CELLS EXHI Bl TI NG NEURONAL. PROGENI TOR CELL

CHARACTERI STICS [0001] FIELD OF THE | NVENTI ON [ 0002]
The invention relates to cells exhibiting neuronal
progenitor cell characteristics, and nethods of

maki ng them from marrow adherent stemcells by

regul ating cellular pathways in the marrow adherent
stemcells that are associated wth glial
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which generates safety concerhs as to any transplant procedure that could
potentially result in the delivery of embryonic stem cells to a patient such as creation
of a CPC graft from embryonic stem cells.



10

15

20

25

30

[ 0007] Sone researchers have attenpted to utilize
ot her types of stern cells, such as nesenchyrna
stemcells in the production of CPCs. United States
Patent Application 20030003090 of Prockop, et al.
filed January 2, 2003, and entitled "Directed in
vitro differentiation of marrow stromal cells into
neural cell progenitors" 5 dlscloses that the
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[00011] In another aspect, the invention relates to a method for producing cells
exhibiting neuronal progenitor cell characteristics comprising: incubating marrow

adherent stem cells with a glial regulating agent in an amount sufficient to induce at
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exhi bi ti ng neuronal progenitor cell characteristics
conprising: incubating marrow adherent stemcells
with a glial regulating agent in an anount sufficient
to induce at 2 least a portion of the marrow
adherent stemcells to transdifferentiate into cells
exhi biting neuronal progenitor cell characteristics;
with the proviso that the i nteracting does not
conpri se transfection e mar r ow adherent stem
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CPCs are EfnB2+, CD80-, and PDGF receptor beta-. These markers may be used
to separate CPCs from MASCs using FACS following glial transdifferentiation of the
MASCs according to the present invention. Suitable methods of handling CPCs are
known conventionally, including those methods disclosed, for example, in published
United States patent application 20020012903 to Goldman et al.

[00015] Generally, CPCs according to the invention may be produced by
regulating cellular pathways in MASCs that are associated with glial
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MASCs according to the present invention. Suitable
nmet hods of handling CPCs are known conventionally,

i ncl udi ng those net hods di scl osed, for exanple, in
published 30 United States patent application
20020012903 to CGoldman et al. [00015] Generally, CPCs
according to the invention maybe produced by
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MASC cell surface receptors or are transported into the interior of the MASCs to
interact with internal cellular pathways. Such transportation may be passive, such
as diffusive transport, or active, such as through active transporters or a mixture of
the two. In vitro incubations may be performed in a conventional manner, for
instance incubating cultures of MASCs in alpha-MEM, or similar media, to which glial

regulating agent(s) are added. Suitable incubation techniques may be found
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25 context of the present invention may involve
culturing MASCs in the presence of glial regulating
agents with the intent that the glial regulating
agents either interact with MASC cell surface
receptors or are transported into the interior of the
MASCs to interact with internal cellular pathways.
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invention, there is the proviso that” regul ating
[00021] Marrow adherent stem cells (MASCs) are defined as being, for the

purposes of this invention, stem cells that are conventionally recognized as
differentiating into several types of cells found primarily in connective tissues,
including but not limited to, osteoblasts, adipocytes, chondrocytes, and myocytes.
MASCs specifically exclude embryonic stem cells and fetal stem cells. MASCs méy

be obtained from a wide variety of animals, including but not limited to humans, and
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cel lul ar pathways in the MASCs that are associ ated

with glial transdifferentiation of the MASCs does

not conprise transfection of the MASCs with the

intracel lular domain of the Notch gene. In

enbodi nents of the invention, there is the proviso

that 25 incubating the MASCs with glial regulating
agents does not conprise transfection of the MASCs
with the intracellul ar domain of the Notch gene.
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purposes o
transdifferentiation may be inhibited is through the regulation of STAT-mediated

signal transduction. Signal transduction by STAT is believed to be triggered by
phosphorylation which is believed to be catalyzed by the Janus family of tyrosine
kinases (JAK). Inhibition of the JAK-STAT signal transduction therefore may

regulate glial transdifferentiation pathways and promote the neuronal fate of MASCs.
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i nvention, substances that, anong other

characteristics, possess the characteristic 20 of
inhibiting transdifferentiation of MASCs into glia

cells and pronoting their transdifferentiation into

CPCs. dial regulating agents may act through a

variety of different nmechanisns to direct MASCs away
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therefore may regulate glial transdifferentiation
palPAtzEst s "&ﬁ'ae'ﬁ%‘?‘r‘@?@ 9%@&@@?%@9%%0%gmgesnven@on

[ 0A61ddd, b arahot IRgiel &, IJng/menhﬁsb@%? Heflidg ibioiloREof STAT1 and

t t
B O o PR ey S Th TR T e il vy o G o
gI Jevg eitereingfod oAU STAT @ethwaag ahtsbhstgoliageutiedtioay toalosa

RSt I0LPAT P SL ORI M e BRIMEDRY 40, o
ey dFyRitenyiayings6 Jtimeibpxyghinezmine s AdditnaMXSUS TAT irthibitors

If’rrél@}]lfr Haf&s&tﬁseﬂm OnitdAvaBbs theng\d@Eatfoﬁ 36hA208ebo 3PeBLJe

to t ti hi's I nvention may
e cfrr B 1. 20870 Usked Riatasle T dopicaton
ntﬂoee‘e@ﬂﬁ@i'ﬁz iohELal¥u egalh ptblsbéd Marchtiggdoa. snal |
mol ecul es, peptides, and whole or portions of gene
priBeRZd s | In T%U'Zlﬁjmfrfﬁ dlinl reatefifigragnnts agédrding toeihelireenting)

agﬁfﬁﬁd’é BRGRE Qd)trignté@tot BRa T@&Yﬁ@&ﬁ NP & 7 @Bbéjgﬁrpl’rgﬂgméb%tem)

ted to, i nhi bitors, inc
" Seb PGSV ey AATPTREMMASTA RNk obesre qvgucts From genes
erdxp@sml\!sggns BHordir\koBdtAHn, isbfiit bédg@hsg (BIYH)C SMEYdn&ESs of these
R@éh for gene silencing of the JAK/ STAT pat hway,
I sense ol i gonucl eotides to down regulate the

tht{doﬁiﬁTln%Iémmdumé?ﬁ dilgeem‘n$ g&ht@tgwo%dmws th@h]bpmroﬂf

d{iﬁl e '%4/’( m no- hoxyqul nazol I ne

eohl e fit B pire. maidiag b aoidiryien da e 1 andlor

Utesédnigbitre sin Eexﬁa‘émbméﬁtmnel@te,t duoh H2O OhbROS A, d¥mprise RNAI

G?&f Ié% ; t e 2004: an

UL tgg,ﬁ §| at&'g@%ﬂ;?éé% érﬁggr?sle%al%;?r@ﬁ{eog&e’s to gowﬁ regupate Hes.
[00029] In an embodiment, glial regulating agents according to the invention
include, but are not limited to, inhibitors of Id-1. .See S. Tzeng et al., Id1, 1d2, and
Id3 gene expression in neural cells during development. Glia. 1998 Dec;24(4).372-
81. In certain embodiments, such Id-1 inhibitors may comprise RNAI for gene

silencing of Id-1, or antisense oligonucleotides to down regulate Id-1.
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20040052762 of Hua Yu et al., published March 18,
2004. [00027] In an enbodi nent, glial regulating
agents according to the invention include, but are
not limted to, antagonists of BMP2 or 7 (bone

nor phogeni ¢ protein). 20 Such antagoni sts may
conprise whole or portions of gene products from
genes expressing Noggin, Chordin, Follistatin, sonic
hedgehog (SHH), or agonists of these genes. [00028]

I momopn‘ﬁoﬁ STBIdimedh, | ikl re@BatinatgB@s ag?n&nﬁg aceendiRthn
no

vent | |
Rl MPse PR Es Bt raB i arat s ke ophila
a@ddeﬂgcm RffialHats Hissing, bicluding bull mot d@tédionG @D prlirMeNbSGCMB

s:dlgenﬁaél f’]See . },ng&{ %trérgﬁ?l é %t‘ﬁg)l'nég\ul%‘n @&%éjg% %fg@t"i”b’s
dgmmserr\@gmeamnr%ssophl[a()@@ma}mrlnaheamhemdisi miesitly, gegks.al
r %%I@E:rh&g .‘?@%rﬁe% 1§§@Qf @Hz‘?%gt ép&thfodarkg&%‘ Y l¥| Keanr{uerer et

i ncl ud but are not tors
sék @CM$2@ Agroat hapan hqrraqog plbe flnglifle/dcaoagnen@ytogenet Cell

e I
BSOS 00 MBI G

slﬂ‘@f?‘fPf& M3y GAAIPERE BME! TRbgPresHpY et mig/aTe F\Ofg@lﬁ@s (such as
SGlcﬁ'ﬂ hithePdr GOMB (hdmard) bi m:@@%eaing@%lé@g@&ltb ?xe@n ltfé?gullate
odal nen gllta

e Cich s Gt o) of BV CaRe By

' [b%ﬁ | ’alﬂgﬂtgrrr@{)g\ iRt P’l%@gﬂ%ﬁﬂé ﬁ%erftsp%! g}aﬁng:[ ) tf?g invention
c’@P'IUée rAus grierigy limi eﬁé@ u@l?lfﬁ@r%ﬂftsqaf%twmtﬂmnmede B drateeription factor

