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THE I NVENTION 5 The present invention relates to
neuronal -1i ke cells capable of controllable synthesis

of METHODSARRNILERT ACAEONSERUCTRERNBFERENE HOe TRBATING
usi ng such cel | B ODEEMNERETRRY I RES @tive

di sorders such as Parkinson's di sease. Parkinson's

di sease is an age-rel ated di sorder characterized by
HBLDASNSD\BACKGR OUBNDIOBAHMENPENGUONNG neurons in the
substqntia nigra of. the mdbrain, which in turn 10
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Consequently, alternative approaches Tor treating

HabH iy of severinmigeslldite spribesiteasudiicionr demmise Glonathe administered

antation.qf cells - capablg of replacing or
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afflcted mdiidvals jave Sagprddry to Hefedisrindechl tiessal eircairy and cannot be
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316:831-836, 1987). Transplantation of other donor cells such as fetal brain celis

- from the subStantia nigra, an area of the brain rich in dopaminé—coritainihg cell bodies

and also the area of the brain most affected in Parkinson's disease, has been shown o

be partially effective in teversing the behavioral deficits induced by selective
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- levpdaph dieainasi (runaway) ¢

and Dunnett et al. (Trends Neurosci. 6:266-270, 1983)
Several cell replacenent studies utilizing various
wWOoReHMedBonal cell types from different sour cRGI/H0€3/000972
al so been conducted over the past few years. In aninal
model s 5 of Parkinson's di ease, researchers have
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" neurotransmitters-such as dopam ne-uncontr ol abj
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side effects such as "runaway dyskinesia" and thus
wensAkigs t he use of BMSc unsuitable for therapy of
neur odegenerative disorders. There is thus a wP§a2003/000972

recogni zed need for, and it uld be highly
.cells which are

advan S e, . neur [ -1k . i '
c apab‘%\gﬁg‘%ﬂi ad !"ggé@?? i ?’ﬁt‘ﬁ&%&%ﬁﬁ‘g rindtfrEemtike icgliyevhich are
strudtufallyt hesmpeapid| el FoRphhALLRD! YngyRENEHwisng - release
neurotransmtters; such as dopam ne,” and thus Can"he

nehrqiRpaRes BIchastdopamincawntoptipBably whichitin tun may cause severe

‘ ke di der s.. .SUWARY OF THE | NYENTI
SP%ug i rg'%@l gggp:e%:ﬁ?‘?‘%igfp gt r'%mbr o1 dhus, Lendsring Use of BMSc

unsitable fot theraply of abinddégonsmtios dRGrderd.t h an expression
.including a pol ynucl eoti de sequence

consttuct ’
expré@’ﬂ%g? ths 2 widely g sasopmizgd rregd| forabirel rinnweunld be highly
LANSM r r. of,..sai d ) e
A e v e nodoR{ARY Sl ShidC afy sapatlg of, intggrgtion into
dampagdie snearrafal s #sghen emdotfuABGM ddpeblel Off  dodGollably synthesizing
manuf act.ure of a H_Edl cament for treating a .
“%%Hﬁ‘mgﬂ&%ﬂ fedepamypgand thys eandecyilized dp effectivdly and safely

trést nRORVESSRMUSE dfbrdns @gent capabl e of regul ating
synthesis of a neurotransmtter in bone marrow stronal

cells capabl e of exogenously regul atable

MMAR YO TR INVENTFIONsi s for the manufacture of a.
medi canment for treating a neurodegenerative-di sorder. - .
N 3n 4 ds RSP Rk § -2 | d nucl ei c .aci d
construct, If:)‘%r’rpr sl g&é&edp‘%ﬂ%g}é ee%? Fﬁ‘é’ngmﬁLﬁ%}@ transformed

Wigh @b expiession constyunt paludingiagailymgleotida seyminte skpre¥ing in an
exbEHb a ' . pesitioned _under a.control of a ]
o eguﬁgall{' o??léﬂslée%}ﬁgnclga%’élgﬁabq englfmg?rggﬁﬁ%rt i Ag BRI ofy said
neyplransndttean gyueeﬂzgrmmi&lﬁaﬁmg medaidssynthesifiof QW hdircd@R&hikter for

t i S ovided a const.ruct system conprising a
theiiafuchufe & e SineR R 5 prtearmEaiae Asorder

pol ynucl eoti de sequence encodi ng an enzyne

participating in a synthesis of a neurotransnitter

posigi o nder the transcription control of a ]
b B AR B B SRR ulecef reeulating
syntbesit oflg henrdGhnseitk§ in thofd SedrioR! besiAkl GHRchpibIObS Bxogenously
rensufajzﬂngd requl atory sg&sence wherei n said )

g & AeRPhppRmitter synthess dopthe dpanpfadterg efijadnfediosment for
trefitfigd A6 JesSREHEV disdr@erdi rect transcription of said

first polynucleotide sequence. 3a In a fifth aspect,

there is provided a bone marrow stromal cell

conprising the nucleic acid construct as defined
- abduea third asgdck! ihe@SRepiovided S SubRicPEAY | GasniktPO8fiprising a

1””{&.0“" stromal cell conprising the _construct syst%yn
polylicleatide, - SequpRire cnqading @p\@IYMCa BRdiciDating eineaj synthesis of a

neufytnsAattradpdsRidid SfddprLaba] | des I @?éni
eur odegéﬁ%r ative disor dg?&gt,k&g%ﬁgrllicgﬁﬂ%%!’ry %g [ gg%é‘??lﬁlﬁ of
regl.ﬁw Frpressigncad|seid enzyme in mammatian cells.
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In a fourth aspect, there is provided a comstruct system comprising a first
expression construct including a first polynucleotide sequence encoding an enzyme
participating in a synthesis of a neurotransmitter positioned under the transcriptional
control of a first regulatory sequence and a second expression construct including
transcriptional control of a second regulatory sequence, wherein said transactivator is
capable of activating said first regulatory sequence to direct transcription of said first

polynucleotide sequence.



(b) incubating said bone marrow cells in a
proliferating medium capable of naintaining arid/or
expandi ng said bone marrow celdas; (c) selecting bone
marrow stronmal cells fromthe cells resulti ng from
step (b); (d) incubating said bone marrow stronal
cells i n a differentiating nmedium including at |east
one unsat ur at ed. fat t. cid and at | east one
di f er en %?’F%g ﬂ%‘r“geeﬁtf’,“’\flﬁ%f & B9n<‘pF’éHaW siepmah eclt spmprigipg the
nudlse aci congaici agdeMraamaegenerati ve di sorders. In an
ei ght h aspect, there is provided an isol ated human
cell popul ation, conprising naive bone nmarrow stronal

cel ia $hxiic Bspeyh Eﬁé?es iszﬁoﬁd&ﬁ Y585 Fig?glgt {tlfb al chl %?Iﬂi)l%hgg the

, there_is provided an iIso
co'ﬁﬁ'ﬁﬂlsﬁt?ﬂﬁs ﬁ%}?ﬂlagg‘rmg nai ve bone marrow st rorml
cells which synthesize at | east two types of
neurotransmtters. |In a tenth aspect, there is
pro%/ll ded use of bone marrow stromal cells which
N He SVERINASPRe  tBete dh fravided 2 method (o8 predusirgoealls donfreating
eurmég@ﬁmnedfsgfde}g @ﬁhﬂ,ﬁ‘%ga neur odegener ati ve di sorder,
rein.said bone narrow stromal cells capabl e of
sy Phesiisp Agshopemraovanlsi tter are obtained by
I nCupating said bone marrow stromal cells in a
di f'Per e MIGUREGRS Faidii benewmmarrowe oeglls dvs aaprdlfastingnenedium
PUFA andablel o gent n
an o cvoRple Tasknaiie silo: 8RR R boRD Pty s
r( r at FSlgptiagibpae mlfromsgamak@lln fonoitie gelisaeailiingefrom step
d| sor dqg)s conpri sing incubating bone nmarrow stronal
cells ina differentiating nmediumincluding at |east
onddbol pouhating szid bohef man“qw steorlalaslls iata diffa®htifAMe medium
di fferep] reb enerating.the cells
for tr ea%:}]'ﬁgdé;gb?ga&ggd@ﬁ P(glﬂll}%ﬂlgﬁrgg [y fcid qnd ety dgast; jene
aspect, dllfhmneamg pEaN, ﬂﬁfbb?”pﬂo&@éu?é G RIIR ForC fbd in_ treating
popul at| o ri SI ive bone marrow stronal
cells \/\?1 "ﬂﬁ@l eurotransnitter, obtainable
by i ncubatl ng said bone marrow stronmal cells in a

di fferentiation medi um whi ch conprises at |east one
PUFAY 3l §ighih |aspest, tkee & mrevidas int lsghtedgbmnan lcell apopulation,

| cofnbhﬁih@ Riiva B tharrdwd Sk dindit el QMicH Soh t@&liesao And ungﬂm

cell popul ation, conprising nalve bone nar
cells which synthesize at | east two types of

bat d b
g Lo Ept gt there e AR Pbotet BB 5Pt comprising
naiyp, bene reamgw stswsala:tellst which synhesPidatlcasndwaltyles 35 heudbiansmitters.

differentiation agent. Disclosed herein is a nmethod of
treating a neurodegenerative disorder which includes

adnimna gergh i aspect,othare isnp‘hovidddil aise o Buednidds 88bmaE hél& which

Ie of X0 tabl e neurotransmtter
S syn? esi’s ﬁ%’?%ﬂg ?‘E)a/lfhe CHER 106 cfe deadigement, dor treating a

neutidsgerdentive Diis6ides; e hBRIL | Aid Dofle "BhASY Arorhdl© iy %Egable of
eurodegeneratlve di sorder which 1ncludes the's

SYUSFSIES 2oRAYrqiTaaFBitien gre; ebtaiied deyi incuating] saichbent mlam)wo:étmmai
cells:éil lasdi¢feRAbh&on medium which comprises at least one PUFA and at [east one
differentiation agent.




of exogenously regul atabl e neurotransmtter synthesis;
and (b) periodically exposing-the individual. to an

agent or condition capabl.e o% regul ati ng the synthesis
of the neurotransmitter /in e cells t hereby treating
t he neurodegenerative disorder. Disclosed hereinis a
nucl ei-c acid construct which-includes a pol ynucl eotide

sequenRCh QR gec‘il Nh&day vﬁ@cﬁ G 9({ '8[%13% cells for treating

synthesis of a neurotrans tter posi
BPHedegpnegrtivg dﬂseglmatcomnsaquamdmtmgﬁwmmnmowegmmﬂ|cngs in a

n_c
R FRRNAR ol Wl R el o b e iR Y gt s doast ome
difftientiating xgent wicby geremmting tha ctllslfmisadmmuﬂadégms@uve disorders.
pol ynucl eoti de sequence encodi ng an enzyne
participating in a synthesis of a neur ot ransmitter

posi tihe mmiﬁhmﬂ&r theReeis progideiCan ifdlatedamat &itpoPlatidh, Bmprising naive

first ce and a second expressian
e Bt Ebone Pl SV SBEs Py aIee bl ebis y gewbing sad
tene atirog S&‘Oﬁlﬁl&i&ﬂﬁﬁltd difftRh1iAeS nicdRALWhidR 6rhpride€ at least one PUFA
traﬂ £gpam§£ control of a 4 second regulatory

and g e sidptiPagents r ansacti vator i s capabl e of
activating the first regulatory sequence to direct
transcription of the first polynucleotide sequence.
Di scl Se&ﬁ erein i% a.cell conprising a nucleic acid
const AT Espect; HEP dBLvidehm Frised g’b‘f‘?"d@”é’é’aﬂl@%e“mpmmg

naine behic tghrdW BdEANBelRAWhICE sPRhdsD dt Neadt tvid/ E}?}@@ﬁf feRbtrahsmitter
Peurﬁg@ansm tter pOSl ti oned under a contro

¥igcubating; s31d bopg guastaw gromalpeallsin ﬁgilﬁfﬁfﬂﬂtig%@lb medium
mﬁcht SoenpEiRe& AP Radt Bnd PIOFA 8hd at 1dakitmb Qﬁﬁfjenﬁﬁfo‘ﬁ'age ¢S a cell
conprising the construct system which i1 nclddes a
first exg§§SS|on construct including a first
- pol yn Désclosed a'éreg’etfu% riaethedh eb dieatingan lleemzlymeratlve disorder which

lﬂé!haéscécﬂﬁﬁfsﬂaﬂner ?.R%X&mﬁzﬁ' & Qe athQr%#f %ﬁstag% %]tc St  exogenously

positioned un transcrip |ona
Wﬁléfﬁbk@gﬂnoaﬁmﬁg@quénmeﬂmeby ae&axgamhﬁmkgaﬁranne disorder.

const ncl udi ng a 0 nucl eoti de sequence

enco |l%égiasaédt l?éargsalg t? \I}%\e?lboﬁ r}g'sgﬁ%fléo%ﬂ“ er?thv@ & disorder which
icladesahe grepsostal) sdfiniNerigd todard aapidusisg Weal Qﬁé&'eof cells capable
ié&uence wherein the transactivator is capable of

PEEROMRY Teadatable aeutpupnsmiitessyntBesip end @) periotlieablytoxposing the
ihdiAaSA" tPtdn0 Qg&ft b ecoflﬂlﬁéxﬁlo 8%1%19 ug 3’9 ! : aﬁ & Uit germs of the

Di scl osed heréin s a net pro
H@@'Qtrmnlltteg att the gells tewby tregmp dfeaiehméegdh@ﬂfvé GIsSrderTh e

thog,pcl pdes. the st DS of % i sol ating bone
mor 1 oL G ¢ e Bt 35 comErugionbichepsludesca pplynpgleotide
Rapsok s 1 ERATRRRRRIS B "Bhitdh "' B Bl

expandi ng. t he bone marrow cells; (1ir1) ectln
R?é’rtWBW under gegntrela] agr cgylatoryt mu@@blcspabﬁaﬂ lteglligtllﬁg expression of

&h%% ncubati ng the bone narrow
st ronyrgr} gfal?fﬂgal

In a |fferent|at|ng nedlun1|nclud|ng at

I eaStDlsciesedphérymn Bahucakedct! afstam aghich qﬁ@luﬁ%}s lae ﬁ|§§|t Epfession
the ce

dlﬂferenhﬁﬁtlng ep t her eby produci ng

cPRItrgL incfuding »brst Rglynuelpesie sedienss enreding oo eaeme participating in
a synthesis of a neurotransmitter positioned under the transcriptional control of a first
regulatory sequence and a second expression construct including a second

polynucleotide sequence encoding a transactivator positioned under the transcriptional

conirol of a



Di scl osed herein is a population of cells which

i ncl udes bone marrow derived stromal cell capable of
synt hesi zing a neurotransmtt4er. Disclosed hereinis a
m xed popul ati on of cells which includes bone narrow

" derived stromal cell capable of synthesizing at |east

seboI F . I f ;
PR FURR U Nl B rans S RlE 1 thob e b heifing e
fieedatonfsequenad tordrea tRAHpdaYeMRAE Afst peyslickotideequence.

further in%ludeS.WD 20041046348 PCT/ 112003/ 000972 5

expost R TR AT P FH CUBPLIHNG GeRUCIGE A5hAopstret which
iedpdR| & wflyiRiatiat | fguenchCer¥dihPesi nBfme HRicipating in a

neurotransmtter in the cells. According to stil
syRthestre of fao Beusplaansmitter npositienedi weder pg eoairpb@f a regulatory
SSJIRAEL AR JeiEruffld SxRtSiol BPREIAAR Y IR ed so as

to enabl'e the exogerrously regulatable

neur Mischsadrhértiaris aymilhesipsisindahe cdhsagct &ystinl WhidhUihtlagés a

features in the descrjbed preferred enbodi nents the
ffSE| ression dpasiarh ipliling en i nokprisleetids, seadiuse gropding an

endyfiel PahiBgaihgd b YA YGBAE de 2 %@%ﬁ%ﬁﬁﬁ&cﬁggi%eénunder the
enzyne participating in the synthesis of the

transgiipsionah seritiol exf, a fubteregiulaterye sapuones shd e cersidr expression
nuc) eoti.de

oAD" BRI ey AL e

~ pdsitiohébundee thic ufaascriptiodal ot Of ialecondr @E@RioeH sequence, wherein

enbodi ments, the agent. .is capable of downregul ating

thg}lﬁn]n%@gygﬂr BroappRic o Agtrating theclirshregijatory, seguence to direct

- trﬁﬁéBiiPﬁé‘ﬁ of e ﬁﬁﬁpaﬁt{gfebﬁ@ég%ﬁié&gggér i -beAccor ding to

still further feat sint d preferred
enbodiseleseds hawinThe ageethod soft gpaticagotellsp feg wisat inn greating

ression qf the enzyme participating in the. .
ne SRR B0 Ao dF SPF R HtEdeR iRt i eplaing pone
ménv Bélls; (i9ahetbating theltife #RGW LAY iPh BloBitdrRfhg medium capable
enbodi ments the cells are transforned with at |east
of ghaentanipe sad/prexpanding thechoneimaramicalds; (Hi)fselesting bone marrow

strBhY EHﬂ ﬁgﬁli Hl%. 4 %@gh(ftﬁlé ﬂs%détﬁg éﬁg @gﬁ i(ﬁggl??“é’ﬁ%‘?ﬁ {}%celPone

participating in a’synthesrs o

. mapoesi tétnmmﬂl velberint he diffaasbatingt indaim Cgﬁltfd;iﬂg Qaftl &east done:
. first requlator equence a second pol ynucl eot i de
-P"{%’@aﬁfi‘ﬁétsg gﬂe’o‘t‘ﬁl%ﬂf %th?%ﬁgﬁgﬁgva?W%ﬁe% 6%%@ DrpgEEing

thd &8st RARKC [ ﬂi‘&dtﬂ@q{eu{-‘da@%én@}aﬁ% dRordgcoNd , regpJat 4pry
sequence, wherein the ransactivator.is capable of

" act iRisplesad berkig i§ A populatiogof etlsrwhideubdesbére Manree derived
ription of ,the first polynucl eotide sequence in
St’%@%ﬁ@é’alg#’iet#esy%‘&%sﬁ%‘?%aﬁ%‘.mt%é’&%&'&f-ng to still further
f e@tisvlesed ihereih & §osiked bosulic 6f QR WHIBR GhdRRiYs Hohd Snarrow
i s, doxycyline. According. to still further

agent ; :
: deffV&ﬁtSHP@gi ¢ci qapgblejekpmihissigingag feasttwe tened selraEHBMItdS

tr maﬁfih%g% gﬁlrthér feahirkl %%géfeﬁ%ﬁc%cfﬁlnleﬁg described below,

transacti

- the method of treating a neurodegenerative disorder, further includes
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 hocorPrgiy 8 S ey e b R Resetb AT prefrk bpgiments the

According to still further features in the described
preferred enbodi nents the 30. first regulatory

WOgeaeH8 | ncl udes a. tetracycline response elgrBikeos000972

According to still further features in the described
preferred enbodi ments the erdzynme is selected fromthe
FPARE thsredwidualtosm aggnivei cvadticirapgblaoé regfdtihvg the synthesis of
t?@&éi‘!x@t%ﬁé &&,ingﬁr%e@(cl ohydrol ase |, dopani ne dopam ne

3- hydr oxy gl ut'a

ase, amat e WD 2004/ 046348

PCT/ IA2008 GOSTP furfher €Ra5E 1Y R BscrileuProRh2R Snbodiments the
nooxygenase_and choline acetyltransferase_

CElt i REPqUsally | modifigdt Ber af clet enaklei ithe xogesmshbedgulatable

nBhRt8hdift-ESRMslisfent s second regul atory sequence N

i ncl udes a Hunan neuron-specific enol ase pronoter. o

Accordicolingtesstill Furfhor foatired Gatiy @Sclibed PRfGRICTHRRRments the

| c%ﬁeferred nmbodi ments the 5 neurodegenerative

1% GFo FISLOTRISH e M8 21 ¢ GrATessioNg IConFTUsS nisckidingy aofpolynucleotide

- sitpehidRbdg ) SEARS pATHL Lk i@n'e:%ﬁgﬁ%mwféeﬁ?&h%smiuﬂ,

| ateral sclerosis,” auto
whetein nthe' exgicssias e camstiublinisi NigtgRcd NGBS ASFRERLNDF the

ilt. further atures in the described preferred
Pé‘ﬁ%%%?%dﬁtlgc? Ouahg}’n’%ﬂl—?d’@ﬁ’é‘i‘ ative disorder is
Par kAkeedirfe t6ishBFGh. [ ‘ ' further.
f eat ures :Iir;}g t ﬁe descerri%%e %?‘{e g%@%@ﬁ@é&f’%ﬁ?@%ﬂ@ems
ths gt is supahie o€ dowsregelating eslpfession ol eheOdrRiteGRRGEIBAtNIn the

- syinedRRGRD noregllinephri ne, epinephrine, gamm

am nobut'yr %ur%tﬁrﬁ U ot oni n, acetylcholine, and .

gl ut Avedrdingite stith ' irSthis! - ures in
the descr?it;gedsgr g%gcgg%%g%n’gbdl hgﬁ?érﬁ{eﬁg%fe&&%‘%?&mmw
Thecaeant lasapitie of upecetbiagi axpresifonAciCihe inagme Qrastitiphting in the

S’é‘#{?%%?’ﬁé%‘{%%ﬁ ;a%ssgigfqrt he described preferred

s are bone marrow cells. .-

- Accoadtondinpdo stilll furthat felBfesl ifahe iSeribRd ?Eﬁ;%@& %Hb%ﬂﬁnems the

referred enbodi nents the bone marrow I're-bone
Cear PEwirdnsiomaed ceith ot Iesfoode nexpressidn Icbndtiirct hekluding - a first

oot i described preferred enbodi ments the *
p(ﬁig‘ c}eé%bﬁge ar g{lne’ﬁ’ r g‘ri@fjﬂge 4B o PR MeAPRFIUPAEEL 81 s isymthesis of a

neficottahsmitfes qpositRmell Nuddep tHE I8sBESidARET d \
enbodi g&nts the neuron-lice cglﬁlshs exgﬁé{s@ 3{?1 éigssttregplatory_

. - SeECH Al GrivronthpRiypucieotide sequencd engoding st irkdsabiivatdrepositioned
L0 l,bed preferred enbodi nents the
e aenedsha SORLBF of 'Fr i ErlppLsessrs i the

transacGEROr . iseuamible Pﬁ?‘a&ﬂifatin%5 thie! Cﬂiﬁﬁrrcgﬁlgfgoﬂr Nsequence to direct
neur of i bgrrent heavy, neuron=specific enolase, * -

thenfiest pelypenieatide shyumos il alssencenofthehgdntl e

aggmt ¢ doxyeglisgrbodi ments  administering of cells is
effected _by transplanting the cells into a brain'.

