f PRBZPAY PhE R BESAUES Yy qells hawingc pyrefrenized

freeﬁl nr% mediumw th or ~w thout mtogens. Upon

t Hav@lagmental stagey b redity cenprising aveffediveameent of a FGF,
recovered with a high degree of survival and retain

t peeferably bhefoapgirt bstrntisll absemteadf RDGFact eri stics

t hey possessed before they were frozen. [015] The

[014] oT kg pdesent dnyentiopradstupevidesed hetiady of stefind Yiabhe frozen,

[015]

net hods of the present invention can be used to

gemdiffetentia et G Riifo Fabobl B bABIRIS cy B YL @sbPBSIIOhy
mat ure ol i godendrocytes in the absence of mtogens or

Sfesatihg tiRndli dh @B'kéd&éfortééugyﬁhiee%glr@@digﬁmlth gr

axons. The oligodendrocyte precursor ce obt al ne
RIS RSO Ol ik S ol PR oS cdF e
Febb0&ESHith LAt B9l 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.



the ability to proliferate in the presence of specific
m t ogens, such as bone norphogenic protein 2 (BWMP-2)
and BWMP-4. The ol igodendrocyte precursor cells of the

present. L avent i.on ther do not generate type 1
mm]aﬁ’%o‘?:\{‘?tséﬁt. 'ﬁgé;ftmﬁﬁ‘ﬁ%pﬁ’rvéf%ﬁﬁ methech of ebtafning mdromogeneous

proviggs a nEtEé% of ~obtaining a honbgeneous

pbPRHIRogpf dediisrentiaied pligedentiraryt aresitsorgells of a

precursor cells of a developnentally or

pRENslopmenialiyoraianotypicallygartierstage thamit ialtiafly isolated
i sol ated oligodendrocyte precursor cells. The nethod

c oligodardrocytetprecurgot dells. ot atest! 6sibAsES 8GR the

cell, or a honobgeneous popul ation of oligodendraocyte
pokigodermiroeytelpFetRYbNSLIR o WK G A al
stage, in a rgdi um conpri sing ggé eass'?p%?r?é&?)g"é or

. {otion, ¢ "
e RS e LRI sy GRS sl finetatstage.
PRGE, - h fact .. Th
coG e SnBHE] pl68H kS i i comtorpntaton
h | ati f dediff tiated
o [53aaRG IRt promples daciffareptintien mevihmone oy mette af bEEF,

el opnental stage) may be capabl e of

dev
r E’D&E,f NF-&nen ethehgrowih factbisy otlen dediffetertiatadlolighterdrocyte

astrocytes. [017] The present invention further

pp@outisy celirtet adonuigeniebas popalaiopd)f detffeedhitied
phenot ypi cal | y honogeneous popul ation of proliferating

obligrurids ey becUPSROHNIS Havif) 4 %gﬁéhrﬁg&gy E{ﬁ%%@ﬁtg Ystage)

or phenotypically later stage than t

A et e R e e e R

C&thocypds @ hompgeneous popul ation of ol igodendrocyte
precursor cells having a synchroni zed devel opnent al

0171 188 BB O R B A SR sokaenewing

Séﬁeqwedty;;rigaellynﬁén(?logciarﬁéoeljsegot;;u%t?gn g? gr%ﬁfeirgtir:gugItighoedrendrocyte
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 @ 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.



characterized by the ability of the cells in the nore
differentiated stage to proliferate. The factor that
pronotes a nore differentiated, proliferating stage

r e of DEG- or other growth factors.
[018] gﬁ?ﬁ 8%%@@}%(2\)(@& g 8?@%@\%%&' ﬁBH@H@P?BP% RPPYlafieR®deneous
popul ati on of ol i godendrocyte precursor cells having
aoﬁ%@qﬂfﬁ%@%arw%@r&%rh%nm syechronizeteqvelopenental stage
inyention provides a systemfor screening conpounds

t Rhthe presestinyensioni powgies# systerntfooscreedingr compounds that
differentiation state of oligodendrocyte precursor

ceffbel thalhiniogloaidupctiareand/on vt éraiatbHIs i oRIRbHERSoRyte
nmet hod of screening for conpounds, the netho

Cplmiui'airrwllﬁoﬂfha@,ﬂh@?bré%tetﬁ\l/efﬁtilohefﬂﬁ%lngrovides a method of
phenot ypi cal | y honbgeneous popul ation o

i I avi n synchroni zed

e oG inBouRiS e E"%ﬁf@gbjp@%%aoﬁi@?z%ﬁisoef
oy n in the oligodendrocyte

G bR bR o Aeeuiaian ofiRdigerandiecifiey

be an increase or reduction in any characteristic of

t ﬁr&%rﬁ"é 88@%5?\6891%8 EQniZest deelppmental stage with &l tesof

any materials in the culturing medium The

c?%PB@%%i%‘@i detaglinge cheoge irefrengigedendmoyte prsctirsdr calls

change in: nyelination, differentiation into

ofndfedievibe celfuring orediympe Theachaneryhas beirPlrckeisd 6rHduction
speed, cell mgration, viability, gene expression,

INGENy chagagiedsti Shtheigb8eRdrotYR! freblrsbP el Shii-idvels of
Prledir?m dﬁifferentiatlgon, or X%I m)rpEoFogy.H%dq%

; i ' nNeous
T e R NE R o L RIEBR R ey hiwong
' I . of 1 i nvention
Y A B hoPE 6 e MRARR I 2 R, clBtentaioninte |
[ fferi have a

BB YR T e A RStio kst erviaraton epesd sodoigratian,
deterioration of, or danmage to, nyelin sheathing. The
p\{,l%l%l Ity; gene expression, protein expression, protein levels in the culturing

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



i nvention provides a nethod of treating a patient
- conprising admnistering to the patient a
therapeutical ly effective amount of the
odendracyte precursor .cell of the invention.
R Rl A pBEE P R0Eki B0 vetorarbisaah dsjerthat
recursor cell may contain a nucleic acid vector or
ijtSP‘EIQ itk xRSO afifadesitad @ene(s) inthexpatiesti on of a
desired gene(s) in the patient. BRI EF DESCRI PTI ON OF
THE DRAW NGS [020] Figure 1 is a schematic
representation of the various cell types in the
central neBRézs DESTRIFTIONSDFCTREADRAN INGS by
devel opmental markers and cell norphol ogy. [021]
[020] FFigure 11s asschepratiseepmsentationpdfdhe yaepbs 6kl §/pes in the central
honogeneous and devel opnental ly synchroni zed

pnptvbas isgstent (THE) ehagReRFEHISYd&vdls |
[022] Fi gure ls)a phase- Co(nl%br/ast p‘ﬁgggﬁ)?%ﬁéﬂf ghd cell

h sqws and devel opnental |y synchroni zed
popul ation of human ol i godendrocyte precursor cells.

0201 el oS R PO Al b e

I rsor nmunocytochemcally stained wth
&3 waa%ﬁmyaﬁferon@@daq&nw @hrahpligods uireeyis mraussor
ant anti body. [024] Figures 5A-5C are photographs
ofel l§| i godendrocytes. Figures 5A and 5B are

phase- contrast photographs of rat and human
[022] quggtﬁja nela phpsessontresppootoyedph of &hguogehEosdhans a
human ol i godendrocyte in phase contrast and the sane

odie\@wmndmadyB?ndﬁr@hiz@dsﬂ%m%n%ﬁﬁhrﬁdﬁbﬁ éiﬁx%@ﬁe precursor
anti-01 anti body and FITC- conjugated anti -

agglisbody .

[023] Figure 4 shows phase-contrast photographs and fluorescent images of
0O4(+)01(+) 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



[025] Figures 6A and 6B are photographs of rat
ol i godendrocyte precursor cells differentiated into
type 2 astrocytes. Figure 6A is a phase-contrast 8

ppﬁg%cen {he tgéetzyé%?ﬁaﬁxés t@%l?§ ﬂa\%fﬁ@rgsc%%t ||rﬁa§e of
reSS| on of the glial fibrillary acidic protein
pme Gefis gpownd pmression of H?%g%aiélbaﬂwmwl@pr@elm (SFAP).
Eat ar ose from04(+)OL(+) oligodendrocyte precursor
[026] o Ejguges Fhollp @ry Rhetaghaphs giealls-thatancas fronp (e HpY of

04(+)OL(+) oligodendrocyte precursor cells and a
f pligrdanssacyte ipnegsarf calise Riglies7 & shbws taashadiet dbntrast
Cy3-conjugated anti-GFAP. Figure 7B shows

ppbstgeat Dﬁ@t‘r(ﬂgnge)gtﬁI@@H&nﬁf&ﬂd@?@uﬁor@‘elIg%?a)aoﬂ&oréscent

cells that had ifferentiated trom 04(+)

PIaYE BPthectalisooniitded LATEGLED Hypg%gﬁ Oégég;e,f,gg%e't

contacted with Cy3-conjugat'ed

bQﬁé\ﬁ%@Q??%ntr%@%h%f@ éﬁﬁg@%t 3 fﬁ%ﬁ-?aiéﬁpglﬁsﬁt{hjt had
SR BREe e BBk rositset spis larstiucreseant images of
fl.uorescent imges of the cells contacted with

%E‘j Gogadad awith Cod-coniugaiey apti€d4 abtivadynfigfabettom panel)
and 3 conj ugated anti-Ol anti body (right bottom

paneé Oy 3-¢qrglug3iedln§+®1mantlboqqhasﬁﬁtboﬁbfrﬁsénaf;hﬂ Qe shows
of type 2 astrocytes that arose from dedifferentiated

Opifagedtgntragtmbotographs @bp panaly of d4( L)m?-z%%né tHe{T%% of

the type 2 astrocytes contacted with conj ugat ed

agé diffefelatdddRdh GL@YOea) %f"&aﬁfs@rr cﬁelﬁhgﬁﬁ’%@%ﬁem imdles of

ol i godendr ocyte precursor

B DI A A bt e
%‘P(ie contn:j%tém égf Q:F%‘y }QZ‘PEPWP S ?@Qb'%e-(ﬁ) shows
AT S A b s gt
dedifferentiated O4(-)O1(-) precursor cells, and a fluorescent image of the
type 2 astrocytes contacted with Cy3-conjugated anti-GFAP.

[027] 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



stained with FITC conjugated anti-neurofil anment 200kD
anti body that detects neurons; and Figure 8Cis a
fluorescent inmage of the same cells 9

[ C chem.cal | y_.stained with Cy3-conjugated
PR ERE B staifif wi CYYsonibiaiestonies | artbadytm
DSSEZRI PT.I ON %C{ THE | NVENTI ON [ 028] Ml tipotenti al
nSGIFE RIoRdendPcYesm cel I's (NSC) are believed to give
rise to all the cells of the central nervous system
(CNS). These cells are broadly classified as either
neurons or glial cells. Gial cells are further

subdi vi dedDEgﬁA&E[hBE&Q@lFE'SO&hGFoTHEQNMMQN es. The
sequenti al expression of devel opnental markers,

[028]; dluitipatestialyeuogrithelialdteretdlisyNST)fare a0 8¥e rise to all
divide the lineages into distinct phenotypic stages.

Thiee celld of tas@eatrabnereuasysier? @NSRY ThES Eelis are brgadly
proliferative capacities, mgratory abilities, an8

|
deRizBified @M Helfons By dﬂféf btelg%- gﬁ%lgdglgn e glhe}lﬂy& ﬁ%ﬂ&ded into

schematic representation o

c [ : | markers and cell

mac RSB oA GIBNIARBL AT T el e e fention et 1 n

ail_below [029 stin. Nestin is a protein

8678 Bbfnta) HarkPts, iR Baa Baphioterll sposiie pntbediis, divide

STEI}S%s%ﬁ and .t herefore distinguishes them from ot her
Slinfagesriaierqdigingg pheselysic stages Mibacells arbalsplohadsdiérized

et al., Cell 60:585-595, 1990). Nestin is also

eRptheis pelifsrative aapamitizsnsigratoryl abilitidst und dringkic lcR¥9dSs in
of nestin have been observed on proliferating

omogpiiengdy.oEiguee Arsheavs 4 etisemBtié rdpreseritatich br tREGEERSt cell
down-regul ated in differentiated ol i godendrocytes

( fypb@hetadibrized)by ddGIbAFehtal %rﬁg%é‘&?celﬂgﬁg%lwéﬁ Obome of

A2B5. The antigen recogni zed by nonocl ona

Ak3a rﬁﬁk%ﬁé&tgﬁr diBcdseddh 'morjggﬁg?ii?g{el% 3-4917, 1979) is

expressed on neurons an ells
[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] A2BS. 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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in vivo and is used in oligodendrocyte cultures to
follow the maturation of 10 ol i godendrocyte
progenitors. A2B5 anti gen becones downregul ated as the

Utk A v o
o st B o

turation. Wien a cell binds with the npnocl onal
[031] 34 Eﬁ@w@a?cl%%l aniibody Q4 Samaner etial. olew Bio BB 1327, 1981)

[032]

[033]

[034]

cell does not bind with the nonocl onal anti body, the
deprksi & spegific Prealigddeaqropyie Biage of eligfdendeod/de ratlation.
is discussed in nore detail below [032] dycolipids.
TWeee acd Isinds Withcthe Iniemd dighial aintiBo®) OU0 de 85191 oRSidRnsH
myelin, such as gal actosyl ceram des (Gal O

gcgﬁ{?pww 8 Iep T R0t BiH wﬁHkrgé;g@gggwgﬁ@my .itr%eéeu is

atides). Gal actosyl ceram

SHREREOAD R AR DR OL o o BrRe i pace il

o[ﬂas\’f\)e surface of mature ol i godendrocytes in culture
YN vivo (Pfeiffer et al., Trends Cell Biol

3.191-197, _1993; Raff et al., Brain Res 174:283-308,
m-cTéﬁ esare spgcificplygalipigslin pligodgndrotges)andmmygelin,
main anti body used to identify gal actocerebrosides is
GLchSsngalactesylaeramibes (8als) (g8Bickicbraddside8Band Thus,
cells expressing Gal C are often designated 01(+).

[0dBhalBatuylyicesamialeB{8ulfatites).t Galadibsy/Itsrahii@dd dnd
expressed on ol i godendrocyte progenitors and GD3

esUogaRictisy et APRRA! Sre &arly MBarksl i
o Devel oprent 113 106 -16680,Si 3gg‘i§§@?§nn&§%g?br%%30r

o118k rex i Bk Bk E{éréf %B%aﬁﬂelolﬁﬁgéggﬁdroégﬁ%g ifRulture

i mmat ure neur oect oder na subpopulatons

A VLR EY. PRagt SUERETR TR deBpORatRt af cBrain

HOE A PR083Pe F09bY 230 ol CBIaiS Rab 3T £54 5354, 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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adhesi on nol ecul e, PSA-NCAM is thought to be
i mportant for regulation and maintenance of neural
structural changes, such as m gration, axonal growh,

oy S T BRI El Pl s 1. ‘ﬁﬁoﬁeﬂ%ea%%qéﬁé%é ‘230, 2000)
Eﬁﬁﬁa oh o1 S%?‘Z@S&@%ﬁ A R —

enltors arise (Hardy et at.
O| I Eeﬁ‘@ﬁnd Q[ﬁ% Simfrom'g‘yiﬂ'Ch@ligﬁépadrosvteabrogedttors arise
rosci Res 41 540- 545, 1995). [035] Melin basic
%@w@ te

WBPpvaleamenst &br PPl e GBOot 8B h; GRREDan &4, i Neurosci
proteins, which conprise 30% wei ght of nyelin, are

sﬁ@éﬂﬁ@%ﬁﬁ@.o?ﬁﬂﬁs of nyelin and oli godendrocyt es.
The maj or CNS nyelin proteins MBP and PLP are | ow

[035] nielyelinbasic

Wvelinbasiowroteht (WBP) 8horotedisianebiel i 510 4ufe i 03foRdins,

the total nyelin proteltns LP ar |

o oo LR B o e} %fz I%‘f%ﬁ?mgrg?tg of myslin and
POROBERASAR | THE RS it ototsin BIETS pad R msertow

readily identified in tissue _
2@8? @%%%hto%r)%ﬁsegn% 16y2bayBGRenf tedotamiyedh
techni qu SI n anti - GFAP anti bodi es. Two different
tRfBE%”%f f}doBlny@ﬁe specifio ovarkers eharadteridigendture
astrocyt es (TlAs) have a fi brobl ast-1i ke norphol ogy,
rﬁ@pﬂﬁadmesn culture, especially in response to
epi dermal grow h factor (EGF), and do not bind to A2B5

[036] aﬁiﬁal ibdifary Botic 5rotemt(emmeSA§t?f8c’§§és 6&%5?5&“1}1%%%%9@5

[037]

or ollgodendrocytes I n nor phol ogy,

ifitdmeeecBalled Gifbl Gildnterts, whRH b %%f&rﬁeﬁ%?%%gggd@pg

Type 2 astrocytes appear to deve rom e

regey E@h%aﬁﬁ instiss\’)’F s%?tléﬁur O%gﬁfr%%'o{%éﬁgoot " 1983) .
Tﬁﬁwﬁﬁ%n&t%&?@mcal 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 réspo'nse
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 antibody. 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.