(fdikibhgw)and}bc age( I@é@ﬁ)"htolt@@ al. Whe'gﬁ?%hs&htl&t factof N€
lation 1S

pQLenti al It ol {)%é:g 3& e}d fferen
PGl DHC i Sl el e R o9 Jievap003 i
CEIWG 3N @591+899 ). glemersain eDovdmenpesch SBEDBhBE6rs Inay comprise

BIQI(JZ\A%C%%% sgg’lECén %‘?§Bﬁ%%g%ntgéﬁsﬁz&aom%oh%eﬁo%n reguFT‘ate

g?®fe/ gcm gene. Cytogenet Cel| Genet. 1999

8 43- I t nbodi t h
IOy i inebige SR 50BHE Ty scurpeined Ravdrvamiien
gedede |bueare innginoted ¢, iindhyitgsraf Neomigegs3, (viHichhmagbd 8 Genl
(tr?:”b it gag:ttol Ii$d%H Q)I%rceﬁélp%ﬁ\tooa\” ﬁ"@?\%e?uch Nenur%elnmé&
(18 'wrﬁ@a@@ﬁ@erﬂﬁ@ﬁ%)for&en@%smoaQhﬁmrpger[rmoear}tnspmean

Qjﬁ’g@ﬂ!d%ﬂaes@'db@h rég@@a%l ﬁédr@&nﬁ@ents according to the
i nvention include, but are not limted to,

i[AO033] t dw 8n emb&iinént, gllal ehulating dyenid dce@ning td Plelii@ntion
fi@cﬁ&é%_ﬁulf eg gtllﬂnﬁtgg%nﬂ{h%?tglrs%f ‘; h&??ﬁgx?rotré SHic fc ctor E&\ﬂtF) E

transcr Fp
certain embodiments, such CNTF inhibitors may comprise RNAI for gene silencing of

CNTF, or antisense oligonucleotides to down regulate CNTF.

[00034] In certain embodiments, glial regulating agents may comprise whole or
portions of gene products from genes expressing Wnt1, which strongly inhibits
gliogenesis. See K. Tang et al., Wnt-1 promotes neuronal differentiation and inhibits
gliogenesis in P19 cells. Biochem Biophys Res Commun. 2002 Apr 26;293 (1):167-
73. Whole or portions of gene products from genes expressing Wnt1 may be
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15 determnes glial fate choice in the devel opi ng
spinal cord. Genes Dev. 2003 Jul 1;17(13):1677-89.

). In certain enbodi nents, such Sox9 inhibitors nay
conprise RNAI for gene silencing of Sox9, or

anti sense oligonucl eotides to down regulate Sox9.
[00032] In an enbodi nent, glial regulating agents
according to the invention 20 include,mﬁythare ngt
limted to, inhibitors of Neuro i n3, ich may be a
tr 3‘?@’8\5 et *ahtf%ré&%?“ Prérhey ngé%é@i gethpds,eph ag pene therapy
enbethotentisding ued vBewisogeni n3 i nhi bitors may

conprise RNAI for gene silencing of Neurogenin3, or
an[0i0§&5’]s én cetaigembcdiments,diis! requiativgragee@ uwhat@mprise whole or

adi ment | ial . .
r egu ‘gﬁgﬁgg%e eﬁ?‘g&g}]&%ﬁad@g e?(EP ?H%a SHP/Seeng Sffiral pasic helix-loop-
| n@"?j&@*uﬁd@d@rﬁ éhan eteylxrismcttred rales, durinbinbinbgesesafor are expressed

Ci llw'pﬁflﬂerﬁ%r@idso @U&Qﬁftéﬁgﬁlf%ﬁwgrks rrrgi:;x? g%tﬁ‘grr ste%l/%m portions

enbo i ments, such
f o?f 9§BRBrOSHEE femicignes expraqTing Netrogapinddviesh 1, Math1, Math6, or

ol Migasmcireold Besrtioas BeRe F&ﬂu&@hsm%gs ei&@&-%] thé Bubset of

t I regul ating agents
c ot Ba RO e hs i B e i @Gttt purogenint.
geviashielpthd sidlathg, dNNduroD/WaQbe&UﬁmﬂQbr&éd|b5”ﬁﬂah$fé@uo%Q>r other

%L&Sﬁgﬁﬁ?ﬁ%ﬁﬁter eh%ﬁ gt-g ? %neath(ara% mewafjg *”Cgidf”&dgﬁ' VELIOTS:
F’J{Bo@ | %ddl@b%?%ﬁb&ﬁ %8 aB6ts %g@?adm%wqgg're@‘erng@ Or in

293 or “portion gene

f r‘iS’FH iy 18, 8grefesbleeiogimantyf agorsingdian af @Itaéwegdlaww agents

t riansdade tHeqnadice of e inveGHIVMEREH Qlib?ﬂlfegm%ftlh@g@ntsqwéha@%n

05U SH P ED Bl SE BRlid Ssregt it ponace e

ageratad ghelyeasiatipg efect ahtbe gliabreguating agess. of gene

products from genes expressi ng a subset of neural

bd29B7heFprbe BWIBOS@ HETS RvarBe: iolting CHGs qomerises iaylating

| ICRCsUedn Wen-CPCeB!Idlial sAghpRESUPFRMESSSs bt RIVE not

re)efrgkgdﬁﬁeﬁgnt,a%dgn? dF{%gr %illsfﬂ%?l (gws lﬂﬂg&%ﬂw lelﬁosijqql%ﬁglatxcm or
éfmétlpﬁﬁ l@@lamng ffrnmﬂblpg@lﬁfdstloex prects b pg ridiensdo gigfaientltypes or

N@Rﬁnué@éﬁé@latlwﬁ% be%efer%ﬁg LQ{Q! ay\@&%rhdlﬁérelptquﬁes ??ec%mques

products from genes expressin

n@ﬁisﬁfat'%g?%e'?{@f"?‘?('sf"aw rﬁ%{’tﬁxA("BW_Yﬁr iefygeftigptation methods are
I neéfuldh @ doadtice of tpllglnﬁﬂehm FXaivples @gﬁﬂih'?sgolatl%g st ’lnclude
0 istere
tr aﬂ‘}s‘?l e(g:@fr#otﬁe udy ﬁ% ey e %‘ﬁ%/%ﬁ%‘?% ﬁ?ﬂ'” PREYIC Sg%‘?f Aliogs
gé&asénighes; apy viawst hotisg. i Imolundéytapheimistly megetisarts used in instances
where cell viability is not critical.

[00038] FACS sortihg can be performed using conventional FACS equipment and
protocols with antibodies that are specific to epitopes associated with one or more
characteristics of CPCs. One such epitope may be EfnB2 in the case of human
CPCs. N.Ivanova et al., A stem cell molecular signature. Science 298(5593):601-4
(Oct 18, 2002). Antibodies additionally useful in the practice 6f the invention,
although not necessarily for FACS sorting, comprise anti-CD15, anti-CD29, anti-
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[00036] Additionally, glial regulating agents may be
adm nistered singly or in conbination. In a
preferabl e enbodinment, if a conbination of glia

regul ating agents is used in the practice of the
invention, then glial regulating agents that act on
15 different glial regulating pathways nay be
selected. This may serve to enhance the overal

glial regulating effect of the glial regulating
agitds antFODOB ZNHHCH3 1t Al 5@6@%8561‘ b/e.rargl alwéﬁngrand
' f{’ (@t idag p&P%oﬁQ mbese%&prr@ﬁd @bing mélﬁ’@\%mfermm@ PReERE

S in a sa such as MAS
© Mg Potarun RN AECEPUET AT A AT AT D pRgy software
CQQ@th@@xcﬂn&jnn glaaklirsialkas, iNIm B FAZB edjuiptriept &vailable from Guava

i sol ati ons. Ie i solations are to be
pe EEHRSEES ( H?f*%y’éﬁ' "Wdles or techniques of
¢ PRS0 R BE BB SRRtk RBfine Yo ek sEh i hor

I'sol’‘at1 on nma
i sedhatguen sn@sad the B:qMaﬂj profagpls 80§ rweh@o@\@alabﬁﬁ in kit form from

| nvgt%t S |rﬂﬁ1ﬁ%xcgﬁ)%fw%’réls{r?mtatﬁ Be Qﬁ&ﬁér's@ﬁar‘aﬁoﬂ !ébﬁrgque useful in the

ion such isolation neth
i REACtiereof th!bmve@roe Ul | MRPRQeYtoEe PR ety dsase AgsqiakGin M-

