CELLS EXHI BI TI NG NEURONAL PROGENI TOR CELL

CHARACTERI STICS [0001] FIELD OF THE | NVENTI ON [ 0002]

The invention relates to cells exhibiting neuronal

progenitor call characteristics, and nethods of

maki ng them from marrow adherent stemcells by

regul ating cellul ar pathways in the nmarrow adherent

stemcells that are associated wth glial
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[ 0007] Sone researchers have attenpted to utilize

ot her types of stemcells, such as nesenchymal stem
cells in the production of CPCs. United States Patent
Appl i cation 20030003090 of Prockop, et al., filed
January 2, 2003, and entitled "D rected in vitro
differentiation of marrow stromal cells into neural
cell progenitors” 5 discloses that the expression
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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 provisé that the interacting does not
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MASCs according to the present invention. Suitable methods of handiing 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,
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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.
Such transportation nmay be passive, such as
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differentiating into several types of cells found primarily in connective tissues,
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MASCs specifically exclude embryonic stem cells and fetal stem cells. MASCs may

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
intracellular domain of the Notch gene. In

enbodi nents of the invention, there is the proviso
that 25 incubating the MASCs with glial regul ating
agents does not conprise transfection of the MASCs
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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). [nhibition of the JAK-STAT signal transduction therefore may
regulate glial transdifferentiation pathways and promote the neuronal fate of MASCs.



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
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transdi fferenti ati on | & inh |t|n [ al
t r RASEING PevrasRcAesies. Uopef hesrmanisinop{pclRs Ry gegadiely

5 t r afmdl l’EQérfé@TsloaMlAQ@s e B%Chmjfmé lﬂ?en*t@r g l@xtglu%uétm@
ransaucti o

t
5 Sk %'C?Qfﬂ@’"a UG SR BB AP Gaventonal forms
t r ofgsealtibynolephios pivardjigaut eat imhédio sirall beldcarnebebaddieand

ly of 30 Ki
S B s o et e Y Y oe ' Pansduat | on
t h?b@ée?f &n H@é‘mb&o@r@éﬂta(%lﬁl rgbmgtlngta@émé Q&Joto%geaatug@m&ﬁgn

neur onal
10 [ Olﬁ@m %@ qr%‘pgtrhgbtaq fon rjﬁasg@‘éWgntgréclaqlqégnpgglnhigltqrﬁ@f STAT1 and
i NSBXILS, QM cérih emaaich&Rs, isidh JAK/OT/ST mﬁlbltcﬁ@ﬁﬁg @@h&ts% FNAI for

t t hat th I f
o e Sucnb ot B SRR AT el e Sor R Bl R i
c onpmlats dheaffdiid BABpdtowaynetthe gmalémpspule U/Nc Inbdbitorgp-(4'-
ner%m%ne%yﬁamcpé s-dmk&ﬁo@alf.ﬁ&%m% %Qﬂb?atl §Agég§\%%hﬁl@rs

neg atlvel cont r ol I ogenesi s O
15 pr %W%%S%Cfseﬁm %mﬁeﬁxﬁéﬁﬁ%ﬁp entépplwaﬂ%wmqs)ﬁ@ ohGentos
ac\Casiod] puplishad lveobpr 212004 afd UhitddSSthtay PBfehO&bpBation

e DRAORE TP BB LPRE, b @il e PEGRRE s
bR eﬁv arp@ﬁﬁddﬁiﬁe%t ol qegu%% Qgé?ﬁs Q,%Brrdlngrﬁ thgfln\%ﬁ{@\

pr.oduct s Ef‘r an enbodi nent 9 regul at1ng

ad¥itcs bt fwa@'t%tOt AUAYORIFISA PR 22D WPmphqsawcar%em)-
20 ncduch antiay@dsts may ddpriSEARolerth pb\mblw & gehdSrbtiehitsfPom genes

i Nl hi iQ T I.n cer

et fodting Ehah, RO R St e BerfE G opmpsratgor tese

R9&MeS.or  gene silencing of the JAK/ STAT pat hway,

a se oI onucl eotides to down ul ate the
R@@g ﬂ“p?at 9'”‘681» 9tig) EegyiREng aq%@fﬁ@@e@r ing Jadhe fieptianor

44r{citide, thy dremoy firhiesaiytb,) Hawi imtibitors{ indiutdg BobrvE lithiti2o IHeB @ .and/or

Al d I
2o (S g AL A2 BN BB G55
Gigyrogee sigagingsf, Hasudn andibrede Qmoomotlzgs 021004 requtede Hes.