A number of features distinguish oligodendrocytes from astrocytes. In

particular, oligodendrocytes are smaller in size, have greater density of both
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of astrocytes do not convert fromone type to the
other in culture. 1d. [037] A nunber of features
di stingui sh oligodendrocytes fromastrocytes. In

smaller in size,

S?{a; ﬁ&'?é’?ﬁ‘sﬁ‘{/g‘gﬁg@%{'o TR %S?t%ﬁﬁ%(ﬂhﬂlsmad me:ogen

rmsdla filanments (fibrils) and glycogen in
+ Rhel DUHIART Srhhaves o dtgs AugbonoimrolobUS (raueied
(revi evved in Peters et al., The Fine Structure of the
I\Bﬁﬁfﬁ &t 8lysTharfinenSiruetureof thedVetveus Sypteon:t tHEINGBFSand the
Oxford, UK Oxford Univ. Press, 1991). An

oSupakingr@alist ©xfomrl Um\wxm@mwslﬁréé@rm@nzem d;ﬁ@%deﬂérocyte
processes, each of which contacts and repea

emeg! m@&nénﬁbélﬁﬂéi*bﬁénﬁéﬁé‘ iy 6£F§é§%§e8§&%¥ \gpmh (gpntacts and

condensation of th mul t i s i'ral nmenbrane

nment s
B“S?"gﬁ‘bd'ﬂawﬁ%?%%?t% PR st con o
Ranvi er (Bunge et a
P o R S50
197- 2 O 1968 038] Before their final mat'urat_l on
ﬁgﬁ%" '?Qoﬁor# ﬁ@le@gp igodendrgeitesdansegiary nyelin unit
t hr ough nany stages of devel opnent defined by the
deprisiepneaia 993% pf Ranviegl(Busge Bhak, J. &edBiol, Sl 2044B-459,
response to distinct growmh factors. The best defi ned

ol 9ag dmgeo iy siopRee 4BSO7-2 €0, 1968)f he A2B5(+) 04(-)
ol i%dendrocyte type 2 astrocyte (O 2A) progenitor

atioRlih b 9
Sl o AR i o

2 44 - 454, }%g‘%e)s ﬁ&‘ég%’r"%rogé‘ﬁ"fe{@?d@ﬁﬁ% eXBFeéspéb%‘fJ?P@C'fC
Qufelldélfrfa%%erg%ﬁ%tg:%r&c; Fes\sﬂotn%gttlon (%IHFLQI%V?E} g%ctgfsyt'leﬁe gggt
BB Geea ey siRsaeuer 6l ohe AR beliantensiocyte

e induced to undergo self-renewal, or
g% Efaét@w@do -24) pragenitoncehENpble ot at eGlis 1§r228-230, 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. For instance, 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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. . ¢
factors. For instance, growh in the presence of
platel et-derived growth factor (PDGF) is associated
with both self-renewal and the generation of

j ( rdgson et al., Cell 53:309-319,
1hBBRER8 Y b PEGK 3 %ag@gebswammm?mﬁﬁte
’ . 560-562, 1988), while growth in
Slrs iELHJ]%tsg :95" 33%Sﬁﬁﬁ%¢wabw?weumiﬁemmﬁon dBoglePet al., PNAS
factor (bFEGF) stinulates continuous self-renewal
Wi %ﬁ%?tﬁ&@?’?%é'ﬁ@ﬁb-i bliotaily, (VBuzi ©x2&bragenitoPdafs are cultured in a
87:6368-6372, 1990). Notably, when 0-2A progenitor

c SedjurireontainingriGF msahe GRR ggg%??g&\g@] Igggg gﬁﬁg&,ht%e O-

only exogenous growth factor ad

uBdecalils updergy prreanaith@@ﬁb@iwne%)@eeéﬁﬁgﬁ{ggagi%bgt/&.o gAY

0-2A progenitor cells may al so e on ireated
d' - - 3 -
W 1100 Rt el afho UEsteBRte Bty WG ipe sstrocytes

200, _ _ hol ogi cal |y, 0-2A
STy Bl T ) SEA i o oo

extensions). As 0-2A progenitor cells mature,
fﬁ%éél}lbgrzone mul ti p%)l ar, less notile, but are still
pfoliferative cells which react with the nonoclonal
[039] Mermanigoieally. ehes pregenitarsiare goerally bigstaraving two major
devel opnental stage, pre-GlC These post-0-2A but

eytensioh ' I [
g‘zelé:lgln A2B5( +)832)(A§c0)ﬁ4\ ;’mcd?rgf Bg?ﬁgngﬁgét ﬁ% bt\égbmen al

. ) : _ i i i ndrocyt e
SETMENE S N e e
t r fogakact: rmds%.Gal ; | C
R GRa B609 104 mﬁaééf%kiﬁf%%?grgg 'eggﬁjﬁpemeata' stage,
[ r4.5t | ofy, one _or. two , ,
g‘f}?g@;ﬁ'gﬁdm‘%ﬁc%@g%\% &) %LE)} Wqufgf’ﬂ%”ﬁeﬁﬂpaqeé'_é hexpressi on
'JQ”@ ﬂ% as .t he mf_elln basi c protein
BB P AER 3 BB aicele L onsetiot esmin
synthesis of the nyelin nenbrane. Although nost
&f#eren lation, i.e., the immature oligodendrocyte stage, is identified by the
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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studi es of 0-2A progenitors and their nore
di fferentiated ol i godendrocyte precursor cells have
been isolated and studied fromrodents, bipolar 0-2A

' Q4(+) cells, and mature 01(+)
[O4O]gM%%Hgﬁ%ﬁtb}cﬂ%’he%%@égé’q‘ﬁ% gRUrsQE Rells have beemideaified. A
f . brain (Ri vkir] et at.. Ann Neurol 38:92-101,
13{‘9‘2‘3@"‘153 P{%éﬂf-ow btered glinl restrigied pErdugserdGRR)yasbeen
precursor cells have been identified. A tripotential
pa@i@reg drore the ratepingd cerd and hes beeo feuhdteeditfeshom(168P)
has been isolated fromthe rat spinal cord and has

béivtentiah®-24 piberitorfoetisRhe et bi. PPNAE 9539682001, 1998: Rao
progenitor cells (Rao et al., PNAS 95:3996- 4001, 15%%;

Rebal. ebewaBial 186w &63)] 1988; @(ES%BZ(%—?%; enitol KE1CPERPs are

progenitor cells, GRPs are noreactive

C ARBS (A ithnatforeBaEcdiR LHdf éﬁgﬁiﬁég%fgwg&%ptﬁg Ergé]{%lguronal

precur sor ceILs or neuron?. | << e odonr oyt es
r
PR els et ngﬁ*c&isﬁ@@ékeﬁé-ﬁw&%ﬁ%%r%gs?zmpm)
: over,
?Q@fleg%’ﬁ%ei‘“% ' B@@%gﬁ%&wﬁsﬁ%ﬁ;ﬂa typiesof astradytesOtype 1
ﬁé{ §5§ &ilit of GRP cells to respond to PDGF
yi@%') q‘tﬁ aand biRe 2 (A2BH tHEFAB( ) alMategsen freghiywédiated
in_a nmedium contai ni ng bFG- and PDG~. Mor phol ogi cal l y,

cRRRseqresnieeponsiveytd RDGH, uplike0aA ddlishaher fHRGLE BRP cells
been denonstrated that GRP cells may - give rise to

Cloaspond) & PDGF eedyl Ise wbeuired!, HoWevBr tdHrRECSEN BS}ié’Bf growth
PDG- and thyroid hornone (TH) (Gregori et at.,
A G e g e
e S Bpoflolede R Bel oo Efeh 1 % ke may
9818 A b 8 e R 38 St o ¥ anc
(hyfia RSAERS (1) Bregort et al.Nd Newrasci 03:248-256, 2002) and may

therefore constitute the earliest identified glial restricted cell.

[041] 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
1:568-570, 1996). Oligospheres were originally isolatgd from rat neonatal
brains (Avellana-Adalid et al., J Neurosci Res 1:5568-570, 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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1: 558-570, 1996). A igospheres were originally _
i soI ated fromrat neonatal brains (Avellana-Adalid et
, J Neurosci Res 1:558-570, 1.996) but have

ONGFEIIE] Bk B3 508 e AU Lo ot S0 o
P%%ﬁ%@%}?*é*%’%g “iffépbel < 8 hrobsed Reo by,

| g Ee Biol 214:113-127, 1999; Liu et
NHSSO.@RM@‘ gnd gftagt @P@& Uﬁenayﬁerfatl@qrgebgmf@ge@gener@te
|n culture and may be gat ed as floating spheres
of 'Qqﬂﬂmdmféfteﬁan@taétm@ﬁeml OAitgougihtheasharmyypeeof these

i nduced to differentiate by dissociation and

asstaotyienhavéponbetri Eleareptarizetiptheyalre qwesnhﬁé@ﬁa be type 1
generate oligodendrocytes and astrocytes. .

Abstrosyebs (e ethen @am0: 0051as QOO@FtTrQS{:Y'tr% st]%éstg%at
been characteri zed, t hey are pr esuned type

aSJORPRERSs ARED)-SA pfi‘%%gem llé%grelgéi &%]?AgOOO) . Thus,

this suggest s that er 85 and pr ogenl tor

o1 SN R Al B Al 2 e
1 t th | and
n@pafegtcgé 230 R cnamoRal SnoLaLBIsoIRATV RS Sosmes of
cells, which then may give rise to neurons,
oNPWeRRieRlist stans calie which tisn mey givaidesio ek s
transglanted into traumatically injured spinal cord

deocytes and astractes.amdetdEEScadilstrarsplatitad thi@nd
differentiated into astrocytes, oligodendrocytes and

neawroaticalyNhjdeedkpinatl cérd. deristrRed/Bht t@n%é%técﬂﬁ% rcells

1999). Others have isolated oligospheres fromE

C@lrbﬁlea%dtdlﬁéfe?ﬁléﬂioqﬂt& Qﬁr&ég&&é’%ﬂ 85&34rbB Qstal?@ neurons

spinal cords of rrye i n-defi Ci erit tant

TSI 8 SRR 5 TSI T SO
(ﬁ{q&)?gheres f‘roml\f-l-_ASScele g%g ?ragéglénte%ot%e ohgosgﬁe\:/rgg mtch)Stﬁe 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.

[043] 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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[044] f Ritelet-0 B ardWBfadtas(HDER).| POUE hhle

[045]

ti ssue has increasingly becone controversi al . [ 043]
A i godendrocyte devel opment from ol i godendrocyte
precursors is a highly regul _atedl and still a
i : ' ' LN Vi ng vari -
ORI et PR SRR RSBy ol otal, o con
.} .St | f.ferenti at info
oS5 Fra2a el rlBRedta, éa;ﬁ@df?@tho@msa Braaf, 4996;
f diff jate into oligodendrocytes or
SeP A S LT o Ml P iz,
factors and transcription factors. A nunber of
mePREu These ingluds, dul ere poilirdibed:th, ipigtelet-dativéd griwih fasdr
invitro are reviewed in Collarini et al., J Cell Sci
( BRPOIF), bidsid EGFLEGH)IMbuliMike growthehch | (IGH-Bl Reurotrophin-3
Pat hol 6:313-329, 1996; Lee et al., dia 30: 105-121,
2000;3) Bglisrarowigtiastor (GBFY& ﬁurgﬁt‘élgﬁgégﬁg&'r%?otmgﬂg%actor

These i nclude, but are not m

KT e B o g AP b1
GHRHARAE Gt Kook asi (T D Me crpBreastmes, oncogene-

interl ukd')n-6(IL-_6), transfornmng growth factor '

( fr’ﬁ?.%)a, gF{ ) andr{grigistheymenese SoTR) of these aoe disscissed in more
(RA), cAWP, growt h-regul ated oncogene- al pha (GRO a)
afletaildslams hor nones. Sone of these are discussed in

nore detail below [044] Pl atelet-derived growh

Fﬁljé’éhtified as an
i mportant growth factor Tor both the proliferation o

S SR er R B AT s,
i ' li.kel n i rtan
PR iean ] G AN B e ro #ﬁ%ﬁﬁ%fedé%im?at by
[ . | et ence, 0
R bR P R i PR S R g
vel opment 126:457-467, 1999). However, PDG- receptor
afprRopBerizas 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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[046]

a) has not been observed in the nultipotenti al
neuroepithelial cells nor in freshly isolated GRP
cells (Rao et al., PNAS 95:3996-4001, 1998). Thus,

Chevea BN (bl B ERR by SEREralad bllsisesocyies
ol PP ale 05} e 1 B3 i, abeeaes ehAB@R and other

proliferation and notility of O 2A cells (MKinnon et
apnviregmental sigaals sarogeg i’ cellsistep ividing présatiturely and

333: 560-562, 1988; Raff et al., Nature 333:562-565,
19iffereriiathexclusivelytintal oligoGehtim3y R T3HhIe &9 8\%) I;/Ié{ﬂﬁe B§Y.003.

17 serve as a survival factor in vivo for ne

i _Baker t : |
e a8 B e
ePDER HoRhal, GJZQ\nﬁﬂogen%ro&%' c}i\%% l%ﬁli\% %gﬁ{;t%r{?@%erl ot imes

prematurely and differentiate eX

TR A AL Tinihd R BoRin H we Alssategaiiem i sivprdividing
ot BB, e oloRie B apS GRal e, NBGF6R33H02-565,

[ j\nsic timng mechanismin the cells causes themto

S éﬁ{#)di viding and differentiate into oligodendrocytes
(Raff et at., Nature 333:562-565, 1988). [046] Basic
fBagio fibeeblast growtthfattort( bF GEFFERSB2) FEFGY stilb@tes proliferation
stinmulates proliferation of oligodendrocytes

i acsin s et g ARy
D3 1569071 968 Seleto e MEYOQAGIad 840012180 08 Badd 881 et

Besnard et al ., _ urZO_SCI6 180 1988) and

agesP a9 0 0 ot B i Bl O oo
i ' | , ed . proli ,

I BRLALERbAPUoBR BEF 2o ashi 0 {sa) antl aep Stmuates

i tiation into . . . o . L
do'llfgggér?grolc e 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-o, 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
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ol i godendrocytes (MKinnon et at., Ann N Y. Acad Sci
638: 378-386, 1991; MKinnon et al., Gia 7:245-254,
1993; Qan et at., Neuron 18:81-93, 1997). bFG- acts

R SR DGR BB AER o3 o1, ROPISB Abera7, 1990)

L godendr ocyt rogeni tors or preoligodendrocytes
AU T e GHa RIGCHBer cali RevmbACRINGIGed tundorgo sel-
5:603-614, 1990). Indeed, O 2A cells have been shown
t BENAYRl Y e plesaate pEbOGFfancRDGH (Reao ehalo, PNAS 95:3996-4001
ol i godendrocytes when exposed to bFG- alone, but are
nd®98nduced to beconme sel f-renewi ng ol i godendrocyte
precursor cells. O 2A cells are induced to undergo

1

[047] ¢ plelratespkin-SENT-3 £ N is%ﬁn?aég&?%ﬁe h?rvj;alsgr’%%tor family

conbi nati on of bFGF and P er e

praca B A o BaR il fesioo ot ony
RN G008 VSIS B oo Bicara ofiversombinations

(NT-3). NI-3.is a nenber of the nerve growth factor
%rﬁé Nefte 285e411s3 o WetnBlasies giebl Meeren 121936942, 1994),
ol i godendrocyte precursor cells only when added with
hiNgh3 Rispetremetes akigademdrapEs sorvival ti vitroh@arde, Nature 367:371-
conbi nati ons (Barde, Nature 367:371-375, 1994; Barres
e87%l 1994Bares et 21 98/ F4231-4894992), NT- 3 al so pronot es

ol i godendrocyte survival in vitro (Barde, Nature

» . b 203 31
o Gl gplanaBiSan i Br e, T oA o

[049]

i
s s e heRbbHEL el e 2 0R
bt & PR bl PP e et msrance of
Y R S G
Egll.o, ,&'S,“(";g,', 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 1 26:457-467, 1999).
There is also evidence that CNTF may stimulate the production of type 2
astrocytes from O-2A progenitor cells. CNTF, however, is insuffi.cient 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 11 1:635-644,

1990), which has been previously shown to induce type 2 astrocyte
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144: 350- 360, 1997). Studies suggest that CNTF requires
the presence of PDGF in order to stinulate

ol i godendrocyte differentiation (Engel et al., dia
16'#6- 26, 1996; Frutti ger et al., Devel opnent

sthfterentiatipn in1gtso(Raff ehiel., Nature 308:390s306;ViddeNTErriphabt al.
CNTF may stinulate the production of type 2

ad¥atyes 8 63 2R3 4M501986pr ogeni t or cel |'s. CNTF, however,

is insufficient by itself to induce the devel opnent

[050]ofTriogiothy2o@iBETTBY, Pie tHyRSESrmFRETY! 8%apABROG AL Aining the

wWth the extracellular matrix cooperate W

P essliftafi hEH &b f f_fetal calf serum .