FAGSa§ Q6L dl nga\,xatldmwﬁﬁégQnssﬁmrraialtﬂﬁdl&’édtb@rctrﬁﬂb;ﬂbhﬁﬁnon&ﬂGh vitro

|
T N R e e A R b e et
[ %%%Qy%@msﬂmﬁspagh@amdy@emmdbwm ciforgl laser scanning
Cﬁ}n%/rgntl n l F?&% Ifa%n@%?(s B%]Qad Hﬁe@&@rﬁ%n% zhCon gntlonal

are speci to epitopes assoCiate
wivishalget smngmr:fmq@ﬁam%meeﬁpé tnitee p@Ft"@F‘@éh's G]’“( gntione h

plto e may be EfnB2 in the case gh CE
b Htrans arc ASGrect AR of e rbiioect o8 yAaRasy B any of
S‘ﬂiéﬂﬁﬁ‘aﬁls&%&(cﬁﬁ@@ celd Thadcorisote tA8braR)6@hal cAhnirheokd eaves,

gggrlh%%ﬁﬁ aL%¥ucl1'§’a?£c}J J:elli b%ri%/ulﬁh qu%%&&rg dgﬂdrkg'searlxd"y & H@E QWon.

necessari
aBidch@nitaly, aenrprsGme Sharapieiizeg b@maﬁlmawﬂh a@;@gles for

aﬂ&lljro%émt R Neta M Qin, arY Tu@l'ﬂﬂé/sé rea%ﬂ&\s&ﬂéy be/ Q§bd to isolate

I'ebrand ' factor. Cell Pﬁf g ggyn
LSBFTONS PrellhBAG T BTors IR ol sRoronnOp DG Echiaues
bgticrps£FATH sdrting. treeixrm@;eugaarEAce:Scamdaﬂaaul tgreekierieg Wi t h

Eﬁlﬁ%rg#gr%tﬂ_t ersS %fet K smlﬁgres&etﬂgta%sc 'n@éfb@anﬁiﬂQ e|a@ed prgteins,

aval | a rom
Tém'bnmwglne@ropmrﬁwé(r@d 9@é$tiﬂl1i<@ﬁu a). [00039]
Alternatlvely i sol ati on may d usin
RARTATT CNeginal A B T B DG Ol (B8 PR Rl T
prrﬂbﬁml subsnflcéapgeansng atai dhatakeristicskpdssé ey the tharasteristic

t 8P %&msag g%ﬁ}% dn){g;: {ﬁ% %ﬂgr&ttlgtyon%&P%% lrﬁg %Q}r%ﬁs 8?&% ﬂa‘t 8>H’Hb|t
one or more characteristics of neurons. Neurotrophic agents useful in the practice
of this invention comprise but are not limited to basic-fibroblast growth factor (bFGF),
ciliary neurotrophic factor (CNTF), and forskolin (FSK). Neurotrophic agents may be
combined with the CPCs of the present invention using cell handling techniques
known in the art. Preferred methods may be found generally in PCT/JP03/01260 of
Dezawa et al. In a preferred embodiment, bFGF, CNTF and FSK are combined with
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practice of this invention; useful |munocytochem cal

nmet hods are described in M 10 Dezawa et al., Sciatic
nerve regeneration in rats induced by transplantation

of invitro differentiated bone-marrow stronal

cells. Eur, J. Neurosci. 14, 1771-1776 (2001).

I mmunocyt ochem cal inspections may be nade under a
confocal |aser scanning m croscope, such as the

Radi ans 2000 (Bi o-Rad, Hertfordshire, UK).

CofRVERtN efaliturgirsarapurieeifecsor PicAgs e @ ERPIN el die difisrebiiation of
usedckhtd h&r@ﬁ@&tdeﬂ:sethg‘f exthmlt%nb BYRBd &%rac@élsﬁ&%%glmns
Neurons are defined as, for the purposes of

| n[mnuz]orenabeen@gr@mfmeaﬁ asti@hé pRUbSR-oE on:d:ueérmeg ts:ea{d Sy of

L LT B M A

dem}kne b’eﬁ;e aanirahneivogd s/sexonGlial Bilie ke clalt lays notdionited o
i bodi f
ﬁéﬁ?@?f‘@%ﬁwh@f HRERT N S AT Thece”
%@bﬁ:ﬁn&jeﬁ%¥ aReqdinedald, ‘?or‘t§é’bn§b§ses%@thf§qH\Vé?ﬂ§n Yeirf gjeJ 4 of

bi ti n% one or nore characteristics of neuron
us?%@eft%% hRIS WhsliRiR adenssiieSs adet ofryonNadatedad | s
ar eardkaRios RALREY RiptibAd) HHpreafHNed § é;ﬂfglng Gene products are defined

ncth B TR RPE PE sl el PERG PiRShe PP bsgian geres. Portons
nenfrg@pesmredeﬂnédasdfos tiestugpoees 6. thig G)ﬂ@dﬁldn Dieinig atsmmm bfa gene.
(mlénsacff ?gﬁ&ﬁrb&%% AR J%ﬁﬁf{]ﬁaat foﬂh nDDhJ? o%#%gfotﬁg%v%nhon bemg a

I nvent ances
crﬂﬁb&%ttcém%t‘@ pedugiossess t he characteristic of

ronmoting the differentiation of CPCs into
CHIPPE BaiBiprans A anEieh sicels GreMaa B Grore tpicaly, a
chramact, gat is thecsubjebt ofensdiyas obshieaiiat orafaltiyc agent s

useful in the practice of this invention conprise
bUP0HR &HICs|nreducediagagrdizmsiodhe inkendbh ssy bgradwirfistérad tor

( =Ents thr@ddh‘ a&FeYteﬂ/edf' hRtHoRBhAGudiRFsR ﬁot(lmgko inflafhn through an

forskollnrg urotroPhlc agents na
c dWBFIPRFaNYH ”Fﬁcge N PW@‘W'@N’V”P'HM '"|'5‘<5'ne %sfng
c ediddelgesnidbli BgpduRs bl diftte Soutknshakmiiristialen, akd alsPwehie &rseegtope

O AR R, Oy &R ASF LAl e o e R EO R R0 S

Dezawa
an! eUfi-’—SKLfmaba%Wai@d mgytrineferable Rtsiej ad mydstration ko targetdadn

ampubtsSor@ld ©as bVﬁNS%&@@f@ra@fy iR RIER rfrabB®nchymal routes.
nt o neurons or cells that

differentiation
oSSBT 5B S B HETA PP PemBre! eieongh nravenous

[ Qooy.la] inGh-aeériat @lutls aat‘rﬁo@hﬁntmdl asxtefral cdrht&i oriposes
at_make

the ce
SO ERN BrerhT ey fie i Tifasa PRlerte
S lﬂgrm”r'%ff afipreteshniquesigan oe atdppted o teshninees/wmed te gemipister
Goréturobdi geRGhid Suchldith@eiidtRsed InB L&t 410 Intraarterial

administration of marrow stromal cells in a rat model of traumatic brain injury. J
Neurotrauma. 2001 Aug;18(8):813-9.

[00046] Amounts of CPCs administered to a patient may be determined clinically,
using conventional dose ranging techniques, and clinical assessments of a particular

patient’s disease.
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astrocytes, Schwann cells, oligodendrocytes, and

m croglia. [00043] Genes are defined as, for the

pur poses of this invention, being a set of connected
transcripts, wherein a transcript is a set of exons
produced via transcription followed (optionally) by
pre-nRNA splicing. Gene products are defined 10 as,
for the purposes of this invention bei ng proteins
trans|l ated from genes. Portions ggnes are defined

n

ad000d8} F%prﬁwﬁw%%“oaﬁs PHilebe Vﬂ?‘éﬁﬁ’t ms 9g fhggpagticular

, S@%@Hxn@ﬁts&ie@&m}@d in tﬂ@ratppmmomh%ns@e PrPALE S smER mustranons

t ,
5t ofE0uA tspe S EBH R Finy bstitonhebkt A G
amvaatiqn dayi pie Creelde Witaouraenrating fadrd iteepiet drypicope, |ay§ wildbe 15
h t.hat d I
R ok Pl TS o R R ARS8 0 e
i pyapetdf g imsqyltldzre ineattdition 4o @pe&jemwﬂerﬁfaﬂ |he:reirs wilhiveoapgplaremt to
VIS8 L in B n rlelTGle g gaeéaHLndaotsUCh Adifiladcds and

usl on t rou cannul a
sh@nﬁtlonmrewenq@ﬁn%fﬂ'a\ﬂth@rﬁhwqow At e @aperider clagng. Theapresent

banQrﬁ%aéj@kﬂeQInﬁt@@SHlb% tf@&&m%td?%e b @élms alon with the full
adn1n|strat|on are thin the scope 20 %

i PRRPALST S%U'Val'%tﬂt"‘fr\/%‘ sr”&ﬁ?‘égnso?tr e gaHeri strat i on

n rout e
BB e Bine R e Bl od et Tne® Biftatvecandin g vy
tﬁ.miﬁiam,gnétl*@dﬁcomflﬂmwsremnttrivent@NS or PNS, and
preferably includes intraparenchymal routes.
Systenmically routes of admi nistration conprise

p | routes, with intravenous (i.v.), or
'gg&g&gkserial (such as through internal or externa
Cﬁ%&%bg ?Ekﬁﬁkﬁ§) 25 adm nistration being preferred

routes o syst em ¢ adm ni stration. %/St enm c
a[dm.m]stmmw Rat KRBT QURSar 685 PSre dbat £5hd &meed as described