- ti-sé\peorstng festill ferther deptiires in the described preferred embodiments the

- Iransactivator is a tetracycliné-controlled transactivator.

According to still further features in the described preferred enibodi@cnts the

first regulatory sequence includes a. tetracycline response element.

.. According to still further features in the described prefé;_rcd embodiments thlc.

enzyme is selected from the group consisting of tyrosine hydroxylase, DOPA

decarboxylase, GTP cyclohydrolase I, dopamine dopamine B-hydroxylase, glﬁMate o
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30 According to still further features in the-de
scri bed preferred enbodi nents adm nistering of cells
WO 4844388t ed by transplanting the cells into @cIyiLomz000972
cord of the individual. WO 2004/046348
PCT/ 1 L2003/ 000972 7 According to still further
dech@@b\ilags | thypibyshianess chioheskypesiser r sl ewhokinare atayltransferase.
exposi ng, of an_individual is effected_by or

| _
adribaFeding: loorfilbiuither Kgiwes i tha éﬁsﬁﬂh&%\ﬂr&%ﬁ‘éﬁd embodiments
secgi‘rfcg?ergﬁiraggyéﬁ%l%gf:%%xﬁ{dgg Eﬁ{lmfaﬁ ﬂwoﬁ:‘sple&ﬁk Eﬁoﬁég@gﬁﬁ{?@

exposi ng of an indivi
- ef f gaetrdinigytoistifiufaither fehtutdscinape desdribed peeferdd \endediments the

According to still_ further features in the, d.e_scrti, %ggdnson,s '

neuppdoBERTralvee SboataTelst Feledted deam other GrogRRAFEENE 0
disBRE! T 160 ?9:. asscie?oﬁﬁ]ablaﬁ'xyﬁﬁgp&@é‘)ggﬁ&ldfl ysd’l@tﬂﬁs,at aRfGmmune

neurotransmtter synthesrs. cording to sti further
enckpladlomedditisn Al thémede's distize dng thintingled’ edibmde.nent s t he

condeatid G URALS B s dsro e 2BRA spodiments the

e OEREh R A JISHEYIE PaRkihdont PRbd4g i n the synthesis of
the“neurotransmtter, wherein the expression

" conAteardingite stiflsfughenifestucts inrthe desqrited girofermofl epthodiments the

_pol ynucl eatide | ontrollable via a reqgul atory agent . .
nedRRIERRT I eiEeioR o the SFoWRSRISBEE  ¢f JaRatmiif dofshiicphrine,
'epilgé' 6T 2RI RRAMIRBIR 4ol serbfordd 8BbiylchofAR RIS iRthmic acid.

vvnreg% ating expression of the enzyne participating.

i n Akbeorduriphetdl Suther fehtiresernr the desaitietdtpeeferad corttwidigents the

to stil f-u,{jt her. features in the described preferred.
RIS (ORE™ 8gent i s capable of upregulating

eXPALSSIRIE tokilll MALE YRR the abRabea %refbﬁ'ec_l th®odiments the
synthesi s of the neurotransmtter. 20 According to '
celistard borfeumatiew cEB&t ures in the described preferred

oL oo LBt BBl BOE esetet AR S Riments e

" borfeQiliSV cBfis seDoRs alrowssifdindi Refis. Wwhen t he agent

I s-absent ahactivator, nol ecule binds a response
el edseardingatoaitijl uphetjshtrdsniy thx desesibed preferred embodiments the
[ droxyl ase. According to still further .

i he, tyrosine
ccl#sgg?ﬁe}/lggn{h%e{:ﬁ S‘,descri bed preferred enmbodi ments the _
T 25 agbdrding @ fIRMASMe! FafireLld (e iestibadl preftrdasitbirliments the

activity of the enzyne participating in.,. the

 neusgmiike selis efpressat leastrase naweonpk markerAccBrdi ng to still

e P IFgHESo t ocel REE Yt e el féied embodiments the

‘neRGhal MSHRP ik ARIRRFI0HoRD R LPRAP LONifine BE @DQ@,gﬂaﬁmﬁ;épeciﬁc_ |

_po.lypeptide. According to still further features in

‘niidléss pletst, nbem filaredidg healy, ontitodispecific enplasgbeta-tubulin 3, tyrosine

hydipdoscs rstob ol isp Rt B oA Paincit s A e

- and ABGding to-still furthier featurés in-the described préférred embodiments

- 30

administering of cells is efféctéd by transplaitinig the cells into a brain tissué of the

individual.

According to ‘still further featuresmthe “déscribed’ ’;[‘ireféi-'ifédf embodiments:
' adiiinistering of cells is effécted by transplanting the: cells into a spinal cord of the

individual. -

L
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According to still further features in the described
“preferred enbodi nents the nethod of producing cells

OA0049462481 ng neur odegener ati ve di sorders i ncl UBEHIL2003/000972

prior to WD 2004/ 046348 PCT/ 1L2003/ 000972 i 8 step

(iv) incubating the cells regulting fromstep (iii) in

a pr aecorflfngr entiiltfonbermbaingg: id TRé aleycorived dpiRRatddngmbédiments

cellJs tp. differentiate into neuron-like cells. .
G’W@é'&gd?ﬁaﬂt‘adg@fiqai‘ 1§ fittosied by arah administiatiendek dhe peent to the
imarsdenr ed enbodi ments the pre-differentiating nedium

i ncl udes bFG-. According to still further features in

t he Aeswdinget piikkfferthed {@ndrediinrahe sietdribed preferred embodiments

re-di f.f erentiati.on di ym'furt her. incl udes M. . SPN,

CAPOFIG 4 A iltviggal ig G’B‘[&fﬁ‘éﬂmﬂfaﬂan pEde agerigp ah%/lﬁt\adual-
- stil hoddrtinBal shifidfurhesteathrd i HEfebdrited J)Qéi%ﬁ‘s& leBfbodiments th

enbodi ments the at |east one polyunsatdrated fatty :
cellsi ard sgatotiedbyhanedifiod csacisd.toAcoabldi Hrp taxogendusly regulatable
ng urt her .f eat uthes in the described preferred

AREHS ST SYPHESIS-at | east one differentiating agent is

sel eAb@ﬁdﬁl%Qmsﬁh%&h&Uﬁaﬁ@éksﬁl%é s @ioeBbrdierred RaMNEiments the

and | BMX, According to still. further features in the
celfs setei Haasfopmed evitle dare resptiissiont contstroct didlédingnai polymepleotide |

B LS N T —

whereinhahe f eRirdistsh | Sodsiicid§8 C HelLsbdO T REE! UBA  expression of the
enbodi nents the nmethod of producing cells for’ '
polymigleofige Heaanbiolflnwiza regulatiryegamr s. i s- f urt her

F oo kb B L8l e el ihithe RRARETpRBded Hipbiipitis o
agant i camdle bE dowheMAiIngO&Preskion! of Wid Bﬁzyrﬁ@?sim;k (:‘i?liatinlg Min the

the descri bed preferred enbodi nents step..

sypthegis of thsyreyeqitanamitins. According to still : :

. further o - —pref ) :
B O i T —

- agenlr fsacepatdel rf hmgﬁl&ﬁhg.ie)dgife%@i@ﬁt af ke tedzpihk |- arﬁtdibhﬁft?%] _ein-ith'e

f&gt_ur?aﬁi n the. descr bed :preferred: enbodi nents’
SYpEngsts ot thesutatapgnities. dopami ne; According to.still - -
furt i 4 i eferr : -
o ARBLERESER dd Ea RS 5H G RS Phftoed codivets e
celie aro peastivaily tmodificd alouekpres pafddige hyd@aolde nhdep a. r_egul‘a_tory
rflier. ftsatures in the,, described preferred -

abwhen (he agpplis absentdfirastivalns molecpfesbinds a

e o0 ol LBAECASE R SRR LY

25

30

met Moderdifig to el fnger festned b SRedRtiNal plefeagitaniidiments the
ﬁr.ow di ng neurgnal -1ike ‘'cells capable of L
cell g2 peoR ke %@ﬁrﬂeﬁ@@i@ epflogrnghs petivibref the cazymel participating in .

thé§nthesisYPREAAROEniiaf0 41046348 PCT/1L.2003/000972

According to still further features in tl:te.fdes.cribe,d,-pictzfer.radE embodixfri@ntg the
celi further includes a polynutleotide encoding dn apoptosis inhibitiﬁg polypeptide.
According to still further features in the described preferred embodiments the

-~ proliferation: medium includes - DMEM,  SPN, - L-glutamire, . FCS, _2513—{ o

- mercaptoethanol, nonessential amino acids and EGF.

oo According to still further features in the described preferred embodiments the S

‘method of producing cells for treating neurodegenerative.'disorders iﬁcludes‘prio'r to




9 t herapy using such cells for treating
WRSHEYRner at i ve disorders such as Parki NSON'PE /Y 2003/000972

di sease. Unl ess otherw se defined, all technical an

scientific terns used herei® have the same neaning as

stenm&)moybumgeme cekhdirebylting Srond st ?@ili}&ﬂ)& [ﬁ'lélddfeﬂeﬁtléth% mcdmm
i ch ongs. Al though net hods

th%r Elé‘?l s jnvent | on
i ) r%? 13PO8HNg the Galls Lo dl&emaatwaﬂom'r%hkm@ﬁb descri bed
her eABC(ﬁ'@iﬂ k& stily m&lr I?fﬂ:{tﬁk%s R ﬂl%&ieg&E Ad a??etrrga%mqgcodﬁlngnts the

dlsclosure sui tabl e ds an

preebﬁferrem@ngm@mlnmmwm{ conflict, the patent
will control. In

specj fIC t| cl.uding definitjons, .
addi ﬁ%s% g fiea %urﬁemn@asdesmdd;raﬁmeé@@o@mems the

pégdé%é%%ﬁggglﬁ P%rﬁl i HJ‘FE’%} DBRWR@W nventi o nélﬂlqn_lme N2

weplemenianddiGhed, by way of exarrpl e only, with
Wth specific

f )
" of Shenignd B sl Fflge gpaY ipotle e b&%lpfefeﬂedneﬁlb‘)dlmenfs the
wlmﬁ@olﬁa&ata@edne@ haah@a&ow%}eﬁ% Riéad Veway of

exa and for-purposes of di scussi on

t mmg '@r stébﬁmhboﬂ:atmm i the desveibed geefotred euhiodiments the
- resented | t he cause of providing
ap é‘%“' ,,g@g iffealisng caggnt i seleried Soun i Sxonp consigiingyof BHA,
‘ dunﬁﬁﬂaﬁﬂqahﬂgscrlptlon of the principles and

conceptual aspects of the invention. I'n this regard,
o &cceidmg tostitlefyethenfeatuoss intthe dessribbd pecfairbd embotients the

det IS ary for _a
d‘fﬁ%"ﬁ*&hﬁ# e B e L S Sl Githith 2 supplement

aittbetinoiptacidn t aken W|th t he draw ngs naki ng apparent to

those skilled in the art bow the several fornms of the

i nvention maybe enbodied in practice. In the draw ngs:

(Ds

FI @scorfing o st fisthenieaturds g therdeserdisd oprferrerbgyelpdishents the method
of pﬂﬂﬁtl:vsge f:élErMéaﬁfl\lgﬂgﬂ&?ég zF{ rd?%?&e?é’\{sw Iﬁ'%:ct&ﬁﬂ/ grlor to step

In a

(iv) Ffé%ﬁﬁmmg thesells tseulting) frmm @iinwish tlteh:h$dﬁ>sadphdsw acid construct.
section below) and wpre grown to, . 80- 90% confluency .

. ove of r OXj el ys. The . '
o bl B hithe? gl e A embodigagats step.
' "(1)1§bﬁﬁﬁedlél'§§1!ﬁﬁtlbﬁ) or..a, flat body shape (Fl gur es
.. IB-C 2 illustrates flow cytorreter “anal'yses: of -

’ ' norA@pfcfm enstilbfurthen RleBoes ivRthe desar
. tal ned-f t he nce of surface markers CD45,
_ _‘_(m)&ﬁec?@@ﬁ] %fﬂg Q%ﬂmgé’ﬁ% acteristic.of:. -

Ly nRReRRRiPRAL Rlrktifer 38t gﬂ: ‘mﬁg 5 ? 5‘9’% es})g@‘unents the

: piotei nwhich is. expr essed’
neurﬁh‘enamttblslsmpmmmal yzed :wi th FACSCal i bur n". fl ovvﬂ .

onet Be Di cki nson) eqw pped with an '
FB‘Z‘S% @r é@ﬁ'@@@w the deserbehpreferned qybﬁdtmnts the

auea@%ys}p%gomc&au%hﬁémaua@ésb gh. of  488nm. and

Accordmg to still further: features in the: described prcferrcd embodlments the '

- ledst two types of neurotransxmliers include serotonin..

The disclosure herein successfully addresses the shortcomings of the presently

knoewn methods of treating” ‘neirodegenerative dlseases ‘by. providing,. ncm'onal-hkc_f '
= ‘cells capable of controllable synthesis of: neurotransinitiers: and- of cell replacement -

ER N

dd gireferted Biibodhéists step



CELLQuest TM sof t ware program (Becton D ckinson). The

hBMS cells did not express any

v #oYeRsshow that the
of the §/8rsrphocyt e-associ ated markers but posi tPGETE2003/600972

expressed the Thy-1 protei n.35 FIG 3 illustrates a
Lght .mcroscope Lmage. of addlt hBMSc differentiated
ﬁk“%‘?@y Uiieg PB?SE ?Q%E?@@trwewﬁ%gnﬁmm diggyders such as Parkinson’s

dischéerentiation, cultured hBMsc were transferred- from

the "proliferating nediunf into the

"pre-differentiati on" nmedium (see Exanples 1-2 of the
Exanpiisss Shepisssichagdoall techoical apil nefetificternsusad attiemmrhava the same
nieB@ing 2P &amSh§ LGiERbI Bk, o L8, this inventi
transterred i %t 0 ?ﬂé}ddaﬁcx ?%eﬁ‘%? ltda iscl)(%lp%oﬁ%elzgictﬁmﬁ"%s@g Invention

belengsph khongh methiods Bdangserinds dmilanvir cqiihaentlta thobedeactited dbiein can be
l; LNt o neurqnal -1 ke cell s )
u%g &I:l ﬁlg\ﬁggcgﬁ Jﬁé%gﬁéﬁ;t%% S‘%@ﬁ e, ucl)ta!;/l% ghe&hcr(%;rfléld rmtgﬁelﬁiaﬁ% described

blpwede sass oheanflippelar palearsspeaificytiona tncludipeddfaitions POBI control. In
ear 72

Lffe Laklon_induction and continued tqQ a i
sl DL e Shd BB B AIAToNS ealy 208 ot infended 1o be
limitingst r at es 3H-t hymi di ne i ncorporation (indicative of

cell proliferation) 15 in hBMSc that have been

cultured in the "differentiating nmediunt and i n hBMsc,

BREEKE DESCRIPTEON GETHE BRAWDNGS “ pre-differentiating
medi yn'. (see Exanple 2 of the Exanples below). The
3Ht FRlon wcisreinrdgserthed hy avayi dffespmple anliynwiteteference to
. ahow,,45% and 90% as cpnpared with .
S ort R B R W SR P e eawinesgn el it

“isistrested tthatntheepdrticiarsr SORACTEVEY Waﬁ_zé)f Edddple 2Md for purposes of

illustrate reverse transcri ptase PCR, real -ti

illpetrativg discussion efthe prifered embodinientsiofithi\prsentiovadionranty, and

o o THEKELS LUl DL SPRIRER 208 A0 et el and

~differentiating

readibl ysdesiedi deeriplion of thel gembiplesi BE NOUEQRABAL aspects of

. transcripts. Figure 5B il ugtﬁ?a es Northern. bl g§p¢c © t.hc
ingRlipRa TEPdRne AlsIRldS magkite Bhaw btricterd] detsilPof tislimvention

in o, 600 in Binlimd 4F o Gy ek Qs imvtion, the

ilTustrates
illustrates northern

- _'dwcmﬁeﬂwﬁcﬂdvim&avﬁhgﬂﬂﬁkin@faf ReHE ©thdR BRilleddAqhe art how the
..‘%NF; 00) as a praobe. Figure 553 us h '
- sevigral formsgfithe inventipn may beiembediedzn particabl ed PCR -

- pro : yron specific enolase (NGE),as a probe.

~ FI Gsﬂm%ﬁ?%ﬁ?ﬂ%%strate fl'uor escent m’ébl?%‘scope i mages
of . FIGsriA-Qrilldseate lipht-RRYSscopd itddb&of Bon-differentiated hum
"differentiation: rre%lli1 unt (sggHExarérpl gf %o%—fdlftfﬁrgnhat_ed fyman

- . bonesmampwsstinmealgells §hBMsic).1Bhdé: hBMS G Wertagturéd gurac préMferation

me il SO TR Y Bl L B e B DR o bl b e rovm o

- 80-hetv yorifhien2p csveemiﬁﬁs.ﬁ&io@f&feidapgﬁg?{%- 1%!5% o The plastic-

speci fic enol ase (NSE; expresse

 adbgeest hEMSodbadsa sosmd anGpialdeboAS Spe RETGtd: DAY of QGRS Bady shape

ek d e 48 hr). Figure 6B illustrates :
(Flé%?sﬁ)% *label'ed glial fibrillary acidic protein.

(GG, ammseats Ml %ﬁ&ﬁe@f&r@%%ﬁ %é{ﬁiﬁ%{ledated'hBMSc.

(expressed.after 5 days).