( (Eﬁ i é“h'og%bfgl‘pgaﬁﬁégwég’?%?“’%?%%’%sa-%‘ﬂ’&ﬁ asfggtw?’fmg their
i e Lowsly shown tqg_induce type 2

Qﬁﬁsﬁ?ﬁ'%ﬁ& Plfie fidadendiothes (Bpg op RhAt- Bevappmem‘

r ' 390-396, 1983; Tenple et al., Nature
3%62%27%@911@3) [ba(r ¢t 3y, Broy 1801 1n21,(TE®6; Baes et al.,
thyrojd_hormone, T3, is capable of maintaining the
p?%ﬁai 1‘@?’2%352 3)99%)} i godendrocyte precursor cells as
well as stinulating their differentiation into mature

[051] o Grgwiteratrutatet emco Bans-aiphet ( GFROroc)DeGRb)QE@QBitCXfokine that has

120: 1097- 1108, 1994; I barrola et al., De

18B0lbeth sHARPto Baato iof dfd Qs -332, 1997) .
[ 051] & out h-reogul at ggtpcr)ﬂhc%'éagr?eg-dgfbgégd%@@g?,pr%ﬁﬂﬁ-s r cells

or o PR et B R e AT EERe, (eor Coils

( Bahi , B osci 18:10457- 10463, 1998).
[052] [ E%Qél&éi%ﬁéﬂ@_c@%% %W”cmr@w aeid appeantsi regatdtd the
aﬁﬁear fo regulate the differentiation of
ot 1IgEIEIRIPB & Phofandipese presursol ealist{Raitse eabl., DBR\BIo/
Biol _133:437-446, 1993; Noll et al., Devel opnent
1%83:646-466019980My1l ef a5 e \@/opeqt 030:546-860019GAG o
neure ulin . GGF is another growth factor which ' has
[053] bieéial erhwiin factorstG @ lbaheupiceliihf. e /GG RS aRBfhe? YrotthaheRF which
ol i godendrocyte _ '
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 celis into less
differentiated gells has been observed, suggesting that certain cells of the
CNS possess some 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. Cél/ 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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[055]

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

1996). [054] Interestingly, sone reversion of nore
differentiated cells into less differentiated cells

h%s been observed, suggesting that certain cells of

t RECTERs e syaber s matweaaligadendrodytss iexamts (Freasibld et al.
et al. observed that by treating nature

oVi Yederadi. (s 48:2B5VRIR) 1096 : HEFmMA 0 Ho WidgR.
GGF (glial growmh factor) decreasedégf?wlé%l?nb@rgéo%zwgbg’

cErinspar @t @8 si.Mgedrbeci, ABEULE: 458 Vi
(Canolpl g{ aIS. ,rmel\/bl .CIC'(:?IB Igu{il\gljlr%gs‘tﬁ’51‘1988)}965%9\'8&@}93’10""“

changes 1 el PRI B el BrErnionine
changes i'n cel - Fe-SAFC B
DU Rl ool ¥ 50 et toiaohievses homegencos

nés a]I 59 b gn .ﬁhovvn_ to 20 decrease the nunber of
peyetgh Pg eilaeatgtasscalls. diptanver,$omes svidande elggésts that
\&Fg_\’l?:uros%ri.. Res. g}o: 285-293, 1995; Hoffman et at.,
1Mag yigger apop®iic celbdeatpah nmettu@! oligoden Mui
Res. 46: 456-464, 1996). However. all showed e (ur etal,
r évidegiosni. Glesndd dr B1, GIS0GN.d AR St e Sy @%oﬂﬁlﬁaﬂem at fyps-2
0

reversion of oligodendrocyte precursor cells and a

f astreg)t¢ Ocadllibevrevartéd BREERS BEfs ?é\ﬁ@%ﬁ)@i&%ﬁ{p@ology

dedifferentiated cells. Moreover

Stierestcsisti j optotic, cell death

of mature nglaf E}%‘g’gn ro ytd éé&%%ﬁ? S'getce'ﬁ’\fqr,ce"%?}( g5&l..
Res; : ] ) t her st denonstrated that
e 280;troattre?) 20l GaRd B Hieliehabsered gt @401 (-
hayi bi ppl ar r phol ogy. characteristic of perinatal
oﬁ\éﬁg%@ﬁ 8%%9?‘@%6@”%%?“3’0"@%566 Ko titoABBS@t)O4(-) phenotype in
%@i ence 289: 1754-1757, 2000?‘. Gard and Pfeiffer

obS A GRNGNtPBLF+) beweyer, shecavarted piadriatyp@ubdidh®t be
trhg[%_enély {r;}/%rnted to the A2B5(+)04(-) phenotype in
tThainwiagenzethef calD@rickiiorselifésrantibR drie Yies 0

could not be nmaintained, as thel cells qgag-ltpyﬁ )O;SIYé}ﬁ)type,

randi stiartlp thérabiter diffefdmBafiOBA(Y) AlYRASHYRRYtes (Gard et al.,
Dev. Biol. 159:618-630, 1993).

H

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 celis
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.
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and shortly thereafter differentiated into 01(+)
ol i godendrocytes (Gard et al., Dev. Biol. . .
159: 618-630, 1993). [055] Despite the work enbodied in

e various studies, there had been no report of a
[056], Betas

g th %pr@@ﬂﬁlr\\’ﬁﬁ@on reeflunthar desaibead itss to be@nderstood that
phenotypi cally honogeneous popul ation of

- s#ig invention rsonatl linytedietodyantigtilar SmBedingdHts @%lsbﬁbeéf hﬁ‘ﬁs also to

are synchronous in their devel opnental stage ecau

obe tunelerstedd tHlt ¥hd rmizibgy 88 Al b ¥ tPournose.
edihe PYREe %t o

proliferate, abllltytogterm ydlf el(reien ae
W ngﬂfél Q "
ggréwhr oni %?’t%hﬁe eve@gﬁ%&%@% ?E]? IQQﬁgéédo%Efgnggf,
g%ﬁ%ﬂ”ﬂ%%@"‘@ oﬂ“?g%’é rﬂdw%'%ﬁ’&ﬁg’ﬁs}m%’r@nlmﬁrthe appended
pdltlons both in vitro and in vivo, and the
pg 848%t i nvention provi des these cells. 21 [056]

Before the present invention is further described, it
10571 8/

hese peangel of ¥alves is pravidedhitds understoathtHas irt@tvening values
l[imted to particul ar enbodi ments described. It is

afreoeneeMimssed dethin todint/bation. hEhé epgbﬂ@h@méﬁmts of these
herein is for the purpose of describing particular

esthatiérmanges oah indePeAdbRtyBE m&mc?ébdﬁ%é%npeﬁﬁr r%?ééésn %hd are

since the scope of the present I nvention w

ARSIV BIRRARS, oShERad lEe duce

R Vst o arﬁ"ﬁ‘ﬁ%'”&fuqeﬁé%’@ or both of the
k r_ran an | endentl be included in the

s Epngeh Geudiag eitipEor brtbor dessiakidied lmitsane alb

i.nventi,on, subject to any specifically excluded limt
"HCl{JH@ g’iglee'ﬂv?'&tf@b Wiere the stated range includes
ne or both of the Ilimts, ranges excluding either or

[058] blélf\lﬁS@fjeflde; ethenvisedali téhmidas and @ ciaingific tarel gl héretRave

[059]

i nventi on.
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 claifns, the singular

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

dictates otherwise.
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[058] Unless defined otherwi se, all technical and
scientific terms used herein have the same neaning as
commonl y understood by one of ordinary skill in the

. . . . ) h
00012 briohe RS b Obed BHERAEC B Wb o end Hissnssc

[061]

described herein can also be used in the pract i_ce or

t 8redigntss reasdiop cesditions.ranshse fith, eisedan therepéifitatiandand
materials are now described. Al publications

mElAM® weeiichiee enderstend awbeipgrrasdidedidn il indtancesahethenedm
to disclose and descri be the nethods and/or mat er i al s

i fabavbiinkedordingly, uhlesbirdicdtse tOY temttagNheak fnslidad-
[059] It nust be noted that as used heréin and In the

e Lo U I hepeaton o {Ci%?i%%tag%ﬁ?%@f‘gf that
i LS ur er, ni.
oty aebEAThE Rl Pl Broretfil sllinidS b atifpdov te

0 [ ients, reaction conditions, and so forth,
uéreec?elﬁgh%%gﬁ%eci fication and clains are to bg .

upder st ood .as being nodified in all instances by the

¢ Novithstangling that g PHMSEES, rangpe aedinptametard settingiforth the
contrary, the nunerical paranmeters set forth in the

s peads sappeidd theinyvestian st aperoxjipatindsytite nometibaltvalueyset
vary dependi ng upon the desired properties sought to
béortsbindhe epedific examplesearentpbnye abigksciséY @kl possible. Any
Not wi t hst andi ng that the numerical ranges and
pauseFEAINSISE tHowd/ek hbdrehile coH‘Eﬂﬁdcé‘fém Sridhs BP@essarilé/

i nvention are approximtions, the nunerical values set
f ir e 1o r orted as ..
prsuftrlg o ind Bfldard dG RN Rl b POt Feiwer

i %%%ﬁ%%é@t&?m ains certain errors necessarily

resulting fromthe standard deviation found in the

[ [ rements.
[062] Bt %%%B'h\é?eiﬁ? ‘Spthleragtyp?%ﬂ)s/ omogeneous population” and “having a

[063]

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

23



[064]

[065]

[062] As used herein, "phenotypically honpgeneous

popul ation" and "having a synchronized devel oprent al
stage" refer to a popul ation of celgsdexh:bltln? I
sybstantially, the same phenotype and devel opnent a
HEEEaE ind ko SaEabs Boyeh antioer spogGRti e
greater than about 90% of substantially the sane
celigadengrogyte peagsrsaiisellimabe oharactedzed lagthe BBshotype

99. 9% or 100% of substantially the same cells. [063]

" BPBEOOE) O (H:APBRHGIDS0N O] br ARBSEHOAPEEIIRICKDBS, 04,
progenitor cell" are used herein to describe a cel

t bad ONaefaroo stefacdinhdrRerakpraisedn dtPp@tdTRrEA&ive with the
ol i godendrocyte and that has the potential to

dahfigicRed AaBs, DAt Qnd @1i,98%5;é}5i§/%§¥t es. In one

enbodi nent of the 1 nventi ol i godendr ocyt e

PSP A e Y 34PN b el ke
' i i on d t 23
eI R e arPa T N 8 ieldskets PPHIGe B BRG: ner

enbodi nent, the_ oligodendrocyte precursor cell may be
cﬂ%ﬁé?dﬁ@?@dz e@ll. pyor ENpPIE nd HPPROJSNBBES HPPURtPOL- ) ;
A2B5(+)04(+)01(-); or A2B5(+)04(+)OL(+). A2B5, 04,
apipWiENded @fte precisdraets maykee irdynedss idifferehtigtenh@t £i N
reactive with the antibodies A2B5, 04, and 01,

r bamegena@ly/ poplladdn & mdo@éhtd}’ocyféémg@ié‘?érbgeﬁéous pbpulation
synchronicity, in devel opnental stage nmay Dbe

def Siigudendrdiytd PR carsy '&Ell@f’né&jﬁ%gﬁu&@blm Hﬂ‘l%?gnf]tiéée info a

produce a nore dlfferen]E| at €t ) or ~exanp r

[ ; endr ocyt e precur.so
CBfRERECHR, RORIREEB0s opy bl iogsaé??%irscﬁrf\s Wi &

[ i gaodend tes.
SRR RS B Bl Pafthet peBint Baeiiveyienasdiar Sor
cells may induced to differentiate into a

pREFRDI K gﬁ? PORUIBERR GaMPASES gepalopmastialb synchronous

ol i godendrocytes within a
oligodendrocyté 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, cerebelium, 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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different tinme period or into another cellular
phenot ype, such as type 2 astrocyte. If the
popul ati on conpri ses devel opnental |y synchronous
ol ndrocvte precursqr cells, oligodendrocytes or
oG SRR c8eBEF.aHhR e Eeaaris i nan-bwmen primates
deveJognentaI §tage may arise within a simlar tine
pEFHIBES, ¢3ninete TRIRISSI BPYiIBAS dersines cevides,dhgpmormte, lapd the like.
asgnchronous (or unsynchroni zed) oligodendrocyte

[066] p elelrpgereaus, penulgfreritralisydonsprisiyg aligaizndabeyte precursor
varying time periods. [065] Tissues or cells from

waelkshmaly ibgantetaitied dyone apy eeer sfahe 88Likces YesthBed %g@% LAG by
may be obtained may be any fetal, juvenile or adult

neny af thd ethods! kiewiGh Be ah. SPSexahfilL ! @Sr&%tg@gﬁggg%se’ an

cerebel lum spinal cord, cortex, striatuon
f j ; ] | cerul eus, and
et HeiRod By SERAER SRS Bod B Bl Sisruiaricelioi
t invention m so, be obtained from
eﬂ%?’%ﬁ‘?eg}éi?p&%@@' ?tégei/ﬂﬁlaé’gb% PPPE{' ped\feardyt ale Neuraprptocols
be .aht aj ne om 24 any manmal i an speci es, including,
r ggggfgéqﬁgﬁégl Wﬂ% HORYRaRapRingane®od reay beasodified tnelstain

i nes, bovines, porcines, ovines, |agonorphs, and

fel
t AEBP(RO4(]) peegurstrecdiist dagarippasalphpué atsoadesefibegld sell
conpri sing ol igodendrocyte precursor cells nmay be

obulturaedethod forottaivirey adtrddhiel sEuRgRerASsE LEEE,RARYE
and by any of the nethods known 1n the art. For

efePbarthy &4ld £CaH BioNesHY J | thad.
b S e Blo R eB I 0d hoso AR TR the

dgw%é%pg@ng@‘lﬁ_ stages may be obtained (Gard et al.,
Neur oprotocols 2:209-218, 1993). The i munopanni ng

067 . Rl t o _obht aj B5( +) 04(-) ,
1067] TP Bi Y BN phoeies § nith or dhfenind.a seisbenpwice. o
c§“l Ocult]rﬁe met hod for‘ﬁﬁtainigg,astroglial or
P T YEEIPIY FUnogengouspanyiation efiligadengrosytesprecutsor cells
qﬁ%L Bi ol . 85:890-902, 1980). O her nethods known in
t PRVING a synchronized developmental stage. The method comprises culturing
a heterogeneous population of oligodendrocyte precursor cells havingan
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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[068]

[069]