LB etgs ke e AR g e aroR b R e bl ngplantation of
I nntvrt@achﬂfeeerntateo badeainstvrsbimelncetds. Bwr d.0veusdscorm) 1aval1736
f
i B R S ATl sl A
ofiotibéttakerd\Mafiestide, é‘d randaMivies erieinpijoh dedétyetonprseate used.

ctéiRired) deymaintdmed th AGMREM BRAa, ¥PS26) AMYH 0D fetal bovine
technkﬂﬁgf and clinical assessnments of a particul ar

pat '8 di sease. 11 [00047] The present invention

[ t ! f .

e@g@%}] rrérg%hlsg%ggeés éﬁrqfo%q%@wkgﬁgﬁoﬁ he%m@y %5%5 § &Y n"ﬁrﬁ[]steP is to
| HiRiP Qe B3y Aglirets frany Beqltgy pms using conventional aspiration
techniques. The cell aspirate is then transferred into a 50 ml tube. 13 ml

Histopaque is then carefully underlayed, using a 10 mi pipette. The tube is then
centrifuged @ 2000rpm for 20 minutes. Cells at the interphase are then harvested.
PBS is then added (at least 3x the volume of the interphase) and the mixture
centrifuged @ 1200 rpm. The cells are washed twice more with PBS. The cell pellet
is then resuspended in DMEM +10% FCS, and the cells counted. 5x1076 cells are
replated per T-75 tissue culture flask, and incubated for 3 days. On day 4, the non-
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of individual aspects of the invention. Mny

nodi fications and variations of this invention can

be made wi thout departing fromits spirit and scope,

as wll be 5 apparent to those skilled in the art.
Functional |y equi val ent nethods wthin the scope of
the invention, in addition to those enunerated

herein, will be apparent to those skilled in the art
fromthe fore goi ng description. Such nodifications
angdneyEgt P%Jisl%%gerré&vsd PRt Byedegk veshed treqdinRs With ediwbpBhe

of adHrecrap@Rnie dicwleaittGrow iR ehe[iIz68 eWWhen tHAVRNS F2iBh 28-30%,

be | d b d cl aing,

ol BT ErinE RE PR LS ELPE POFbatH TANERTS £eF wh Bhfack
sudtnec kfei aels @arteis eodled teadh crO0OAB] th@imen@amgbsslz&ensmg 0.05%
f °{r§d}|n a%dle\f)Z’a/ ED?RarHﬁe tccgfs a?e hfs,w W%glrneadtaln\éed Fnteg ITR? C%Iﬁ are

esen
E)@R‘/PLEESSPGPSGW%gmaEbhaN&WEﬂﬁ%diBS (Me2m] InekEsments
Ra\tvhévé\%e&n\%%@rbe%é@um m%ﬁamgln@g%qhmﬁe ﬁwléljtuw&%ams no

descri b
r e’g%‘he%ﬂf%’i‘\e 18@% %ﬁdgm ﬁ tm edl abg/emaa@@pﬂoa%ﬂaweer&ﬁ am! are frozen
| Nin\elafly pasdbddser enti at ed bone-nmarrow stromal cells.

Eur. J. Neurosci. 14, 1771-1776 (2001). As for hunman
MABOB51] c QufBUGHcEl rhayrkq&m nmdaas:&dwdmﬁ@ﬂ% €9 a2 hh)yz20with

fBl fgum s%érf&lé ctn@\é@ é:eg g%&g L ?Aé%-))) enM)A‘ Sdcs%rgtbﬁwe l\mfngs express
na@ﬁ?%lanéﬁ?mﬁ Bt preaneyBline(fSi Ghdd, QWASQB}S V@@ Hi bid %kd von

T efvitebRAY FAGor &%n%‘t@ht(v{/: %3)1 Pl{tg‘gjgﬁgt]al ! 'ﬂ/ll}ltnﬁegfesﬁﬁtmhal of adult

obt ai ni ng MASCs from heal nors, an I ni

i shyngan ’B‘EﬁeﬁFW”l% AEMrEHS- o%‘%[&’ﬁ@%t@%‘ﬂ@ i 9REH ey KOhyama et

dodQ rEvaib &bﬁ@@@fﬁfﬁdﬁﬂt oféth-dFpdntiatdn0 Bf mafow e6HNE QU Rd
The cel | e%g% is th ntransfe

¢ U PR Bt VNGNS bl ert ofarentten
u568n §3a249(2001 deeM Je Th¥lseme wdswlt issoltdieet bycent ri f uged
@ %MB%J’IQI[HIS%Q ﬂh:g&é&?c cfgﬂd}ogeﬁ[: ahf) gstb%é?’lr cpégﬁec‘r@w%rﬁ@n of

then harveste hen a | east
vdraineat grd iysean MABE Amesceptiraied alCF@d'ﬁQi& e gnethod described by M.
c eFittdrighugen, @Laﬁ&ﬁ&agrepslrmlten'trﬁlﬁf a@hdsrgmaarnen%@aa@ﬁn di ‘Meﬁ‘re%eug

W P . e ce pel | et is then resuspende
mé%\?éﬁﬂtzgﬁoﬁﬁé and the cells counted. 5x1076 cells
af[@ood ?pl{zﬂbg%ngfv&s TC@I@ dt 'astﬁé'lecoﬁé’énﬁﬂéﬁc% éfh%h)"?ﬁﬂ%re incubated

i ncuba non- eren

- cevihs! mgaf g M%W%%'W%'”ﬂxaﬁba%ﬁé@dtﬁk%(Ftﬁsd’e@wbaﬂons

25

30

Wirhdy tegsbridrmedlii@he presence of 10 mg of mouse immunoglobulin to prevent
nonspecific antibody binding. In rat MASCs, mouse anti-CD34 (Santa Cruz
Antibodies) and hamster anti-CD29 (PharMingen, San Diego, CA) may be fabeled
with FITC, and controls may be incubated éither with FITC-labeled anti-mouse or
hamster IgG. Mouse anti-CD54 and CD11b/c may be all purchased from
PharMingen. Mouse anti- von Willebrand factor and other antibodies needed in the
practice of this invention may be obtained commercially. Controls may include cells
stained either with non-immune mouse serum. [f these antibodies are conjugated td

FITC, the cells may be subsequently incubated with 1mg of FITC-conjugated anti-
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adherent cells are allowed to grow in the flask. Wen
the cells reach 20-30% confluence, the content of
2-3 flasks are pooled and re-plated in one T-75
flask. Wen the cells in this pool ed reach
confluence, the cells are trypsinized using 0.05%5
trypsin and 0.02% EDTA. The cells are then washed and
counted. The cells are then resuspended in Sigma

aI pha MEM + 10% FBS (M 4526). In experinments where

| imrsBedaG-on ugap YA suglegoevirn éab@%mtéﬁtaﬂE'&Q% GPé9-

t Radsat BE1 M kAN GONTahAsd A8tor Arag by us@ halbmeold MaPPHclude
added. The cells are exganded f or %@(%ks and are

f F8%etiainghvilplvGossyEdn Gag ed 3aH-MektE ¢  M&Y PP geguired and

mManKgfs dria FACSanbutwimee M&Es ot ae dBadtyrzBidkinsdr) Franklin
fl ugr eﬁéence activated cell analysis (FACS). In an
the MASCs express CD29, and CD90, but

ar a
i RoBEP Shipkos fectetiy, THE bendilpocetiie Boort 801 MOBezaws
alet al., glati¢ nervie ergengati@Yin rat$ ingecesiytianspiantgtion of in vitro

”%ﬁ@%hé(tﬁ@bo:%ﬁ@r&ﬁ%ir&nal%@ﬂsem ﬁ&éwo@,&Smlﬂq%H?S@azom
am et Brain from bone: efficient

ﬁﬁ?hfhaiﬁﬁt@? éfﬁ‘fi”ét"’”ﬁﬁ% BN E TN 'Pé’i’i‘ﬁ%@ﬁ Qeipred saline
nmm)etr@wamb&@stea with pRiarycsibydi¢foNoGghigntelt 4@eg. C.