Uni ted States Patent Pllca
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-
30  81. In certain embodiments, such Id-1 inhibitors may comprise RNAi for gene

silencing of Id-1, or antisense oligonucleotides to down regulate 1d-1.



10

15

20

25

30

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 hbggln Chordln Follistatin, sonic

RS Sa i g P R Bl iack RS *anufire Cbe %vamwa

t oclubie buhsremb lorited | cnaﬂthters ob otamaraamiadmdidgsi df @dosto@hlla
SRPIR Glet BRS mib iy At p Do MOSE LR elERorbome
stiemape sSdenhilwiselyes alndye ®9ﬁ¢p¢al élein@NAlghéldrffeg@rtIeﬂon is
sa;ér@@r%@ get%eﬁrl%soma and Fnér%ﬂr%ﬁar%h'a%ﬂé‘ﬁus%ﬁ% g@ﬁésl o

down reg ul In an
r ‘B@Yﬂ’%’meﬁb 29%%%%%1 39&%‘6?%’7 - E8Ul B3 PR) @AtangrM. Kammerer et
| &1G loanes, amétorwrr@nﬁamodnbﬂgbewbmpgnderga gdﬁ@réy’@éen'egc}éf

See
BT oA Fuadl i el AR sl wBEBer horlog
]J@@Bltdmemaﬁdnémprlsﬁm%@r 8dne dnanaxmctf@hde/gmbmjhdsmgd(such as

fr@ (hgmﬂwe) ?&C@ig (ﬂﬂrﬁarﬁfg%{ gr‘?tggﬁée o? Meoﬂc es t«?Sc()jwn retgulate

nci ng o Fsense ofi gonacl 8o
CHMP{Q?@@QWQ[O@S (sychas Gemtioody) of ﬁCéAﬁS (éwb@d)D ment, glial

ulating a ents ac ording to the invention
ulﬁ@‘ﬁ]ﬁ n ‘i"g ?' raq4aling pgents #SPISiNgde thegpvention

rimciondz) blararmmeinﬂegStoQﬁh@tdbsd‘rﬁUxD,aNhugi melepes ﬂ‘)arés@:hbt&in factor

Q‘&J Ah? J%nﬁi%'cﬁ%g@%ﬁe%dé r?olp%tal n@\t %o\%g%rgr&scn tfon aﬁgpor The

p’@ieérﬁmeaghad tete ehdigedn ik idayelepiryf spinehedrditGepas Dsv.52003 Jul
Gloﬁ’féﬂi)weﬁﬁ @@t)VVﬁﬁjértQﬁ REPBHMieAts afikh @E)@TEH!)?J}S ‘EHa'y@bmpnse

enes. Devel opne
%3%“(3)496 a8 Ol c3G0peCeR SIBgchAR © danEasite
&ox9. GCMB, a second human honol og of the fly
| i del gcm gene. Cytogenet Cell Cenet. 1999;
SQQ%A?]Z) ngp-emboyiiment; gitab Fagiiafinerasots aveertiog tasthie finvention

gtzlnugeé e mehwmhm to |uﬁHTtbl{@std?'f\IéuF6§¥m§:p magchgﬁaﬂw for
L u
%Pﬁ? lmﬂn%ﬁ%?rr}grrg% SIE h{J ﬁ])als’n Ir’lr‘gp(? g"ﬁf"%s%ﬁg gleurogemn3

@ihibjons untdyeotipdessRINAI fdtgma siEguihg bENewgbdet@3gemantiesmsk 0gs
Qfggﬁgd@a.d@{&ﬂcfo léu?;te (human)). .[00031] In an
Ia

I ment egu at| g agents according to the

[ovosst i 19N ehiﬁ»@ﬂuhh@@t, gltéWeg@lé%g’H@kntls |aHécIr<§Qg {Bhe {nventton
Nscr 1 ONn