[070]

art may be used. [067] The present invention provides

a nethod for obtaining a self-renew ng,

phenot ypi cal | y honbgeneous popul ati on of

o] i godendr ocyt recursor cells having a_synchronized
d||é1ve % Wgﬂa'g?/ergttgﬁé%ulﬁﬁ?emﬁgﬂ%d“%ﬁ%ﬂp%%F alaing a

het er ogeneous popul ati on of ol i godendrocyte precursor
cANENHaeMET Betweghsahah Pdnhgisl arevabayMemglmls Pagferdbly, the
a medi um conprising an effective anount of.a

f ¢arasbiraten gf 6GfHs htast ab&@). 1ui/il, BnGRIPISNRIHS 5 ng/m
popul ati on of ol igodendrocyte precursor cells having ’

1@ ngloly OB ' bRRdd;
a1 G iy 0Bingél, A6ve)ODIBBIY; hﬂ%?alg%g/ﬁu. Rloéﬁbﬁfog%%.rggﬁtlc?fthe

FGF may a nmenber of the FG- fam |y “sel ected

Znvertiord thOFGF ccﬁ*&enﬂaﬁc’;rp g?('ﬁ%béuTmég gﬁﬁﬁ@?ﬁﬂigg alb)éut 0.1

menbers i nclude FGF2, 4

[ as,. basj ¢, F bFGF). An
LS AolSud i, M SRodBr URig3H, Tog EGR chnecrimtian may
R ' t ha is effective for inducing a
s%@%@@nﬁ %’e%%gjga@ r@g%niwetﬁwg@rﬁmb@wmentstbp s
survival ., self renewal, and/or proliferation of a
c‘%ﬂﬂc?“%ét'%@@p/ henakpid %%Bbabwnfs ndfel. cBtefarablyytie FBF
may conprise FGF at a concentration of between about

eoncgyrationiscabad Gtngdol. Ryefdrablyy t#feeF @Bl ysedtin@he culture
concentration of FG- is at |east about 0.1 ng/m, 1

nmyedium 8.5 Gig/ The sarmgéoicentt@ons ablvhickPomgE
ng/m, 30 ng/m or 40 ng/m . In an enbodi rren?}’ g?g?weay also

| bevasdd when bfeerEEE LQnyrk e edi ur
may be abgnt O.rl nmﬁfﬁ{gﬂﬁ%ﬁ%%bﬁ%gf%ﬁgcﬁ%%@ﬁ ftton
qpbgeipent, the FG- concentration nay be about 1 to

about 10 ng/m. In yet another enbodiment, the FG-

SHRF ORI B RRR o o o oS gprscsan
e S el 87 a 537t i eiatal Asence BploLdabed
rE.}E}())/\/\r?hl fsel(c):tor (PDGF). In a preferred embodiment of the invention, the culture
medium comprises an effective amount of bFGF, in the substantial absenée 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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[071]

[072]

be used when other FG- fam |y nenbers are used in
pl ace of, or in addition to, bFG. [069] In an
enbodi ment of the present invention, the culture

BB AR 38o B AH S ARURY s 8BTS o
B ol DB ST Pt Thont ot

bECGE, in the substantial absence of platelet-derived
gfidherinyestiosy theptodiye meslivm pnay reapase e, eftective amount of
"effective anpunt of FGF" refers to the anmount of FGF

t PlEFianded trace iamound of PRGR thay daes ot tlaveanz#féct on survival,
devel opnental stage and that is sufficient to support

sself farawal andio prelifieratibn. ARSestivenokhd safirl
cell. [070] A "Sﬁbst anti al abselnceyoof P[)%Zirbqﬁbe@g@mtag

t ESmpRSEAR %f@Eti\P%ohﬁt RJilea (Eg hﬁ%t{)@ay@ﬁ%ﬂr% Prodystiop gk

Preferably, there is less t

[ t ' re,preferably, there is |less
tﬁ%ﬁ]@gg nggﬁ U@ﬂ%%mév%ﬁ!%[ n the culture nedium

st reLe(rjab%}/, ftthere is |ess than about 0.001 ng/m
0 RO &, PesRBLINYRNtIPR. the mgthed dercddaining a self-
PDG- ma k?’\eeﬁ, 26 endogenously produced by the cultured
c@negv"%@ QY picai hermoasnesns ®opLiatipDEE ofigodendrecyte
cul ture nmedi um may not be possible. Thus, in an

ehfigsdrans gells baving@ symebranizer developmienhtal stayethacomprise
conprise an effective anount of bFGF and a trace

aomeint mufe BOEindatepd peisr twotulfiag 1B HkéeeEndsus population of
survival, self renewal and/or proliferation.

%él@rdmﬁﬂﬁhgoli%mn%d&@ Fré&ﬁé%éﬁ%)fn HEORRGIGR géﬁplrig;pg an

effective anount of bF hat may stinulate produ

Oéffecﬁﬂg%gﬁéwt%f Efgi]_:hﬁythé Eﬁbgtgn&igf gtgﬁe%%:gl,osfﬁée(g %Qﬁq{g %xample,

one enbodi men e present i nventi _

TR BBl SR ROy R oy e ey
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 célls
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precursor cells having a synchronized devel opnent al
stage may conprise one or nore culturing steps prior
to culturing the heterogeneous popul ation of cells

C risi | i godendrocyte precursor cells in the
rre?’ggﬁd’r%gé‘g%p s aggﬁ/ OMWW& calrdivigionwithe@rphendtiyeic
subst anti al absence of PDGF. For exanpl e,

ASBRYS [ eyegdiing celist dndeeidbgs shewi imineoBrarnpRe below. a
net_hodr(r;ifybelmtlally cultured in a nedi um

c YRR Sialig e PEERCa ntlehetgBicaliv Hoatoyentbes pep@kibn of cells having
factor. Wien the cells are switched to nedi um

cemynciongzedriavelopridreal Sds tadtis ak RS defini
the cells will still genergelgly be h%%?%@ﬁ%’%@%ﬁgmeﬂ””e'y

t ithotith@ifeRinBaie B9 todonab 't%ﬂ RS erong?l\{%] gﬁgﬁ 3:{9?%1:'5% yrhe

asynchronous. [072] The self-Tenew n

h 3 e | i godend t
P TOTIEE BTe AR 38 hBle nsh U BB pledtager more than

0 [ ording to the nethod of the invention may
pgéé;‘ggggoﬂi&oﬁsﬁ{?%g hegginy ngmcﬁdwthﬁgabiﬁb'rdmedisitslpirm:liferate
Far ex?nlpl e, the cells may proliferate, or self-

r BRUE-teN Fultisg Reters tp eitiaringi fonatieasberes yed, e
differentiation and without added PDGF in the nedium

[073] The apgthesexample, essuspthel oligaiahatosytsipfezatdor cells obtained
renewi ng", with regard to the oligodendrocyte

chuy
prrecnmsogereelusstheyehay Betc@plélﬁlé & g?e?l_e?ﬁm %’ﬁ%ﬁ'ﬁ)ﬁ%n‘é%s

capability of continuous ce di Vi1 si on

w1 o eaonmocRep b e 2 SsRiEE, TheroReRehivee
B r Saf G 2R R B Giec R seneidte glinenamoytes
LR BB Lo s mSiiningeitie cal fresrim-free

of .t h resent invention have been continuously
ﬁﬁ{a{j@'w#%?%veemsﬂo_uw &dgleggrowtfutactars, ersiad: imedaim,

reference to the ability of cells to proliferate in

| ORRHENGFligry DpwrotrepbicFactor ¢ONTEH) and/dt tine tyrbigasdrmIMe T3
(g%r’,'S'-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 preferre@ 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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073] As anot her exanpl e, because the oligodendrocyte
Lrechsor cells obtained are hompbgeneous, they nay be
capabl e of generating a honogeneous popul ati on of

[ d tes or type 2 astrocytes. The _
[074]8}4'58)8%%%%%? 8ﬁ9%$%lf%$@6? PEeUrsontelistabtained iy 18 rdYiods of

[075] ¢T he selérenaningrplunotypigaieshegatiddus SHHSRIN

[076]

be induced to generate oligodendrocytes by any nethod
<Hhsip

rgspnt iRkentian arelwmegensousy btpoputdichhs S@@H%Hg Ran be
serumfree nmediumw thout any exogenously adde

pubstantiallytrestsicteat toi nsiaghedifferantia@oM lihes gl Fhhi iaLY o
geur otrophic factor (CNTF) and/or the th rmg Lor%ﬂe

T8ubgtantilly3ill-6ithé BHGSIBHROE bro e Fnis dised. @
prefirredyconcentra i on ra)ﬂgémlas Ao |mﬁ99wlﬁ?qpn can be

apsutiicted 1 8bvaiop YIS %.Iiéﬁé{ e? rgci{ggﬁgé %g%ﬁ-rg fisﬁ@¥§§g; gj\saused

preferred concentrati n rarge Do r ecut sor ol 15

o 3 he . l,godendr ocyt e
ohétéin, g%%%é’tﬂ%’ﬂﬁ%‘{lc%é’ : 'hFF‘cﬂl@eclaflefi _rélézﬂaanzo;?tugrg%pm‘?o, 92%,

e turing the cells in

2%%%?@5{%35% r%’gd)"’n%%h ‘6nP8%pel 0% of tiiBhRyEIendBdEYté
or 10% fetal bovine serum Wien BMP-2 or BWP-4 is
UBTEGIISRT P Bra papdisticr diffeasitizne irtogiee bamehakiurd BI4MHe.
to about 20 ng/m . O her nethods of inducing

ot f:el l's
are known in the art. 28 [074] Al so because t?}e

obligpaeeddicoteyirecorsee ééﬁ@ﬁa\ﬂﬁgltai%gﬁ%?drﬁ%%f ng%%%gﬁmgptaé stage

nmet hods of the present inve a[)et o1y

i ' ubst ant.i o
Faat oy ot MhveRHEH el Ao ?’ggF%ﬁztertﬁtawgﬂl"_f"hq%&&g\/_lahth?{tand
IS l,Or lally al] of the oligodendrocyte
B’?’&ﬁjrt 5 8? ngﬁygﬁ ﬁﬂé\mﬁ)ﬂ@gl%d%ﬁfo@mﬁrﬁ@ aliesationsc t Aslused
q?e\f i| op. I nt .Ioli odendrocytes or type 2 astrocytes. As
useg n ﬁ'@lhe‘f'%," Ity Q93 Bighi dagroe pésunival swsamgreaterghaatiBout
t ut 90% 91% 92% 93% 94% 95% 96% 97%
9@%1 g‘g&a %9%18 % 567,105 %I 9 688U argan VighiRg WTeP freezing
cells in a population differentiate into the sane
Anduhawing. |-Pn3j9@|8 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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[077

—

[078]

[075] The sel f-renew ng, phenotypically honbgeneous

popul ation of oligodendrocyte precursor cells having

a synchroni zed devel opnental stage of the present
ifventhon nag al so be freeze-thawed with high

vi 38 SEITnemae. Rhenriveicallyhemeggasous populatiypiot or

devel opnental alterations. As used herein, high
vPligadendipcytriprechirssin celig hawirgf a symMrMﬂﬂzeH%@i}e%rpgrg%ﬁél stage
than about 60% 70% 80% 90% 95% 96% 97% 0 or

ouvtheiimmErtionynay biso Ha esrEbM of Péhlrch@é\w T .S
may be frozen in a culﬁ?ae mgd?um or ufygle"r]', R@eﬁﬁg%qn may
vbe imaluicet BAco-GIRIRinG AR I intain their .
hormogenei Rgla% as wel llnbagwoygg?réngﬁogﬁ l?sF§r gga}'sor 2ells bFfie invention
olvitig ae (hie Bk ls. The nmediumw || also
e R I ool e R ommbmsivcting nedrons

b The oli godendrocyte precursor cells of
?‘]ﬁ%ﬁgf‘gé‘g’#%;ﬁ{%‘ﬁt FRPRIYMaFRINahEOTds Eertex, stratgm, basal
n];ai t al ned iqq a frozen state, in the culture nmedium
t 8[?3“?'”%?@? MPFPRIEN3 (9D taausi earulalus earnd: hgpotBamils, or
factors, such as bFG-. The skilled artisan wl]l

UIEPRS abiginaskiromithe meciphérafl meevduscsyRtd et mﬁd‘ﬁi i
the art will produce an acceptable level of via ?']Jr:atnﬁfrom
ftoe donsal cedti ganglion iBRB)esent i nvention as wel | 29
[077] The sel f-renew ng, phenotypically honbgeneous

PEseltramewiho, SHor@RARSAINARIMEOMRESI S GRYL 55 havi ng

a synchroni zed devel opnental stTage ention

[ [ i.n. | i nati
o e S BTG A RE gt e VelpBprial stage

- .1 he. |, ti ith
L s Al gl dfiFriPY B iee & aibatmiapoetsame
 f t hi r ebel | i nal
E5BRRs ol TeelppHieAl el hupoepprssant insattian aiso relates
sencephal on, |ocus cerul eus, and hypot hal anus, or
Hg@rfaﬁgmétﬂféﬂﬁ@tﬁlmmgm seerepemindeutanotgsivallyshEHE§EBous

i ncl udi ng neurons from

population of oligodendrocyte precursor celis 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 ébout 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/ml,

10 ng/ml, 15 ng/ml, 25 ng/ml, 30 ng/mil 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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[079]

[080]

[081]

the dorsal root ganglion (DRG. [078] The
sel f-renewi ng, phenotypically honbgeneous popul ati on
of ol igodendrocyte precursor cells having a

ize Ve | st al so be
SR PRIG B ARRERP FiaBafi T 251 Stidemn, dne fGF
the sanme. phenotypi c and devel opnmental state. Thus,
tHrACHRER 'sia&\%%?iwﬁmwgefqrapm the FEE usedsntibel cafture
mai ntai ning a sel f-renewi ng, phenotypically
HBRDYEhE ATESF pdpasameeonsientiatigos ehdhixtybRGETie GEES PFay also
cells having a synchroni zed devel opnental stage in
e sackwham ethestF@R farilpmieseisers Wré WisbASn BlacRBTOEASHHion
popul ati on of oligodendrocyte precursor cells having a
49 nlfGBNni zed devel opnental stage in a medi um
conprising an effective anount of a FG-. The culture

MY s BBYIn ¢EMIIH 880 fer][F@g, ntgtaaglgtﬁﬂgleﬂéﬁiﬁ{a%e%%a%g an

bet ween about 0.1 ng ut

{%gégé@é%gé;ﬁgcu@;ﬂg%m ’raa tgi_egglﬁg;r}gl?\%:@i %gqahtrﬁr{o?ﬁpiéﬁlly earlier

m,- 15 na/m, 2 .. 30 ng/m or 40 ng/m. In an
%%Sd":ﬁéﬁf(a%'lp%r?@ R?ﬁ%%%ﬂpk%bpmnrwmeémmbeon in
t emgulture medi urr&r%%/{ be about 0.1 ng/m to about 40
differentiatad #itp @n @O W Here@Rsopoet rinkat iy, in turn
may be about 1 to about 10 ng/m . In yet another
detrindifferantiatet dnteGh Ge2A ke el tiadtiers HBYpHRCRRRUL 2. 5
to about 7.5 ng/m. Preferably, the FG- concentration
iA2B{6)D4(5). MHeTh2BB ¥ |
cul ture (ﬁ)edi umis Lﬁgq?ﬁecfgﬁgcgg\%@%&a [ o‘%gg%?ble of
\WifferBnidtid ih® 0. n other  F
fflalm'lg m@g‘c;ers,é’“f?r:égjeﬁ?eb |e% %Ta;@g%?,gs%&&tﬁs’dﬂayw rbe
4Rdi ; 79l _The, inventipn al so relates to
e fRa e o AR aPdieo i Sl g i have the
%g)ﬁiﬁl}’fgfcﬂffer%%latet ﬁtoaoﬁg?ovd%ngpggﬁéglt{/ge ?rasl’?rgggt%ts?/g nd %Il;leyz

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/m.

When A2B5(+)04(+)O1(+) precursor cells are dédifferentiated 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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state. For exanple, an A2B5(+)04(+)OL(+) precursor

cell may be dedifferentiated into an .