Fifigensdas-aldhRAMSsellsywere stiina-foirdthe presetcecofhiiBee markers CD45, -

- CD5, CD20, CD11b and CD34 (characteristic of lymphohemateﬁoietic,cells)_'a-n_d with

"~ CD90 (Thy-1; a protein‘which is expressed: during-synaptogenesis). . The cells were

analyzed with FACSCalibur™ flow cytometer (Becton 'Dickinson) equipped with an *~
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" Ex

i ndi cating el evated expressions of neuron specific
enol ase (NSE; Figure 7A) neuron 5 nuclei-specific
WORMMHKe348 NeuN;, Figure 713) and nestin (Figure p¢®mn.2dobo00972
8 illustrates |ight mcroscope i mages of neuron-1like
differentiated hBMsSc foll dm ng 28 days of incubation
argpm i"dno rigser e (adjulitdd @nenni akdipriomediavdngtheof E3®mm) earkl the
T;\Exa | es below), FIGs. 9A-C.il] stratellgh
CEQL uoPB Bt P‘Fﬂ%ﬂﬂ%@s gien i Dighiason)s alygesoshigy dapt the
hBNﬁf&lﬂsﬁﬁdlh@i 43 A Of E%E'ag%c%
Exanpl e of&tgbﬁe Exgrrp eswﬂwhl% or |n9dtlﬁmkﬁ§gt %Srltrlr‘{dy
exmf#SW(iaﬂl@rﬁﬁYal pmteinedi unt' (see Exanple 5 of the Exarrpl es.

bel | ustr at t -
oItk BiSisiSs A dehbmiEhsenbeimate ofeanlinEbe difforpatiaged info
nedrGi. dEvfrérRY—%ﬁﬂ HRIuBprfefth Fiffdrbiifion ARtk BN RLSFere transferrcd .

anti bod abel ed ‘expression of the' neuronal marker

- fromphe Zpiokifarniéng wiedivey dntoi the Eprealifferentifignimedi@ml(See Examples -

121 bt U6 LGS ANLLASR L ABe! SehiRRr S 80 0Lt Sn in the. “pre-

diffeteptiatiéh | hbdigin@atthe HEIMBERwRRA 4R HEA S 186 Shef 6.!h‘ffcrent:af:lon
i dentifying doparm nq}genl c markers in hBMSc, which

medinpe (see Exélupm eﬁ theobxampley below)i rﬂhdqplastlc-adherent cells were

 trangfirinl B0 BeRRBP BUlThalRE G AR, Shaped well Bady ap tons

brafdhifgy 196¢d36es| 'ﬂiﬁﬂr@@éh@&eai Eably a9 thidef A&l C&és@t &Wrerentiation

hBMse Figure i 1Al ustrates real -time PCR anal ysi s
indpgignandicaptieged telappesr 44 hfmlowmgshffﬂmmtmn mdugteon.

s S50 i M St TS 0 frason

in KBS thitelinpt bezhasiaaid . thEl‘ﬂiﬁ'&eﬁtlalﬁg mbdhuﬁi?’rﬁi@m hBMSc,
fl uorescent m croscope. inmages highli ghtl ng

whigh bt Bgen suered mnhe “pis-iigrantioling magdiua (s¢e Example 2 of the
t I
Ale bEIR" e PRI GG ind ol AETORA0R eells, wes

redmdmdumtahduﬂ‘ A an/da 90%4 Sasi dﬁbrﬁ;ﬁh@ec'[ Wit @i Abh-ifféRntiating . cells,
see, nple 2 of the Exanpl es bel ow) :

j++)

'fo}lﬂmﬁlﬁ Wfdﬁﬁ‘FWBGS)PP%‘B@L @ﬂp"?ﬁ‘éléfpbful ar m)noam ne .

D AT, Pl DR T
norlﬂleﬂﬂﬂoﬂ\bma‘ljfseh of @Mk ertradiéd frﬁ‘rﬂ&tﬂrﬁieﬂ dnzfrlaérs 48 nbhldlfférentlated

dlftere i,ation nmediunl (see Exa’g)leZO t he
and Bl 339\3 M6 Bigueq % i tesiag; b GRoanalysis deSIgﬂed for

R PR 1 P G BR B

- - analyAGSCAlitib utifiddd & aﬁ?-labﬂeﬂ RO prdddee b mm(h@%q&hbe THigure 5C

25

0RO o B S W] e e

- whish pekize edip- 1abled BURCprothict bf Ramon sPedifeBndlns (D mhst aqsmbe

307

anal ysi s shows that a_ D2 do am ne re ept or was pr.esent

illugtratesh dNQrthern - blot i analysis, BRbic ThAaled | P@a rmpéuct of .

0-96 hr in_the "differentiation mediun’ (see Exanple 2.
of KIGs. 6A-B illustraté fluorescent microscope images of neural ‘markers in

" "hBMSc ¢culturéd in “differentiation medium” (see Example 2 of the Examples below)
‘for 12 hr to: 5*days.” Figure 6A illustrates antibody-labeled neuron nuclei-specific -

-+ pidrker-(NeuN; expressed after-12 hr); neurofilament heavy (NF—ZOG; ;;expfe§scd. after

24 ﬁr),-iﬂéurtm-fs'peci-ﬁo':enolase (NSE; -expressed after 48 hr) and nestin (ﬁxpfcssed__ .
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‘ '.dI% el e({] i@% I%u%e lfi%“ﬁwﬁ%{rﬁr 0\{‘\/ 13@{1 %ﬁ{l\)lyszs indicating an

] "éléb'aﬁéd)’PHSm{rﬁ%ﬁi?&d 10 theS &&l%ﬁﬁa@& efts. tﬁﬁf@@*@%qana tes Westem

25

Exanpl es below). Figure 14B illustrates the; |evels of

dopam ne neasured in the supernatant of hBMSc which
whsegofsgh i ncubated for 0-96 hr in the

"differentiation mediunt followed by an addi fLomgf 03000972

i ncubation of 10 m nutes in;p6 rum KCl sol ution.

af’t:érgiﬂrﬁr 14@'[)% eUSH ifih S5 sh&t{bﬁ}ﬂf lgbe(fct,d gﬁ% ﬂBH?%{BR/éJgotein

precur sor neasure t 0O Supe€r nat an

(CEAR exprweddien 48 hﬁ)l.tblﬂt&»‘dxbuﬁn 11 €expaédst @ ARELS Adyispn
medi uni' for 0-72 hr. gm{e 14D il lustrates the
I eveﬂgsof @&a’rﬂuﬁ@tﬁei‘% t bloboamtyses a ofir dififergnfiated e hBMSc

AR R0. SN oy NG IMANGT i) Hron

micldiapécifi¢ matlhze (WEdNrFigun!7B)md sestiao(Righ@ W St ro rral
cel lhé[parrg l\/ISc) transpl antation on the recovery

n@ tei6E dishiomifroscgpe  imsges roly nepron- Wﬁ’dé‘l‘ffﬁff%‘imated -
- f | g 8%%8& 113 G ‘ff?“ﬁon ngl‘[ﬁt(ﬁ&CJGER m” (Sge
uorescen

Teln marked trans genirc mce
Eﬂwle§olfﬁte®cm@l/&:behw}e i nduced for neural
anted into the nigra of

0 gd%rﬁgl ? %@ﬁl%a?dhéﬂfﬁagls bﬁ?@swgﬁ dNICFRSHORS ABAZE Of PHMSC
wH;iEIi’ KRt HCBatad th m:‘cr"f)r(ﬁ?f%‘%y&?ﬂwdﬁﬁﬂ”-g ,M@a 1 P RS ples

O over a period of "45 S post trans tion.
befivguordan Iﬁﬂ“lohgum diffesertiiagor nmdnes” (see Bxatiplé 5 0f thedfemples

bl st '?Sém%?eé@h??ﬁfyp{aggltpﬁ%%swﬁéﬁé%éﬁgnﬂfmarker B-

tubREL T ¥ CitleO Biffe‘%ﬁntijﬂé’cﬁ LSt &:*i ?B”ﬁlﬂlsh%{é rﬁa%fd?-iabeied

15B illustrates t anges | ative ro I ons

' expeossion nyfahe chatkéral marker bEABA. i ﬂm) diffeeentiakete célbl | Bige 9C

cating 97 9% decre

..transplantati j ndi se inrelative
illpgpatssi oA 5%5' fape. Ha XPEED 19fa ) BraRlo Farksy @Pamlse
‘dlﬁggeﬁﬁgtg‘ggag fl uorescent m croscope i.nmages . ‘

l'ighting transpl anted }nBM5sc present in the
Subﬂiﬁ:nl& ilinsteptes ET—RCEIE abalglsasi desighbd folnidentifysng dopaminogenic:

ans clg%{g&tcl 03\é ur Ei1{131:%“ | {)r: i%?él éq]%lrggheqi%ﬁgefmmﬁm

| m&ﬁ@lﬁetﬂeema QBH]I%t estﬂeﬁﬁp)ed m ce 45 days post

nigral transplantation. 30 FIGs 16A-C.. illustrate :
‘dopdifGaer bla-Gndhstaist enpressign ¢ ofic tyresine e diyidroxylase (TH) in:

hydr oxyl ase..” Figure 16B [ustrates RT SI s

 blotralysisiindicatingiaodlovated lwdlrmﬁd)ﬂan ¢he diffesentiapid apis. Flgurc ic .

N I R VO: 2004/ 04 34 CT/1L2 03 .
it fiirpirert AeoROPE WAPGS| BEMHGNN | Ay KIAIFC TH

';'exﬁfcmﬁgh@%ﬁ&@ﬁﬁﬁt%cdl@t abolite). and SLITAA (a o

serotonin netabolite). FIG 17 illustrates a const'ruét'
of ﬁi%ﬂ@rlﬂ%ﬁ vadocl finoresedntimigrosoopé images afihBMS¢: which

‘ hi I
 lave gee%nﬁigullaaqgg rf(t>re veV\giatysllrrl]t e %er%ntlanén &%h%urnggfsgce]ixample 2 of

 the Exam'ples' below) hlghhghtmg antibody-labeled vesicular moneamine transporter. '

30

i Exéthples ’-b‘éloW’)f- “The ¢ells were stairied for the presence of D2 dopaimine receptor

2 (VMAT~2) in the differentiated cells. - > -
"FIG. 13 illustrates flow cytometer analyses of hBMSc Wthh have been»,__'

" differentiated ‘for 48 fir in’ the “differentiation - -mediunt” (see ‘Example 2 of the
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5 FIG 18 illustrates a construct designed for a
ative selection of dopamnergic cells. The
wo&?ﬁ@?ﬁﬂ%ﬂ?t i ncl udes the human TH (tyrosi ne hydroryzasmi0e72
prom)ter [ nserted in pMOD (InvivoGene) upstream of the
'sui ci de gene". HSV 1-tk herpes sinplex virus type i
angdryere dinabrzkd mﬁEFéﬁ'ﬁ&MIb’gr offéve cytomasted (Becton Ditieason). The

oy 3L BT iy P b PGS e
hy drragy) paert fitdsiratei HRILE a&%sdsldmﬁfé@ﬁ@ém{ghﬂamaulp@é&é 14A

and ress)onse constructs of "the system Figure

illpsiraisithe fevelsofiopamineg weahungt iarthe sepernatiitng IIBMSsyvdil@nhave _

| 20 I trate f t
vl sl Ao B B o Peeblinl bRoRnkt (6 B 21t e
Examijte waMechgu{% Q4B ema@réated kHeSTovals65F BopHahiRe GRBAsured in the .

nm crosco i mage 15 of norphol ogi cal changes | nduced:
SUB‘;'matéiltf ?&Wﬁeﬁ’ﬁﬂ@‘h havetbenn intehatedsion PP jn thei Hifferentiation

T FONDh S RbAfB BREPRlor S OIUGRERRR b Ao KOt sotution.

Figire dddeiilisioatys ehepleeely 'ifahe dopdinias $eéburidt HOPA. MEaé’v.lred in the
i nduced _nBMSc. FIG 21 illustrates changes in the
supgshaientfBNISe mhicheive bsen fricubateddar the § dlfg:rerzwhsmmedé!an” for

0- g‘r&h \éﬂéi?lmqm%&t %@%fi rﬂf?tggﬁu SC' eg‘gstg %@?&Qtrp%ﬁsured

in rthei Lﬂupematann ofohBMSenethidhe hhey msame;uﬁﬁm@owan@ ddifférBntiation
| d tzrpe m ce and becane conpletely paralyzed -
“If‘h TRPGBL-4-5 nonths.,, FIG 22|IIustratesaPCR

anal S d Nty i e o
SamiiGy° 13h- POUAEER N B Rhoth! SRLERAP Songpet cot
(mBMS plaaspledtation on tHehecoiesy 6f dinphttaniiagigduct Sn@betatfioR in a

raonosone. Y (indicative :of the transplanteéd
’-‘a*‘c;'élr’&éi)ﬁ’rSq arkmsons,diseasec om@Mye wsee fsofated fopy ercany flugrgscent-

rdtﬁn%dt&aﬁ% 2 o (%eG(szﬁ f'r'gb | dakligdie drrghﬁ/fé’c were jnduced for

per f or mance lve o ati'ona avi or
newsia] diffeyqiation enditiaaplieted inie dhe Er of 6aAVEDIAA Nsidne@Rats. The

ratJIMrs}\%che W?Pgl%a\gﬁ?f g']tg ,agg}hégiquqsx@ g}“g t&’lré?en@?a%&ﬁ?‘i équ %A;%gt{}(éqab response
oviOFPETRE BNk By ikt RS, ° Rt P9 HndENEE ol dhanges in

- rotafiere rate§lo@er 2ing. Ifd)lﬂmeﬁchlttaﬁslmmit&imdldmatmg diminishing rotations
er nce(i ndi cat ve of  rotat | onal haV| or
(ol oF

Nugd-'y gt@pntoq BAes dungieny 4 ﬁﬁlﬁﬁfr” st siéﬂl‘lénggtaglpn Flgure .
WTI%[OIQ%Q‘QM ﬁnce);

transp antation in err-s COT

g ovm'ftuﬁe Yalbdveed thhmsplantutioh indicstingr¢ %m%diecifdaké‘l ir fllative rotations 45

25

307

i njectjon i/vere use_as control. The transpl antation of -
Bffsbﬁé twansplantation: | FigurephS6y dldpstrates rferesconh miseassancoimages

- highliehtify. REBbITHES mEMSE WRELCH W' Mol SAbla"SF cbiEdEE: 45

-days post - tmnsplantatlon Figure 15D. illustrates fluorescent rmcroscope 1mages

- highlighting, transplanted mBMSc present in the striatum of treated mice 45-days post

nigral transplantation.

- FIGs 16A-C: illusirate . dopaminergic-. and -serofoninergic »activiﬁes in,.

. differentiated human hone- marrow_stromal -cells. {(hBMSc). FIgIHC 16A illustrates.

s+ western blot analysis - mdxcatmg -expression of tryptophane hydroxylase. . Flgure léB_

illustrates RT-PCR analysis mdlcatmg tiyptophane hydroxylase transcription. Flgure-
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DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present
invention is of genetically nodified cells capabl e of
WQ oH3ihbl e synthesis of neurotransnitters aoaapiossno0o72
nmet hods of generating and using such cells in cell
repl acenent therapy of neurog®generative disorders. 10
16"!31 iRt HESC aﬂﬁlﬁﬂﬁﬁﬁ&i{:&ﬁnifsyhﬂﬁs@r 88 enbym e(za.t id®Pamine

be better understood wth reference to th

m@fﬂ tﬁ)gm%%&&%ﬂ%ng%&e@@) ptlons Before

expl ast e nve on

Gar e 110 a8 GBRTEN 2R ol ERbreion HEctop raRtagRs -1
enﬁ@dhn% séqueBek inBertedSvidliip pcDMIA QT A @niifegaef)ai | s set.

forth in. the follow ng description or exenplified b

t he HHdanpP elustrpfes | Ay eprstyat |®Slg@afbaﬁqre apmegafivst relection of -

R0 T, B S R SR o)

promoRs dndepigit .in qMDDeﬁnwnoGe@a) ipbay ed the Fgiitide sgehe HSV1-tk
the purpose of description and should not be regarded
(berpes SIS YrusNERR béle@@ﬁwd@we ew@m&j@&c SRCEHOBE

chargejse %9;@& iM¥stl2S %he,ofret. sysiém HlBﬁy aﬁﬁg-l?:oﬂéolled

Par ki nson"s di sease, canno I"Cl ent tre

" expsdssign cf) rtymsinedr}alroxﬂﬁked@}@ t Eﬁgu&p)wﬁu thlnetrﬂas thedraggiator and

have no effect .on the und yi ng_di sease process. . -..
FeRRED COpYTIcPE he PYHAHS o ISVen Gustraiet ansrhspiah, diagram
deﬁﬁ-ﬂﬁﬁ%&fé% §t¥mr96&égon‘]*zieﬁbﬁpy can not fully conpensate

or

e ihcreasing |l oss of neuronalwells Although
pri driGar 20443 iIlusEpﬂeathmmmtntapmrmoﬂmem&mv ef kia%‘ercntlated BMSc

oty GO Fedponte M) ofizuth 20 Tiled Rttt misioisops image

WRekioat NGk
of ﬁeiﬁ@%‘%& chinés |'é1§g‘g% th\l/‘?gasf 1995°iilp’é"re€d%l f (gebEhmple 1)

Flgmsaﬂdeh:suates adluorest@OmMichasiope. unagrehxghhgﬁmganum%abeled

w55 SRS, Shelone 5 pune SERRGRENES o N E i

-mBNBL use in human patients. . . Wil e conceiving the

present invention, the present inventors realized that
i n - HE. 2drillustaates fah@gtsjel Hwfrotatiogaloparbumiapee of mice expressing

P L B GRRor ARROAUE 1B PUBRERT A e oo sOD1

mie8 lshifereliaCdubsantiN e@ftiohin BaH6sdl PerfornshadBR |, d%%;ﬁt@ﬂmth the

and above all be capabl e of synthesizing

wikkiypo miesiand became completelyparalpredrabthe 4g¢ of dspoosdist o an

8 R e PR SR R it R WO e mouse

25

30"

'sa@l@canembiferﬁale%&ﬁ&&p&wwhﬁw&tﬁﬁﬁﬁmﬁemﬁﬁ) thavRicma

been described by prior art studies (see, for

L mmmﬂ@ anglysis m@cts Kbromowee; YAindicativeaf dhe rameplayedeells) in. -

db | .
& spibledd or heRERHC lowh kot ih SfgBlissut S Rur Vo a1
5 (ﬂf *Eﬁsﬁluﬁﬁﬁes @ﬁ%ﬁ er%gﬁaﬂ&sﬁﬂ(ﬁé’an\%o&lﬁotadd?ﬁﬁ Behawer) of

studi es did not dermnstrat € neurotransmtter _
wid-typeonicorwitph seacivedi mBM3m tramsplaitativBcinto their spinal cords-at the

age of 7 weeks. Mice ‘which were treated with saline injection were use as control.

““The transplantatlon of mBMSc did not affect the rotatmnal behavior of the wild type’

7 mice.

““FIG: 24 illustrates a rotarod perfonmance "(iﬂdiéaﬁve -of rotational behayior) of |

SOD1 mice (model -of arnyotrophic lateral $clerosis) which .received mBMSc
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Not wi t hst andi ng from the above, even if such prior art
cel I s oduced neurotransmtters, use thereof in cell
nt therapy woul d not be sensibl e sineerm.z003/000972
const itutive neurotransmtter synthesis fromi npl anted
cells can lead to fornmationiof 10 severe side
trapfflenthéen Ruie thearsspinah avedy € viekd geas] BwedltU Mica v treated

togg ne . asgfect of the present invention there is .
w g dyyection ers dige 8¢ cemntealt Thfgtranﬁﬁéaﬂt%weggn@m%gnlﬁcanﬂy

G ag ot OLAIDC S she SOPIPRIES s compaged yifh fhe saline-

trediedeasigol. or condition. of.the nervous system
(preferably CNS) which is characterized by gradual and
progressive 15 | oss of neural tissue,

© DESCRITTIONEOF tqt@pggfﬁm%ﬁ%@%aam es, of
neurocegenera I've dl SO ki nson' s '

di sddsepresent fnvehtors id ef gmeacall)an‘;odiﬂanbdfalls daphleadf controllable
Lero ut oi e .en elitis, Alzhiper's
syRfedt 8 neurg B g e Rogs oF Gensrating AR Hgaichells in

“ceRge pl@&ﬁlenm&%bg ofﬁé&ﬁ&e%e%efaﬁﬁz@ Hﬁsol‘dér:f eversing, :

all'eviatin i nhi biting the progress of; or =
pr exﬂé‘lﬁmmglpﬂwgndlogcmden of thespresent @nveotioul iaydse bettenhiddrstood

- wilERrER T MRdsnier B b teniie deihe e © o

"t h@efite expRininest 188% 6he ef®b&indn® of ﬁﬁ‘eaiﬁtmrﬁfont ﬁletﬁﬁdlpgt is to be

The nethod is effected by: adm ni stering
ungdgrstopd ithat dapinventionds sohtimitef in éts |app1m,-aaq@aubeb¢ details set forth in

o A A 68 B S TS S sh  copabc o

otHee binbodiaeald & JFbeRpOSRNXeE of carried out in various ways. Also, it is to

e%@l at abl eneurotrausmtter synthesis (i.e.; cells

Friqadothat dhe atbraseplaggnand srminelogle rawplpyed beteimss for the

ﬁ%@c gie#eltsgl}lﬁgw:{nd%ﬁguld ngép rreeat(quggja N t Eg: legf)el ow

si ndNenrddegenerdlingi disordetd i@l 1206 (chaRekeBLat By WS bf neuronal
cells utilized by prior art approaches descri bed

fungfgns seees @@haéoxbs diggasas @anot;ebmfﬁmnﬂaﬁ@ntqdmng conventional

anERBG) Bk Suc SR et b Vie RoRib e fREReH wfPapion

* -is fypivally hausedoby &zeﬁﬂm&!aﬂe%&xcﬁtxoﬁr ecyiRRhérly) QisH 9 rthaﬁpy can not

hecentral or peripheral nervous"system and travel

fully qomypensate fapdhomgicasng dos obgrwongbEdsof0972. 16

PR oL BB, st AR Rt e

r_"testebdpamuimaai maelpamspmm . 65288k SaSvar®ABI Bl 1999; Li ef al.,

am nobutyric aci serotonin, acetylcholine, or

2045, Gogtntineetiad. ZWQfIémeun Pealndl908; Eindoniet ulr1395; Patridge &

DapREI0 S etk FrapHofla oFHT YRR A1 M Chai Lo 4 1995

| o and\ﬁbs}ﬁmmeﬂ at wﬂ)ﬁm@w&aenss SIRGY EO savel8 %ﬁe?é'lt limitations

30 - “otder to provide safe and effective cell-replacement therapy of meurodegenerative.