PR PR LIRS b B e Clarn et orBbdseor MGRY Tay

edriajn drhisodBoers, su@nSTH phibitors frag tanprise 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

spi nal cord. Genes Dev. 2003 Jul 1;17(13):1677-89.).
In certain enbodi nents, such Sox9 inhibitors may
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, but are not

LT b ehtd Qg b fPQ%s*PécE@r{& Mer B@%R&%@f Ao kG Jm@éng’ﬁwe?apy

transcription factor for gliogenesis. In'certa
nﬂ?ﬁgi'or‘?éﬁtcéid%d&ﬁ‘ VRE@Sogeni n3 i nhi bitors may
ar

it TU0aRE M <Brei Bt o U e dBaAo GatIraEaT e whoe or
Neumdrg:&s_mfrg@ne p@0038jrorh mermas ezpleedhdr® Blihsegbfiraliral basro helix-loop-
| nAPhAbHO BOENRBES sk des'Ufing FEFP4ir805 pPe expressas
ci In replferang @t ¢ phich gflaicqg@fatro@mm)s méayncongeise aihple or portions

e"@%n@%%o@cts$r%ﬁ1ibe%ggxdréﬁgi'ne'l\ﬁegrro ey, l\ﬁ:a%ﬂprMeﬁm @6, or

gene si | enci ng or ntisen
oI N@Hﬁ@c Vs %f@@“tOBS afcﬁﬁﬁe P@&mtéfr@ﬂ@m@ e@melsa}hq sybset of
c ehétﬁalrbaelﬁ’méldd-lﬁwhéhx (@#Lt—glfadcﬁ‘ﬂ Mcﬁldir@gjuaﬂrﬁrﬁhﬁe@ﬁ:VNeurogemm ,

B RS VBiG: outbirorl RS 2 co i PrFistactorge oter

gI cmrgemt&)salsnetlsuis mchﬁaggneetheraby methbtis ihcipdiogoitae sectors.
neuronal differentiation and inhibits gliogenesis in

P1808]| NdditiperiveatriBre g aprds TaheadMPERzedgngiRer in

29&mﬁt§h)atu3>57h1 alFefekthr eﬁ‘nﬂbﬂln{éﬂf 'ifla%%bﬂfatl&%?eghtﬂrr%g‘éiﬁgﬁ agents
m niI stere

L g R B SR AR
getiterehiafialpygulatiey heitiwaysoayueh sefpctadr dhis\nent @h&.to enhance the

[ Omﬁlgl.me@ﬁgmaleﬁe&%ﬂg'gﬁsmfgamﬁégaelmsr egul ating

agent's ‘may conprise I-ons of gene

p r |§od0t§71] S Fbr mmpg@eeé% dﬂﬁi’sf ﬁﬁﬁh&g |s%la‘ﬁH§’@ﬁbs ‘é{)rﬁﬁfﬁég l@!olatlng
at _play

{
ek fu it v B A P re b g Mt ot v
extmféélﬁgdntlaﬁeq:)nfglqw Aucigol@iRBsnaySuriprigé kalngle isolation or
r egilisit isBRHGRE MrsufPRYisG MRS br%QOB@%lal?c')\@red p(ﬂ#érérﬂ '?)'/‘:bes af

gene products from genes expressi
I\/&%T‘ﬂ”'q”%PfHFo'atWHt”W e@refefﬂiémp%ﬂy a%/\h‘éﬂhéj'ffﬁfe%é'ipﬁ eirischsfiques
g&ﬁ esoptiothmay Snrfdneénsgl@fteﬁeﬁ)ﬁ@r AS\gdl_elkaganb?@)f &URs& methods are
S| op- he
b Bl et Rl B ReRIo” S o s R0 ket notude.
VEUhére nMahfh@d tofloviNexierogly (afseyFAseS saiting)i rsagnee«dsdwgaratlon
t rt@(fﬂﬁfq@§§ R4 v@ual%r’ﬂﬁé InRRAY S ch ANl Y%gggg%e uSHER iR%ances

gene therap ¥ nmet hods i ncl udi'ng vira
where cell viabllity is not critical.