A2B5(+) 04(+)OL(-) precursor cell, and it may, in turn,

be dedrfferentrated into an O-2A-1ike cell that has

t RROWHeMH M e abatehl) ny/mal( VY heriNT-A2BBcik)d®d( the concentration of
precursor cell, which may be capabl e of
dNﬂ-f:iErSd)TBf%abIM@bDutﬂ)l‘lnggmmqﬁyﬁgﬁml and type 2
astrocytes, may further be dedifferentiated into a

[082] gWirein- AZB5(r-) 0440 ﬁwmgoﬂ édie ér@'dedrﬁ@?éﬁﬁb&@@li’ntaave

the ability to differentiate into oligodendrocytes,

T hod
ol SR o A0, EPRS: Songh oc€§¥94t§%sca%§%r@ &g
LereoRE kR AR Ehomu sho0h Ralal o7 q?wabfypfgéﬁg gad NT-3

| ud

%%‘#%'ﬁéer?trt% g"r”wt%reo@im“ﬁh%r?%grngregﬁénﬁdé’@mrs
[ 080] When AZBSéF) 04(+)OL(+) precursor cells are
deRNentption PRbEEF ineefe abpou.4)rglf jo pbaettGsng/ml. When
cells, bFGF alone is used, preferably at a
chifceistinelutien the caboentratioh ofgiT3 rs@rarmm?/é@ougr Mg/ml to
[081] When A2B5(+)04(+)01(+) precursor cells are

dembutf@regitl.at ed into A2B5(+) 04(-) OL(-) precursor
cells, bFGF is used at a concentrati on of about

[083] MDharndifo BBt ifPermnt ’caBéSife\em‘g%%%éE ﬁor%n% @rgedodrs

[084]

I\IT3 in the growth medi um bI 3
é’ﬁlﬁre ra abou

ng/ to gﬁbdé%{lﬁ%%nﬁ;tﬁ H&{Q%S/% ﬁ)@c ¥Or G8 T?ﬂﬂ% a
C ration o ferably about 1 ng to
@%SQ‘%Q?%E/QHPUWWTB’W@HQ%&@@% recussot cells pavivares or
cells are dedifferentiated into A2B5(+)04(-)
?yérs Fatreccesyalorpenia!l glagranan Petssiltusrstin pmediumisioyptsing

concentration of about 1 ng/m to about 50 ng/m .
patéqs@s;témeyof the Gactarsiabovezhabpromaoteb dediffarentidtiong g h
medi um When bFGF is included, 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.
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(+)04(-) 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

32



[085] |

[086]

concentration of bFG- is preferably about 0.1 ng/nl to
about 40 ng/m . Wien NT-3 is included, the _
concentration of NT-3 is preferably about 1 ng/nl to
abaut 10 ng/nl, [083] The method of the invention is
cg%gﬁf’@yt&?- MOEEIRE" Banb g dedifiesentiaed biigodsndbeyte
dedi fferenti at ed ol i godendrocyte precursor cells.

TRIRSUrsQr Cﬁﬁ@6Q’@qi@tﬁastiqmmb/&esmnd)ﬁiﬁ@kérﬁ?gsybw fa%t?rs than

precursor cells having a synchronized opnent a

. , b | east
sthede-2fapreaversaricelir Edr eRam l@?@hé’@-gﬁl:?%b&‘sagcé“ is' getigrally
one of t%e factors above tﬁat pr onot es Y

dierebvid & bal it®Bond Re tion of ..
dedt f forontrated o S‘E%%’nqg‘%’?§{b§f§f“e§“ﬁ§%§ :ﬁi ? 5 Sngzd
T SO Taftot (GRYES b b8 atthaivive & iocuivsr 1 Tieng at

di ff tiation.
| %%ﬁ?el%ﬁgat{?@gélﬁﬁgégﬁg |C§{egg’? t%&?@@ggﬂheb%;ﬁgvémm mayrespond
[: I f. the inyention may or may not possess simlar
ptgo%\gPtqy&e’}% atingyPerdasipayitehaub may matrresgamdteCNTIENE

differentiated ol i godendrocyte precursor cell of the

Rkgasiendagcybe prashiesrtogiis oatheyinsemidrafurirer B8t 2 method
pr ecur sor ?glgpl, whi ch has the phenotype A2B5(+) 01?(-

s credsiimp farcompouimds aghich MFESAKE biolbBRal function an
dedi fferrggr?ti ated oligodendrocyte pre@ursor cerp gray

ey e Dot Sep SR BB e el
SHTARUCPRILES U8 108 e PHISH, il Tt Bherion i
AT L L —
iy B Vo s i mater
(@ﬁﬁc"ibon@ ag@)ﬁg}aé@qtﬁgsttwethe odigodendroegte proeursor 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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dedi fferentiated ol i godendrocytes precursor cell of
the invention may respond to BMP by generating type 2
astrocytes, but may not respond to CNTF. [085] The

ol i godendrocyte precursor cells of the invention

f 8PEPRAY. B jaa @mbedimantofithe peisestineentiog themaRR RS
whi ch affect the biological function and

dpfasentinyeationis issoal ©® satedt fr@BRUPRK APk SFHESAelination.
cells. The nmethod conprises contacting the

[087] oApgnidenslr rovice RFGHIN S siels oﬁ@ylgﬁﬁ%@ﬁktg{ 801s"h&y be

[088]

a test conpound, and detecting t a

; /or in the
Cul TErERS AP R iy T Bher b Saations ot v
: i sti | i rocyte

oeGre Sl 8 rBIA Bk Sel<ithiomer onoimage b, e myeir

: i ati - | i godend tes or astrocytes,
o e S5 bt e o bty b
ﬁggrolifeyation speed, «cell mgration, viability,
S

taTa phmaeverpdies i dinect rdaneageetcothephpélfi B8as 2 secondary
dedi fferentiation, or cell norphol ogy. O her

chvaEni @ser lestitof damagal teaxbas et Ralrefls APriflRP 868nts include
[086] A test compound may be any chem cal, protein,

pregurodegenerbtaefiskdses Slich @§%Lﬁiii e%%ie%éi%s%pﬁhﬁgy

The test conmpound may be natura _y-o;:]currltngl:Or

i [ i e art.

o gﬁn%ﬁ@iglegggtmsbdggn%%%@ @%‘g@s’f@ g@ﬁ&ﬁﬂﬁtﬁhgﬁpi ch

Wy Liter . hor nmpn or o

TR, BRRS S P Bl R oarcerhajoraton asetra
3.antibody. |n an. enbodi ment of the present

ﬂﬂ@'ﬁ‘?i%ﬁ?“@é'%‘%%'% toriee myedineteatiing (as deséribed below

l*sed to screen for_ conmpounds which affect nyelination.

['8

BYFCONSGRY §VeME) Shcentae epants nciudk a8 gredtwalriedf of lesions to
n%el?n producing cells may be wuseful for a variety of
tt

8reXpesior oeplansazesed Dygegskal pneyaomsk bR er 8hinkheord,
nervoﬁs systgm that result fromthe deterioration of,

dschsmiagliseasest halighaht 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 diseéses/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 bfbmide); and iatrogenic prbcesses such as drug
interact_ions, 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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sheat hi ng generated by nyelin producing cells are
numerous. Myelin may be lost as a primary event due
to direct damage to the nyelin or as a secondary
event as a result of damage to axons and neurons.
PPIOSHFINggVKRins anAdNYRlBating inostiexems r Mbram/et theases
such as nultiple sclerosis (MS), hunman

i eligotetdfoayitenppdvBed fentihat @l@d@bﬂhﬂﬂ@'té?mechfﬁ%\éﬁé ofthe
nyel opat hy/ nyelitis, progressive nulti focal

e Sy a0
thu§Qﬁ@%¢@§éht%%§ﬁ r c?e%{‘ thBY ir%g |H§| Udagﬁgt or for the

great variety of |esi ( the axo o cord.
B30 8 G Sl S BB B

b I
ORI e BRI lbsiaebans unraor
Par ki nson's, Alzheinmer's, Huntington's, ALS, optic
relgadengogyissof thedoverdios. “Eherspeattioatyebff¢dtive” as used herein,

adr enol eukodyst rophy and adr enomyel oneur opat hy),

s@ﬁ%@dp thatraraoumtuaf oligoderairodyteqreesisor sol Bk & SFHSBnES
folic acid and Vitam n B12 deficiency, Wernicke

diesieas ¢he spyptans of thesesasr, (Srihaduf ﬁ‘%ﬂseﬁ:fﬁment to
system c | upus erthematosis, carcinona),

SRR ARG SndreHSE VBl PRk g reiRflt, Fhe ugﬁ"gﬁq%[p"n\g

and i atrogeni c processes suc
rger
g hath @%@%%@"%ﬂecﬁweﬁeﬁ@tﬁ&v%embﬁd@admte
ni st e n.vivo and are capa of
n‘?’f e?'é&%ﬁ&el' PR Einyghenami difenhased amieraraition being
[ r} | host axons. Moreover, the
Ebtga &ndr g ?Eg?%‘?r&ﬂ'ﬁt?@athﬁ patienie ol i godendr ocyt e
recursor cells of the invention also are capabl e of
[089] Fﬁ patientig h@y@by defined ag/any petsongorirast-haxmansanimdhinsheed of
the present invention provides a nethod of treating a
peeatevent with dligndehdrocyte precursor cells or oligodendrocytes, or to any
subject for whom treatment may be beneficial, including huméns 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,
lagomorphs, 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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benefit of a patient, which conprises adm nistering to

the patient a therapeutically effective anount of the
oIigodendrocyte precursor cell or oIigodendrocyte of
i nv nt| on. "Therapeutically effective" as used
héy@ﬂ‘?” 1q direqtdhe gxpriessioaras undegifecoyérpielpinds payére. The
precursor cell that is sufficient to reduce the

s §aptiBHaiopfandrexpitssionief corveraionanmedinbimtaHt riutleic acid vectors
sufficient to maintain or increase nyelination in

pistWelhknowhén el drt add aidlhganNthdiskl
therapeutically effective armur?t se%meﬁéss&mg'n%%% Sammek

OBt 0 OBL0RY CRonipg # LRBORt5R Mandh YR PRIBERY. 1e80), Cold

i nvention wll er based

t t f.th t t. [089
A B A A e
ani reat ment with ol i godendrocyte
p&e%gLOI@C%S(EF@r SHCR RS Yilses PBE Jastericppreferaily in a non-

subject for whomtreatnent nmay be beneficial,

i ﬂ%qhﬁafeﬂ'ﬁ ¥ @gRYatgddnismroanisam lraaiudnagsatteﬁuafed viruses,
non- human animals to be treated include all
d%@@ﬂ@c@ﬁ@@ﬂt%&l@nﬂe/ira!s-likelpaetnrrle:t es. In an enbodi nent
of the present invention, the oligodendrocyte

[091] pFlee nusleic st bector opbiose RN RSy b8 iRfod uced into t

[092]

adm ni stered are obtained fromthe sarre specl es ashFth“S by

sqreek ad/d G thiefby rb&ﬁfo'ﬂ%ﬁmh%ﬁ fs‘?z% %&ﬁ[@mg%t%gissues

speci es include rodents, hunan,
n OV|nes por ¢ci nes, .0vines,
i ago%?%%é;fﬁ 'hf*ﬁ?’?ﬂﬁ&“%lﬁﬁc'ﬁfsgﬁ'd VretoBRr Blsiiaien geptas o the
or oligodendrocyte used in the

t r eﬁg ‘{“S Oﬁ%?sﬂ?%@ng%ﬁfrﬁﬁ"ﬁ” ”émﬁ eells erdissuge dntorthepatient
|caI E%E%P hn an anount 35 sufficient to direct
;SFé%@iP o4 e8ki Aa Jyblea(ts \Syish Rharat. i56r89-F04, 1998:

structlon and expressi on of conventiona
C@%BBHBP PhAL, B INeU0adH:82eR1,01997; iGuiver dt kNl Gehd Ther.

art and includes those techni ques contained in
SEABPYIR. 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. |
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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et al., Mdlecular Coning: A Laboratory Manual, Vols
1-3 (2d ed. 1989), Cold Spring Harbor Laboratory
Press. Such nucleic acid vectors may be contained in

pr e}s g %F@ﬁ:rﬁg]@%ﬁg@ %b%{ﬁﬁﬁg’eﬁiro‘%%%;S%F%W%gf\tg%rdrehalme

m crpor. |ncI ng. attepuat ed viruses,

ot P BB ate eV IohiRing an oMok Depimnepnas, aq woll ps the
The nuclelc acid vector or biological vector may be

i SRNSUGE dapaming. B erdrenpline, aprastirenalioe. gwetyichuinapy
prot ocol, which conprises excising cells or tissues

f@m-@ram'rioémtyrid atid,cewcionin, LAB ORAS | aridcother dewepbptided. The
bi ol ogi cal vector into the excised cells or tissues,

acelisrmayplsariie élgglhbérefdetb|p$o@ucé gﬁﬁﬂﬁﬁaﬁﬁf@ shbﬁ‘ a@%r@é‘bromﬂh
(see, for exanple, Knoell et al

RRatdN(NEF)899cE0ADGR U CNﬂaerBnthe‘?'embO@fFﬁent'\'%’é Hhc|euc
144:82-91, 1997; Cul ver et al

5o oL o Gl

|caI vect.or be intro uced exci se
c%ﬁﬂ' 56 Qiob e 8 ulFY warsradlgr e Seis bl 2re complementary
hate-nedi ated transfection (Wgler et al., Cell
-T§g5sef19§78>r cedingasttpnstef epgives @iensenidiayare daus able to stably
Genetics 7:603, 1981; Graham and Van der Eb. Virol ogy
5@?&,5@86!&@?]3)hybrldxzagwth thermMNduteansfonipt oha gede@ndghereby inhibit
nucl eic acid vectors into host cells, such as

eRbAt trarpsbatani amd {Héeefiope theedowhstreaﬁh’%@edts W) &6l oBftisense
1982), may also be used. [092] Adm nistration of

céllgonucreatiaéd aROkidn e B6F éxyrﬁ§FeOfH&f P50l 98l €3y Biol.
vector nmay provide the expression o sired

9288873t Haks | ﬁa\%eg ﬂ'ﬁt gﬁtl@émc.e (f)l %U ?aﬁ%eé: H¥§r|d121ng

patl ent . Exanpl es o genes 0Sé C

A SO e IR oSBT o
cu%)fe& pl?.'qugul?enﬁcocte s, in l%utr 8ng}"el\t%%san ﬁ]dwgle Idiﬁ‘?}asrertfcri]aetion.
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 oligonucleoctides 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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-

genes for dopam ne, GABA, adrenaline, noradrenaline,
acetyl choline, gamma-am nobutyric acid, serotonin,
L- DOPA, and ot her neuropeptides. The cells may al so

be,_enqgi negred to produc rowth factors, such as nerve
[093] P& RIS PLibE dpvantBRymay, PeAd ministereg byintraceehralgsafiieg.

eggod,i ment, the nucleic acid vector or biological

vEERiISpg may ievelye dirgat administnatioroot aplisintbdbe icdatral nervous
Anti sense oligonucl eotides are small nucl eic acids
wBysiameerdhe vaplrietentcavijiest or $lisduralenieinisdratio Hi the surface
strand of a given gene. They are thus able to stably

aotla Sipethriir: abpacifty prcetzrsra iﬁ&l@d@&'ﬁmf\g%”ﬁ&gid% Rrcing

a gene and thereby inhibit RNA translation an

they @irans pbﬁﬁié@%"ﬂééé IE"H?WaeM?&B rinﬁ%et? _b%&g?gééiﬁ%?tgmatively,

ol i gonucl eot1 des are nomnlln e~ar P
L .Biagl. . 8:963-973 988,.
Rl EingimventBh malos idrinEaiaal Riphemmnaigore. sueh

specifically wth RNA transcripts of the oncogene
c’?\‘?@}‘?dﬁfﬁéﬂy afipeLare o ig ﬁm&pahﬂl@d in gk arti aﬂdg@na described in,
iphibit proliferation and induce differentiation.
SF%BIXQF‘W%: NewralGraféng i the Maaenallsat CNSABsatkiugdi andSnevi,
86: 3379- 3383, 1989, have shown that antisense
odgoli@Bbpotrideed, s etigbderdropyteyiretatisar 68lis\gidrRNAulture
transcripts of the c-nyb oncogene inhibit

phave beemengraftell Hackamtoraaigiand RAVEBbE SAblvn!th Migrate
Sone brain tunors are known to express oncogenes, '

o vl Re o ﬂ%ﬁa" 1S (Sfindeht tos
SM(:) g%ggg E?%Lgﬁb%?&a? %g%é@(gzg élglgggt | of > Ig:n es n}/g not

0941 TAERLRT s Re AR 58P oeS Rertinmiored i wher agents,

[095]

[096]

ordinary skill in the art. 37 [093] The cells of the
i SRS érr?‘”ﬁéf/a‘ﬁ%rsaéﬁﬂﬁﬁ'%'@%@ iotigg.rneyretransthitters,
grafting. Gafting may involve direct adm nistration

ohewehpENenasy taXirs, denriteabrateotimgimolecules, 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.