_into the active ‘neurotransmtter. For exanple,
h@@ﬁﬁ‘iﬁﬂévﬁ?@t@m‘%mhmmmﬁwpam nergi c neurons ...

- While conceiving the present invention,. the present inventors realized that in-

diseases, such as Parkinson’s disease, one requires cells which can be easily harvested

“and ‘manipulated and above all ‘be capable of synthesizing neurotransmitters, such as

o -"dopamme in response to ‘an external stimulus:
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e
' -suclﬂeﬂn ﬁppliw, or-bize oﬁﬂi&&*ﬁxﬁﬂon%f buclﬁdnoﬂ’dez or &adsoet The term

from L-di hydr oxyphenyl al ani ne (L-DOPA) through the
action of DOPA decarboxylase, while L-DOPA is

Wpra9dio4a€8 from tyrosi ne through the action of pErAL2003/000972
tyrosine hydroxyl ase. Norepinephrine is produced in
nor ei nepbri nergi ¢ neurons ftsom dopam ne through the
act i Althonigh d apawisitel Bohy diRxwastronizdi el (BMSE)S capable of
yﬁroduced i n epinephrinergic neurons from

Besigng HTPtRRSIRfcs fave hess daserilidl by prior art studies (see, for
ex&ﬁ?ﬁytﬁg hapalang gﬁ(%#gé'%&ﬂrfch@ éﬁ%’g%ﬁ @@l{ Woodburry et al.

nobutiric aci 'S Ppro
(2@@1); Asodbmom eglelit @miieroddir Rkigh% B83-94et QOm)Qfand Deng et al

T B o BRE o2 i 200 bt OBHE A Br g gt demoustrts

newraﬁgrﬁfetep Rﬂﬁé@o é&umﬂaﬁm&e&ramtooxygenase
hydr oxyl at i on) aromatic L-amno acid

decd\‘MBfaB@ng dﬁmar ﬂm(yﬂbave,on\)en AC sugh grodri ag cells produced

ﬂcg@gﬁ%ﬁfﬂ‘%ﬁﬁ Pﬁer Eﬁ) 'Phgelg{ﬂp v r%g?lt &lﬁ%{gyﬁg&k& ﬁgt ge sensible since

coBRhtYe AReiRIsAfRer synthesis from implanted cells can lead to formation of
http://ww. i ndst at &. edu/ t hene/ maki ngt nerves. htm ). 20

:scwesmleleffgctgs$uoh@eailmyvam¢brslpnes¢nt| nvention-can- be any

3 B s ST o AR SR BT B provided o

- meiRdd Sof (BMag -a THRerdadRmesAiveb Aisofdrat lfsé@ Mherein,. . the. . phrase

the--iliac L-rest of an individual by aspiration
“negpilegraeraliye chisarder’ nglarn ta. appr elisordsratdissase oe diandition. of the

nefi3RF o plFRLALE, QP s R RR A bl Tfigive

'~ lodsnfugesraDMEddne, SRNurdtraghmit@iR N, defal functions. . Examples of

2-.13- nmer capt oet hanol nonessential anino acids and

neyroplegaRsFtixg d%%#?fbéacme,aﬁmon sof dig¢gse, Ex@n]datré@ sclerosis,

L e A N

-'Hdnhagﬁ;htxfdrmku& ng the constructs and transforrratl on

ds described hereinbelow 30 prior to their
di f H@Péﬁw afieRiing ceussAdirreinefars 9 gofory for eversngtallgiiating,

--mmupgmlaﬁ Blé(lgr%ﬁfcg;{nle rel aﬂ;@em%fﬁs&h&d ﬁaéen&up(ﬁ{dl gb%hlch

tiatl um S as descr

goog Woqdbury et:al . (2000); Wodbhurry .et. al.

"tr%ajme PyRasuseldontio s onisang aﬁ@f"/@f’@my 000972

9[%599&&%%7 %Fg&g%%by %@%&t&“&ng e{ﬁl& \%idlga? ?8 g%:cpﬁlelréof cells-?

"""ii"capﬁbhg/ affwxetermbsly( 2Q0ijablRey@standniver fspathbss (#esby Meaing the

g5 ne‘erﬂg?gﬁngragqg disprdes  2002) - Preferably, differentiation

30

Acad. Sci. 938:231-235, 2001) and Jiang et ai.

L5, SRR B R SPRGR hh SNE . o

whwcii ymﬂae& uemb&dneﬁmttbzy: ac detsandy slich %t%ow&&te@m@amim greater

; are known to be essential for proper
deigd malpelowéfew bsfire mutednfor cgll ceplagement dherapy  since the undesired

g dg%g%l:,‘gtl %§ﬁ§%$%§§%?ﬁﬁ% gﬁ%oﬁadg{é Sdﬁéfo%%:llméosﬂdcsc?bei%above can |

beﬁﬁjrmrlatahl oni ¢ phosphol i pi ds A o

A neurotransmitter accordmg to the teaching of the present.invention can be -

roapy substances ‘which 48 released -on _excitation from _the axon: terminal of a

- présynaptic neuron of:the. central or peripheral nérvous ‘system. 'and-:ti‘avcl across the
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30

rheaylgthareleming

S

neur onal nmenbranes [ Connor and Neuringer in:.
" Bi ol ogi cal Menbranes , and io Aberrations in Menbrane

Waso4et6a4%2 and Function", Karnovsky, M, Leaf, p&y/isdediooee72

Bolis, L., eds., pp. 267 292, Alan IL Liss, New
York, 1988; Alan R L, "The Efteect of. n-3 Fatty Acid
sybepticclefidy cither Beyileatriiohibithe tirpe deill t PhePadiffotransmitter can be,

fNe‘?nhp :ltlgn and Function_of the. Brain and Retina"
0 ne,, AerepnEsphiing, jepyagabnne,) gamues, ageiRehityric acid,

seftonifd e RERIiAIIL - hﬂmﬁ@u 4pal ﬁ%ﬁ&kﬁgl fdr %eﬁxtoﬂqh itter is

ir. has béen 15 derm strate that rma a part
dqphosqzmatl dyl et hanol am nee and phosphati dyl seri ne

oS30, SRS L Sl g ey o

e9Swhich tBopetdid- #f /contl i ] :
RS ohich Sopges fe leandiilty %Mreﬁﬁi‘ ifffo the active
negraigasmitiony ekien orample, dopeotineds syhihesinace it dbpammerglc DEUrons

B Ry EPAEREY ey (oDOA)S) thAously (e aelist u§bd DOPA

deBibox P& t hild al-DOMK G Bicd0! Tx@iﬁ{ sk through the action of

neurotransmitter secreting vesicles in the syhapses

tyesingdiydencylaske I*Brvﬁunenln‘meas pmdweed fri meveinepitimergic neurons from

| Idf’?%&if{net%%ﬂig"‘%?ﬁ% 4 BB Ty dRmataSe o ERGPhRE Fagoduced in

hfindrgicel fiRGEAM D¥romh nch@%f)inﬁﬁhﬁﬁ]? Gftduzh | Bhél Ation of
d ferentiati g%‘ medi um whi ch, i ncl udes at ['east one

mqhxltranﬁmasb sﬁameaanm&wbuti?mfaerchtiﬂﬁBA) is

f 1 ud t
prgdifeed i) AR B F Blofmafren B etod phpbtamate
decarbbBNiGe. . - Shdiénin fl@&ﬁ‘b&iﬁcﬁ mt%?otoﬁ’lh&fg‘i‘é QBhiloAL | fAdin tryptophanc

nmedj um furtherconprises DVEM SPN, L-gl utanune,

- thigggh paweriter piogessdy mt@pmeoﬁ~pmeoamnmee(h2dmﬂatm) and by

e ARl iR U el ot WP s g lehdfi is produced i

chplisdrgicatdurons divdat chdline i dhdaaceyleCelA f thesmht taf héfon. of choline
medi uni’ prior to their incubation in the

acwmﬁféﬁ‘tsp &h%ﬂwwmdawmﬁhpm&mabmg@eWMhbl e

g ;S;% féeﬁ% pF'éﬂ g J‘EPAS%}L{‘ 1%%1‘1%5 ‘i%gy!ﬁ ro dgromng cells,
 pebfefablychoneainantyy. Md&&ll@, M@P%@H@%&le marrow stromal cel!s__

(ECT/C%LZOOBI 000972 18 growth medi um suppl emented w th-
eBMasi eary Phrioplniest frgmo Hhaviliaectx

" section which follows. .5 The neuronal -li ke ceI

mchades RIMEM.oPR N - aéutém iFSSd 3%memptq¢ﬁmphamv@emal amino

[f Iaglgltféépe%ﬂhbésl:l gupég(g

folkowsnal mar ker. such as, for exanple CD90,.
’ neuron speci fic nucl ear protein, neurofi |’ anent heavy

neuf ﬁ‘b‘é‘"ﬁfﬂtm@ csle may de dikgctly Etflﬁtl bhtiats] tolvmﬁg@;-hke cells, or
RE sf?tﬁ‘lrll&gﬁsc}n% ﬂ}eg&%a &ﬁ&s g}n% &Eﬁgﬁﬁg‘fna’%% I&}g tfigtﬁcrﬁ)ga &:g;eéﬁbclow

prisr ahéir difictentiatin BRelRASlikesdty. as | munoassays, fl ow.
cytorretery

-Differentiation to neuron-like cells can be effected by incubating the cells ina. | 7
- differentiating tedium such as described in U.S. Pat. No. 6,528,245 and by Sanchez-
Raitios et al.’ (2000); Woodburry et al. (2000); Woodburry et al. (J. Neurisci. Res. _ *

st O bagac;p)dmdual by

T d | f . |
= 6%@.“3@3}‘3&%? ety v B0 R Ttk S qppoaining
© - ahdlBr expailiag tle foldihe dellﬁeﬁ&ﬂ@' Pre&'e@ﬁlyt he. lﬁlﬁ%fﬂﬂuﬁﬁ mcdmm

§£ %ﬁ %a@g@}es fg§tion whlch i
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RT-PCR. Real -tinme PCR, and HPLC net hods such as

described in Exanples 3- 9 and 12 in the Exanples
Waaeaides48 hat fol l ows The differentiated cells mafriihenseooer2

present invention are preferably capabl e of

synt hesi zing a neurotransm titzer. A neurotransmtter

96390819353! Z0019; BRkk 9n€ Ao &dburyt FB1BaNSIR M@1. OYis! meb%ss,gzoon
a neuron-1ike differentiation medi um such

D&eg €t ¢l P0ab Kahyamaiehah (24 pdtyee el Ueqﬁaﬁfee(pogm Nai¥.. dyead. Sci.
f th
gg%y?%s’ seg??r%f]}ig (‘%#}f re4'§§9,?91\3‘ Fﬁ(’?r)g app?em at ed

t hat Praajaam diffrentlation dpyfiedteal Rieiesense dF SERAK one type of a

ut|I|2|n gmnerg,lconl cellsma inthe long run

todriafty eeids, such

aé\/\/e%%h&r%e%ﬂ?éu & d S |r’1es&qq%k\gl (glfbfgg%sgn%q B{%o Per; n;ur_onal '

dEwiop}hhmr and fandtich, 2503) pabameatiragldy fateg erids aMlxﬂ%ch_d, in
pabl '

n- dopapi nergj c systems and whithrate' e ? -
"6’% g]PFt piogyntagsis @iﬂ%ﬂﬁ@! fatiomeotdhp majer gHowE Pl ospho ipids in

n ‘%ﬁmumﬂwﬁ@v _ahd RBEHIP Of:: S Bl AGASA, MéMSrancs and

een suggested for use in treating Par 7
Abstraortssin( Meaibu}mid BtractdreVadd tFadctmh”L\ld{md)@kﬁ,Sm I@afhlA., and

 B3b . Sy PSRRI 1 o Yotk 308 Alpboy., “fic fieet of

3 FRRP T AGQH eDeﬁcﬁ&xﬂ'{yoﬁh&cP Ke?frﬂ% 0151?0;{1 Iﬂ:}r%e ggﬁf Madid e@Bﬁleﬁﬂon and

as potenti al apeuti ¢ targe i nson’
Functmasef tfe\Beinl swh Ratida’ BridewhYerk, ELA88) anMeGmeln and Yavin, J.

NFifiBobay 5P Tt B oS RBE e ceORe ShE rdfas becn

déthbhdtBRMA: Dbhat NOHPA €SBRhal NV e Pk ONbf Spl'ﬁ‘)sﬁhdfﬁlethanola:mne and

B@ pul ati on of cells. which includes two or nore -
jo

Sfpheil@ihememhosm@hmdsmr@mwl;wn dKaml érsl., di Bial. €bem. 275:

BB aP Bt 700G ot od MRt cint 6P ShoM Bt gkbar and

I@ﬁﬁﬂ&@&iﬂeﬁp997@55—$95%0bf i ncl udes dopaminergic as .
S

wel | as serotoni nergi c cel such as those illustrated

‘Whylereducispie pragent dnvestion Enpacties, dhaityentors unpgvered that

T T MR R

oS pilined BVt ubgtaRBMIypiprenstet t fofhatién %qrvlﬁahaéu-ansmmer secreting

approaches can be utilized to %enerate cells which are
vesagepindho synapsgs of wewrondikeddMSy fdatad g@téhpwbram Yoo o

S | | { t . . ’
b T BBl bR 1 PR ABRARNRLPEhE Bt dvention,
- dBfeRedRiI6H iof BMBc 10 GehicadikeocRAb cBfe6RA Y idcabithg the cells in a

expression of a neurotransmtter. to. Genetic

- diffsuertiating medium whielr imchidey atdeass @n@ @ownsatmﬁdofaﬁy r#gld Such as .

DR Bl B BsretglieE PuBCg siba b Bpiione nouronat

AFRétRiiAAt dgest IsDcH eldr BH@D&H&AW of YIBMIRS| SMore preferably, the
differentiation medium further compnses DMEM, SPN, L-glutamme N2 supplement L

and retirioic acid (see Example 2 of the Examples section which foliows).

¢+ in a “pre-differentiation: mediurn™. prior to their incubation in the giffcrentiation
- “medium described above. A suitable pre-differentiation medium 11;_1_931_‘?1@:31}3{, growth

medium capable of predisposing the cells to neuron-like differentiation, such as a -

- To further increase differentiation efficiency, BMSc are preferably. incubated



The expression construct of the present invention
preferably includes a polynucl eotide sequence
WOghHAds3#§ an enzyne participating in synthesispet/idagsne972
15 neurotransmtter, whereas the expression construct
I s designed such that the pgl ynucl eoti de expression is
: I L.an.
S Y SofROTYl el A0 ARG, Benk Bl aromth, factor
(i) o tPrafiesabily, ttey pmydiffhmusu@medmi ﬁfrﬁxex: t@dphses DMEM, SPN,
|I|z|n n expressi on constr i ncl udes, a
LoRMPHORS, QU7 DGR emetiin s (et Mo EXample 2 of the
Eﬂgfﬁf)leglsé@{oh%,bmfdlwsot ransmtter synthesis positioned
20 under the transcriptional control of a.pronoter or
5 r egihatenyonshiish celn tosuledi fromethe powedgrendescabiyd dereinabove

i R AR S A o b SRR s st

oné hewohhl hRArt AP0 Tﬁrcc:{aﬂ{ r@DDO Nn@lrof APSdifik Huclear protein,
uences,. or it can desi gned as an epi sonal

nel&ﬂglamt oREAYEC (NEUTOIREPECific a:nylas,tas betatinbuli p3,e MABr2, tyrosine

hy%ﬁ)a}%l uc]%wg?tﬂ]a t%gﬂ%ratgﬁ égbteus: I “31: %ncﬂé?lg ldll'(l:’a fixpressxon of

10 nedffovaN@ns ishonfifthed 658g Mthets! Suchl astimbibassdys! 86w Fhometery,
_ Cl oning: A Laboratory Manual , Col d Spri ng. Har bor

RTHAPR E@airty"ne RER, angd HPLC m@ﬂ@)is sughses) desedbgs] msPiampleBia9 and
12 uences 'i-lh zed ol i gonucl eoti des are

g}tgg é(&mpgeglﬁe %'dt gﬁyow& i gatedin the form desired:

30 The | diffeeha e dR1ls UBBCRSseil i iffertRR AR - prekdrbBIgdedpable of

t he_expression. construct of the present 1nvention
synghesizing ot ineeEPtiansmiieou s depusasERIEEItherc Byribesizingt cells can be

ts el FPA By SRR o BRI SRRAon ROR. G54 described
- abdweaih aS‘dopahinesyic diffeatRsios eledinnt, Fubh aSaeddaibkd in Example 9

-~ _Accession Nos. NM 000360 WD 2004/ 046348
of the-Fxpmplpy seefdrowbich followhc odi ng tyrosine hydr oxyl ase):

(eniotie tEERSAE el Pl NG g N R e tiving.
dophapiasicivcomly daiisl myyihaﬁcelan Neivh Q€168 Gnr{balmock iigmn-dopammergc
gl ut amat e decarboxyl ase); NM 003450 (encodi ng

20 taRyylienHEeESs anh RBsele dp side sfirunoseb penveingoll and
[

wh&lhenmgﬁtsmmdqﬁmnétgic gystans iang mnsm%phble of ptéie:ntmg, or
pol ynucl.eoti de. sequence so as to confer regulatable '

’ ':lunstwa Rlags expregsiomet ﬁ%ra}%f& FaGwereats inPaskinsamp discass, bgee been

" PR 80 PEnk S HTEL Byt BOLAEN WRSALERRIT Y R
25" 2:308; 2002 \etuller, Amsxpessopuwaaﬁﬂac@w 5557.7199201 :andenmer, P,
... ectysaone-induci ble response elenent (No D at al .

s Pd@ler@b 254i3-50 2009) sfuribesngre, solowirs ressiprs hgoshean identified as

ol ol B8 SRR 3Slf, BESR AN

Ned9b:339:642004982) “and Searl.e at. al .- (Ml .. Cc:11. Biol.
5:1480-

Thus, ‘according “to another - embodiment. of: tlie piesent. invention, the |

30 ::‘:""pdﬁulatlon of cells utilized by the present invention is a mixed population of cells
a which includes two or more differeiit ‘neurotransmitter : producing cells. aimed to .

' provide a balariced rieurotransmitter production: Preferably, the mixed population-of



10 .

20

f ¢l
T L il
: “’MdileaﬂﬂbOlkﬁﬂﬁ% :DNAL ab6¥atoRy AMRMEa, Eolth W g” rbt%ﬁe dhoratory, New.-

3

1489, 1985); a heat shock response el ement. such as

descri bed by Nouer et al. (in: Heat 15 Shock Response
WQaeaeasds, L., CRC, Boca Raton, Fla., ppl67- 23Qwr2003/000072

1991); or a hornone response el ement such as

descri bed by Lee at al. (Natjyre 294:228-232, 1981);
célisrigSludds dpamiddrbie s whigt

24 2042 19%@) %oﬁgkseﬁﬁ&grm%ﬁ cellls@ﬁch as those iflustrated in
FigpopsA9A-6€36, 1987); and Israel and Kau&nan (Nucl Aci ds

89 f bl
o et MERERREP Reinaote bne o FRiRE 0 BreRont the present

inentio e pfe&ét@b@’(ﬂa)éaﬁlh f EHIRPEBLR s ?hﬁ@ﬁ@ bf e I?eurotmnsmltter
tetracycllne response el enment. he expressi.on

consPFiFER appraapkesnagde mtlllz‘rdlﬁng&mmtmls which aracipabte of such :
S enhancers Enhancer el enents can
Cstlgrllgjﬁ)f %r?sansorllklon up to 1,000 fold from i nked

ho noPm@mnsymeimﬁtamlf@gmrm GERpRtatidR 418 NG RieSied of generated
acldtg pl aced downstream or upstreamfromthe
‘FrSWa ove aadli e sengtically  mofified. tenenable rcongollable
Rg}[&%ﬁto?aql%{do\ﬁ%ﬂsgﬂt@p’] viruses have a broad host range
are active 1n a variety of, tissues.- For

exa n@em;nctmmﬁwe:»m pkgfe@eneefﬁgata@rtge&aﬁsifomhg %D(':I?céll%rmth an
O her enhancer /li)r onot er

e’@B‘?%‘lbﬁa‘fqném"tt Rhtch s esigned Hpe cppiroliahle xpEession of an enzyme

' pdr{‘k\,iﬁmrigqﬁ elifttlaHS Birfel derived from pol yoma virus,

human Or nmarine cytonggal ovirus (CwW), thelongterm‘
repe’Hle fexpression | @ustruat 0O Vhe yeeent. Shedntios. pfm‘émlfil@ includes a
30 or Rous sarconmm virus and

CFnbgvrus nuri n _
CBHEC FEANIRCPCUINE PRKSHZYHIG Participaling o, syabiegis of the

'neaamaagnma}bq»he?e&s $he gféséeﬁ' e&muﬁgb% d@é{%l%ﬁal that the

15

~which is incorporated rern b erence
p@wlwne@mﬁ@fanmmaﬂMa @&obaey &l ey lagehtodr condition.

can al so be added.tp the_expression,
Clablg EFeraition ol ap oy The BatigWating in eurTaReMister synthesis can
beekféctie B?ylltﬂiﬂﬁ%] %neéﬁ))‘é@mﬁxmrﬁﬁﬁ&dﬂﬁéﬂnlﬁétﬂfdes a \Rgfnuclcotlde |

expressi on construct "of the present Inven
segnedet peqodingherepaymt paticipmting én - meaepiianschiftarsyathesis Jositioned

w1 S R 5Bl i ca b st

- “opd{indeRaybetifPT(s6 d}blsiﬁss C a hi ghly conserved sequence.