[00038] FACS sorﬁng 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 of 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

gldal, drﬁ?@[{)}%&?ﬁg—g%? t%}‘;n‘in-&f%té}ﬁ &51‘1@) L s atdh Witebrand

agent s Urposes of this i nvention,
i oliat Cet POREE0EDRYPF SadhTEs Patiliythe eprcdice ¢idh HyRDioPC

celd Siel Bt reSPheed 8 %hA%caWﬁsaﬁaWQér MaME:I00Est™ software
transdifferentiated int gP cggch |solatI n may .
Cé@@pﬁq@@c@nqﬂnn@a@khpwrﬁ i\l ordF-'r’—\ ewr@qr\&p\ém able uava
i gebi@ol RS (HafwandIdalifeha)i sol ations are to be

performed, different types or techniques of

i sadoan) oAltemertiviie igraive melylbg padeaed asing elneficfseparatinn
t ¥eocﬁﬁlq8£s g@c‘ﬁ%'tﬁé"@@% g:“" r&%(ﬁg ér@r}eg%)ﬁtse QMQ&S in kit form from

Ion resul e vari et i sol ation
rr@!&g@ds Iragnocyieefamistiyngyie 15\03‘@[ ?QPéraé'P“ tashaique useful in the

| nMeRtd &@hls iayaiBhaserf InﬁMﬁcht&ﬁﬂblﬁkbﬂﬁetﬁB@mgSescrlbed in M.
i ncl ude but are not lim.ted C

ROz RS- e AaPe e B P SR B U e fyiro
VidBeRintisted bmregmar’rcrwmrmmyt:eﬂsh Eun, stNeuraraly 14) 53 10&76162601).

'[ %%n%it HEES lcal m[%Fgctlgﬁ %E)@}}PIE&% &%e? % cBRbcf ra%érj s%%lmmg

C oriRrestope ﬁath Fse@sR@qvanw@ﬁt B!aﬂﬁfd b@rﬁpr@é@res%m t Gonventional

apki el &stidhethniiugs sRpse [k it feRidioPssniasaesicat ed
mF&% one oybgorgﬁﬁc%argcterlstlggﬂ%f CPCs. One such

e[u'obaqe N@yorearElstR2d s, fortiee paseses bf thisrmenddh, GRS an\of
anov

stFanEdeS @fg%ggts‘g)ce%o@g‘%%ﬁg&%‘%S’%%B@?’%ﬁfﬁ%ﬁ%i‘%@%

adutisistiomell d yuciesterisell pervtiia ope aEmPEalengiritesand agiagle irwn-

abtot?ﬁé#ﬂ@all?%eu?&ﬁ%éﬁéréderﬁzéﬁ byFrA&stiof With iaRGbod@8 NG | Se

- CD15,
T T TR T
Whddredy @rreells éxaibtting on€el morp(opwbetemsmmomne gsing teghiques

ful . d
ugl? huaseIJAnr(EOSE!ﬁ?nnﬁ]r g}a?gellgfar ,__EIH hbf&\é% asne'g ;E/Iber eWI th
CotUrQrARSTIERTSs D6 Al s MiteRaENstRsER ewqwgawnswtahwlﬁtw proteins,

Lakegamp\W deur@feplifGP ap@ititemREs pavai | abl e from Guava 5
Technol ogi es (Hayward, California). [00039]

Ajooe41] atMeuejtxy)phuc agdras areniefimey abdeipgrfbohapdrpasésy this

n’%g?rﬁm"l CSSUEQQ@GQQHEQ %m&nﬁ %g@g&rég%lteréﬁ&hﬂl 7 B%J]tﬁe @?é}g/&&'—%

Qafazgessmg ormmﬁ@wtt@%g‘ﬂé;ﬁeattaﬂ?n W&Pcfﬁé:‘tarﬁ’@t"ﬁ’éis %Qaair%?@yawn

t SEGH KB4 chut8dtbistibdloftiBrons.  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

Ra ' .