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 Pbpulation of Rat

Oligodendrocyte Precursor Cells

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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systemor the ventricular cavities, or subdura
adni ni stration onto the surface of a host brain.
Speci fic procedures nmay include drilling a hole and

ercing, the dura to permt the needle of a
iV I@V?’F%@és 2308218 dBb8 cand i MeBaath\atlay., J. Cell Biol.&5:890-
the invention nay be injected intrathecally into the

s§0Rall 9&%r The salhwerethencsulfured onar 00 1mg wldﬁ_l_lﬁi-ﬁmpef(gigma)
those skilled in the art and are described in or

epedrpbated NLeralcuBurd tishes (Falthig) MBBh4; fd¥out 20,000 -
Bj ﬁl und and Stenevi, eds., (1985). Iﬁglbee , ra

0E0MBIeAS/RY A RIS OMENAING B oS BT SpcRaYE 1,

been engrafted back into animals t ;i Cen sho
3 t I ] .
r e SPERbFGT (MR ol E@;ﬁ E%g‘?z'g‘%‘)?%‘sﬁ;%ﬁﬁﬁi%% (gima).
; I : 98- . . '
gb"eﬂ%‘gﬁ?/‘\h\’)’gg;é.&gﬁg'lﬁ%%& ST e oS bR GE svasiraplartished daily.
ot.her agents such as growm h factors, gangli osides,
109710 AREE A58

foxinatgly, prs WeRs mhendhs plates beshoensutesonfiuent, the
toxins, neurite pronoting nol ecules, antinetabolites,

afdlls Weechypsinized withiresdiumoB4OLIZES, Sypkinge. 26YaM EDTA; Ca(-)
precursor of dopam ne, L-DOPA. (O her agents may be

dbtgér)andds ByfferedsSalivie Soldiion(@ibelh) at 3'7lchtlgzéfn’iinutes. The
[095] The present invention is illlstrate y the

| FE"?W&*%P%E;“&@SE*E%%&W%g(??%z:@%b%ﬁx 10 M
1\ 0A. ' endrocyte

Pracr Denienlty sh TS 19 aa(m) %%%Fmap%rma;enly

c\g[ﬁlaﬁ were first obtained fromrat enbryonic spina

c

‘(E14-E19) by the sequential detachnment nethod
using Petri dishes or the i munopanni ng nethod
[098] d@%‘gﬁ? g ong wegkdneubation ing8mieium &, dhe cells bag 0 cihge
1993, and in MCarthy et al., J. Cell Biol. 85:890-
9om a1 bigolar Therpbieldgy (ACBS(+)0ei(-)Fto tnuktasblAmBrMlod which is

poly-L-ornitine (Signm)
characteristic of A2B5(+)04(+) cells. When virtually all of the celis acquired a |
sun-like multipolar morphology, celis were trypéinized 'with medium B and

\ replatéd 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 initiél population of cells was still
deVeIopment’aIly heterogeneoué. Although proliferating A285(+')O4(+) cells
were induced even in the next step, these n.on self-renewing cells differentiate
into oligodendrocytes or cells of other phen_otypes and diéd after the limited

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

renewing A2B5(+)O4(+) oligodendrocyte precursor cells were produced and
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pre-coated 10 cm cul ture di shes (Fal c-on) at a density
of about 20,000 50,000 cells/cn2 in a mediumA
(DMEM N2 (G bco); 25 ng/m PDG- (R&D); 15 ng/m bFGF

( &%‘Q 5 ng/m NI-3 (R&D); 0.05% bovine serum
(ga ) pr &'fﬁf@tﬁ‘? UhmﬁSjWé‘% e x Eifga Frjlowing sulyculture dapsepaated for
bFGF was replenished daily. [097] After approximtely

oRenEKyedidn atmedipmabes became sub-confluent, the
cells were trypsinized with medium B (0. 125% trypsin;

[099] oAfter apprEKifiat NESNTR. Sl
Sol ution (G bif?fv"ér{]"g%"fﬁf'g g%ﬁlﬁrﬂﬁ'f’ef@h@ D, Wpe 2

: e . -
(VN 57 enyrPeaedatel 4bBHulaioR SR hore thanypo.oo%
' ; : : [ L K.

(a0 01 00 HEFY, LA nBRL B TR B o etk

t e h 1 bi pol hol

R B e b ShdnlE B ab i ofeen Sisocviminbcursor cells was
ha isti f A2B5(+) 04(+ [1s. W i rtuall

PR Kol SN i boroitparwmaobbgse

mor phol ogy, cells were trypsinized with medium B and

rRsRhate $aling brftarandsteinivieNyiER anti154 aﬂtib@dMCH&%&m% and

The cells were trypsinized and repl ated approxi mately

-0 TvandlbodPYChamiddm. Orils iwadre RBUNESH inféigﬁtur'aﬁabﬁq“fréé&gper

in a nmediumD, sonme of the cells gave rise to type

aselt nngéres micregeess.i Whehhas ctem; ?/vér@ icBhﬁhué%@gﬁér_%Hiﬁé‘d o

cells was still devel opnenta het erogen
A ji JeTalr 0 [ l.s, .
e ep ot 8118 bt {Huld S ToniPiautd Pl vpr 2
I [ [ q | i godend [ f

SPeLP AT P o7 Bt SR BB Saoet ' * ©

0l i [ d withi i od of h.
Ao fRar“belRedsBey Vare SubuirasEpere ap 40 tmes and
ol i.gpdendrocyte precursor cells were produced and 39
ﬁ‘%‘%?eé'ae rghere thap 458 daysnddiese dalls Exbitfited|Lowgueg

subcul ture was repeated for
characteristics, as further demonstrated in the following examples.

[0100] The established rat A2B5(+)04(+)01(-) oligodendrocyte precursor cell fine
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 numbér PTA 6093.

EXAMPLE 2: Purification of a Homogeneous Population of Human -

Qligodendrocyte Precursor Cells

[0101] A2B5(+)04(-) or A2B5(+)O4(+) cells were first obtained from fetal human

brain tissue and spinal-cord (9-10 weeks) by the immﬁnopanning and/or

40



over one year in a nmediumD. [099] After approxi mately
two nonths of subculturing in a nmediumD, type 2
astrocytes no | onger appeared and a popul ation

conlgg_i ni n% re than 99.99% (a range of

064848 "aeiNgd & descriaed ime it Téeudtliewere then cultured on a
sel f-renewi ng, phenotypically honbgeneous 04(+)01(-)

oP i09d de palvdcptriting apdiPLI% taahirin pes-cogetaly &mRefture dishes
Cells were counted by fixing in 4% paraf or mal dehyde 1 n

ptRsdeomitas asderisity dbabbet 2000 s t5 o it b2 ant i -
anti body (Chem.con) and anti - m@%mmgielﬁ(l)%{; %Enrﬁ%@%rﬂ)p‘

ndor et oo doner RO CF: SHRTNIFL el acves

Bk dHaRABE L/ ture, they continued to proliferate
and cogl gq%gﬂ,ngl itained for well over a year in a

j Fi e 2 i t hout, any phenotypi ¢ changes or
| [Ongigg‘l?'gé%edr?f’ug“g)ﬁq%& on n‘M%%Y‘aWP‘FH dhe \Biﬁtes Sepamietaubecbnfoeat, the
th Q 50 tinmes . and _maintained for nore than 450 days.
ﬁﬁz%"’%@ltn@%&%ﬁ itk a3 (0 dRaPatyesins.26SOMAEDTA: Ca(-)
further denpnstrated in the followi ng exanples. [0100] -
THe(-¢ Stanksisi Buitered Saling S(utjdiv(GibEB)) ot 39PE SOCEM HIRREL € The

precursor cell line was deposited under the

prypsirszen sels weherdplstapash nis@ ' £ ca
Type Cul ture Coll ecti on, 10801%&%?%@%&?8?% uM

\BB56'S afioddMhFfint Pr3043 0 ey fhe e
assi gned refer éﬂ%g%Ui‘%gP/rﬁﬁ&g%gg?r aRpxRfimEgely one month.
010318t Nelal . eneous Pgpul ation of Human
10103t B8 LBy R M EREE ToimedPin B ineveats bagmatohange
‘%ﬁﬁf{elm‘gh‘ ceél S V\&r\e first obtained fromfetal
] 'BP'& NQrpaQingy &veBa()@4(-)tior muttipolzd merekslogyywhich is
the i rImJnopanni ng and/or 40 culture nethod as
FREETBH o ASRSIGAE) Colie Véharsvinemy Bhohtiebellarabuired a
on a_ 0.001% poly-L-ornitine and 0.01% | am nin
$u:likeanuliper emorpbbliogy @ndi rrbiferating 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 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 prbliferating 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 th.at, some séhi

renewing A2B5(+)04(+) oligodendrocyte precursor cells were produced and
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(Fal con) at a density of about 20,000 - 50,000
cells/cn2 in a mediumA (DVEM N2 (G bco); 25 ng/m
PDG-; 5 ng/m NT-3). Medium A was exchanged every

day. 102],..Af ter approxinmately one week when the
p%ﬂ&bq%é’é (a5, BRI Bnt The fedowing subculivee was repeated for
trypsinized wwth nediumB (0.125% trypsin; 0.26 nM

EBYEA; Oneayedy in Ryrediumalik' s Buffered Saline Sol ution

G bco)) at 37C for 20 mnutes. The trypsinized cells
[01045\,@1'{

er apgbzicwatelyrone mediuoh STCONERMEBRTa (Edaea)D, thfe p- M
3,3 ,5 - triiodothronine (T3); 10 ng/m bFG) for
apgiravytemhe longenappedared. arlddredd tHan 4 99.dd% BoRRRNRELD

i ncubation in a nedium C, the cells began to ctrange

f posniatidh 80O+ )tR{H e ( ¢ Liipplar

rr%?)ﬂrgﬁhol ogy, V\,{ﬂ)ch(?s b@%r} ar‘?%%gt?ip;’f%c?uéjsgg &ﬁ&%ﬁféﬁﬁﬁhed

cel: Vil Il of the cells acqujred a

Fieme " ThethiosbpS s ssrbaletceidteen pididencheive

col anies afose ..n response to bFG-, these col onies of

JAePUsE e8!y Rien SBUBRChAraRiensios BS SR rat

m crocyl i nder and were replaced in a nmediumD

(DVEM B27; 15-30 ng/m bFGF). The cells were

trypsini zed and replated approxi nately every week and
: (igodensiratydd RradefsonOedb WdyrbeaF raxdiclMhdved

During the initial period of subculturing in a nedium

D, sonme of the cells gave rise to type 2 astrocytes,

[01055 Ty esttainaichuirhai oli@’tb@eﬂd?béﬁé'pr@&ﬂ%raéél%{bttﬁ%iaéﬁléc%om?g to

still devel opnental ly het'er ogeneous.

Itf’%}gé ﬁrqg%[sa!g{a@g ZAf%gégﬁ%%Wet%eﬁr&%n IW-ZO%§M§%9 it SRIEN B 27

self-réenewn

' ' into.oligodendrocyte cells of other
AneSEl S BuoAbienidt i o SHRBRE" BRUFERER henfha pel were
| er, an i thin a period. of one nonth. After that,
ARG R bR S RSt D e B Ts Wego dsaarbry eban average
precyrsor cells were produced and 41 started to .
p?io?q % &iaRilgyY Withya dnesinom maroe of 98P Hgvighitityin fivedndeendent
repeated for

tests. Moreover, the cglls did not show any apparent change in their physical

or functional characteristics, such as homogeneity, rhdrphology, 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.

[0108] 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 'féCtdrs 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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over one year in a nmediumD. [0104] After

approxi mately one nonth of subculturing in a nmedi um D,
type 2 astrocytes no | onger appeared and nore than .a

9 % homogeneo opul ation of 04()01(-)
o?’?lg@'&%ﬁtﬁaask’@ %E%&gﬁ@f&?e@@&? lbuiffaesskresvrabi fhehartiwill produce an
(Figure 3). The honpgeneous popul ation of human

oPFERRIBNIE R PR ViapHieior de celis bEthexitesemtsvantitn & well,
characteristics as that fromrat. EXAWLE 3:

A i godendrocyte Precursor Cells. May be Freeze-Thawed
[0105] The rat and human ol i godendrocyte precursor

cEXAMPILE di Otidodernirdeyts gorbeur@% %;OB?RH%@ lato,

respectively, were frozen in

nEdjlﬂﬂéPaﬁh@pM@W(agpyxét%J;S&rcylé hout 15 ng/m bFGF.

When the cell's wer wed and cultured in a nmedium
D, the cells were recovered at an average of 90%

bapl | i i t:h xi mum range of 97-99%viability in
(o107} ?%%#15%@8#&4’9?89@9%@ NBPHE0E eelly pltainad scatirdingdo
SIEOW a@ﬁ aglfgcﬂéent change in their physical or
f )ﬁ%rpp a1| r'@@?@?ﬁ' y’d!e,reSiUdthQIklnlm&d@e)@‘l(Hy cells at aimost
npr phol ogy, proliferation capacity, differentiation

atfit e Efficienny weenicultwedin DMEMB2D{Glbcp) spsleRRintsd with 5
mai nt ai ned their honbgeneity and continued to

pradmil CVER ER&D) aodiD.5 ApmiIFRBE (RRD)I PR LHINE Bt ilbse

a nedium D. [0106] The ol i godendrocyte precursor cells
atetllaiane © ' i ; ; I b
rozen: and o or ane MR Ors cBhubaR et bl dhd 01(+
R . i Qi N th b tial
B ot 2B 01 epbche Aot 88 otase
, . Such ) I have hi gh
Joa IS U BRI R s bumetirinagino.
; t sh . Th Killed arti 42 will
HGRHedREER o Uetearingel b epdelersginisar wih snitiny s anti.
_ %ﬂf art wll produce an acceptable level of viability
aDHeoes PQ hetirs akerpteseim! BrokintbgoraSomeThus, the method

of the invention may also provide a homogeneous population of proliferating

O4(+)O1(+) precursor cells.

EXAMPLE 5: Oligodendrocyte Precursor Cells Afe Capable of Differentiating

Into Oligodendrocytes

. [0108] Th_e rat_énd- .hurr:.r_.lan Oligodéndko_’c:_Vte predﬁrSOf"c':_él'ls':'c')btaihed écﬁcofdiné to

: "'Exf':lr-rjplé_s 1 and 2,'.r.es>.pe'c.tiv‘ély, are also capable of differentiating into
oligodendrocytes. The cells were cultured in serum-free conditioned medium
(DMEM supplerhented 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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- EXAMPLE 4: A igodendrocyte Precursor Cells May Be
I nduced Into Proliferating 04(+)01(+) Precursor Cells
[0107] Rat and human oIigodendrocyte precursor cells,
obtalned according to Exanples 1 and 2, respectively,
werBaTKREE¥RIESs g enmw;&)ql(ggdammcaftm (Rigurest5A, BE)%nd 5C).
efficiency when cultured in DVEM B27 (G bco)

s hpps dheligadendrace preturbodali ¢HR&Pedavste®apabl #Hbeing
bFGF (R&D). Figure 4 shows that these cells are 04(+)

bipdsiced inito @ligbtdndBydytes at HBSLEFOGYL
01(+) by staining \?\Aytth Cy3- CO”J(ﬁg<'316iﬂ:i9§3|}ér"11 Tp'rcﬁ&ii}‘ng e@ﬂﬁnce

athiat feedpat aﬁbm!hn&g%/ﬁégdetn@ﬁ )}@ﬁgréc%rggr) ceﬁl? é)b?alﬁgc? H %(Jaer(rj\ples

to proliferate without fu

ok izpgde ubl e- st ai ni ng

W th an{P ?é%gr%lﬁsgh\é@an? ﬁgﬁﬁfiﬁrgﬁ%r'%{% J@d antastage.
159/ M BrdU incorporation. Thus, the nmethod of the.
invention may al so provi de a honbgeneous popul ati on of

04(+)01(+) precursor cells. EXAWMPLE 5:
Czé—-gém E)?)Q‘é dendrgyis dtreansps Calle AaReplableobf Differentiating
Differentiating Into Aigodendrocytes [0108] The rat
alitP Astreeytesi godendr ocyt e precursor cel I's obtai ned

according to Exanples 1 and 2, respectively, are also
capable of differentiating into oligodendr ocyt'es. ‘The

[0109FEh¢ saturigedendio |
](:Dl\/Esl\i Suggl eniifc ???Obv&e?%'%ﬁé o oot rfe%f%aolr&m ol Egg@ﬁfi‘é 1 are

v¢g¢dm e t.he , :
myelin %Z%lff%l‘ergfr? %%I2§%t?g>§%§(a %ﬁgéﬁggn)ﬁj"’gﬁ%ﬁ%&?@ opfaiged
t cytes (Figures
é%dﬁéﬁénﬁzﬁ?%%&% TR et SR oo spainraented
i Zﬁ&% ed were ca ab e of bei ng i nduced into
6;1 8 eegﬂoggh I Predeiny & (BMEr 2 \BMBrb (R&IDh girtually
\11 %SE E%{ he rat and human ol i godendr ocyte
ite §8i9"_% hegenfinted Hie celts expriesbieg the surface marker glial
| fibrillary acidic protein (GFAP) and A2B5, which together are characteristic of
type 2 astrocytes (Figures 6A and 6B). This is further evidence that the

oligodendrocyte precursor celis obtained in Example 1 were all synchronous

in their developmental stage.