~of six nucleoti | ocat'ed 11-30 nucl eoti des :
upst%a?ﬁpfessmimmu@tncambe q@mlgyaﬂmyd Heno kmedlghmbenstruct in

ar able for the esent i nvention, include -
“’*{ ﬁgéaes" ! E‘?F‘? S GRBFATOR T, SIS $9UBCRIGEAER o be
-deﬁbﬂ@p&)ﬁnd@ﬁgamn@ﬂpregm%res& on. construct of t_he | | o

_ present invention may typically contain other" o
S peén any £ese, éllleemf-‘@lqnmcmm da bei grmesdatusing staadadd hgation .
ucl eotiges or tao

viruses confain DNA sequences that

ek ]cggg},o hagllated pbﬂsnm DA sequeneesy ior: ayntgeslmdeohgnnucleoudes are .

B RS BB o o es the

appPeRnudle8iill @ GédHetices R CAY be G#1iDYd in the expression ggqstrucf of RN

* thé‘preseiit invention are described in various. databases such as that maintained by the

national resource .for molecular biology information (http:l/www.ncbi._nl_m._xi,i;h.go'sﬂ),
Examples include sequences set forth in GenBank Accession Nos. NM*000360 |



10

15

20

25

30

genes either carried on the plasmdor with the genone
-~ of the host cell: The expression construct nmay or may
WOrRg4/946848ude a. eukaryotic replicon.. If a eukwﬁth@y(mgn
replicon is present, then the vector is anplifiable in
eukaryoti c cells using thewappropriate sel ectable

(enB&JiKe Myrdsine 9dﬁﬁ?§isé}=' cinv QI%)‘@W@t(eﬁ%Hiﬁ% SBOPA _decarboxylase);
eukaryotic 20 replicon, no epi sonal ification is

NMy$981 bl Eencpdine P thhwémblihd}(jM Dlﬂllﬂ(l‘S'l (ﬂmgdange@pamme B-
Pl SFLORGE) B G okt S Eed rne oosas

. (enB@tiyg® UBYPObhAIR-5 . inohbEERARTShAD FMISI2088Y @éndollfhg choline

present 1nvention can further include additional
acepdirgnsfernedt i de sequences that al | ow, for exanpl e ‘the

tra J.Soln?ottﬁg%uﬂgblg e%{e b3 n“il Er Qehig mv rpgg{ezll) 2 Eﬁﬁ@g Jgsponse !

as an 1 n SOolre en

eleﬁﬁﬁlﬁ enpstiie ffor diyedting ﬁ‘aﬁ&ﬂh@ﬂtﬁxﬁbf i 1 pélyhﬁﬁeotlde sequence so as to
pronot er-chimeric. ol ypepti de. For exanple
cor@"?frfgg'éla@!e b+ athesis Qféggtﬂﬁ\!i@!fa@%wﬁ% Aeutighlegrespange element can

b FECEURESS 4 s DEATRE GBS BEHE) B e o

‘Bujayd ¢Biaee Watr Axyd.asei. WISADEPA54Sal havyPpssen W%hc-mdumble

ros TR R0r Do, o (P9 N SS9 G- BRLTMII1 1996) 2

ch;aE g%g?&rge e}eﬂ‘}e@m gg&&g@%&f%mggpe%? (Gl 29:99-108, 1982);

Bnpﬂﬂ/étr@dcmymmc 29@3942 1982 Rep SeadH26 5. (DHBBCellNMId;l 5:1480-
@I\/gﬁﬁlj ﬁ 1 W2 004 /04 63 48 PCT/1L2003/ 000972
14 chheats a%qusat?}wé e qrapnt F"\*ﬁh %Srflﬁ-‘@%f#’edp%l AHeIcef ¢l {m: Heat

Sh&l&aR h%ﬁlf%qgrﬁr&é}mac a%lapgglﬁi%\é&ggm ora.

are avadila rom tfatef
homttme trespasise\edéthartil sichr mmi@oo:be@cﬂy Laace:tdie I(Naturc 294: 228-232,

1941 AT (BB Ao ek B 200F 20d4, Tos ifodse o

1oyi e
S DATAT, TSP s PRLSASE, e 172509204
198%.c tRycferaldy ithe despoosa . Blewient ipap ebﬂym-mdncuble m;spum elemcnt,-

BV- HA, and vecjors derived om Epst ei n Bar VI rus
0 WP%@%%@*P%% 6{92@9 S sekarelng FRSPARS SJeReRs o

| neTpd e iBGe @Jf 1 the Wg’h efif ﬁl%ﬂﬁ%%'zﬁp aRo. mclude oné or |

bacul oviTus pDSVE and any ‘other vector a
mogxgphesEis nExﬂﬁalpenelematsmadehnmlﬁﬂae anshnpEon nprto. df,OCtOr@ld from

40- .ear oo SV-40 | at ronot er,
tikg %ﬂfﬂl@?&@%@? 'hetcmtl%%isewmm%w né \ATE @Y e e oplaced
dovisGeRhCbr l@@ﬁ‘éalﬁ G e/ 'tfaﬂwgﬂmzfngthtmnp Sy hefdny enhancer

pronoter, Or other pronoters ective for

' elemmpts dssvem fiom eirkses have & broad hest rfigeumpbararaetive in-a vanety of.

ecialized |n ecl.ious agents that have evol ved,

- tissy e @gple.dhe PEGLearhbspnssgnbanges is éu%%%é?ﬁ maaY- 0211 Aypes.
' Oth-EY @Pﬁﬂég)e‘/gr&ﬂ}(% els %ﬁlﬂbﬂ{a?ﬂls angs sﬂﬁ% rnth%pﬁféséﬁtcmvenhon

targeting specl| viraf vectors

'mchltie thiaze defivad fratpalyomp et lniniap drcmurme cytomegalovirus. (CMV),

the long term repeat from various retroviruses. such as murine leukemia virug, murine

- or Rous ‘sarcoma virus and HIV. See, Enhancers and Eukaryotic V-Expr'éssion Cold. .
Spring Harbor Press, Cold Spring Harbor; N.Y. 1983,-which is mcorporated hereinby

‘-‘reference
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specifically target predeterm ned cell types
andt hereby introduce a reconbi nant gene into the

WO pdogiosasds cel | . Thus, the type of vector used pyyii@msoe0072
present invention will depend on the cell type
transfornmed. The ability tozsel ect suitable vectors
ac C @iy Aa8nAlkid sécfi.@n&%' dant HREbE LADST & ffrnedeip‘ieééﬁilﬂ construct in
within the capabilities. of the ordinary skilled

ordert fs ancreasd e Hardlatirm g&imm;ly oe dhy iepeymn ofpressed from the

t ti
XpEanh SSMUGRE ShIR Blibel piodion” D60 i gBE st ctomenss ac
re{gk{f@nfor dcdi@dtt and FEBhEpIlyddéfyTatiste GU (T Yich) sequences located

conmbi nant viral vectors are useful for in vivo

dowsstrears ifem dlie pplyadejpiation S sl yﬂnghlﬁ@ppmecg peguence of six -

nutc{]c%&dn?sl, L%K dy ntl@&ﬁ%d SHE ﬂ% &ugi rﬁrsgl I&f get lI% u@lgﬂ?n and-

arge &ci frel POR I's inhe
polyadefilatidn ignalgcibat a@é ;suftable eﬁsamm Preset iDisntios. inalnde those

is the process by which a single infected. cell.
depvedire@sSYdthy . progeny virions that bud off and-

- T oGt ARIANE hd Bﬂ:n%‘fx'é ﬁreagg %eéc%g%th% %x#rﬁ\?ﬁoﬂ cbﬂétﬂx%t of the

area becones.

- preseht lxmdnnahlmay rlfypwaﬂyl ontdit eothér g;madhzudrabments mtended to

particles. This 30 is in contrast to vertical- ty
ingtetsec o levEh OfhFEICIHRn (o6 dened pelvayelgetidss, 95 de %leate the

r D ber of

iapirRdich OFUONN Blat BRADIAY pockirbfant BNAY, Tt Wkalleh o qumber o

anﬂhair airuggsi somtainc dPNAe sogednoes ithatt peoncasi thed eptra pdaemosomal
is to .intro uceaspemfledgqnel

nt
cepliatipR oE o iimb EFneRe fh PEBHEV A} §Pesd 1598 ouib g these viral

reictns aRIRRICHOY Siporaally 3y SRE 35 RP A prdts et Brovided by

] geneweither carriedon gheplabeid oravigh te igecbms bf]ﬂ?aﬁloskq:nlb s s ion .

t t t St h |
Fi ot Sieprson e bt on ey AR ioelide A iffritireptioop. 112

" eulARBERIINAH & proBf] BRI dinstas aﬁxﬁﬁﬁﬁﬁl@riﬁ eﬁkﬁyb@@aéus using

control "of a second regul atory sequence. Tn such 5 an
thexpprepdito rselzcctabire markes. tIf dhe sonstual doesi motceagisiss o eukaryotic

e 3 Heds ppRlct s b o R e b DA

- inRPRRAC ﬁmt@fth& ggenowaera)tf theT GghiedRidy cell,N@hbtd $he promoter. directs
e B

25

o emymnemhxdu gartigpate Sior & bedrdtpnGolise syathdsiBu seekd ae Phe c,enzymes |

‘. tyyggh’lﬁf lh*' TR Ufﬁéﬁggs%g%ﬂxzﬁsé o*%ﬁ?'sﬁspwﬁmv% i ﬁ??ammf )
syfftlesis! S SR ‘

30

pol ynucl eot i sequence of the expreSS|on construct

~ expressiop nEthewlesired/pelgnycleotisieudes a %quéhce encodi.ng an -

ﬁgﬁ?"ﬁfer %%é]},#ﬁl?lgaé ?ryﬁp 03 @%Qtpg‘g%i}s i"fvr?ﬂgant ganarfurther mclludel

~ adAfHAaPHE W@'S&%&E@é@hﬁiﬂ@# Fot X Ghé Hﬁﬁ’si@ﬁbnl\&“ several _,

et at ( roc Natl. Acad. Sci. USA 93:3346-3351," 1996
prtmms fowf e siagley MRINA. fuchsts poinjerodl dbesode seiqy) sitc TRES) and
essi on.can t ruct

: seﬂﬁ%ca% o oS R e et Jhe oSSR Sihmeplige:  For

pie a SHM @Sﬂf(r%sm@rﬁ c@n&ﬁﬁl@f ead BOYBHEART andd 'cﬁféx fess two. dlstmct

operably [i'n toatetracycllne contr ol

“Examiples-for mammalian expression constructs mclude but are not hmlted to -

pcDNAB pcDNA3.1(+-), pGL3, PZeoSV2(H-), pSec’I‘agZ, pD:splay, pEFlmyc!cyto g

pCMV/myc/cyto, pCR3.1, pSinReps, DH26S, DHBB, pNMT1, pNMT41, pNMT81,
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- Teufprmia s
- cel R&aﬁﬁna&e&ﬁﬂapéafo@ ed“rétdsﬁﬁh'ﬁér“iﬁr\h{?b”e% RLsRMCHE #Snsgenic.

The transactivator is preferably a tetracycline
controll ed transactivator such as described by Gossen
WOHM/BG3Srd (Proc. Natl. Acad. Sci. USA 89: 554¥eb®il2003/000972
.1992) 20 operably linked to a human enol ase
pronoter. See Exanpl e 15 of2t he Exanples. section
whidhi 62 dvallhsvgrone b fier, ﬁ@?tvﬁhl:@ is YT BISHOR! M«fegﬁaﬁmac

.be used. to. introduee t Xpressi on construct.

PPbits pPBE-BSYmndipRie$ N which erenavaitablie drone Shibtegest qﬂ"RES which

r scribed in Sanbrook et at,
15 %%’Iﬁlgﬂgﬁig?n @%‘E&ﬁgﬂd t‘ﬁggie?gftblcﬁ Manual , Col d Springs :
Har Bxpre2bion baﬂmmtsafoﬁtau&{ﬁg\/ré@ﬁfﬁof}i&%ent%%,eu!kﬁryotlc viruses
. Ausubel et at, Current. Protocols in. Mlecular

‘sméa # r@ggmr%ﬁ gayplse e aiser by the, presant invsplon. VBV 4@1mrs include

rbor c %S‘g?tdeg}“’ggr% 2 eJVgé/ galgﬁic F’g;?ffﬁﬁ in pBV- .

lM-TIQAS and\m&ctoz%r Sarivell! £bm Eﬂ@&ﬁ)Bar\/ﬁﬁﬁQ{tﬁ:ludﬁ pBEBGYadf p205.
Mol ecul ar O oning Vectors and_Their,

Othgr: exsmplaryt Yestorpanciade pVISG, pAYSSY/ A cpl\ﬁrm@éA et PMAMneo-S5,

ba&ﬁmﬁfﬂsgﬁﬂ?ﬁ' Q{ﬂeﬁﬂfp?tﬁ@ fo-écgrl aeiﬁ%vfmg E 101?l ¥¢ proteins under the |

-1 nc or exa S en
dirtetéoms of cific 0§V -40i-pafle chionvtere | $¢14100 Mexatpr@noma,d metallothionein
. infection with reconbi nant viral vectors.

DIOIpRIFR i BYING BEMIaTy (BEIor WS, Prometer, Rous éﬁeommmg)zomoter

o SR S I ol i

celbel | s are generated they are tested (in.culture) for

-t hel abilit ynf hesi ze a functi onal
heuVirsse awispitiized i

the neurotransmt ter co cen fation 1S co
cel( t)rpegr Eilerta‘rgem siectindy off vitdh oeaigentijlizes dtsyrratarall sj)ei:@ﬁcity to

ard cheni ca tical thods sych as, (
o3P eiref o dned el HprE ooty %mcawgvénam gene

- int@fthe GEIRAA ALV eis 207! ﬁyg@ Q,ff&tcto?&eé@% sénle qnvention will

‘reconbi nant enzyme’ . tyrosi ne dr I'ase)
depmldmg the octh ejrpedmnsﬁzraiegit iThel abnldyftedslcsmhtahk: vectors according

to JESGP Re mtsitied g vell walBEE it copabi i s oty silled

| .artfsﬁl? B AEPLRA REGEhQRI \ﬂ@é&flﬂFBﬂldfoyﬁecti%h éﬁhgﬁﬁﬁ’ﬁ@g lélgrowded

activity bi oassays be appreci ated that

 hergiws e Fonvesmmple e bbne ummam ecllf cam bogargetes ysingrthe uninmemp. T cell

neur otramﬁn‘er are seI ected for use with the
, neuronal:induced BMSc) such’

'to. delete or nutate endogenous codi ng seguences of

polgnm;lmtsies pinct i thep affen gdvantages - ssh sulattralaindedtidneand. targeting .

sos ol A Eition o borcn e h S P e YR i etrovinus
' an@?&%ﬁ@krfbcess% whith 2! Oﬁﬁé}l@ ideded Ié@fg podills Ri%ni ?ﬁ eny, yirions that -

directed nmutation techni ques and*vectors 's those

budy eﬁcanﬂhu&obyen@lbdnng%dllsa%msuleis thht a faigt Iammhedames rapldiy :

o mf?’vc%{g?gf% 313 éﬁgﬁ#@@s 1%(%%?12tlaﬁy n ectrczllby fﬁe orlgmaij ~viral: partlcles “This

30

is in contrast to vertical-type of infection in which the infectious agent sp_r,e_ads on_ly Co A-
* “through’ daughter p'ro"geny " Visal véctors can also be: produced that are unable' to

| _fspread 1aterally “This charactenstlc can’-be useful if the desxred purpose is to

U iritroducs & specified gene into orily a localized: number of targeted cells. .

Bemgefle #t hiave cvRlieds yapy cases, to -
- eluﬁ@ st ddieRR GHEDaRls D f oAl AGRR) and" gé@t%%\@e?ﬁy specific

)
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20

1:433-43, 2000). Alternatively, cells capable, of
endogenously producing a 20 neurotransmtter can be
W@Riomaued: by exposure to :nerotoxins. (e.d.pcWRTRosno0072
or by . transformation wth a suicide vector, such as
illustrated in Figure.18. Dehketion of endogenous

SeqUARGRScii#d inhBe ERALPRE RECioM fllich Ba&wS, MhOells of the present
exogenous enzyne codi ng sequences (such as those

inyertaqn ¢ancplals/eynstunied it arc expressiasi aonbirentemustopstrog System,

BT RIITR T TR ——
pdsithgiedainder th taRsQRPHbnACRANLE of h BERAA MM 0AS sequence. In such

exogenous. sequences whi ch encode the enzyrre
arh BEPIET e BheRe thet INnsactivatarr is papaine of eetiicatiog thé fiast regulatory

: | ‘ 1GE. . ively, h ‘
PR SR PRSP L ERRIS R o

agehfit . endogenous enzyne codi ng- sequences are brought
:a regulatable. 30 pronoter sequence.

unde onfrol of:
5% SUBKFURAD st ith PeRBRlonut svaentsy bF Bt erpresgionheasirict, or

g c@_@%ﬁ%%g%& RIcRIMRL § %e@s%ﬂ&@%ggﬁfg éﬁgﬁ&? ﬁ;ﬁ&igﬁpeagﬁg in & Wathesis

ronot &r sequence)” Vi a
off & geluatrabsmittpr oitidheis qrbdy daked\d 20 @4dxba84&ponsive promoter .

- PCT/1,L2003/ 000972 5 ti [ th [ th
RS RS TON YA
resi ﬁlb?@ﬁl%férﬁ’bl?%%: tﬂgﬁgjga Ql%&%ﬁ%% E%;utgﬁ(g:'t&qlé% F}?dggssion construct,

transpl ant at on- een
ori gpisemete dystem bimiules ias seipreney encsting anageinesSpaticipating in a

- _triggered by hypoxia, .hypqglycen a, pechanical )
sypiistieo! f melraiasaitics ,Wla%/w? IPOFERBI l!fl%r%p o Fatefrasy cligh ontrol
15 -
- 8M¥sPilant992p: See-Bxasiple 000)f therfemysles seuiph anhieh follows for

elEmENCaRH X€ B¥bRE Ay WRberf A0E B R igf:%%.e Natl???%ééi?lt.&ri.yUSA -

am no acids in the Host brain run f at

where t.he risk of apoptosis-induced cell death is
fu %rhc,ﬁatqlﬁe cells of the present invention can be

-t r anBeDfraRdetWatdt i pREHMBNG RAAEFSING L6ALHING t?di‘lsaclzi,vator such as-

apopt osi s_i nhi biting pol ypeptide such as, for

degsrihed| by Gaseenhanda Bujsed (Prage Nty Adards Sein dJS20r89;5 B0+ &1 €.992)
- -1326,.in 1998). :Th | i d ‘
onffibie B8 37yt 2o, oohGnBS SBEBeline 38 rumormotes

seismwhish dsiterd e durkier aeaabove, or preferably, under a

~control of a neuronal tissue- specific pronpter such -
as, Yaiousxmpibods cie beuired tocimroduss tei $xpressioml e@mstruct of the

* eeRE e RSB rulFEF 530 b thof g eaiedesctibed in

- Salkbek ef al:NBEIEARANCloni SN AMdeERR, Mmuad 'qdi&%xﬁhr%g Harbor

25

ERIRE g St W, e SRR, LSS Bang ot

_to the heated individual  ‘using a variety o
Laberptarp) devat York 4pP%atdfy; inhAusibelirer of, Woireht Protocols in -

Song@tiafl Gey Thedpp, CREIPrdsht Ahﬁhﬂﬂﬂﬁ,aﬂﬁb’h.hﬁggﬁ'e)n.%é‘a ECHE! Gene -
to the introduction of the cells of the pr dent- 20 7
‘Targeliag: CRC Poessadgot Athios dish. The9 e MestossinA [Sardey iof @dolecular

- --Clc];ﬁigg\}e%?org &id Rh&l bsgg, ﬂdﬁ%rn&rggﬁas, Boston Mass. (1988) and Gilboa et at.