Coian anal e e B E e D R ine i on o

usedCpinta ﬁ@r%alffiiﬂ'@éh@fexh’h*i ’ng Cﬁ\?‘éﬂﬁ@ Plsiactarsliepgogoens.
rons aredf ned as, for the oses. of this

BRSBTSy e, (e P S LR BUE PR 11y of

t hiak celnBétintake @iptifendiw ek f brspamalcet&ojnu fiibers aied stgiontese

Cop s&hg%ﬁ tﬂgcenéraﬁneWoculsesgétgr% CG?a! C@I s 0[8 Léar/\r/: E@Qtﬁr?/notglghtgggo

ar @strtohxetea@lcbwwwlI&pllgcsiaodmwlewmmmamgi@od| es for

neurofilament-M beta3-tubulin, and TuJ-1. These

r Q8P4 nSanay aselefinasirs; fr thepluenoses Fihin BypHing. kaingcesat of

eX&thé&téd@ar@Bﬁbt@ WHeRirBa GARICAR LA ée‘ibf @@n@kéo@@woqr@
I Ng ura

C C s F r Ils
artéa”gFréPZ'o'& F?g&éeéf (8P %2'11@ \}/’p?efEC%Q? sHlé:mg Gene products are defmed
neas; mntmrrwmdsmaofsthls nsamt@hrtmmg'prbttees trarymmcetras @8ne¥. Portions

t
eSS TG 60 BB, oRRAPRL o gcon.
ad@W@S@f QG'WNW}E? aa% defisierl gs, ferdhe puvpogeg opihisdrveption, hieing a

25ubBMeNE &b prédlRet ances that, among ot her
characteristics, possess the char acteristic of

cdoe04dy entignt owotd argartiha, gpitdlig mendmail an rﬁJ)reGZRﬁ&uy,m 0
NGRS s 91%'slljﬁje%t%?%es?égllo%ls‘{\batgn %r gt[l

charact eri st trop c agents

uqe(ﬁcudsl i apth 9rdau@ecotac@&dmgfto ﬁqehrﬁemrbv.ew B bR ARE S S0
but _ar.e, not rowh facto

| ast
(RS gl Ao P B Peip PR LAt el gy tirocgh an
f mmsc.btxoh cannUESHgedidNashottr aplyiioplagetvnsvitiitya &eriale.g., a
SRR LS Gl R 80P )
mf HgdRvepgp. et Te geAkadalinisiration RO SPUBAGTEEES O
Degav@ 1&cal@dmirigiraBorPingy BriefepsbiSNBIORH smRMhistratokto takgdNidd

Zﬁgm'?}“f@e&gﬁ?&‘ﬁ@nww@e@b&wﬂ% Groerbgenia olis. | "

diSystem@atly ratiiee nf afmini@R@en corbwisa @areatesal ooutese Witls intriadnous
b

egm(? brtlntg‘?ré fal easan%[@'giﬂﬁmaﬂf e@(ﬁarr?JI cg}gﬁd pur oses

o?d'i?’fﬂ%s]éfaf'w Rﬁﬁeg‘wgrrOE@S@ﬁéygtes*mlc adreinigigatios. Bielemisake
UBth&tr@ﬁirﬂ@é%nq@fgs béramac te@ BohSte@hubé &S0 bldhister
PRt AIS oA Gt B o S o RLp o o oaneral
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, being proteins

t gl pt etk bloodn @eaamn |EHQ‘H td mﬁmteefm tgﬁﬁwef iods sarrr&rarned
as for t he IS invention, bein

st ”@P‘Séjeﬁgr?ég'” t%é@??'k?ﬁ%““o?"h'ﬁ’e A& ”thE‘)‘?ﬁS'c"l%”@ree'”us” ations

def lnﬂﬁdﬂuéﬁaspédﬂd’ ofttHi‘eGrnmlmpmsfesﬂyoﬁodrfhjat‘rodsmheWtah@tfd)ns behig

set 00044]. Patient means an
o i RO oy B P SR o R Bt e oFE SR paiTES S
husnm“renttth dtose Skl|t8HG§1 beabyjte Euncchbnaﬁe@qmadalera stiroda twitbin tios