EXAMPLE 7: Oligodendrocyte Precursor Cells are Capable of
- Dedifferentiating

'[0110] The jnventor‘ 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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| .and 2, respectively, were all synchronous in their
devel opmental stage. EXAMPLE 6: O igodendrocyte
Precursor Cells Are Capable of Differentiating Into

?Z‘felrrg %Yo%ﬁg?t{w%%aog h%?ﬁ'%}’g ige%ql?gﬁgﬁ&g% ghmmr' it Sc’:gcr)@ftes and

differentiating.into type 2 astrocytes. \Wen the cells
obfpz-ﬁ @é%m%b@@%m&%}-to Exanple 1 were cultured in
DMEM N2 (G bco) supplenented with 10 ng/ M bone

[011%4dh Pd(DriseeinsorcdBMdANedraddbRiirg [FRERAmple 4 were initially
Vi rtﬁual Iy a-'ldl of the cells differentiated i nPo cgﬁs

explterediin @MER/ND sUBSINTEMEE ROH /Al BMFLE o BB Y A5 hEh Sveeks
protein (GFAP) and A2B5, which together are

cbat thelyefid st ?iv@fanytdmﬂgkgﬁéétfo%ﬁ%:sef%ée@vﬁwuw oy staining

6B). This is further evi ncelt e - Eamol o |

s S"’%ﬁl@é@ﬁ%ﬁ%ﬁ%ﬁ&éﬁ?\?%@Sﬁ%ﬁ%&“@raﬁﬁﬁiﬁurs|7@t ?:rI'Zg’@éZTIS were
: i s are p

TR B SEPRYRFEA o MU suppiomentas witn 15 ng/m

S r,_J i.pt Ly fou t hat the O4(+é6013+) precursor cells

oﬁ% §i nZ\é‘ géﬁbﬁﬁpﬂée@“&ig\m@ o Qa(+)0d (H) selix affet one week as

dedifferentiate into 0-2A- like cells (04(-)01(-))

haVARaCed Pitas steiniphof hgycelSheitrea G3diddrpucnbd ahaha antibody

cells 44 were bi potent and capabl e of

diatk of stainiing ith 4 ByS-coajuyEd SRNLENBRAMALESFG e 7B). Th
{SgeBZ gsteror::lggt]esg(ﬁt,&s)c. H)glll] The 04(+) g?((f?& e 78) ©

L PRSI A oo
oy TP, d SN llthd R el
f@ﬁgﬁwq &f%\&?cee%ijaaq%ﬁg@a%ggg % DARd ?r? eplpBrAvingdipolar
%grﬁ‘nuol?g&)l { I*fél?r% }CB %Ec%anﬁmstlfnpaI? Itheenggg_t)e& (W; éer]llslgtillngés?essed
the bipotential capacity to re-differentiate, the 04(-)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 ceils differentiated into mature._oligodendrpcytes that. |
. expressed _MBP. When the 04(-)01(-) cellsfwe_ré-cgltl;lred ina medium |

| Cdﬁtéining 10 ng/ml bone mofphogenic protein 2 (BMP-2), 10 ng/mi.BMP-4, or
10% fetal bovine serum (FBS), the O4(-)O1(-) cell_s. gave rise té type 2
astrocytes ét élmost 100% efficiency as evidenced by staining with Cy3-
conjugated anti-GFAP (Figure 7D). This is in contrast to O4(+)O1(+)

precursbr cells, which are non-responsive to BMP and differentiate only into

45



bFGF. Vi rt'ually all of the cells reverted to
04(+)OL(-) cells after one week as evidenced by the
staining of the cells with a Cy3-conjugated anti-04
ant. bod but lack of staining with a Cy3-conjugated
aﬁi’ég%ﬂdéﬂ‘?ﬁ%dih'é%itéé dedifigrentiated Qv )wrsls W8 like O-2A
chapged to DVEM N2 suppl enented with 25 ng/nml PDGF,
1§eﬁgwr¢habth@¢weaﬂ@lr@tagm ohpAdIa cmgwmgmg@w@ngé@eridﬂocytes and
about one week, wvirtually all of the cells had
f iPehepstresytes.ed to 04(-)OL(-) cells having bipol ar
01 nor phol ogy (Figure 7C). To confirmthat the 04(-)OL(-)

12} Elomsvst,ithé dpdisfersiiited DAE)Bip! ' acity to.
re-differentiate, the 04(@93???8@%%? %Bgcﬁré@eﬁaA cells
up&ediuseomstiont rnal | ive rise to
ol i godendr ocy)?cgg t@‘?ﬂ?ﬁ@”%@%&"&%@y%@@?ﬂ%@& alg@ responded
0 - ls were cultured in serumfree
Cgﬁrg%‘%t%ﬁég ; %&?BW FBWE‘RW'QGBE? SRl dtprampiz) O-2A cells are
aﬁ?q&dtn% to gxagﬂf 5, , alnost 100% of the cells
di 11 Er EntRSRPRA 19 T Frahd disfesentiaie dntd tymy Restickgtes. In
expressed MBP. \Wen the 04(-)OL1(-) cells were-cul tured
[

"drashdhe fedifierentiatet @A00E) mbllb of tha TRVERRIERE
protein 2 (BWP-2), 10 ng/m . BMP-4, or 10%feta

béVERRORSYa i CRIEE) ,Tnuwtrwmx%g £-) cE bBtadBPE) 3% 4 Rewly

type 2 astrocytes at al nost Yo efficiency as

eshatactedredyosdiaiion BQQNQddén@‘gﬁgrtté?(F)Hcg%ﬁﬁ%il?%éﬁn%fﬁgm the

(Figure 7D). This is in contra

PDAUpaRurselck, Which ‘are non-responsive to BMP and
differentiate only into 45 oi godendrocytes. Thus, the
dedifferentiated 04(-)01(-) cells were |like 0-2A
cells in that they were bipotent, capable of giving

I Jgodendrocytes and type 2 astrocytes.
[%@'@pﬁe{‘ﬂé"%@ﬂ precrapablacdainaiial(-) cells
were distinct fromO 2A cells because not only did
they lack the 04 surface marker, they al so responded
ifferently to at | east one environnental factor. For

[0113] N ORE@ ngprans) (9s1 Guweeks) were isolated and cultured in DMEM/B27
supplemented with 10 ng/ml CNTF and 10 ng/ml NGF for one week. The
oligodend_rocyte precursor cells obtained aécording to Example 1 were add.ed
ata neuron:oligodendrocyte precursor cell ratio of 1:2 and co-cultured for
moré than two weeks. The co-cultured cells were fixed with 4%
parafor'mald.ehyde in phosphate saline beffer_and then double-stained with a
'Cy3-conjugat§d anti-O1 antibody to detecf myelih and a FlTC-conjuga_téd
anti-neurofilament 200kD antibody (Sigma) to detect axons. More than 99%
of the oligodendrocyte precursor cells diff_erentiated into mature
oligodendrocytes and some myelinated around thé axons of human DRG

neurons (Figures 8A-8C). In contrast, a control DRG culture that had not
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[0114bThe epediticatioytie mss eheroaEhIaldderaBbainagh

known to respond to CNTF and differentiate into type 2
astrocytes. In contrast, the dedifferentiated
04(-)01(-) cells of.the invention were unresponsive

tg CNTF. ghus, ihe 04(-)01(-) cells obtained my be a
nBGFY COCHAY gL Wi ﬁgﬁoéﬁﬂﬂﬂnﬁr@@ﬁe Preeursgoethdid ooy give rise to
precursor cells distinct fromthe O 2A precursor

cany V1ealigodepdragyiego tendiddbg tRRGarbecoapabyeligited (results
Myelination [0113] Human DRG neurons (9-10 weeks) were

i Bl showan)and cul tured in DVEM B27 suppl emented with

10 ng/mM CNTF and 10 ng/m NG for one week. The

ing.to
Exanple 1 were added at a neuron:oligo eﬁg?@%%iﬁmgs of the

1 spat st ca-cultured for . nore
PloRerences ot witht 8 sBecipdtidl Geled dreheiePlindarpirated
9 : j hosphat e sal i.pe huffer. and
B0 rereiRERi TS, TR SRS R illie e snacifoation

,had 0 _det ect el i.n and a FlI TG conj ugated
Z!%F.W&%e%} ﬁJWr ai?éh‘i’f G%W‘&Hﬁ 8hiie ipenfiag) andshimle apt be
axongr. ybrﬁ than 99% of the oligodendrocyte precursor
CHNSTUER 19 driipe scere Phihs inuentian. Bhé ghilled dritsaytresogiiges
some nyel i nated around the axons of human DRG neurons
(trebmeBY o8rersmibodimentmarsastcorap aidr sy tHeRFifddt iHU€ntion and
tRat had not 46 been co-cultured wth any
dhatib deintbndeyttrapthe Gpeshita i ' i L O

e e bt Eoh 8t

any 01(+) oligodendrocytes, nor

hiadyash - . The. o
e T e e et ok A poirt R ngian peingpdicated
nyﬂ'l.g%ﬁcﬁ/@ﬁgic@ﬁxﬁo‘: the references cited within the

n, a

speci ficati [ of which are hereby incorporated

by reference in their entirety. The enbodi nents within
the specification provide an illustration of

enbodi nents of the invention and should not be

47



construed to limt the scope of the invention. The
skilled artisan recogni zes that many ot her

enbodi ments are enconpassed by the claimed invention
and that it is intended that the specification and

Weeslaimy es be considered as exenplary only, with the

1.

true scope and spirit of the invention being indicated

by Ammetholllopebtining ai u¥-reAdwity, Yhindtyplcafly MR rdls
obtai ning a self-renewi ng, phenotypically honbogenous

poppdmilatsh ef oI?Sd@ﬁQ%Qfe%?é&@rser%%Hé g?@nﬁgt %ﬁgﬁ?ﬁﬂi% a

synchroni zed vel opnéntal stage, s

COng&y ("J;Q?eﬁféll Etlé'r'g;iengaie M&h&4 %%m%w%aﬂgﬁ%bae} Lgtrérgggeneous

ol i godendr ocyt e précursor ce

conpMar iR & laeRHF-BPEP P urs el hayho inpRebisnizeo

(FGE) effectjye for, inducing a synchronized
dev%%@ém?a{aYs@esg@,a MASHET FoEATIsiNg @nt ampwrt ofa fibroblast
carried out in substantial absence of platelet-

der 9fpdh dacior (F GRaleftactivehaid using retyncbisridad deyelaprdental

sel f-renewi ng, phenotypically honmogeneous popul ation

of YRpgodberdinsyitleuinang ssaarriedidus in substagizh absence of platelet-
synchroni zed devel opnental stage. 2. The net hod of

cl adenived gioetiefactoraiRDGR), tharebe whedning @ARDSSLAIewWiIng,
popul ati on of oligodendrocyte precursor cells

co Wé@?pi@éliﬂ%ﬂﬁﬁ?ér@é‘dﬂs%dﬁu%lﬁrﬁ@fr olfgghéﬁd rﬁgglt%t préthrsor cells

culturable for at least about one year wt

ph vpal j i ri sing an anount of
a ?ﬁﬁ%@??@eg@gﬁéﬁ%é}gggr %rﬁgzgt%g?f ective to prevent

sai d phenotypic change, and in the substantial absence

! TRt AR By 10 bl e oo

Phet YIRBHefdieeT st Rub belsccomp ikt Sfendrassfe Brocrsor cells

di ftfhg{ Srnet Ctﬂpuergt?lte%gr? asft lgg'sotnabout one year without phenotypic change in a
medium comprising an amount of a fibfoblast 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 popuiation 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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9.

- differentiation, or ‘respond differently to

envi ronnental culturing conditions. 4. The nethod of
claim1, wherein the cells of said honbgeneous

popul atj.on of oligodendrocyte precursor cells have

t r?@#%rsﬂﬁatmer B%SrP@ﬂfjé'Pt StMermaneer tgi griviroaneindali carituring
process, produce cells of the sanme phenotype upon 48
di%enditiensi ati on, or respond in the sane nanner to
environmental culturing conditions. 5. The nethod of
claim1, wherein the unsynchronized popul ation of

olihgonetivdoafydainmpt  echarsior thealdsynearmpiiceesoliat st two

popul ati ons of ol igodendrocyte precursor cells, each

haligoderdrdcjteereirscreastisdimprisds éﬂé&&’two\éﬂ?)g{uﬂt%n%a&fd
devel opnental stage is selected fromthe group

L UM N ) i ¢ al
e ol g e e nabi B R R e stage.
t : + [ t . 6. Th
T i T
o RGN Y Bt Saoe ctmadBR oAl 1)
85é+)04(-)01(-) devel ogmantal stage, a
BEeIPPOEN]I 51499 anditreh 3BRENDdi(+ X2 Hap develapmental stage.
A2B5(+) 04(+) 01(+) devel opnental stage. 7. The net hod
of claim 1, wherein said honmogeneous popul ation of
ollihganetned s aimpt, ehareiorthe elyhshemizadesdpulaticttot 0 t he

ol i godendrocyte |ineage. 8. The nmethod of claiml1,

whligedendroeytt GRedirscretatistied fanamatidheofdlioya LRl
of FGF1, FGF2 (basic FGF or FLE"‘(E;MFE) Al F%@%@%ﬂ%’%?”rsor

FEels hav 5(+904(T Kb, '
Bl T _hLé( 11 (FaSRodnehitdsgk, o NEEA 1ok 01
tng/@\r/néHBBH@nté?fstfgg: of a?A%B@W)C?A‘F(l)@9(+'3'1de§/8|op9nbe%lfél sztgge.

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, FGFS, FGF8b, FGF9 and
FGF17. |

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

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

1.

‘about 40 ng/m.

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

10 ng/ml.
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12.

13.

14.

15.

16.

17.

18.

11. The nethod of claim 10, wherein the amount of FGF
is about 1 ng/m to about 10 ng/m . 49 12. The net hod
of claim 11, wherein the anbunt of FGF is about 5
ng/m. 13. The nethod of claim1, wherein the

sulT$ieamtihall oflitmciel, 9ihaPEIGRh & SiInfiunt 8P G is afbodPEMd/es s
than 0.1 ng/m . 14. The nethod of claim1, wherein the
substanti al absence of PDG- is an anount of PDG- | ess

t hametnBthod @f laim 16 whereinhe hedsehtigl #sdnte dMPEESGF”s an
the substanti al absence of PDGF is an anount of PDGF

| eggndurts PDESH 1639/tHAn 01ong/fi1e method of claim 1,
wherei n the heterogeneous popul ation of

ol i godendrocyte precursor cells is obtained froma

”aml méﬂoﬁgf%pa rfnr1°non Eln tﬂé%Bs&ﬂﬂﬁl’ é&ée?\%eqf F‘bGF is an

r odent uman uman

Py F’ﬁi?#“%sqﬂ%&*’ﬁ'd*e%qm&pg{ﬁl 2? mﬁQrSY'n”f hi‘”d ]

heterogeneous popul ati on of oligodendrocyte precur sor

ceI oI a#a%of r r%% @stsa@b%%tﬁ%n%%]% &;Fqsgps an

cord Cor?f@,@?” i atu basal forebrain, ventral
lese dRar 8 QA Trgmland hypot hal anus.  18.