30 -

{Biotechniques 4 (6): 504-512, 1986] -and include, for example, stable or transient

*“*transfection, lipoféction, electroporation and infection with recombinant viral .Vf;:-(?tbfs-‘

In addition, see U.S. Pat. Nos. 5,464,764 and 5,487,992 for positive-negative selection
methods. ' | -
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al  ogenei ¢ or xenogenei c donor: The cells can be
grafted into the central nervous systemor into the
Woemya4eiisar cavities or subdurally onto the spfA%S03/000972
of a host brain. Conditions for successful
transplantation include: (i)z4iability of the inplant;
(11) ORkeepins®inRl dehe ﬁé herdfed! ﬁfeysﬂiﬁeetcgtéd ({fn culture) for their
transplantation; and (iii) mnihum anoun
abdﬂﬁéﬂ) 6@11@9&2& eefumtmalanewmwarsnnéerom resp@ms rtbamut atternal signal

VB, Dl LARSEH BP0 LU bS5 rin

ub %eﬁlpdtaﬁ%lyb@ﬂ pxﬂsencé\lehkr %seﬂéeaﬁ)}."tﬁg nq_t ARyRAW i@ Rtandard

orklund and Stenevi, eds. hese

: CB?@Eé{j@#%ﬁM apethnss Suplihm,afpaﬁémhly LG an §61-M. aﬁlt@manvely _-
thy Pk, 7 bty Db, B, BB b Pl comvme

(@ghi emesindy hiydjorglate)). Winglep@shdrhiedl Cdnalytichl Seéthods such as
within the host brain so as to be opposed to the brain

ipEeARIRR  Westere blatnand Real-fimes BCBn tisingothe procedures such as

dbirfiaR %eﬂﬂlﬁélggtihéi; s @;}&%% 68 f@@g}h gfaﬁ&% €8 by enzyme

using two, a
aaﬁ?ﬁtymamay@oogm 26 |nJ ecti.on of cells |nto t he host
br ai chyma or (ii) .preparing a cavity b
sur gHE { gﬁgrcglatch g
e
rret h%% Qprow eér%fgrgrehﬂﬁsg&ﬁé%gbﬂgé%% et en,tlﬁ‘gEIntﬁon ©g-

nguahtl-indacddBMSchawhreells aeUsreferalily getdtivrilp magipilited guch as to
aﬂd both facilitate anatomni cal integration between 5
dpiele GF JPpial GUERESEOWY &Pdg| Srguences 1ls SREyIugs PASHIREAG el the

o t t
ol e SR (B o8l R Y ptd) S gonctic
o 'malm.pulmm cantbe efferitd byl iinr ekimapigr bf‘ tempdyyihe gphakadck-outeor site

A et S Selors 6k 5 e e al-Tliadoros

B8P RiBHndINABIbas1 81081 5, pg %nﬁ@-f gﬁ( I¥o ngihgir?macqgenomlcs.

intervening pia mter or ara hn0|
133343, ng00®). i Altchatively; rqeﬂk ecapaialdamfaend@gﬂnoaﬁyd ptoducing a

opfoGERRler st B AR g BRTeyE L B (o MBTE) or by

SR EndtichSWRh Wehie e WRY ok fgﬁéh a@ﬂubmkéﬁm @ the

ventricle to prevent dislocation of t raft. For
subdidedgtiongofif eridogenaus esaqabmses na@n iﬁE wﬂinbaxiedd vdtho kmgck-in of

 chieadll FES R b b (b B At oD snd B ot
.sﬂt&nﬁtaﬁe&my hgseBReailin b 'eha(sgbna}léig %’ﬂlﬁfes&@dnéﬁrgﬁﬁsﬂ'ﬂ%ers and

dura to pernmit the needl®e o Crosyringe

acqugeer sweh aﬁhdnhtyn (reguiptabley ethicughr génmniul jntegratiore cf | m@enous. ,
st er eot and three d| rrenS| on st er eot aX| C

SCYEREGRNILE BFSedEF ORI POICYIANNG: BirdABed B ool of a
céﬁtﬁilﬁﬁﬁi&%&a’t&?@édu@ﬁcé)f the brain or spinal cord. _The

s may. al so” be |ntroduced into the putatnen,

nucl édemdioeh, i sich heglsocanmls der genctically i mhuijmlated such that.
y %‘gobst antia.nigra,or caudate reg L}gilﬁOf t he br ,
" edOBRRYYS SUZH QYRR ACANHICES 2F0 Pruehh IFish EoRER 'phha reguiatable.;
"-pﬁﬁﬁéteﬁééﬁﬁ@&%‘ hch ?néi]flﬁi’lﬁhdfpcdnrﬁ@ﬂcﬁﬁ?ved b5MebRSmpAd endogencus .
' promioter sequence of the enzyme (e;g,.,-,the,TH:promoter.SQqucncc)__:via-g,e;nelmock-in |

- of'a regulatable promoter sequence.

etk dn 1a3aes, yhere, £elis cwbéeh ohyapgdogenously



adm niistered to anesthetized transpl antation
recipients Multiple .injections may be nade using

widteeypicegedur e: The cel I nl ar. suspensi oi n procegﬁ’iﬁmoosmwn
thus permts. grafting of the cells to any 25
predetermned site in the br%n or splnal cord,. is

rel at tr aft i n

£ a1 QU0 e bt BBl Bienf iR ondh st Birsftidinin M gp gequire
- ssistenaestoreglitdesth maﬁn@aidrmguﬁmwn@planaadnp &f Fsttfeen found that

m X of cells fromdifferent anatom cal regions.

tur
- ORliE ?@ﬂ@(} Pt Brayeytissgp sinay  widesgayiaponiosisofiriggared - by hypoxia,

d/ t :
Hy ¥R ocrtl lichafiol Xl Blec! LARRHE MBunl M585H llpllhfon, and
5  expgssivei mtaeéliaﬂéxofsm&enahﬂms aﬂc:aﬁﬁwrptarr@ﬂbcaﬂdpa{ ¥ &bst brain . -
or ransP &'ltl tion |n2§ cavities, which nay
M eed (8 SRLAnt. 51 19199, 2000).n §nider §ye@nﬁt§nces where. the
t I
rfsﬁrm\ag,epfoge MhARIHURA deh@SE P%;ﬂ%&;so& 88 prédhf 3%Entn can be

the central nerve system
Edmtithtd polynaclestide dnoodiax anpipeptasisdakibitidpesbliyyepti@e such

2B o, STARDLS, the Rugias el 2 ome) (Adafhis AL PG oo 281:1322-1326,
10 199g). |'Ylhé‘ﬂol§rﬁlﬁahﬁ&%hﬂ beefépreﬁee RBASALE t:&gs%m A dnltifitive Promoter

materi al such a gel foam Suction may used to crea
" sudle as dasdribpd hehasnajonts or prefdrdviyphm& conttdleoftawptpnal tissue- -
v t han _one trans Iant laced in the.sa
BEific PrORPRE S 30 ResrimtR ores hBma gieeert sebtis cholase (NSE)
| ﬁr@fﬁb@ﬂhgsdeseﬁsé@bﬁhbw ek 418(75iin8l éfl@[folécmkm%%cé 81:121-132,
di ctated by the type of neurotransmtter being
200%k-hesi zed by the cells of the present invention.

15 | ooy PR e ARERBAEI i i headisRist] Bt dppaiod individual
usiiel £ riety bR tramiplahtAfont PPrdAcREe tHe ﬂdﬁﬁ%ﬂvﬂﬁcﬁwp&ﬂs on the site .

co-adm nistered with therapeut| c agents useful in
Olff!@ﬁlaﬂwgoﬁeurodegeneratlve di sorders such as growth .

ant i g PO PR oo %tpgaasw%sﬁ’gog“s{%:ﬁﬁs’ areused

inketthhiigeaplyo herein GndOlctg Uoe e anfbdadiionrifae! béll%s ofike present -
precursors of these nolecules such as L-DOPA:

20 ipypfighita dargebHsipeanthe Fols, cannes dedvadefonn theteginientiar from an
%&fe}@ (gryxeggg?n%@aé pousl y nonitored for the | evel of

rotransmtter re eased by the inplanted cells. The

| 1 5 ndliealellaomnbé peafielldiviolthe senprabhervans Yysheahioritedhe ventricular
|nd|rectlé by using clinical tests suitable for

caYiigh 6% i sHhdyrABY e db% g@iﬁ%qea?f adhast derite Condisions for- successﬁll

Bl 00O SRR T LA e o

- 25 '-'otﬂ fangplantision aind (dil)ﬂﬁﬂlﬁﬁium bdhat 6Opathalolsidab @fkcsion at the site of -
. di sease such_as described, for exanple i'n Adker, C. H. B

: t@ﬁéplmfs%g Mgethaalse dar. “@“ﬂ&?ﬂﬂﬂﬂs gArieusDinsEes disawes; . for- example-
B ol 5 o LR, e Bl PR s i i

-

*tlEh’ ﬁﬁmmalﬁﬂ\ENS’i’ SBrkluzd8RY SteBasic 449 119%0) TEHS@QJrocedures mclude_ _

“indications, the neurotransmtter release ratée is
1@‘&}%@@6@%& aspiantationy i.pqwithing the host braie(as compared. to outside

30. tid Eﬁﬂ%ldéﬂgapafefnghythéit tpﬁlsbﬂgfaﬁbﬁi)u&hicv%ﬁ bygl%?éctmn or. dcposmon of . |
- tissue-within the host brain so as‘to be opposed to the brain parenchyma at the time of .' |
- transplantation ' o

*Intraparenchymal transplantation can be effected lising two,approaches: (i) . -
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' Ceﬂ%nkﬁ)ﬂmﬁamrsucfs asg

capabl e of regulating synthesis of the

neurotransmtter in the inplanted cells. The agent
won/besany nol ecul e capabl e of upregul ating Ofpcrm 2003000972

downr egul ati ng-the expression 25 of an enzyme

participating in the synt he%s of t he

t --x her a
O A BB oS B e R G ), PRERUT R R G ot
mcans ds ezppw the(hnst ibvain parﬂgh@diae&ﬂd) theh. @pﬂﬁﬁﬁ?ﬂh@ gtdficilto the
t| o AS US d herein a "pharmaceutica

8 Odf greyide marenchymal, depasitinn betvwssa thg@raf} and host

brﬂiﬁrt%s&f atttﬂ«§ tiftfel dViSafiipgr %Q(} S@ﬂ:\sfaaﬁta@eg 9:%? ﬁftégt}ﬁgon between .

herein with ot her  chem onen s suc
fh@lgyaét aivb Qosiabr’ayn gssutabhis is amfnn@oﬂammdxfaxm ﬁaqant:d; tfidvehe graft

<PUbY B5 Bioehi o ab i . O B oRSBRR foio thlife of the host.

or g Qﬂtéiﬁ&tw\ég 00463 Be Eﬁzécilﬁ?@@é{hqgg %/ g a gé?‘ebralbvrenmclc or

Her ei nafter, thetéhrases physi ol ogi cally~accept a
SUb@mlnlaene ancthe 'sp

thd: mmaeuﬁary bO addbrFIBABA ARSI 66 the WinoR RERIAE By %}eb?n ng the

bi ol ogi cal activity and properties of the admni's
?them 0 fomm| aplleg ofisoled tissuesehich may then

PR, e vl 1o bV BieFitbtion R e Bor e

© prifiing, uhé bels ﬂl@ibé frfj@died AQehd thelsusfabOBf BF badin %ﬁ%ﬂf M8king a slit in

ingredient. Exanples, without limtation, of
thegharp plugaetions into gellected iregions eﬁﬂbdmt Biairc nlayibenmade by drilling a

ol e 9 0, AL B R SR o e . o

and adm ni stration of drugs may be found in-

Stﬂ%éqﬁlﬁmﬂlr@tqswa@ feledted feraplagag drecnesdie it therlesiredtocatipn of

R T TN NE
‘ basaisxe,dnppnchh@u%bhevdStri}i‘tu:hhﬁlbsﬁmﬁﬁl hige# or I:zﬁﬁlate regions of the brain,

_ peutically 15 effective anount or dose can be
asgrg cepimal 6pfd-al |y fromin. vitro and cell culture

ass I f ofn e in.an anl .
oSN oREBRSOR! o Sl S LI Gy Tyl
: ~~ad1‘n‘un§tenedftormtﬂ1@ﬁz&th&ab@l&ﬁﬂibd fbc[iﬁé:ﬁs*a ]%?!Efﬁijéctmns may be

eterm ne useful doses in humans. TOXI city and

- m ﬁ@?lﬂggﬂfpﬁ)c@fiﬁecacy of the active. |ngred| ents :
- - desghl Refuie! sﬁkﬂéﬂ‘éﬁ)ﬂ dgl%ge&?e ‘%@ﬁﬁ%"m’} rf’gt ?}l au(r'eélg to any

pharnaceutlc procedures i n

- predetenainpd rsiteein ée braiwioiedpinal oed, dmt l%latﬂﬁlyahﬂﬁ@raﬁﬁﬁﬂ& -allows

hese in vitro and cell culture: assays “and ani nal

- muliipleggafung sipaltanceusty infseyeral differant sites anthe-gampsiteyusing the
' 'sarﬁé;’EelPs?tfaspéﬂ%mt}P 304 permits mixtures-of cells from. different anatomical regions.

‘Multiple grafis may consist. of a mixture of cell types, -and/or a mixture of tranisgenes "

inserted into the cells. Preferably from approximately - 104 to apprommately 10° cells

- dre introduced per. graft _ ‘ _ i -
For transplantatlon into -cavities, which: may. be- preferred for spmal cord_
grafting, tissue is removed from regions close to the external surface of the central

- -nerve systemn (CNS) to form a transplantation cavity, for exampie-.as.-descﬁbed By .

eeraf éhe hwlﬂrgmamaptxam epasated foth the host
cha eabl used refer,to a carr
B o5t B b PR B e ol ata sl Giafing 0
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The dosage may vary depending : upon t he dosage form
enpl oyed and the; route of admnistration utilized.

WaReoteds formul ation;.; route of adm nistrat igf@Rebsroos72

dosage 25 can be chosen’ by the individual physician in
view of . the patient's condi4jion. (see e.g.,. Fingl,
Stehedler ol YBrain R, 112615924 5350 S
Thgré%guglcsqkts el @ ﬁgﬁ%?tygﬁﬁﬁéﬂéﬁgﬂg q%ﬂﬂ§§4hebnunand
stppping hicedmg vorth aumteml sucxsyrgatfoxfm iSaatidy kg el upd o extate the
itive response

e B S AP G Homienmgplgmay be placed

m heisgmt bﬁ‘ﬁt}ﬂi&;;?ﬁﬁéﬁbﬁ o dARATH 3R d BX RIS RIS, ﬁ%fé'f?ﬁﬁ the site

ent can be admnistered to the patient 1n,, var
Oﬁ\ﬂmﬁaﬁtﬂm trddintatdsliby o typblaﬁltead)tltansmlt&k being synthesized by the

tration ente mni stratiaon, :
""?E‘h ?ﬁtﬁeQA?Seatd VRGP o F‘efh exal}liqﬁe RIPIERRIF fiells are preferably -
inyleited irSibe 3hbseahtiARgralof bITARLAEGA s patieht. cation. . The -
exact fornulation, route of admnistration and dosage

" can Bhe calbs ef they present] indeniionuanay Sleyesi-adrainistered iveith Werapeutic

%391%4 {) 1’@13‘}18 Q’;Hglﬁég'ggféggogx%g%cefﬁ?sgr efrs,tlsglggpat éf%nvwflla] gactors, e.g.

-n&harg'faw&i Ci@ntt@r’:;ﬂ gBpdivsidef | antiRstRBE WehioHansiiitersl Mbutdhormones, -

Dosage anount and I nterval nay be adj ust ed -
toxHS; PEU) ppmogingemelesules; -amb antigeiabeliten gnddprgpursolsi eh hese
C, effectively regulate the .
mﬁgag? %&#SA%Q{P&%S synthesis by the inplanted cells.

Dos aBeltowiag esastinthiof) Ghé a¥fted RRIIGEEALNS @al%ﬁﬂ[%ﬁind/\bddtmuously
depend on i1ndividual characteristics and ioute of

mantierstl o Sk devel pémeurgtemsmiten released bihdhe dmplapted cells. The

' ncgﬁf)t%[rﬁ]rﬂﬁer%@ei '@%‘%ﬁég@@g tﬁétgéétgg §1%%1B§§€ Bg lu??ng ﬁ:T'P%&QE gasts suifable -

severl nd re

- for Mﬁdng ﬂtbtxmm@ddgﬁﬂerﬂ@v&)ﬂls&dﬁt Ngdrecx@mpie, Bhatrebddst W Qbpamine

adm pi stratiqns, wWth course of treatnent t0 |astjng :
by pBRlaRted el 1 £ Rarkinson s\ dipese Netiy n ke eetioatedyisigg clinical

dlagfﬁ)sfy EREG I%Frﬁ‘h?od S dls@ga'sﬁ&?gs dééaﬁbédg?%xur tpl erbAdker C. H

ositionto adm ni ster
amﬂe@kﬂnki@;ﬁ E eds. t(%rkmﬁonis Disehseoidigovémait@isordes, Diagnosis and

severit f.the affli the manner of
Trgptment %waww forthe ﬁ@ﬁ%ﬂg Rhysicipae, Jiwma Bresg”, New Jersey,:

2000yS| HaR0 oﬁhﬁmxtgfh% in@R3AGR: 1R Mufo@hittkr r e@éﬁse rate és adjusted

admi ni stration e respbn5| ve to a car

g byc :adnmmateusg rorthe andwgiuaj oshevithholdinip) fhot ileh andjividgal, an- agent

For e a treated Parkjnson's, patient
'151 Qf egWlating, ?H@%% Ofmﬂi%ﬂ%lﬁommﬁft&fo’ﬂ t&@éﬁmm% ﬁelllss The

B g8y KRR AAR o QR i o
ofresnérizymiegriicipativet indhs sytthesteof the ecimvwantminer,uckiad described |

navel nucleic acid constructs, construct 20 systens,

- her@pplovEng et hods of cel I therapy 'of neurodegenerative

-~ di Se?ﬁeeﬁ%é‘iﬁ'c%ﬂ Hesadrﬁﬁlis?&tei\é%egtfﬁft@ ndwnilual or as a'part (active. -

andcl 1 ni y. practica |ona Jec

"mgttdmnt)a:g'eq;haanabautxtzdlcohmmmas -of the pr esent..

i nveption, wl | conme apparent to. on

or di A P5ed, herginy ~'+ harmaceical feqxwlt@parfp%% fou Peepartion of one
orl Rlok®WENfe active ingredients or ‘agents described ‘herein-with other .chemical-

o comiponénts such as physiologically suitable carriers and excipients. The putpose of a

. *.-pharmaceutical ‘composition is to’ facilitate administration‘of a:;compound to an

- ‘orgamism.
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‘E lﬁﬁ, withgut ke

25 exanpl es, which are. not intended. to be Iimting..
Addi tionally, each of the, various enbodi nents and

WOo20p&e163480f the ' . present invention: as del i neptesli2003/000972

her ei nabove and as clained in the clains section
bel ow. fi nds experinmental sumgort in the foll ow ng

exanfersnaftty, EXAVPlphHsedief ?ﬂh?ﬁ@ﬁ)gi(ﬁll? O%d&?ﬁbfeo cBfier" and
fol | owi ng. exanples,. which together with above

“Rhaupaceyfitallysacceptrblst qamer” tikich myeombs inferchangenbly used refer to a
czlrh@i‘ & ?911&91%%&%%@11%? a%\éf%é%?%@ﬁ%?nﬁr l]'[liﬂ Zogﬁ%{]ac}logxgg?tzusmsgnd does

Cenera he nomenc

ndtanlbm@t&)th}a mlogneﬂwoamwbhﬁ pggfértidsofitheadihRi®tBled compound. An

nvent| 0 e nol ecul ar, bi ochem cal ,
acbﬂ‘ E‘b‘ﬁ?cﬁ‘éﬂ eg ese ph@smi nant DNA techni ques. Such . C
. tech Siar he ai, h -
e i 5 RGO FRBICUB T ek Bt aded 0 2

literature. See, for

phaalin@r:fallhoalycommanioh tésﬁlrﬂre@ ﬁmE{fateﬁad&hms(rﬂ&ﬁ%f an détive @hdredient.
Prot.ocol s in l.ecul ar Bi ol ogy" Mol unes I -111 Ausube
kvb THien, af pstricnss inelude galciem; cmbengeo caleium

pipi Shoat s Bl 8OV e\ Bl 1 BE 4O, el vopetabe

‘-oilsoambptdyeﬂhalen@gb'nohg ., John. Wley & Sons, New York

(198f%‘%’HMt S&QI %@?ﬁ*&* Rgg n;%IP'g%‘g%%th&’t Of éaggsl sr?gtylnf!ﬁ%bund n
“RNdhYOhS Pha VB ol
Col dg%prl ng d&?ﬁ‘g{?ﬁ{gﬁ%&gﬁt’%r 3”"%'}‘ e@gﬁs C¥ %S 19]%?’ fatest

- edmm oditioigimesrporated thefein b réfarebtds. Pat No S.