Stsy oflir%qw@% g;}dﬂrgﬁg&trggsg @@%raqé é% gsdrpge aRpagent to

nti1on m
vénqsetsvfleﬁm ﬁmaﬁb‘w thie rﬁ@r@wg@sw@lomoﬁum modigadtions and

I m&rs%%@h&&%h t@eu thh %%9;519 @farmﬂ@ndéhe&grne Phe present
shunt : a carrier,

g.
br"U@%‘@Péﬂ‘Qkﬂeé‘”lﬁiﬁ?)gfﬂY Bv thﬁd?rmé‘toﬁ@re appgided clgims, along Wwith the ful
adedpaios btjdidlants toamnehalsiocisint Birdertiied. scope 20 of the
i nvention. Inventive routes of adm nistration
c {§199481s eTHedoampa delsgisht kaidvearemmane®. belilbstbtive, and in no way

agming Sk it ey Re&h-enaklig, i ncl ude admi ni stration
to tladg get edécg%otl oan ofn t he lCrIW\IS or PNS, and

preferably includes intraparenchymal routes.
Systenmically routes of admi nistration conprise
pEBKAWPEEAl routes, with intravenous (i.v.), or
intra-arteri al (such as through internal or external
cM?EWWGaH?P@FPQ%) 25 adni ni stration being preferred

U TR TR M B 5 g oo

t isdhiegaes eurs!e@ctaoc aefme reigstesationpm extvindaed dglidagsplantation of
98 r\]/ﬁrroadrfx‘éfenh%fég IBor'?’eS mbROR Str&hha Eér%? @y 1NNBUrbik: A, ?% 71 1I7|76

Intraar teri al admnistration o mar r ow st ronal
i (£081)r A% foRBBIn MASER Lomateraliy paichasedMASEs FT- 2501
I\erumttrawma/ark&@aﬂe M[g ah8 (B)SB bBtathed 3dr K&Qﬁﬁ&orﬁmehsed.

%e“g:rznaa/l q%qnnerﬁt rn a ha% % %4% wrtﬁ dgg tfe {am)ovme

onve ose’ra
t@cﬁlmrn(lfﬁﬁés and cI i ni cal assessnents of a particular
patient’'s disease. 11 [0004%%0 The resent i nvention
i [Q00RN  {nythA &ass qhoplaipinaMASE “’c‘;f’e%' B denars g itigl step is to
este borenh srrahesspirate #@m Healtthyi dnappising @binv@htionahhgpiragdne

ithI:henri]q%gg. e geillggén%te' ||s lthl"e“?"wttrra‘rjrléfercr)ed3 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

fr gﬂhéré}ﬁ chiRr 88 QIMyedesehk Fﬂh%k@?esh&'@wt’bdm%sfmﬁﬁhécﬁﬂﬁ The

and variations are i

of aijfi*{fée'ﬁﬁﬁ‘fe"r?d%a”%eaut%fowm@e6'?%% é/WEe” fbﬁ&%ﬁtr%fr‘? %Os3otfp
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&%éﬁ@éﬁaw@ﬁg{% p?@é%n[:&@f 1f0I n?gsgf %%Q%&Mg%%u“ tg%‘?event
nonspecific antibody binding. In rat MASCs, mouse anti-CD34 (Santa Cruz
Antibodies) and hamster anti-CD29 (PharMingen, San Diego, CA) may be iabeled
with FITC, and controls may be incubated either 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. If 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 Signa
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14Radi#g, 20p0FIG R, F#@S)@W&BM)S Cells at a final

concentration of 1 x 10A7/m are incubated with 1 ng
off@MABrocl onal anti body in phosphate buf fered saline
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néneypwdi €ultgredm pipha M Meanthinieg 10% FBAyends8@siccondingdo E.
aBtilibdeld34 af SARERrdFh4sed déﬁéﬂ &%Qé&aﬁ)mrmféré‘&‘”%@ kmase 3 7

anti - CD29 (Phar M ngen, %{a
\AFP‘PPt?ﬁ'Sr‘CdUW”E'GH'f%F éger‘?ﬁ%/ %'é‘ Pﬁ?:‘i% %ch é??%éﬁ"s%" ???)
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ant i - -an b/ I
AR TR 235 ] 4. e
ot/\ﬁﬂr—@l’ht\/\iab@@ﬁ'e@ afeafigeddays. t he 30 practice of th| s

i nvention may be obtained commercially. Controls may

i R9TRI22cel I's stained either with non-immune nmouse

SﬁJrOHE%] Human%&S@ e%glded a%cordlﬁg &6 é Mg%tnglg atng 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-iT™
14