: dgggq%]d}/e(sgﬁg Iaggxf &’qay élpchfgfﬁ%J ?eogirh%%la y fr%?'gfﬂ ﬁage&, Cells may

I bentheodytudeted mith segondédtisp igneiiesdo Aeka frtioo §&horco4nmbnjugated

d
VAREBRER b, BF £bA B MMk iar PRERS BB DIRUERT npur
byoqun tenpgratire tandg&y T Qg ioglide, (Mmcv'ia'l Prebeg €opdersiainiag nady be
agb‘rlf&rnﬁb!mﬂ e@om adﬁ@ﬂbﬁ@kgﬁa! l@@?r&\f&ﬁfﬁm@lﬂmcrosmpe
s at a fina
@Qb&?ﬁ\ é%’le%%?(ngVFﬁK)are incubated with | ng

E RN nocl onal antibody in phosphate buffered saline
( é%f I'ncubations may be perforned in the presence

0f00b84)"UH@harMAUSEs (PSR BRIHittRek, OvaMRNARE MED wers allowed

e D @@33%@%@’ o D L

aBudbech29 a( BtaciMretbased dSsipn B spgoific iGApitorayf badsabelsed as

V"‘Fﬁf%t{»: Gpu%%n‘%%ﬂkén%ﬁgé%’ %ﬁn'db%ﬂ?ﬁi%\ds%éébe{sawwbg)

nti-nouse”or hanster

ahbe MBSSs werriinayated WihcAOngymirs( %hydr@wpbﬁa@é@m@ﬁn
PhMAGEIazbiMeg ey HROLI31, VAR, 8Bk ol 84§ 9br @D Qhays The

ot her ti bodi es in the 30 practice of thi

i H‘(r}@mﬁ%gﬂvw%d %g?fgﬁ 2éjayscom’rer cially. Controls rray
i pel ngg cells stained either with non-inmune nouse
seru Ff these anti bodi es are conjugated to

[00055] Human MASCs, prepared according to the Materials and Methods section,
are allowed to grow in culture in alpha-MEM containing 10% FBS generally
according to E. Sudbeck et al., Structure-based design of specific inhibitors of Janus
kinase 3 as apoptosis-inducing antileukemic agents. Clin. Cancer Res. 5, 1569-
1582 (1999). Once the culture has reached 90% confluence, several RNAs,
designed using the BLOCK-T™ RNAI Designer (Invitrogen) are incubated with the

culture for a period of time sufficient to silence Sox9 expression, using BLOCK-T™
14
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FITC, the cells may be subsequently incubated with

1ng of FITC conjugated anti- 13 nmpuse 1gG In human
MASCs, phycoerythrin | abel ed nouse anti-CD34, CD29,

CD54, CD11 b/c and von WI Il ebrand factor may be used,
and controls may include cells stained with
phycoerythrin | abeled anti-nouse 1gG Data may be

acqui red and analyzed on a FACScalibur with

Cel | Quest software (Becton Dickinson, Franklin 5

L alkewcolpadyailapieBBnviragam diaptitioh ERCs ereyisoldled frg)emer al

Pr @a@dsiferbstiAePRAEBedy SQQLMHU%% n &ln rthS rie PQ%AS coated

nerve regeneration in rats in
ofW*#hangpﬁfate Hibpdpehich ap agt- 66\%5@ ﬁwtrvewemqmr CPCs), anti-

cetbso (nEyétlvereleBﬁiﬂf@rS@PCs 14nd a’h?lYIﬂDélgy&eﬁt%pgéti (negém(?r

the fi h4°/ par af orinal d e’in
orisstistler EReRL, B adpotis g PBApeotagy b ebiaincd from
i rcwamaetred: anppliergr THeedeyls RII’RBSJékdlnﬁiﬁJbEt@ﬂ \Wcﬁ%ﬁﬁtbgbbacﬁifom hr. @
ur chased

(E)g'rgf%rq:%rp%efrﬁtturef Olq\% Pmdﬁt@egﬂs ar, p‘lgv g,smgo%mlaﬂtéeﬁ The CPCs
i rece asted fveetdf t@emmh@ta/rqndamsumddasmtamwmm cbhta®ing 10%

4 anti-nouse 1gG I1gM or rabbit
Ig%sozgl\?boaag@n’lgg?ﬁ%?o%ﬁ% Eugene, OR) for 1 hour at

r gahpen@er ature, and TOTO-3 iodi de (Mol ecul ar
Probes) counter staining may be 15 performed.

I rieml [ Blnmanm&AEt&s pregeared @d@frdlg% gcgtﬁé g/%@érlalseh‘iﬁrMethods section,
[

SR RIS 61606 Rl bR 3w <30 ia i i onpesey

( EFcardiog ! tO @I YuhEelt gkadr Stritliedrased Hesign dvSpeaifier ighibitors of Janus

a'gg;?%:‘@%z Sg tgﬁ%;rﬂg&w nbg%rgdg%ﬁtxwuﬁeﬁi@ a%lsﬂtg Cgﬁl\%gﬁ‘%‘; ﬂ'teg' 19560

{1 PPt bé%fésﬁn diggrewtto Sigediarg generphprecordinap technlques
Jaisaleséd mamgz oBe asH. MEMPh esél$Pb@tdjéCésBi§te@%ln} Kf%lﬂ@rfé blockmg

ﬁ‘/%gﬁe Se PTr?cr:sSE(gLf ¢ Qpl ‘Rf%-rﬁ%f %(g()%?ﬁ\ %?2% 1%% %g Steln et al.,
4thsenﬁ@ alrmygh@wys ?amﬁmeﬁlcmedismtthmbnylquneanbg«nﬁ’)
(BHlence. 343 AS?Q@Q@R @3?11@{‘ Dhof oHelgﬁg J‘;Q lani. gg &yaﬁégy

after
Eﬁ%{ﬁﬁﬂy\g ggne Pﬁ?f@%@?ﬂ %fﬁ’a'ﬁX-MBCg 0"9%15&99@%?%6@6@&!109@3@@ Des.
t heo NBees(Epb60- amdomﬂetth@mssemttu:@meachaé eoﬂl&ﬁmcé Qhe Hes-1

géﬁn)tygreg% &E}L);nle”:s arr%aj Iﬂ\ﬁ@ba{? haa \ﬁ'Y»E%lﬁ ﬁﬁg(% Tjél:': an gf'arlod sufﬁCIent to
SE"PWP@}#@S Hr@gzéopm@slgrm asfordipg ta feclniqueisidisctosesinafny of the

J@iRdtSreferences cited in this example. Resulting CPCs are isolated from
untransdifferentiated MASC's by sequential selection using magnetic beads coated
with appropriate antibodies such as anti-EfnB2 (positive selection for CPCs), anti-
CD90 (negative selection for CPCs), and anti-PDGF receptor beta (negative
selection for CPCs). The antibodies and coated beads may be obtained from
commercial suppliers. The cells in PBS are incubated with coated beads for 1 tr. @
room temperature. The cell-bound beads are removed using a magnet. The CPCs
are washed free of the antibody and re-suspended in alpha-MEM containing 10%
FBS and allowed to proliferate.
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 E3e8 el BLTRE MR o=l TR Bl B s 20%

ki nase 3 as apoptosis-inducing antil eukem c agents.
Adin. Cancer Res. 5, 1569 30 1582 (1999). Once the
cul ture has reached 90% confl uence, several RNAs,
desi gned using the BLOCK-ITTM RNAI Desi gner
(I'nvitrogen) are incubated wwth the culture for a
period of tinme sufficient to silence Sox9 expression,
usi ng BLOCK-i TTM 14 protocols available from

I %}/(ltrogen Resulting CPCs are isolated from
uftPBREd  f ferenti ated MASC s by sequential selection

bead ted th
R RO R T e s g R ke B pemerar
CReg)laticarfifibroGBeh a(rﬂemaliopr@tes@se@kprens@mby @Rﬁs@nalxa@dn
l.ect
S T AL ARBREIOLS, 0P D
obtErRMA G mepém@msﬁwtag tosthe Matesiass. arﬂiwéetbedsl sciian, PBS
aé!ﬁ)We@lQé‘ BRMe cWidrB lﬁﬁﬁ{ﬁqEQ%ﬁéxnﬁr@ 10% BE%@V@\ cfr @Pé@cordlng to

erature. The cell-bound beads "are re
nﬁg o eckrr?éa'cﬁf,%'ctuaﬁ«%aaﬁwﬁ%* prspecitis inhipiors of uweymamejs as

I SpcptsRend@shd éht«uslupaﬁrg%é&t@omlﬂlc%rﬁgr ﬂ@s/%soﬁs% R %é%egg)
VREE S o BB s et Gooh e PROVARG & plednabalsd wih o wini

an@nmm.mm twardayabl Fwed a smcgm\mmum@ fhgre | n

LGP ordin
2HBBeHMeFOR A AL Oy ATh b PR SRR bm AU BRI et e o
i deavisIof invlation, thaputire kisalagied Br &snsipupd o@issusmg doiientjonal
%&é&n@#@%x&u&g‘%% Beriodldr Mo d&AN @Q%E:ulﬁ%f_gPé a;le5 ggaéé from

ti sense ol igoners i

giéWé*P%‘il ’2% %1@&‘%5% Mi\Rg 'stoy Sﬁ%@ﬁ?ﬁ' §elestiongisig r@@wt@ beasisgoated
owith afprdpriatdastibedlecsuclas antPEﬁBQQ&:sﬁ&é's&fe@ﬁbnd”@tl EVEE)Y ant-

e i Rl itor 2501505y P el Ly

Aeleciemioe CBLs jofherndbedicemd asatet beagsousy be alteinés frerhs

t i | d a or 1 hr.
2%?1"%{5;%55'% Vr;é@% rBES arg"r}]ﬂe%‘é%@d Wgﬁ%ﬁ’_tpﬁ‘gea?a%f 1 hr.@