828:. 4 683, 202; 801, 53 192, 659 and
Y. Peipionapsid gy the gt rﬂaftté? imHaBJaR: therapeuncaﬂy

: eﬂ’ééhmﬁldml bt dosd |ch§ beJestlﬁwte@ ﬁutuﬁi‘yg ?x%?n éolgx’ﬁ-& %Bg ceE culture

Protocol s in I munol ogy" Vol unes

" asgays. (Rl@mbiy,smdoes ie formulgted 9i ,an' aBamabnmddl ﬁ mobieed a desired

coBIARE Rty oS it ot BF iy mogastmiately determine

useﬁehsg‘dseﬁih{}ﬁhﬁpds in Cellular Imunology", W H
Freeman . and :Co., New York (1980); avail abl e

i rmiFodeibagnst therapesticeafiracyl of mmb@tedmntshbswedrherem can

be2BeihEA vy fncal yFodlalefiod Froce Bl Hramiro: dngisl evlgues or

: exiier&ﬁ@nt&ﬁimnﬁlﬁ 6ThS ddta o%t:ﬁﬂ&i 263 th@scgf?zlvz%%d%e?ﬁéﬂﬁl}é assays

984,533; 20 3,996, 345; 4,034,0

andswnall@vdlss meﬁmﬁfbndfmlﬂmmgﬂﬂdogagmﬁhmlmémman

o ﬂ@ésagé zaatyl oqagi’tqﬁgflh%gg ugon dbé 1%3% m,PNucI ellé’é%‘:and fgsroute of

S adfnlﬁaﬁétlon WHIRRFEC! TR %xzﬂﬂ Cfoﬁﬁﬁlﬁﬁbx@tﬂoﬁfé oft2ds -rﬁshggon%nd dosage

- i limited to - oral administration; parenteral . administration, ;ntrat_hccal_;;_ad_gl_mls_tlatlons
- intraventricular ‘administration and intranigral application... The, exact formulation, -

. route of administration and dosage can be chosen by the individual physician in view

o cﬁ(ii@mcb%en ipr

, and Hg %lnss ., eds.”(1984): ™Ani ma

Press; " TCR Protocols: A GQuide T

fungsions ciadiceting  positbedespenser &le'ca&ﬂsmﬂaadj ofor QA9 Ofliskiriesis

sy%[esﬁtl]s Ilfldlcatmfl; an excsetsgl% (elgl!)a%m]; %Jrcprzsr;s?(tme 'n -

g hwhyldualehyswnm:1 g0 88 he pdtientbcondition. (see e.g.,.

Fillh oot oY o3 Pt P Ahrabeiicgbady 1 prD. For

-0 exibleh Pdfkinsonry PNITBAIPBY moYiRored sérn%g téc%%ﬁtg)?‘lﬁlpmved motor .

. The agent can be administered to the patient in various ways,’ mcludmg but not -
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. f h ,
 enffaigbiy oS aeTel SRR tasnl TR Rob it A bigiByc gnd oo
K c]a‘iiﬁéd“’fﬁsthé’fclf B &floh! B! finds evpbitbddl fubifort in the follqwmg'

Sdf:"

Purification and Characterization - A Laboratory
Course Manual" CSHL Press (1996) and Parfitt et at
wWO(288¥)p348Bone hi st onor phonetry: standardi zati Oﬁcﬁflmoosfooowz
nonmencl ature, 30 synbols, and units. Report of - th
ASBVR Hi st onor phonetry Nomesmcl ature Committee: J Bone
of (M ﬁént@%ndﬁ%n( Gee 3%9 FifidtOer A, lIQ?Qﬂn“‘Th%'PIﬁfTﬁacological Basis
I ncor por at ed reférence’as if fully set forth
ofﬁmrmautlcﬂﬁ?hrlgdheral ref erences are provi ded

L PR oty e RETR oy oG ARS8 S e
act&@oﬂrg%w &mlﬁeﬂ /dré— %Qﬁ%@&o%mffe&ﬁregr Cogil Y i tHE hehdtranb@itter

conveni ence of -the reader.- AIl the information
syntlgssisdivnibg implantedieeils.s Dronm w@s@m tmaehieye g desired effect will

R e A NN T—

be Téedl th deteahine wdiatwheenﬁamS marrow aspirates (10 m)
were obtained fromiliac crest of healthy human
donblepending on the pevstty: and eesponvpsmsHiel tgrcondition welreeﬁeafed

doé(lif_é) g@% 89 o?% s%?éi% 85} ?)Ulﬁﬁ{‘zih of Qﬁﬁ?g&@aﬁggﬂtﬁ Y:ggfs@ ddf%atmcut

paque(r wer e

" lastipy Gtonk aeeérabdaye o weVerhiDulcbiac op'dimimdiohi etittradisease state is

medi um (DMEM  Bi ol ogical Indutries); 100 pg/m .
achievedpt omycin, 100 .U m penicillin, 12.5 units/n

1B ol P BRG] i g e denden

~ on(#heSindBridhatgbeing trewded;t thee sgveridy 0iF1the affliction, the manner of

non- ess

2-13- t oet hanol. (S L i
i on DR gpe o R G TAFEP IAE LGS o G dop iy ming

of %%Iéﬁ?@g' PP 5 #Bﬁé&@é“i@% pe)s fgt WRd ‘i’:@ﬂ%&hs ?i'zs}u'td}n:% of the

ncubat or non- adherent cel

© indiwidealt dhengingsoadified. Foe exqucna n@amdaﬁadcmsanﬂsepamnt w111 be

st et af it of et YISk, gttt promote, or suppress

_ doégrg nrﬁtﬁésrs toatﬁa 1&&?&&&&%& offBfd :H&ill’éﬁﬁlgﬁﬂgﬁghoﬂ‘e

was replaced. every 3 or 4 days |'s grewto =
80- Menee; otifel uemjaom pmvmieisSndm}snudnm agide sopsiructy nepnstruct

sysfmsy U a1 Ritnoapp AT homel F msiegisarorn® g Rl fjen is
 effbdiRiel 4286 Bhd - MmiCitly pradenai.condi t| ons, the, cells were

harvest ed and suspended. in 0.05%" *in and 25 rrMEDTA‘
phosphate buffered sali ne (PBS)--+Hhé&.cells, in.

S°' R B RER B Al R et S vt

o be&iﬁ‘ief FHE%‘ Sﬁéoﬁ%ly gﬁll% ihetd2Cupoaldiahigitidn(@i8He following

(associated. w th |ynpho- henat opoi et| c cells; Becton--
exiplks, which dromol itendedviot e hmltmg;r Afhiaidnylln,ecmimﬁ%@ various

par af onnl dehyde, 0. 1% sodi um azi'de,. and” 0.5% boViné

* exmmplesn al bunin in.PBS). .The-washed cell:s were-anal.yzed..

bya

EXAMI’LES

- Reference is now made 1o the following. examples which togethcr wrth the L

~* ghove descriptions, illustrate the invention in a non limiting fashion.- . . . .




10

15

20

| Hamﬁa,rg D.,@nd

2y o B8 S fiedin ATYo 0 " hnitetCol BEBRE FirsBhen ik ofy o0

30 FACSCal i burT flow cytoneter (Becton D ckinson),

equi pped with an argon ion |aser,. adjusted to an
WO4463480n wavel ength of 488nm and by col | ecid1IEL.2003/000972

10,000 events TMw th the CELLQuest software program

(Becton Dickinson). WO 2004316€46348 PC T/1L2 003/0009

72 QéherdRes el iymehBRing Y ukdd Beil %N@@héjlagoﬁﬁﬁy PtdleRires utilized
any of the surface markers associated wth

n| %Wﬁ%ﬁmﬂw@pm inclyds| |neolequlae, | biothesnicalDEmicpig0)ogical and
resur‘%lg%rgnﬁnar [ulcﬁly 1)§1§3§hfeghm]q éssﬁ%egﬁ‘? ?Df%xl)!?me‘i in the

litaghaat Sgs ﬂ'@%ﬁﬂ(ﬁt g tectlar CISANELE 18bdratory Mfhual" Sambrook e

di ffegentl ati on of hunman bone-nmarrow stronal cells

aly REREY) " Cuvsph 8&%‘0001®1@40ﬂ%t31@lpgb'hV@mm%ﬁégl mw&i R. M.,

DA LIS AR e, i e na

Sonm,rBzﬂﬂmom, Marytand (ﬂl%‘%;r Perbalat A ®Phackical Goideltd Melecular Clonmg"
s, were then transferred to a.

Jof‘ba@t f&d 8hbi Ner h}%oﬁlﬁﬁfi),[‘ﬁwﬁms%ml engyrcambigianh DNA",
Scﬁ%ﬁﬁczAﬂM‘l&{IPW evbleﬁfkp%lﬁ'%ﬁggr 4Vl @é&é '" &m%g#%%ls: A

progesterone 20 nM~ putreséin
Labotatary ¥enval rSetids’, Vdls.pb4miCold sp%g@&rbdﬂw@mﬂoda@&m New

vorls' (1508 SRemaieTibinaf sat oo 1) BabebNoEChoseis: 4685202

- 4. 9B RTE: 192 6@'&9%@92%&7““‘0%1]0?%{%3}33 3%{8{%‘? B@ﬁ}fook",

wefe transferred to a “di¥fer
Vdalupps BHe (Gediis, Vi Eh e8P 992); 1 Xlugdent Bratomls ﬁiQIlﬁmad}bg?'m\folumes

T S S S 0, AR e

i, SRl O 7 MR .

"S@lw@d Nﬁﬁrd&}l::ﬁcﬂuhk/{ﬁ;m:mw@‘ Wi §ni@yeenthnband .Co., New York
nt hi ne

- SRR GtaRoat Rl aigy N@mcgg%mféeme& andbpedentific

literStugk, (&%}, 3k 98Raplandy, Enaspangd & 787.§33.0% 85%’61 5§2 $R50,752;

25 Proliferation assessment hBNBC wer’e sus en

3,850 78pr B8EA. PP SultG7atlTon3,8HRA6UN3. 201654 BI985,074; 3 ,984,533;

399Pet” B HORERET Afniads soTigRn s 3 i 285215

-"oﬁ &mcmdsts HeRR" VB4E MNIN edS iRM4seRhadic VAL Bbridizati
/m 3H—t§m di ne aﬁd |ncuba!teed or foulrc addi t1 oﬁ ZaIOIl

jggins 8. {.heds. ﬁ%é}éﬂ@ﬂﬁbg&p&@sm@ﬂ‘@smﬂou" Hames,

fj‘(IW”‘Iﬁﬁn&Hﬂxzed Cells dnd: Enzymes" IRL Press, (1986); "A Practical Guide to

30

" ‘Molecular Clomng“ Perbal, B.,(1984); "Methods: in. Enzymology" Vol.- | 317
~"Academic Press;” “PCR. Protocols: A Guide To Methods And Applxcatlons
""Academtc ‘Press, San Diege, CA (1990); Marshak et al "Strategies for Protein

Purification and Characterizdtion - A Laboratory Course Manual" CSHL Press {1996)
and Parfitt et al. (1987). Bone histomorphometry: standardization of nomeﬁclature,

symbols, and units. Report ‘of -the "ASBMR *Histomorphometry Nomenclature .
" Committee. J Bone -Miner-Res’ 2 (6), 595-610; all of which- are incorporated by

reference as if fully set forth hérein. Other general ‘references are provided thljogghbut

~ this document. The procedures therein are believed to be well known in the art and .

s
il
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determine the level of 3Hthym dine “incorporation in
the cells (indicative of proliferation activity) WO
WO a@4P9B8848 PCT/ | L2003/ 000972 33 Results: PCT/IL2003/000972
Pl asti c-adherent cells exhibited neuronal-1ike spindle
body shape with |l ong branchiing processes that
aRDROMIRE faSthe 3bhdknAshcd BF BR RS Apgl ,fi;&ﬁaﬁ&y EbRhin@A therein
i nducti on and continued to appear
igfintrppmind kar¢in byirelgtees.on (Fig 3A- F) 5 3Ht hym di ne
I ncorporation was substantially reduced in the
differentiated cells (Figure 4) thus indicating that
proliferation was attenugkgdsPnetzne neuronal -1i ke
differentiated hBMSc. EXAMPLE-3 10- Identification of
neurdsalgtiopandcefnusng of fugiars konertaavivsg onBiBells (WBMSds
RT-P 'hgﬁl_vsc whi ch were incubated in the
"pro eration. nedium' or in the "differentiation -
medi m: Hes@iontotdimp:Bonk-1Bakbe¥ es;siedw@/@b nhi) fvede J&atﬁed iffom iliac
at 37%% Total RNA was extracted fromthe hBMsc by
ofsst 9f healthyy hwmag dengrs oy daformed ccorsente todomslear cells were

58S OSSN OTRENIBE o SR SRt 80 v

— p(atﬂtbm ddfppoljferstion gnédiemRNIiIbalcak edlodiiled daBlY @@ANEN (DMEM;

nt.r Manneapol i s, USA). The RNA sanples were
el v} o800 S eepéssin Y6l AT rpenieilling e units/ml

o géener %%ﬁ%@ z @d%é)yzt e%'gé‘%a@%%%é?%me SETYRY 15% fetal

" calf ts&u&T{E‘USeBMliglbﬂ Indus36s)e 120015 lelmaﬂeatp%aetm BRSEk); 1x

in a rt?az}ctlon m xture [1.3 pMrandom priner,

nefireisential (mipp ackly; B9 qaﬁmi ﬂme@émdemel m@hwfac@@ (BME)]. - The

o4 A S0 pIRHIRLE S b Bl

nm—adherﬁiteceﬂlﬁ suditithen dﬁb&d&?@hﬁ Sg:h@ihmgaﬁﬁbm?—ﬁ&hererbYGells were
us the priners set fort 1
wasiedy il pwith ahdaecand. oghete PuTrag alinnc PRy dRislogical

-hﬂmln“leﬁ)' &Rl ﬁ%ﬁl g@?uﬁﬂ %a@ Sadﬁ«t: g'fxé:n‘[?(&fun%vmts '}%%ﬂgéedsélcry 3

1 mn an
oisé mia}as aﬁldllsjgmmstcr &@t@ﬂ%ﬂ cdnﬂ-u&ﬂdfhs ezlirhlm 1 5reiags ﬁnd) Hppeared round or
ctlon speuronal . and

ferent xons
‘SFB‘& g ﬁP&F‘ *afrﬁfg% mppdfitigusecHBiat ed hBMSC 30, -

e T e ——

-the Teells Ieroblarpéstigd anm:saslmhndedlgnﬂ}ﬂix& ygidiz andN\Bs rﬁMSZE}BE'A in

o phospﬁlate %ui;fereﬂ saime (PBS) The cells, m solutlon ata concentratlon of 0 5 X 106

cells/mi, were stained w1th antibodies specific against the cell surface markers CD45
CD5, CD20 CDl 1b. and CD34 (assoclated with lympho—hematopmetxc cells Becton-_'

chkmson) for 20 min mth an empmcally determmed amount of each antlbody,'

. genera!ly 10 to 20 ul The ant1body~1abeled cel]s were thoroughly washed w1th two-

. volumes of PBS and f xed m flow buffer (1% paraformaldehyde 0. 1% sodwm a21de,_ '

30

.an,d 0 5‘}" bovme serum albumm in PBS) The washed cells were analyzed by a A

"FACSCahbur ﬂow cytometer (Becton chkmson), eqmpped w1th an argon 1011

L laser, ad_}usted to an excltatlon Wavelength of 488nm and by collectmg 10 ()00 events

w1th the CELLQuest software program (Becton Dickmson)
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e WO 2004/ 046348 PCT/ 1L2003/ 000972 34
Dopam ne receptor one of the five types (DI to D5) 3

WO@““!@QGNEZ (D2DR) of receptors for dopan ne NMOLG2665/000972

Dopani ne Ami ne transporter. Term nates 5 6 253
transporter (DAT) the actios of dopamne by its NM
001Q%4udrs:gh affinity sodi um dependent reuptake into
presynaptic termnals. Aromatic L-am no Catal yzes the
decdhsosujugrd bﬁMiSCSdIQS@t EES(DIQSS doy afibs phtfses ofarkers agsociated

Wc}%&yﬁ&g&ﬁ%?%%y yp ggﬁaﬁlﬁ %gzﬁgt(gﬁﬂ:b ﬁﬂé TD34), but

rathert reyptessdtiarthe oCDOOY pudsdt NBarke Ya@ia)JeRyRa- 35 indicative of
Catal yti.c_enzy of glycolysis 9 10 1 4 phosphate ..
SYRFRIRESREHRE ag'éfe??& NM . 002046 d ypican 4 (GPC4)
Cell surface prot eogl ycan nay 11 12 386 NM 001448 be
i nvolved in the devel opment of CNS GIP - :
Tet rahydrobi opterin. 13EXMMBBE zycl ohydrol ase |
bi o nI he i GIPCHI ).. NM 000161 " Necdin Postmitotic
neu erqrdiagign fE hyyen hqueapagowserogid gells (RBMSc)
supm@ﬁagr Only one exone Neurite grow h-
Extracel l'ul ar matri x-associated 17 18 359 pronoting
fac We&upnﬂbe icaltatest hBMiSnwer: alonal in(thEGH)ifeatud hedium”

r cerebr.al
(descnl?e% r}%(ampleﬁ ‘hezeinabove) for up to three months prior to differentiation

induction. Plastic-adherent cells. were then transferred to a “pre-differentiation

- medium” [DMEM supplemented with SPN, 2 mM glutamine, N2 suﬁplement (insulin
- 25 pg/ml; progesterone 20 nM; puirescin 100 1M; selenium 30.0M;. transferrin 100
pg/ml), 10% FCS, 10 ng/ml basic fibroblast growth factor (bFGF; R&D Systems, -

MN‘)‘,’ and 10 ng/ml human ‘epidermal growth factor (EGF; R&D ‘Systems)].