FITC, the cells may be subsequently incubated with
Ing of FITC-conjugated anti- 13 nouse 1gG In human
MASCs, phycoerythrin | abel ed nouse anti-CD34, CD29,
CD54, CDilb/c and von WI | ebrand factor nay be used,
and controls may include cells stained with
phycoerythrin | abeled anti-nouse 1gG Data may be
acqui red and anal yzed on a FACScal i bur w th
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g%ﬁ("fh@%%er ature, and TOTO 3 iodi de (Mol ecul ar
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ag%\‘if%“se ellgqmef{:a%'ﬂéppﬂé@' Ther. 208RP16@2 12380 D) SteirTéiesl.,

M%@eﬁ&ﬁ loBgdrtieldbRics ds WeHﬁBeétQ: altjgﬁtgj is the bullet really magjcal?

di met hoxyqui nazol’i ne
erce Y B0 3 B AR RELAER it bpefiioessy Thommirdsse aigesy:
ThentrcWaIf gene]e’%ﬂ:re\aasn wyatsiple-forhihg-afig@iuci2otday. SAnt&Encer Drug Des.
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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 hr. @
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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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-i TTM 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 avail able from

@oen. Resulting CPCs are isolated from
unt rar?sdl fferentiated MASC s by sequential sel ection
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Ngeleeﬁaﬁrfor g rﬁ&&). dsj%é c%gte S:eao%tn%%%eeébtaaﬁlletd’from
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Zﬁ)b('rﬁ];%éram@"r'fﬁe?eell%u@ beld8s 8REemdR BNy B8t The CPCs

strate ntr ene ex
HE B i e T e et e AR AR portsiniag 10%
DéBS anqelﬁme@e@p@(n@)at@w 84. Once the MASC cul ture
reaches 90% confl uence, the Hes-1 antisense

?s are |ncubated with the MASCs for a period

mmre pressi o
a@é?@#‘ﬁ b et reefifiey sevr e Foanae TR gopr b pgimum
t hsseetial Meeraeweleba Eaglsewodnfrrcatlm gMésmnBigema GRepavintainivgy 20%
C[P{;j; b&f rge éeﬁ% "(1{4e§b1i:r %ﬁﬁ 1(5’1@t B@Wﬁq a&ere(f(?’qté r%c%ﬁbé/l of éorskolin
sequenti a tion using magnetic
C@é{t%?@ Calblochem La Jolla CA), 10 ng/ml of recomblnant 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
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days

untransdi fferentiated MASC s by sequential selection

usi ng magneti c beads coated 15 with appropriate

armUseCAEHONSUCh as anti-EfnB2 (positive selection for
anti - O (negative selection for CPCs), and

ad??fiﬁpbc#wh% épit-oButigat h D Aéiplaki . EsRInesic em £efls (Review).

CRGe)tholThey, apd-kBp@oes. and coated beads may be
obt ai ned from commercial suppliers. The cells in PBS

anfeooear uthaisechan liLh Stoatald: dnita disddveloprhertir unit@bf reg@maration,
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am@boms} sespejedad Fl & afl iambENM s andm_aa@t FA%n idsBSchymal

ang allowed 1o 10l 5l £Lal g, Exanpl e
[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 aduit
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 basic fibroblast growh factor (100-18B,
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M marepedrived aNMgcy ine tetha dideginic g Newrarepast Waéfz&jﬁﬂm
fongghydays, at which point cells exhibiting neuronal
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a@gpt@%%zggpég g§hng antil eukem c agents. din. Cancer
5, 1569- 15522 (1999). Next, 5 nmM of forskolin

( mzms Woé‘evdu@ oc, Fsfvarz, 0.4 de&kopﬁb ég&sa'll%ck{ Ii.%).fAﬂlJlt&&tagd
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P o 91t Pl BB Bl Bt Moo= .
Sy64-8n%(2080)e added to the cell culture. (00060] The
ceIIs are grown for ten days in the presence of the