JPPRLRBREraP c%‘“%e&bowtg‘féﬁ%ar@xwe@ inggymagnet. The GPCs
taré p/behedffMemf g arltibeoraielreetdpdaded iAHpheANER lcolbrg 10%

569-84. Once the MASC cul ture
reac%es g%ﬁon%fﬁe&l}%e the Hes-1 anti sense

®xbgprEs:s are incubated with the MASCs for a period
sufficient to downregul ate Hes-1 expression,

4oe058fi Moe t@lstpamnema@srmgs@ EQ@ﬁp‘ielmN@@wa@&d Hmmmum

ftg@oying perigyid i Bl Lot #6 e tai2oBioliitragien@gnes mrdie ati®rskolin
¢2228 Calbiochem, La Jolla, CA), 10 ng/ml of recombinant human basic fibroblast
growth factor (100-18B, Peprotech EC, Ltd., London, UK) and 10 ng/ml of ciliary
neurotrophic factor (557-NT, R&D Systems, Minneapolis, MN) were added. The
culture was grown for 3 days, at which point cells exhibiting neuronal progenitor cell
characteristics were recognized, with the result of 29.46+/-3.0% of MAP-2ab-positive
cells. MAP-2ab was analyzed for using Western blotting, with cell lysates prepared

from incubated cells, and 50 ug of lysate proteins electrophorased on 5% and 10%
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wi th appropriate anti bodi es such as anti - Ef nB2
(positive selection for CPCs), anti- CDO0 (negative
selection for CPCs), and anti-PDG- receptor beta
(negative selection for CPCs). The anti bodi es and
coat ed beads may be obtained from comrerci al
suppliers. The cells in PBS are incubated with coated
beads for 1 hr. @30 roomtenperature. The cell-bound
beads are renoved using a magnet. The CPCs are
vaghedolseyanidetdee /Hipersody/dnd (1:80% (Hpevngetwerne detected
al Rha- %Mggmsghﬁbgw 10% FBS and allowed to
proliferate le 4. [00057] Wht-1 expression
plB&Mpiss:ar e gener at ed according to M San et al.,
Regul ati on of fibronectin and netall oproteinase
eXPoE®si Ohe bylisWihibging nalromg pragenitdreslireitaoaderastithofitbasiple 5

TSP H5OGHRE Sng SN B e, o E N sipha e conteiging
t H@°/d\,ﬁ$%gemrsilyaa¢dow@tm@as&g@@tk @hal  Streictug- !bamédewﬂ of
‘Blé\érﬁ(pl Rk bR s @InQQaaGS M:-%éb@d%ﬁsaih&h&% A RBRc agents.

gener al y accor

S0 ribr Bas g 1 SEL1 i (6559 pBIBK § 61 BHPISI e (34473,
J amtﬁodﬂeﬁasm /8ot 561 %r@§lb§t JrEVetH G R (P01 862 WeBrBieh EC,

ERELSiq Tl Res st enip %&ﬁ?@%é%%éefa?)@re added

i netheatctdutvré.h the Wit-1 10 expression plasnids for
two days at 37 deg C and 5% CQ2 using the _
LilPRX6ELt dhe peifFMre 000N e defedaysdmiiepreseoepdishanelrptaphis

f ra@gmg néﬁdttﬁagﬁe anétfyie%rfo:tthg cﬁmcteM%&éhd;@%ﬁéara%us and
culture is seléected for transfected susmg :

cé?f\Pé’ﬁ't“Y%'f?é‘F“Of‘sf%r Fppdee %%ﬁhl"'&ﬁ’e%('\%@%é S'é??'&?ﬁ of 10

dagsrofiBestl BHaP20B6shriage Madkrit)emdihestn (BMS4353, Bioproducts)

untransdi fferenti ated MASC s by sequential selection

usi ng magnetic beads coated 15 with appropriate

ant i bodi es such as anti-EfnB2 (positive selection for
@%U S CD90 (negative selection for CPCs) and

CE}ES G?Pcﬁtsr\%pn?\p% oéutpery gn%réglgog% Ié\élﬁ%e %Ere)/(é;[c% em cells (Review).

ot laath@ldﬂﬁr ah4-420(R982%)ki al suppliers. The ceI I s in PBS
are incubated with coated beads for 1 hr. @ room

t EMPERRt WessmeRd Le 319 58I HNIFA d8vestrEnsre rpeef "aeinsErtian.
magd ahits il ReolGREYR20ew). Canasbetb7t resg2ado)t he ant i body

and re-suspended in al pha- MEM contai ning 10% FBS and
alloa®e8H Fi(tjerpgqm l‘i/lfeqateﬂl.el_\/lummpp eofgntial of adult human mesenchymal

stem cells. Science 284, 143-147 (1999).

[00064] Dezawa, M. et al. Sciatic nerve regeneration in rats induced by
transplantation of in vitro differentiated bone-marrow stromal cells. Eur. J. Neurosci.
14, 1771-1776 (2001).

[00065] Jiang, Y. et al. Pluripotency of mesenchymal stem cells derived from adult
marrow. Nature 418, 41-49 (2002).
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[ 00058] The cells produced according to Exanple |

were placed in Mninmum Essential Mediam Al pha Eagl e

Modi fication (M4526, Signa Co.) containing 20% 25

fetal bovine serum (14-501 F, Lot #61-1012,

Bi owhittaker Co.). 5 mcroM of forskolin (344273,

Cal bi ochem La Jolla, CA), 10 ng/m of reconbi nant

human basi c fi brobl ast gromﬁh factor (100-18B,

Pe rotech EC, Ltd., London, UK) and 10 ng/m of

i(PPORS)  Eqblitr MeA-oBANEOs RoFEF<. 5%7& WuraR@D ¥+ Ergeting of

rnmap@émféd aMMcywR i@ tradsegmic Br@n. RELOHRrWaS1 800w
? %g)days at whi ch point cells exhibiting neurona
r6 hitor cell 30 characteristics were recognlzed

I / % of 2a
c éﬁ(%bssw I\/l'&rf’g%gk?t ?A/g{saroacg%qdr& ;eg‘ %hg?{?e R MAR/{%@QN b cef$ migrate
bltypughray! fordbrdin erd berbwlamanoihepaﬁe@ntldte oo astmuiztas; eftbr
C%Jécctlon W@né&a%?g%g tse F‘?B@tl\%'ﬂ &l 8 i‘}t D%ﬁ:&"% al%ﬁg} 10716

on 5% and 10% yacry am de ge
MVAERSS)- (1: 500, Chem con) were detected using aI kal i ne

GURAE] *Pan A Br B oot sPPL DR cooaT R G AR by

SSpmr&artmuvesuﬁadon athugarmm54295zﬁﬂ6'Z@@z)nfl uence in
culture in al pha- MEM containing 10% FBS generally
at@w68] nYagersBEA.JSetibeokd ar. 1. athristeBsenudtluBaN biasedh, I.L. Little

desitgmtedbr de%@l‘éﬁhfeht%l dléﬂ?xbr@ n{(f%ﬁ&lt Péma]c@ﬂwétrc@g}@égls S@%nce

gj/oosnsmucm anti | éukenmic a
RE/, 2556-285H(2P88) (1999). Next, 5 mM of forskolin

| bi 1 m of fibrobl ast
CRAZEP bR S00E i B o el ek P
ngyuman bénecinbiraw yirareal colls difdierdiafedictb oreufddS.7 I NNgurd3®DRes. 61,

?Afgy@ o8ke added to the cell culture. [00060] The
rown for ten days in the presence of the

ngmom]r quwysma ag@nms ,Bram domlbRe: m.e@n%yta%dfeté%aﬁoh%f
aractEr i Stjc of neural cells and fo

e PR Eo T asEve  GiAPPBoa L Gy e NP o 2

( MBBatinghegenic onferebBative BB 0235l AAEPA001)814342,

Boehri nger Manhein) and nestin (BWM54353, Bi oproducts)
PIOBPT AATI RS 3063 | RBiNSHEb cella dexivedpiiam aduyjt bone marr@w and

Pahbilical dortYlbidslDIY BRI sE! RES. 68 deB-sobeoy) - J.
Pat hol . 197, 424-429 (2002). 20 [00062] Wi ssman,

| (00073t dnmdiefist, k. &urhtisnl o Nbeshedndpienitth ofigliat Sslisf (Review).
FRAREENALLAN 24, 492-494 (2001).

[00074] Morrison, S.J. etal. Transient Notch activation initiates an irreversible
switch from neurogenesis to gliogenesis by neural crest stem cells. Cell 101, 499-
510 (2000).