The nmet hod of claim 1, wherein said honbgeneous
5_u| ation of olig odendroc%t es precursor cells has at
$e mathodipf claimet ivdareindtap deterggenenus pepylation pf ty
enerate a honogeneous popul ati on of
oI |08§@@¢ndf©@}§le @securson gellabs bbtanadfrgmremanemal selected from the
honobgeneous popul ati on of type 2 astrocytes; (iii)

abigrouyy comsistiegi dffaeroeient, & Bumangda hbM)hdmkpﬂﬁa@élldn éduine, a
to differentiate into type 1 astrocytes. 50

canine, a feline, a bovine, a porcine, an ovine and a lagomorph.

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.

The method of claim 1, wherein said homogeneous population of

oligodendrocytes precursor cells has at least one characteristic selected frofn:
(i) ability to generate a homogeneous population_of oligodendrocytes;
(i)  ability to generate a homogeneous popuiation of type 2 astrocytes;

(iii)  ability to dedifferentiate; and

(iv)  lack of ability to differentiate into type 1 astrocytes.
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19. A self-renew ng, phenotypically honbgenous

popul ati on of oligodendrocyte precursor cells having
a synchroni zed devel opnental stage obtai ned by the

met hod of claim1l. 20. A self-renew ng, phenotypically

19. horfogeliroerevingupteriotypicdllydiongogemslisosets atid §Cslig@8endrocyte

20.

21.

22.

23.

cells having a synchroni zed devel opnental stage

obtraeciedobyellstteaviries Roacirbniebal dBvbiopMIgka] fad8icBtained by the
honogeneous popul ati on of ol i godendrocyte precursor

celmhsthad of eRghri1.cted to the ol i godendrocyte |ineage.
21. A nethod of obtaining a honbgeneous popul ati on of
differentiated oligodendrocytes conprising culturing

a FesdIf-FeRh i nogenpeous . .

popul ati on of@'o qéggggﬁ%ﬁ@c@{ﬁé&%ernec r (%Jr%liéqr\ & qfigedrpdrpcyte
Sy I tal .st i n a nmedjum sel ected

Yo R R BB PR Ry Ay eloriatiial tpae by the
m di um copprising an anount of

Ci Wc?cﬁ@@ bﬁé@i@?’r g%\%r%'nfsﬁ'@ig?mf’@ﬁﬁ@?“% pepylatiemef ekgodendrocyte
induce differentiation of said oligodendrocyte

pr EERERNT C&EFI8e regtiictedje dhanliaenqndretylg liamagemunt  of

a 3,3 ,5 -triiodothyronine (T3) sufficient to induce
differentjation of said oligodendrocyte precursor

cefy@e f(Qbtaigingea hamogengp is papgulation b differertiated
cilliary neurotrophic factor (CNTF) and an amount of

3, gliggiendrogiben compainingeult(iiig assdificriening, tphanBeli@ally
differentiation of said oligodendrocyte precursor

e el oo o st g ey
rlregyr&chr?rgizgdé gﬁyé@%ném rs?éq;élihg %ﬁ%%ﬂ%& fromh {%%Oéjrtoup
gﬁ:gﬁ)ﬁé‘gﬂ* A 00(3 gqﬂ.%éigfgﬁ%ggibb %b?ﬁgﬁ?ﬁ%sﬁ}(bﬁé] g?efdium comprising an
CogRbLAL Bﬂéilliﬁw rtléﬁljoﬂgpﬁig fé'&gli’ Eéﬁﬁ'??tsh\%tc%%t Pooﬁwlélugte id(i)fperentiation
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 precurs.or 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 celis.

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

about 20 ng/ml.

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

30 ng/mi.
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24.

25.

26.

27.

28.

29,

30.

31.

32.

of ol i godendrocyte precursor cells in a nmedium
conprising an anount of a fibroblast growh factor
(FGF) effective for namintaining an undi fferenti ated

devel opnental stage, wherein said culturing is carried
ouf methodtes treainiaining absedifterehtigtedtpapetatidardf viidogermibbyte
factor (PDGF), thereby naintaining an

undna‘cﬁ&r(ﬂmielllﬁtrechlmUbﬁf{in@mgOfcu%m&j)dﬁlﬂlﬂﬂ@i‘é)‘érﬁlated population
precursor cells in culture. 25. The nethod of claim

240f dﬁ@@d@hﬂrddﬁéﬁ%ur‘s‘ér%@h@ﬂ §nddigm &J?ﬁp Gj__r?d‘BE&glount of a

consi sting of basi c FGF or

F
24%5%@%@%@&%&%&@% T e
s_about .0.

¢ o385 ERmat il sface. @%fe'prﬁa%@ﬁwgdﬁ B Siharea
the anount bout to about 10 ng/nl.
SO l e riceved B ARG APRGR e ATaRGS an
is about 5 ng/m. 30. The nethod of claim 24, wherein
t hendifferaniintacaporitatisncel efigorBaRrdoyteprecuraoncellnin QIEFe.
| ess than 0.1 ng/m. 31. The nethod of claim 24,
wherein the substantial absence of PDG- is an anount
of Trpgarethed of claém 28, ohergjn fithe FGF, isHedeated froch tife grloapm

24, wherein the substantial absence of PDGF is an
ancomdistofg GIGF | dSGFR liaasi® FBH onbFAEF), BRF33FGABNEFERBY, FGF9
of dedifferentiating a self-renewi ng, phenotypically
hoamg&@HAy. popul ati on of ol i godendrocyte precursor

cells having a synchroni zed devel opnental stage
conprising: culturing a self-renew ng, phenotypically

homag enstHed P BIaIrAt4OWhateiR the FEsArKIEgE e Precur sor
cells having a

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

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 thén 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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synchroni zed devel opmental stage in a nedium

cgrrpri sing at |least one growh factor in an anount
effective to pronote dedifferentiation. 34. The nethod
of claim 33, wherein said honogenous .popul ati on of

. . 1 . r . .
L T T S —

i i f about
o’ FPoRABtobOUNSdRAIBte SreBlidoe B AE Ay oo iasdn
' ' i | at | f
A N

- vel gpmental stage, and said at
el B R AR Gho lBoaPDRIPcts AmoursoORElohauho
1 nqg/ to about 50 ng/nl. 36. The nmethod of claim
34,3%95}95’???%‘3?‘@‘%@6&[]?@ piagetiere medipm sempRERE dthedt one
anmount of about 1 ng/m to about 50 ng/m and

ne {'PYh{astd inmnamanmteftective tapmitots degifrehamipout
10 ng/m. 37. The nethod of claim35, wherein said
medi_um further conprises bFGF in an anount of about

34.0. 1Thgmethod oablair 380 wingteih sarthavAbg AN BoguhfloBr
am)untg of about | ng/m to about 1% ng/ m . 38. r?’ﬁe

tdfigddefdrobgiernradursehesifl fad B§ ADRBROBE LS 1 AR ALLAML i)
(r)rfe gl i goden?fgpgyt erspr ecursor cell g%l?)?lg ?gr{ggenggbgmena

i ' r. cells havi.n
DO, 1 0 20080 U RN BE RSl 88 I M.

A2 - evel opnent al stage or an
A2B ng%ﬂé%@?J}g/H@evel opmental stage. 39. The nethod
of claim 33, wherein the hormgengog_sf?opul ?_t [ ?2 iOfnt .
i nr rsor. cell edifferentiat
o R R L U5 GHe fomeaaneey peppidon ofor
' -) 01( -

Cebliﬁo&@nvdrg&%dg rﬂ)réAczul%g r+geqlg(ha)s an( A%BS(+)O4(+)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.

-36.  The method of claim 34, wherein said medium further comprises PDGF in an

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

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

37.  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/mi.

38.  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(-)O1(-) developmental
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39.

40.

41.

42.

43.

44,

devel opnental stage or an A2B5(+)04(+) OL(-)

devel opnental stage. 40. The nethod of clai m 33,
wherein the dedifferentiated ol i godendrocyte

precursor cells can differentiate into

ol Fsgenad BN tIOHH)Qht-bdeysiepments Staymybresn A2B5(HIDR(+)01(+)
met hod of claim 33, further conprising transferring
sadeévelbpmedahdtageyt e precursor cells at | east once
during said culturing step by cell dissociation using
a digestive reagent. 42. A popul ati on of
dedhéfmesthod batletn B3, 9oResiA s YbmdYeResls '
obt ai ned by the dedifferentiatié%jnethogbggﬁ@Fgfﬁlss.

43 oligddepldfodyed BrécigsorRitR8 AbY Rt &t Ate Wgtégﬁ%ﬁgéﬂ%%sn g

popul ati on of oligodendrocyte precursor cel

a SYHGaHEN sta hat diff ntiat
AP eI RO BBl 3 i AgRETTIcR 010
bo h ni.c_protei MP-2) or BMP-4 in an
anaePORE IR FlreRs HrhdRa A Bt devalepeetal sigge.

2 astrocytes but not in response to treatnent with any

a t ibiar eurotrophic factor (CNTF). 44. A
dggﬁgf%“rc%é%(gf’t?'éﬁ‘?( 3 o%&&i%gﬁdﬁéﬁﬁmﬂ gfigodendrocyte

ol i godendr o?%te precursor cells that differentiates

i nPGAUs%E coligcan diffaraatiaty inte sieadendrocyiesariintottyps 2h
bone nor phogenic protein 2 (BWP-2) or BMP-4 in an
anBffRc¥idS.ective to 54 induce differentiation into

type 2 astrocytes but not in response to treatnent

with any anmount of ciliary neurotrophic factor (CNTF).
45Themethed nbdaish 38| furthet Bomprigihg trdvesfeiringt $ed ali§edndrocyte
of BMP-2 and BWP-4 is about 1 ng/m to about 20

ngprecurst celts aklehetonde duMreesaid ¢uttafing SfByPMANEs! tRabciation
af fect a biological function of a honbgeneous

popsihatai digestiveabhgestendr ocyte precursor cells, a
popul ati on of

A population of dedifferentiated oligodendrocyte precursor celis 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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ol i godendrocytes or a popul ation of type 2 astrocytes,
conprising: (a) contacting a self-renew ng,
phenot ypi cal | y honbgeneous popul ati on of
ol i godendrocyte precursor cells having a synchronized
devel opnental stage obtained by the nethod of cl
or indpepdifarensiation IntgtyRfod 8RHPEYRFE S8 BPY PP ami1sE Bfeatment
from sai d honmogeneous popul ati on obtaiped by the
netwiti aoy aciaintof charygyepiieRiE darter (Cﬁ‘& *2 astrocyte
differentiated from sai d honbgeneous popul ati on
obtai ned by the nethod of claiml1l with a .
45 ¢ onploaimisthamaf cleim datasdd whereipam gaouRt of %W’%@i“&’aﬁ"\’”"‘* Is
function of the oligodendrocyte precursor cells, the
ol i goolgndngioyttesbout 2hegimlpe 2 astrocytes. 47. The
nmet hod of claim46, wherein said honbgeneous
popul ati on of oligodendrocyte precursor cells is a .
46 popalratinod of elcezsring for sampeEngs 81 afteshabiglegigalgunction of a
ol i godendrocyte precursor cells of the .
A2Bhémhb@éhed G populatiay el digveendfocyteageecursor cells, a population of
ol i godendr ocyte precursor cells of the o
A2B5fidddMHdtd ERés br dpopliafiornf afpes? agio@ytes, comprising:
ol i godendrocyte precursor cells of the
A2B5(+) 04(+) OL(+) devel opnental stage. 55 48. The .
et ?ébd Ok oftaatiAy 4GelWeaswing, phenctypiogiy hemagenecusageulation of
or reduction in at |east one of the characteristics
sel ect ed oii%@cﬁ%ﬁd?@cﬁé%éblﬁ%ﬁdeﬂﬁsimir@ a syyetironized deyelopmental
differentiation into ol i godendrocytes or type 2

astrocyt g5 B2yt tethBa®S cldi®! 1 ofa gopliation of
viability, gene expréssion, protein expression,

protein | %8& n&ch;tﬂgr@ gﬁékéhﬂdt@@ fRALHihomogeneous population

dedi ffer é)n' I ati on, characteristics, and cell

nor phol Og%t%é%(jj ibﬁitﬂg}%“w%dg%f 4LRRYI M BoRAkticinef pe R astrocyte

di sease on ing the central nervous

system CORBLLELAY I BlSotho bhddls! o tiohabtaied by the

t her apeut

method of claim 1 with a test compound; and

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

precursor cells, the oligodendrocytes or the type 2 astrocytes.

.47. 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(-)O1(-)
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.

33.

effective anount of a self-renew ng, phenotypically
honogeneous popul ation of oligodendrocyte precursor

cell s having a synchroni zed devel opnental stage

obt ai ned by the nethod of claim1l. 50. The nethod of

cl dihe methodtod icldim 4aiwhestingbdemdnge ye an proeeasssor reclektion in at
are differentiated or dedifferentiated prior to

adfeast shealf itts charasirigticnsletted fodm tH& grot ntbisting of
claim49, wherein said disease or condition is a

de myedlinBaén, fferdhB&RTEINRS of ' | :
SZWhe nmet hode of cl ai r?1 S?Lfbdmﬁl{dg?ﬁggﬂisgﬁgg\%aeﬁﬁ%ﬁg

di $ea\RErdti t Re 13k Qup., const St i :
o R oliBy SPaE A ol Rord M B BRI Bh B Rprer
hu ' n | Gj - associ at ed nyel thy, .

tr SRl RREr O SRy MR TRP s TheS Pt SebB aiation, growen
focal | eukoencephol opathy, and central pontine
nygﬁ?F?&??féq%gsd %‘?{E‘Q‘Pbowal%g%yel in sheathing. 53. The

met hod of claim51, wherein said neurodegenerative

di xas is selected fromthe group consisting of

Al FriEethad ofi teealing 2 Ratiant withendlitease or canditien eFfectimpthe central
type (SDAT), Parkinson disease, Huntington disease,

i sORBAUS, sYstamaenepyising adminiateningde dempatignteethdrammadieally
due to nyelinated neuron injury. 54. A substantially

pueffective ameuof ofraselARBEWINGA6HS Rt pitalyeddmogaedustpopulation
ol i godendrocyte precursor cells having ATCC deposit

nuobeligddehdi®S8e préthursak cuilh Hariid akchPomiged developmental
sel f-renewi ng honogenous popul ation of ol i godendrocyte

pPr etyeSobtarRdl 5y tha thét®od of Ki2GHroni zed devel opnent al
stage. 56. The oligodendrocyte precursor cells of

cl aim55, wherein said synchronized devel opnent al

st 388 rhéthddBr o, m%éihsa@&ol@&%n@r&%@?}%& gyrt(,eellsc?re

precursor cells of claim>s5, wherein sai chroni ze
deyftheRBibalor SbaErdrtiafiabslicy f4dMiRalion to said patient.
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 fo_cal 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.

58. The ol i godendrocyte precursor cells of claimb55,
wherein said synchroni zed devel opnental stage is
A2B5(+) 04(+)OL(+). 59. The oIigodendrocyte precur sor

s Bladh Brmikn MPE B i R4 o e, bincness.

adm, xture f a subst ntlaIIy ure sel f -renew ng
h%%sé}%u% MEFHSeRse SHe fnpwRINET NeURR MY or

cell s consi stl ng of at |east two different

nchroni zed devel opnental stages, wherein said
o RebS AN PUES Glelre Sf Tl 2B (BI0H (e (-heelronging
consi sting of the A2B5(+)04(-)OL(-) devel opnent al
soliggslendhecyie BeIcHy <t (ce)l9 bavingdsTeCajapesit aunstierdeT A 8063,
the A2B5(+)04(+)01(+) devel opnental stage. 57

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(+)01(+) developmental stage.
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