61l dithvema.alyeindls Braarh‘?ﬂo'? Rete: aifieierinaeipdiéerensiptior af
c h&fr&@&@bméﬂb@veﬂmﬁf@ﬁ lostgybladts eieu@dhs Gah h@ic\;/%lg dr2 afor
pPQsl Y/ react.l or nt nst
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Eﬁ)ﬁh NGBInc ﬁ@w&%a@ Jsan%%ﬁ&h@a&ﬁé@ﬁéﬁ%@ﬁ&@m@waﬁ%
TI(]\IS 061] Bi.sh Buttery, )

L.D
pymaical Sofﬂ/lb'oe% r’y Hﬁlﬂresfét'?éﬁ %ﬁ?%f‘?%@@?%?w) J.
bl o173 25 AP0 R B RN gl A
r EgadeNedroeh ,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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(2000). [00063] Pittenger, MF. et al. Miltilineage
potential of adult human nesenchynmal stem cells.

Sci ence 284, 143-147 (1999). [00064] Dezawa, M et
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bone-marrow stromal cells. Eur. J. Neurosci. 14,
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3. The method of claim 1, wherein the regulating comprises incubation of a glial

regulating agent with the marrow adherent stem cells.

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. -
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25 5. The nmethod of claim3, wherein the glia
regul ati ng agent conprises inhibitors or antagonists
or agents that interfere with signaling pathways for
gliogenic factors. 6. The nethod of claim 3, wherein
the glial regulating agent conprises agonists for
neur ogenesis. 22 7. The nethod of claim 3, wherein
the glial regulating agent conprises a JAK/ STAT
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8. The method of claim1, further conprising:

isolating the cells exhibiting neuronal progenitor
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bl ood. 10. The nethod of claim 1, wherein the marrow
adherent stemcells are derived frombone marrow. 20
11. A nethod for producing cells exhibiting neurona
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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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23 12. The nmethod of claim 11, wherein the marrow
adherent stemcells are selected fromthe group

consi sting of human marrow adherent stemcells, rat
marrow adherent stemcells, nouse marrow adherent
stemcells, primate marrow adherent stemcells, pig
marr ow adherent stemcells, cow marrow adherent stem
cells, and 5 sheep marrow adherent stemcells. 13.
ThegnethRdnQfioLbidm 31, widhen eleMndries dmerhadib@Rels are derived
conprises transfection of the glial regulating agent
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administering the cells exhibiting neuronal progenitor cell characteristics of claim 21

o 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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20. Cells exhibiting neuronal progenitor cel
characteristics nade according to the nethod of
claim1.. 10 21. Cells exhibiting neuronal progenitor
cell characteristics made according to the nethod of
claim1l. 22. A nmethod conprising: 15 adm ni stering
the cells exhibiting neuronal progenitor cel
characteristics of claim20 to a patient 23. A

- m
ethr bR R O e B M LU Por i SeE i Thitag regrona
ofprczgleairccrhcalitchetr@t%nsm ntemalls tat exifibitretchw dnae oparasiemgics of
25cpRviding the cells exhibiting neuronal progenitor
cell characteristics of claim 1; and conbining the
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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 éxhibiting neuronal
progenitor cell characteristics into cells that exhibit one or more characteristics of

neurons.
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11; and conbi ning the cells exhibiting neurona
progenitor cell characteristics with at 25 |east one
neurotrophic factor, wherein the at |east one
neurotrophic factor is present in an anount
effective to pronote the differentiation of the cells
exhi biting neuronal progenitor cell characteristics
into cells that exhibit one or nore characteristics
of ,, ne ) e claim?29, further
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claim?29, wherein the at | east one neurotrophic
fact or isoR@nPheseis thasixeibt by @h@s thgrawdicd &Gie0fons.
ciliary neurotrophic factor, or forskolin. 32. Cells
that exhibit one or nore characteristics of neurons
produced according to the nethod of claim?29. 10 33.
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claim29 to a patient. 27

32.  Cells that exhibit one or more characteristics of neurons produced according

to the method of claim 29.

33. A method comprising:

administering the cells that exhibit one or more characteristics of neurons of claim 29

o a patient.
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