[00075] Gaiano, N., Nye, J.S. & Fishell, G. Radial glial identity is promoted by
Notch1 signaling in the murine forebrain. Neuron 26, 395-404 (2000).

[00076] Nye, J.S., Kopan, R. & Axel, R. An activated Notch regulates
neurogenesis and myogenesis but not gliogenesis in mammalian cells.
Development 120, 2421-2430 (1994).
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and units in evolution (Review). Cell 100, 157-168
(2000). [00063] Pittenger, MF. et al. Miltilineage
potential of adult human nesenchynmal stem cells.

Sci ence 284, 143-147 (1999). [00064] Dezawa, M et
al. Sciatic nerve regeneration in rats induced by 25
transplantation of in vitro differentiated
bone-marrow stromal cells. Eur. J. Neur osci 14,

P PP e S0Pl Srdnphiaef SF i L £ kotreipti! aior

ad ulotvnstnesan the Natcbirecepios, J.4lel40hdr2 008)45037-4500068b1).
Eglitis, MA. , Dawson, D., Park, K W & Muradi an,
M NPOOT &} g§hl|bﬁ@ Bfetahaa*mm@tertrravmnars@!r/&mswpteesdme the radial

@%’bt?oc?fe@n@agé\@féi’%@é!@;ﬂﬁiho&& pﬁ%&%rézg %eu‘r&sg%qz 9212-9219

%% Kopen Prockop, D.
stromal cells mgrate 5 throughout forebral n

? PBT5F oot L Frplo St P ooty apammsses koy cname
br1 mrmsenr‘rért[b@synmda:fl;_t Jis ;é@&dentﬁw expkbs§ed-\n9@e rahfb?%ﬂa/éaﬁr%@ﬁe
Bone narrow ce
( ﬁﬁega)ge a[19 %ﬁgc%r gr{sﬁg%hgf;ﬁ z? n t@eF Flgu%eybralgpoﬁt lg%gﬁyé 21, 7691-

eno
cel7$04‘(2§98n Nature 416, 542 545 (2002). 10 [00069]

er wood, Christensen, J.L. &

10 %&@Qﬁ@n Gregﬁ e [i ppp@acl@\/}\ 6&18‘@‘#'3& Rediel dighesiis ab neuronal

20

25

pl petiisbisytheheadishéralieimat.0 Nl RE! 8M708lHS. (2&%‘) ence
297, 2256-2259 (2002). [00070] Véodbury, D.. Schiarz,

E. [I)OOBﬂr dR&kop,S. Bt d. I&viBbaekrpgdneBis b@x@htigbmfcﬁtceﬁ@@olated from the

hug@n: (RARE i %E%&t rQ Megeéllz§1 %z; &@ﬁ&gtl ate into

neur ons. ur oscil . 70 (2000).

[ 0@1@@&1}] KQW&TTﬁhe ﬂeur@fro&lms dPlodHelrob bR %cﬂﬁ-lesewo Jgr'nﬁ’gé of

! dfl ferePtlatlon marrow str
%°¥V8“ 8EPES %Ps?%“ﬁt%a'r?@aﬁsri’@fw'?vp teig GRavieyr)- Ann. N. Y. Acad.
deﬁ@tWt at-nogy(1agent . Differentiati on 68, 235-244
(2009%7d [ 00072] Sanchez-Ranbs, JR Neural cells
elop fGresaeaduttial-nBxrsesRaNT B v A notasaen uhmﬂeisoafnoosﬂs d
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4. The method of claim 3, wherein the incubation comprises transfection of a

glial regulating agent into the marrow adherent stem cells.

5. The method of claim 3, wherein the glial regulating agent comprises inhibitors

or antagonists or agents that interfere with signaling pathways for gliogenic factors.

6. The method of claim 3, wherein the glial regulating agent comprises agonists

for neurogenesis.

22



Neurosci. 12, 1165-1176 (2000). [000107] Kawasaki, H

et al. Induction of m dbrain dopam nergi c neurons

fromES cells by stromal cell-derived inducing

activity. Neuron 28, 31-40 (2000). [000108] Tanaka,

H et al. Role of serotonergic neurons in

L- DOPA-derived extracel lular dopamne in the

striatum of 6- OHDA-| esi oned rats. Neuroreport 10,

63 634 1999) . O hout this

spcja70| fig %tﬁz’%ﬁfd&?'ﬁ'e &?%Teﬁjshﬁﬁ ﬁequ@“l%ﬁﬂe'ﬁﬁf’@é'%setsi?e
contxééaTATnaqmorrm iohibiéaraf SEAT 1 bres WOI3El4-{£ 0wypiokieny feIno-6, 7-

i IS8 ] 8 S BOHRS o] Fa P Hasas R Gho 6 26 bt e
i nfEgeogenic QtQé@ﬂ.cWhOer YUertohs of gene gevdsicIfrest gpeskeMpressing

5 NONOEARE, E@XFhiHSEMR R, éB?lyC V%%B@r{ogdgﬁglg%r ?ggnég gpthese genes; Hes

group.of integers or t eps ere
i n'rthm'tgrSSIﬁ@»%F Pr é&@ﬁ.%ﬁh@@r%w bipise Ihibihipters ofmgromalian

| nﬁ@rhﬁl@éé &fbﬂ%dhﬂﬁglldef/dcﬁmmhtb)tms% SB)@Q ?rﬂ%ltgpstéf?\feuméﬁl%

nd shoul d not be taken
wﬁ@ﬁf N AR ghold e g e 6?“%9dlf%?fﬁf?fﬁﬂe@%§g€g@§tsﬁlﬁﬁ wntt,
t haeubbatinpiash1,mudthi asth®or NetroDi b BEIFBEdMis. der i ved
fromit) or known matter fornms part of the common
10 general know edge in the field of endeavour to which
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co g cellular pathways in the
na%\bvéggﬁgeﬂ%ﬁﬁgﬁsaﬁ%@gl | s that are associated wth
glial transdifferentiation of the marrow adherent
stemcells; wherein the cellul ar pathways are

15 sud.f i ciTeatlephadayalamt e dwiieein frdUtgrat adrRast stnPedlit bR erived
Ofﬁmﬁg ?ﬁf row adherent stemcells to
trans F rentiate into cells exhibiting neurona
progenitor cell characteristics; and 10 with the
provi so that the regul ating does not conpri se
t rensf &be methodfof tiaen mawiieosin thadheroanddneteaisefl delis Wetderived
Nt ehpdit hacsl | ul ar domain. 2. The nethod of claim 1,
whereli n the marrow adherent stemcells are sel ected

20 fromthe group consisting of human marrow adherent
stemcells, rat marrow 15 adherent stemcells, nouse
medrlc owAawikiieddefot protiedingallis sxhitiing F&h&m&ﬁfrﬁ?&mt&d&wr ent

Skﬁgkﬁﬁhgﬁscghgﬂ row adherent stem cel COow
erent st

marrow a ’m cel | s, and

incubating marrow adherent stem cells with a glial regulating agent in an
25  amount sufficient to induce at least a portion of the marrow adherent stem cells to

transdifferentiate into cells exhibiting neuronal progenitor cell characteristics;

with the proviso that the interacting does not comprise transfection of the

marrow adherent stem cells with notch intracellular domain.
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sheep marrow adherent stemcells. 3. The nethod of

claim1l, wherein the regulating conprises incubation

of a glial 20 regulating agent with the marrow

adherent stemcells. 4. The nethod of claim3,

wherei n the incubation conprises transfection of a

glial regulating agent into the marrow adherent stem

cells. 25 5. The nmethod of claim3, wherein the glia

re%ulatl agent conFrlses i nhi bitors or antagonists
ageﬁtes ¢that of fieigy FlerBerinthe BrgRwEdigyepkitays droselected

glrf]noﬁgle@ gnlfbub aﬁh@sﬁiﬁg of ﬁuma'ml?aﬁf@h Barkreft s@‘éu@béﬂs?rat Wfa%\ﬁl n

t i.a e atin ent ,.co s agoni sts or

et S Hert B G RS bR Sl b elf BTG Rar L dherent
t benyddlial pig e@ubataldhqeatgmm celBNpIv S1esoR addAEMSTAT cells, and
[ Q?éé&l rﬁe%cfjw Q('ﬂx I Qs of STATI or STAT3;

oxyp eny am no- 6, 7- di met hoxyqui nazol i ne;
ant agoni sts of bone norphogenic protein 2 or bone
nmor phogeni ¢ protein; whole or portions of gene

producihg nfidtesn Gensaa 1ex\mﬁ@§nﬁ Itﬁ&néjbblﬁ&%dhpr@%%@ecnon of the
FOJ|ISt h é iﬁhk hed g%@gSHﬂé or agoni sts of
t AL BP9 EHiag 20qnk 110 (g g reppden Cgf's- Hes 5

inhibitors; inhibitors of Id-1; inhibitors of
mamral i an  honol ogs of EXOsophiIa glidel/ gcm

i phi bithehsetedd @Q&ﬂf\ 1k We@élﬁ Heyliaf re R4 %%@h%mpnses

|nh|g€tors of ol e or portions
PBigtRE e ??‘%%%@@%ﬂﬁﬁ'é@wwgewvﬁfﬁ signaliag m@@@ﬁmpr gliogenic
Nbsh&, Math 1, Math6, or NeuroD, or their agonists.
10 8. The method of claim 1, further conpri sing:
isolating the cells exhibiting neuronal progenitor
cell characterlstlcs and adm nistering themto a
pBti enfie meihog of phim fbvHsErinihe digliregulatingiaeprticamprises agonists
ner navogeibgasent stemcells are derived fromcord
bl ood. 10. The nmethod of claim1l, wherein the marrow
adherent stemcells are derived from bone marrow. 20

A _nethod for producing cells exhibiting neurona

1rﬁoge?i'i‘@t Bethed of claighht adeean e obal reawrsing spend comprises a
JAK/STAT inhibitor; an inhibitor of STAT1 or STAT3; 4-(4- -hydroxyphenyl)amino-6,7-

dimethoxyquinazoline; antagonists of bone morphogenic protein 2 or bone
morphogenic protein; whole or portions of gene products from genes expressing
Noggin, Chordin, Follistatin, sonic hedgehog (SHH), or agonists of these genes; Hes
inhibitors; Hes 1 or Hes 5 inhibitors; inhibitors of Id-1; inhibitors of mammalian
homologs of Drosophila glide/gcm; inhibitors of Sox9; inhibitors of Neurogenin3;
inhibitors of CNTF; whole or portions of gene products from genes expressing Wnt1,
Neurogenin1, Mash1, Math1, Math6, or NeuroD, or their agonists.

17. The method of claim 11, further comprising:
isolating the cells exhibiting neuronal progenitor cell characteristics; and

administering them to a patient.
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I ncubating marrow adherent stemcells with a glia

regul ating agent in an 25 anount sufficient to

i nduce at |least a portion of the nmarrow adherent stem
cells to transdifferentiate into cells exhibiting
neuronal progenitor cell characteristics; wth the
proviso that the interacting does not conprise
transfection of the marrow adherent stemcells with
notch intracellul ar domain. 23 12. The nethod of

cl 4Pm 1he romepepiriame TnaPerally larimareediiren scun pelsare derived
sekgstRey pibsOm t he group consi sting of human marrow
adherent stern cells, rat marrow adherent stem

cells, nouse marrow adherent stemcells, prinmate

marrow adherent stemcells, pig marrow adherent stem
cellfs, Theweaiard owlzdidr entreistienmerdw sdheaiad skens ballo@re derived
ML AW.AdRerERt stemcells. 13. The method of claim

11, whereln the incubation conprises transfection of

the glial regulating agent into the marrow adherent
stemcells. 10 14. The nethod of claim11l, wherein

t heo.gl iGis egbitiag hewgorey probe Cionpsli aScteribiisthdder &cing to the
an&agggb§&gmp{ agents that interfere with signaling

pa ﬁmays or ¢gliogenic factors. 15. The nethod of
claim1l, wherein the glial regulating agent

conpri ses agonists 15 for neurogenesis. 16. The

mephod qefis etrabithgldeurdMepbehifohealBhbriktefigtd Infde @ cording to the
agen% %ngnls s a JAK/ STAT inhibitor; an inhibitor

of "&TRTY' 8?'"STAT3; 4- (4' - hydr oxyphenyl ) ami no- 6, 7-

di met hoxyqui nazol i ne; antagoni sts of bone norphogenic
protein 2 or bone 20 norphogenic protein; whole or

pogs i onsn@hodespiiRduct s from genes expressing

Noggi n, Chordin, Follistatin, sonic hedgehog (SHH),

or agonists of these genes; Hes inhibitors; Hes | or

Hes 5 inhibitors; inhibitors of 1d-1; inhibitors of
megfTenistenng the wellogdititingMeyroopliregentipri agé torragteristics of claim 2

I nBiliigfts of Sox9; inhibitors of Neurogenin3; -

i nhibitors of CNTF; whole or portions of gene

products from genes expressing Witl, 25 Neurogeninl,
Mashl, Mathl, Math6, or NeuroD, or their agonists.

1723. Thé retfesbeprasdrisiigai m 11, further conpri sing:

isolating the cells exhibiting neuronal progenitor

cell characteristics; and admnistering themto a

paz;cfnﬁlmgtering the cells exhibiting neuronal progenitor cell characteristics of claim 21
to a patient.

24. A method comprising:

providing the cells exhibiting neuronal progenitor cell characteristics of claim
1; and

combining the cells exhibiting neuronal progenitor cell characteristics with at
least one neurotrophic factor, wherein the at least one neurotrophic factor is present
25
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24 18. The nmethod of claim 11, wherein the marrow
adherent stemcells are derived fromcord blood. 19.
The nethod of claim 11, wherein the nmarrow adherent
stemcells are derived 5 frombone marrow. 20. Cells
exhi bi ti ng neuronal progenitor cell characteristics
made according to the nethod of claiml1l. 10 21.
Cel | s exhi biting neuronal progenitor cel
characteristics nade according to the nethod of
ch%@hmmmﬂﬁzﬂedWBMEmhdeUDWWﬁm$hmgmnbﬁmaGHMn®3Mﬁﬁbm@ummm
RPN Pr B2 0, A HBDAsy AR bR Ggracjeristcs o
ne¢Hees-conpri sing: 20 adninistering the cells
exhi bi ti ng neuronal progenitor cell characteristics
of claim21 to a patient. 24. A nethod conpri sing:

oottt Y Ee o s afeand conbi hing the

cell's exhibiting neuronal progenitor cel
characteristics with at |east one neurotrophic

fact onsolafig i &It iRt Bknidi€ielor Rlfe a%lﬂé&érfsﬁwéf%enr%ﬂgor

is present 25 in an anount effective to pronote t
differentiation of the cells exhibiting neurona
progenitor cell characteristics into cells that
e3hi biThe oredhagirof wizine 2¢ hetreaain gtei 2 téasorefneureropib actd

Zdm TQQS Hﬁfﬁ&oﬂ%?tyr%m%fw Jll%h{ rhe“?frotpogﬂgrféc ar, gr forskolin.

|solat|ng the ce at exh

characteristics of neurons. 26. The nethod of claim
24, wherein the at |east one neurotrophic factor 10
cpr Cetsthbasdihibitfdnb roo ogsthagrotntsticsf det@bns Sobu@dyaccording

ngWohERBEbELACsLr . or forskolin. 27. Cells that

exhi bit one or nore characteristics of neurons
produced according to the nethod of claim 24.

28. A method comprising:

administering the cells that exhibit one or more characteristics of neurons of claim 24
to a patient.

29. A method comprising:

providing the cells exhibiting neuronal progenitor cell characteristics of claim
11; and

combining the cells exhibiting neuronal progenitor cell characteristics with at
least one neurotrophic factor, wherein the at least one neurotrophic factor is present
in an amount effective to promote the differentiation of the cells ekhibiting neuronal
progenitor cell characteristics into cells that exhibit one or more characteristics of
neurons. '
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15 28. A nethod conprising: admnistering the cells

- that exhibit one or nore characteristics of neur ons

oof .claim24 to a patient: 20 29. A nethod -
.conpri sing: prOV|d|ng the cell s exhibiting neurona

" progenitor-cell characteristics of claim 11; and
conbi ning the cells exhibiting neuronal progenltor
cell characteristics with at 25 |east one
neur ot rophi c factor, wherein the at |east one
neurotrophic factor is present in an anount
effective to pronote the differentiation of the cells

3exhithe hstghdd wonab, juiegenptdtg.cel | characteristics
into cells that exhibit one or nore characteristics
of neurons. 26 30. The nethod of claim29, further
conpr|3|ng isolating the cells that exhibit one or
nor &olhag Betcells et edibifonaeumerscharategisticstiaewsthod of
claim?29, wherein the at | east one neurotrophic
factor conprises basic-fibroblast gromﬁh factor,

CI| 0 c .fact r forskol | 32. CeI s
310t P eI BRBP B s B et Baotsl 36 ok B fitaf ans
coppdsesciadicafibcahiakit gopwilh factoh eciliat iencbti@bhic Faaitdr) &rJorsddin33.
A nmethod conprising: admnistering the cells that
exhi bit one or nore characteristics of neurons of
- claim to a patient. 15 34. The method of claim 1,
3241, CQ’? %t expibit 289 POMATE Gharagterisiins of Reurers prodesed eredriisg

to&@ method Sflcldmh 282, substantially as herei nbefore
described with reference to the Exanples. 27

33. A method comprising:

administering the cells that exhibit one or more characteristics of neurons of clalm 29
toa patlent

34. The method of claim 1, 11, 22 to 26, 28 to 31 or 33, or the cells of claims
20, 21, 27 or 32, substantially as hereinbefore described with reference to the Examples.
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