~ Following 24 hr incubation 37°C the cells were transferred to a “differentiating

medium” [PMEM supplemented with SPN, 2 mM glutamine, N2 supplement (insulin

© 25 pg/ml; progesterone 20 nM; putrescin 100 uM: selenium 30 nM; medium to a
density of 1 X 10° cells/ml. - The- suspensions ‘were transfeirin' 100 pg/ml), 200 M-

butylated hydroxyamsole (BHA: Sigma), 1 mM dlbutyryl cychc AMP (dbcAMP;.
Slgrna), 0.5 oM 1sobutylmethlxanﬂune ([BMX Sigma,” I() pM docosahexaenoic acid

” (DHA Slgma) ‘and 10° pM retmom amd (RA Slgma)] and mcubated at 37°C for 12-
"”'72 br. |
o Prohferatmn assessment hBMSc were suspended in the “pre-d:fferentlatlon
i'medmm and m the “dlfferennanon dlSanSGd in 96—we11 microtiter plates (100
o p.l/well) and mcubated for 16 and 39 hr at 37°C The cultures ‘were -then
h supplemented mth 10 uCUml 3IFI-thymldme and mcubated for four add;tlonal hours. -
| Cells were then harvested by suspendcd in 0. 05% tr_ypsm and 25 mM EDTA m
30

phosphate—buﬂ‘ered salmc ('PBS) and analyzed with a lzqmd scmt:llanon counter to
determme the Ievcl df 3H-thym1d1ne mcorporat!on ] the cclls (mdlcatlve of

proliferation acthty)

FEI
8 !
s
A
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. X55110 neurons., Internediate filanent protein a 19

20 398 Nestin predom nant marker used to X65964
wWoleenaiiudses st em and progenitor cells in the napogila83/000972

CNS Neuron specific Isozyne of the glycolysc 21 22 356

enol ase enzynme enol ase is expressed in X13120 all

neur gpaliscel | es Neurofilament 200kDa filaments slowy

23 24 400 heavy (NF-H) transported within the axons '

NM ORetiGadimnent dells shbjtnd privonsldile spihdle Nendyoshiapavatit long

160kDa filanments slowly 25 26 366 _nedium (NF-M -
b‘Ean‘i‘iB%o?’ng%f‘SW it a%a?a%é %\Aeaﬁbﬁsé’“’?‘bv&hql’&é R9§E diffgrogiation

it Gor AiddonahsedVoGhpddr 72 9G8R Wi g@?ﬂ?@f@ht’iﬁ{(ﬂ' ifiduction I&Flg 3A-F).
trani&lptlon 27 28 550 ‘relate Nurrl) factor

0061 3&-tRanidmsi mcamomatm:wps onbstantia }étl‘led@ﬂ@d e ithe ﬂa’f@mhated

T NI TP M-

dmnﬁgteahm,sanpl es extracted from hBMSc were size
fractionated on 1% agarose gel supplenmented with 3%
formal dehyde and MOPS, and transferred to .
Dur al on- UVTM nenbr anes ( The menbr anes
were then hybridized O\Pgﬁﬁ&ﬁ?‘ﬁg\nth purified

32P- | ali¢dmification Bﬁnému@ﬂbkﬁﬁﬁﬁ})tsﬁﬁﬂw Bntifd2h BMSc
,(neurlte‘%rowth prormtlng factor 2), NF-200

(ne ment heavy), and NSE (neuron specific : -

ono RISPCRUHBMED wh?.%hzﬁgre'fmﬁ; HE “BroffRiafich SRURERY or or in

ti mes, expose orage p r SC een,

theudiffacntigion mhetinhy (b Espinples rm:ghereﬁ@aweg oy 37adicarslt,37°C.
stripped and rehyb |d|égd V\AthaSZPIabeIed probe for °
Tefap dfﬁ;ﬁc@mctréhﬁ S Pt wsinge Hird purruding dsothigeyanate

ﬂ%@zﬁ%ﬁﬁ&ﬁ AR AR LR AT syl Pl (TR s

extmctedrﬁbmﬁedmhumﬁEiﬁﬁphmyteﬁ) €frbmr dmnbr) nsmg "thio tRIVA Geoleted kit

le a sy er n Cor bet t o
CRESeR? i Mhsgeury T 7 ipleg ers gbaed on 1%
2 fotmAlie e bhe o Telekdfro ﬁ&e?éé%t tB@ﬁ"mfe}gHBr For
CR ana yS|s of GADPH “Was perf rrred for ovi-di ng
gateratinga¢ BN Ac thedRINZo ssmples: (Qénpg)amm metked amtha t‘n’i’]f&supwgscnpt Il
the prinmers of

enzyme (10 units)- contame% in a reaction, _mixture [1 3, pM random pnmer 1x Buffcr
(sipplied by InvitroGene), 10 mM DTT, 20 pM dNTPs and RNase inhibitor] and

incubated at 25°C for 10 min, 42°C for 2 hours 709(3 for 45 ‘min and 95°C for 5 mm

‘ 'I‘he resultmg ¢DNA_samples were anaiyzed by PCR usmg the pnmers set forth by B
| SEQ ID NOs: 1 -2, 11 12, 21-22, 26-26 and 29—30 (see Tabie 1 below) ‘and. amphﬁed

under 35 cycles at 94° C for 1 mm 55-58° C for 1 mm and 72°: C fer 1 mm

- - T able 1 - : :
Upstream sense and downstream autz-sense pl zmers ﬁ ont. d j]kren exons far
detecttan speuronal and dopa:mnergzc trmzscrgpts in a' fferentzated ltBMSC

Hume‘m‘ gene ' Cellular Functmn ‘ -5 S’aner 3’aner Prﬂduct size
_ NCBINo. . | /. . . . |SEQIDNO|SEQIDNO{ " (bp)-
CD90 (Thy-1) ' 'M'ay playaroleduring™ - |- = 4+ Qe _-:.'_ i 312

NM 006288 ___synaptogenesis




15 1D NGs: 9-10. The anplification prot ocol

55C for
Stimulated conditi onsPé@iiLzoogmoogn
normal i zati on were applied by anplification of
18S rRNA. The anplificati oniprotocol

cycles of 9

wWOoseeEsds 77C f or

sanpl e

5C for 15 see,
20 sec.

40 s

ec, 72C f

was 40

or 40

was 80 cycl es of

95C for 20 and 61C for 1 mn. Quantification. of gene
Impprigssieptr | b ditieViee types IBS. DRNA was caljcul aked Hy t hes
prigt(BER) s NAGH rerepttye ébr dopdming o 20 st ar{dard cur e
meh 8 7Resil t S . RT- PCR_anal ysi s_.indijcates
trBP@}@WP t| b rfsiftine feapsporiesi Termiodtesngur ofal rkess 253
Fragppte (D {UE290en eiggppmiRAy B ahd GPC4 ijn both
ot P4 801HE i a é‘lfhé it eRepdeptent | at ed HBMSc (Fi dur e
5A). Howevel, e ﬁf"ﬁ”&"’rﬁ'ﬁ‘f ekpression of the 45
_neuronal maJ kers NFEH8d necdi occurr d only ir the
%_. Cal L I IIC FMQ
ﬁﬁ“‘ tﬂf H}Eg m‘fgh tegﬁ gsgﬁ edel:'j{&#%,&m easg of NEGF§ nRYA iA 750
t hgaagy T er pnt Idﬂay&regrpﬁe%yllﬂ&meas conpared with
nome dio7§er ent i atresbAg @) dofamike0l | oM ng 50 hr  incubdtion
(Figure 5B)| 305MNadblyeyplophiaas ahal yses show t hat
transcri pti preadotogiopndisgymophaiito t he neur onal mar ker s
| NEGE2, . NF-200 and N@Heomes kedly | ncreased in .
Qyceldehyde3-a} iGaglytiBNBone (fElycuiysiss| 5B- B, r dspeai velly). 194
V\D’ ’EPM? 046348 PCT/ 1 L2003/ 00097p 36 EXAMPLE 4 :
on of neuronal protkins in differenti}jated
thDdS V\éstern bI ot: FHfty mcrlograns of
At o F""““"‘.BNSC 5 lwere dnn:fllr ed
ai “’a“o%, PE’P E }? Ygﬁﬁ Yib-HA! at |pH 628, 096 35
“glycerol,” 2% %& YT chpt oet harjol , 0. 0035%
bro fenot| bt u th Lllc fanpi
%@gh@p[ag@p f or gergn;}, uﬁé;&iﬁ sanp| e V\';as | daded®on 4 15
F6PPOIHPS- pol yacryl am de gel (Pi o-Rad Uaboratorijes),
apmoemiglg tio t he manufacturer'’ i nstrudtion.
Folf@tihng € e®bdminttio hebdnSpeclicOt EI NSISWET § LT agsT elfr €d 394
tNM_pod4gii*ny]l i dengrowlll sahipfebsar | de yrenbr ane |( Bi o- Rad
Qulpomeatxondygs) , fol | owed by bl ocki ng witH 5% nonfat
- Nidrike grdwitf1 | |S EbacfiRielaifabdsateted TOB 1 nM[TrT §gat  [- 5, 359
piobBtingficNa Zl |) WprbkinGhal &thantavesmal20f ( bl ocki ng sol uti c'n).
Th@lﬁﬁﬁﬁbra es swwwitldn prividderebrdr nf ght, at {4C, withj - -
. 22 r.Kler s- spegiepions. ant j bodj es_as_ddgscribed in. .. __
Tabl e 2 herei‘ﬁ%@#fbwﬁlﬂmnmwlng ‘i ncibat ifon, 2@er e |t he 398
- medfFthes ver Bredofigniopkoppsedto( 16w n«e&dh) with
bl o6RIEAg 15 ‘iﬂ’?ﬁ?‘f“%{’t‘i‘@“’éﬂ’é‘@fw th TBS-¥.for 15 #in,
~“t-hen ea(“oe'd,‘i‘ef’” K oxi-dase:jconjugated -
N GW nti‘éﬁéi% lgd i n.2Tablle 322 3%
her)ﬁbé el OW . all neurona ceﬁ%(pes ‘ ) ] )
Neurofilament " 200kDa fitaments slowly 23 C 24 400
heavy (NF-H) transported within the axons
NM 021076 | towards the synaptic terminals . .
~ Neurofilament . 160kDa filaments’ slowly _ 25 26 366
' imedmm (NF—M) transported withinaxons = -} - g
= RN 005158 towardsﬁ:esynapt:ctenmnais‘-“:- R TR
. Nuclearreceptor |  Dopaminergic franscription 27 28 550
.,.rclate.d I(Nun'l) . factor o
- NM. 006186 T S PR
E ,Re‘tinc__)ic_ acid " Receptor for retinoicacid =~ | 297 30 . |- 352
_receptor type & : o o
(RA-R)
NM . 000964
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were then washed twice (15 mn each) wth bl ocking
solution and once in TBS-T for 15 mn and-were

WaRHMd6B48si ng t he enhanced Super Si gnal (r) PCT/IL2003/000972

chenul um nescent detection kit (Pierce) and exposed
to nmedical X-ray film (Fuji #hoto Film.. Actin was 20

used Nartheial bidteamdgsistURNA fs}irrﬂh@, ShARGESH oM hBMde ®ere size
#E%(ductl n. pensuorretry of the EeCIfI Cc protein
Heratgg en /'ewr?ﬁécgeb?‘lﬂpé"rm@t%mt 3% formaldehyrie gnd MOPS, and

BAPER O Y ?&%@%‘?ﬁﬁ% ABecHD 1 iy ere then

-.t@Bnitabdl @vRrniyd mﬁapumfmd toplabsled prabies fomndROnSNBAEKkEISCNEGF2

@iy BroThprompting Bose) i 2o, KL%&&QE'?Pw%%t i and Nebfgeuron
s%kﬁfﬂ: eAdlasd) TRk 'E%xhﬂiﬁ@d menbrintd Ydrd Fn)ak}g s ?ﬁ% gm%Q Qexposed to

Sigma”. am ne recepto
ssaageaphysphoﬂqrean, fammdlbglaphab byliphoffdiokintages 80yQobaeydackard),

gq ﬁ’? dé@ P. 4 il Hél bgi lllgLﬁ am@lﬁy@&&bﬁ @ggmqglggydc_ )
Sphiale dehybopeii veanchkamaaafgl o BBk tor SORNAF-

I\/buse 0 Signa Neuron-specific enol ase
Mous dRept tivae !?CR} db:ab;mmm&yanm d’(&my:ng i thdenauooral marker

PSR B R e RO e Bysis sy verion 46

7]

--(Cbﬂmtqmz«,e&rthj ik B?Bérgﬂ:@h “PCR @abBemY SR iHea R inE3 DFISEQ D

1: 50 Cal bi ochem Vesi cul ar nonoani ne Rabbit 1:50

- NOedcbh In &‘ﬂfﬁb@kt%ﬁ’al dinmy DER2 pnatysie of AFAQORH| was. performed for
- providing stimulated conditions for sample normalization using the primers of SEQ

D NOS: 9-10. The amplification pretocol was 40 cycles of 95°C for 15 sec, 55°C for
-‘40-.sec, 72°C for 40 sec and 77°C for 20. sec. Stimulated conditions for sample
normalization were applied by amplification of 185 rRNA. The amplification protocol
was 80 ¢yclés of 95°C for 20 and 61°C for 1 min. Quantification.of gene expression
relative to~185 tRNA. was calculated by the protocol’s AACT ‘method and from
standard curve method.
- Resulgs: - - o

RT-PCR analysis indicates tramscriptional: expi&ssion -of neuronal maikers
nestm, NSE,- NE-M, CD9%), RA-R and GPC4 in both dlfferentlated and non--
differentiated hBMSc (Figure 5A). However, transcriptional expression of the
neuronal markers NF-H and necdin occurred only in the differentiated hBMSc (Figuré
SA). , '
Real time PCR analysis shows a seven fold increase of NEGF2 mRNA in the
differentiating cells, as compared with non-differentiated cells, following 50 hr .

incubation (Figure SB).

Northern blot analyses show that transcriptional expression of the neuronal

markers NEGFZ NF-200 and NSE markedly increased in differentiating hBMSc.
(Figures 5B-D, respectively).
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* | A i mmunoassay; WB = Western blot; FC = Fl ow
cytoneter 5 Table 3 Anti-nouse and anti-rabbit
BHYPE2t8y anti bodi es Source Dilution Diluti onpErALtodstNes72
Conj ugated Source Specificity for 1AA for for FC*
Mouse Goat 1:100 1:100 CyT"'38 . Jackson
hnmunoResearch Labor at deXdazriMpyse Donkey 1: 300.

CyTMB . Kk unQResearch bgratories . Muse. Shee
50 Fi HEEgh g s msemeiin) IBvoniactnSes

Mous @sdegads: 1: 20000 Per oxi dase Jackson | munoResearch
Laboratories Rabbit Donkey 1:300 CyTM2 Jackson

| muMRéeraablok:  Hifiy origtagraes of Padibin etents dbtdied Ji:‘rdkﬂ(hBMSc .

L abor at Rabb
v/ R EE RPR oI ERS fivt BE Bl bl 8o 0% elyaerol, 2% -
SD8g s34 nmm%ﬂﬁﬁar @mﬂa@?%réﬁlg%i&ﬁiglbxue' (C'SI MA), diluted 1:5 :

i Mmunoassay; Western bl ot

- wriidhe ﬁ@nplcsmdmmm for &) mim g Eaely sarhple Wiaseloﬁdais emems% SDS-

pcg? %?@n% a% i ngﬁ W%\l &%3%%0%638 %fr?&féla% o the| mpufagturer’s

inslirédtione nNFolkdwing electrophoresis, proteins were transferred to polyvinylidene

- difluride membrane (Bio-Rad Laboratories), followed by blocking with 5% nonfat
~milk in Tris-buffered saline (YSB 10 mM Tris at 7.5, 150 mM NaCl} with. 0.1%
- Tween-20 (blocking sohition). The meémbranes were probed overnight, at 4°C, with

neuron markers-specific antibodies as described in Table 2 hereinbélow. Following
incubation, .were the membranes were washed: twice (15 min each) with blocking

solution and once with TBS-T for 15 min, then exposed to horseradish. peroxidase-. .

-conjugated secondary antibody as described in Table 3 hereinbelow. The membranes
- were then washed twice (15 min each) with blocking solution and once in TBS-T for
“15 min and-were stained using the" enhanced SuperSignal® chemiluminescent

‘detection kit (Pierce) and exposed to medical X-ray film (Fuji Photo Film). Actin was

used to evaluate and quantify the changes during the induction. Densitometry of the

specific proteins bands was preformed by using VersaDoc® imaging system (Bio-Rad

: Laboratones) and Quant:ty One® software (B:e—Rad) p. ,&
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(Figure 6B).
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respectively (Figure 6A).
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sl i des
The endogd

\es@ t he

Kralbizsiieed
nous 10

éfasmlade

with anti

V\mgmmhnoc:kﬁdabby Iaf®di ng
z (Rio- ILab l

3% H20R ( Mer ch
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thpmmon

or 20 1
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- MAP2,

or anti -

room*tléﬁp@malpwaez, WBgIWasisinblpt FEdowasinetsr i N PBS (5 ‘i n
slides chanbers- were incubated overnight at 4C
anti - p- tubulln L,
di | ut ed "as -descri.-bed i-n . Tabede32-3 in Exanple 4.

nestin

her ei nabove Am@hrmduse améﬂtm-@‘dybtt sdvendiiy degibodies was hed
t horoughly three times in PBS (10mi&4ch) then 15°

iflncubat eq So@rce @llﬁiufi\-lt]ﬁiﬁmaﬁ DBt | ergafizadedi] € W SBurce
P\speifecitnjl ugat ed faor jantér- r aldrirc* || gG or 2-
‘donj ugat éd_goall anti -jnoWBe: | gG (Jdckson | noResear ch
ljabdewt off i esat. if n 12000 |goat ser umstarid @y2% Tyenn- 2dksom
HBS. Fol fowinig}]i ncubetion, {the slli des wer ¢ WwamiveResearch
thhree tifmes with PBS|(5 ninjeach).| nountediwi tl.l:.ﬁboratories
dl ydeuse| | Donkey | 1:300. . _
1 ] ST .Cy™3 1 Jackson
ImmunoRBScarch
N o Labqtatqr__l‘%,
. Mouse. Sheep |\ 1:50 FITC Sigma




vi nyl al cohol nounting solution (Zyned Laboratories),
covered with glass slips and. 20 "exam ned under a
WORpGded8nce m croscope. Results: hBMSc exhi ¢ 2003/000972
typical neuron-like d nbrp° rnlogy follow ng 28 .-day
i ncubation in the "long-terngdifferentiation nedi unt
(Fl gure 8). Antibody-I| abel ed neuronal narkers MAP2
[ mvisnet Ububat associ af edzowoqt i n 2] , Perodmlasé 3 LUDUT TN TTT
nd nestfin werje obsefved in hBVSc|foll ow ng 28 fayon
ncubatijon (H guresi9A-C, [respeciively). EXH:MRlnERfﬁearch
Expressifotrof [dopanzijuergi c snR i n diffprenkbatteds =
BRE®it 3Ddeéyklodszooo |- AT-PC C wglhg cirtured for -~ |
12-72 hr{ in the "proliferatlonmslum' and i n fali@on ' .
'd-i‘fferant-i atijon medjumt (see Exapple 1-2 | ImmunoResearch R
_fperei nabove). [Total. |RNA was extjacted frpm tikeridisc '
py Ratbitng tdwar guani di pe T Sot{hi ocyapat € net hpd as .
descri begd WO 200440046348 PCT/1Hog003/ 68972 40 Japkson
Chontzynski & [Sacchi [(1987)F The RT-PCR pr pcréhun6Research
desi gned for ijdentifying dopam nergic marker Latmsories
eriwpitngdsemegnti:ad [y as dgScri bedl 1 pripkanpl © 3 Dako
hersibhalove except fon:asmong T Ne PrierdRidaseOf SEQ ID
NOs: 3-8, Gb3: ][4 and P7-28- jResult$. 5 As cpn bengesn
n Figurle 10, jtranscfipts df sevefal dopan) nB#gin6Research
Jrarkers jwere |expresged in|differentiated jpnd/Laboratories i“}
non=+diAH iRmeRbdsa;: B blot FES EloW Sptometey NUT 11 ' | o
[nucl ear receptor related 1, a transcription fact or .
that has role in the: dlfferentlatlon of mdbrain
Pr eqiksRy:S i nto dopanine neurons], and AADC [aromatic
- L-am no acid decarboxyl ase; the enzyne whi ch
5 cat diwm&m—atm%a@aedied(y}impnemnceeff reuBord! tofhrkers NeulN, NF«200

Nl gl g ﬁ%&&ﬁgw 16 28, dhaid 4Lk loliogpe ifstiaton

m&‘ﬁhbﬁ ylgg i oI 5 {F;%@é‘ 3%2 AL RaY- lzﬁ?&?erdeél%Ag’narPJ g Rlutin 1 were

[ cycl’oh enzynme’ necessary

obseroetlint iRMSo #8thetabd ISydhys lﬁbldtﬁ;trﬁgldﬂffeﬂeﬁﬂrﬂﬁo:ﬁﬁﬂﬁﬁidﬁ réspéctlvely '
g}g-![ s markedly higher in the differentiated hBMsc,
c%%ﬁared with the non- differentiated hBMsc, _vvhlle

10 Ur an$er biressitin 0 NEQRAMNRE éiﬁ f?%/s‘ﬁlﬁln ﬁﬁ%ﬁ%}r@ﬁﬁ%ﬁ tgeactiﬁ)?

15 transporter were expgr esse .
inoréaséd seimtamintly foBMBng EXRMRiEdN lindlutiohphs diditated diynWestern

dr.ox in.differentiated I': BM5c .. Methods: 20 : 3
blogégqusx%/gﬁ &&Aégt al RNA was ext ract-€¥"from hBMsc )
’ usi ng- the guanl di.ne ..isothiocyanate rrethod as R oL e

descri bed by Chom:zynskl & Sacchi (1987) cDNA was -
o iy EXAMPLE S

15 : . Long~ term surwval ofdszerentmtmg hBMSc o
| Methodr ' . g G
_ Long—term differentiation culture: hBMSCs wcre mcubated in the pre ¥
_ dlffercnuatton medium” (see Example 2 above) for 24 br at 37°C then transfen‘ed to a- :
“long-term differentiation - medium™. [DMEM supplemented. with - SPN 2mM ‘

2 glutamine, N2 supplement (insulin 25 pg/ml; progesterone 20 nM; -putrescm 100 pM, .
selenium 30 nM; transferrin 100 pg/ml), 1 mM dbcAMP, 0.5 mM TBMX, 10 pM
docosahexaeno:c acid (DHA,; Sigma), 10 ng/ml bFGF, 10 ng/ml human glial cell lme;'- L . _
derived neurotrophic factor (GDNF), and 10 ng/ml human beta nerve growth factor___' l‘-Q B




10

15

20

Ismael3 fu A0 misl gtyroomriemperatura ol

T e

generated as, described in Exanple 3 herei nabove

by, oanyTing out a RT. reaction with random priners.
wolrwpd/edsBmat i on of cDNA was, perforned in an, Pf,tf,mzooy 00972

. 7700 sequence detection system (Applied Biosystens

usi ng TagMan(r) universal BGR 25 : master m x using

VR0 155 S PR T 455, ARG i o

28nlayaEl 372@t | on wer e appl ied by anplification of 18S
rRNA. The a |f|cat|on pr ot ocol 5800 cles of 95
f or Togmungngsayr&aligrvare plated anchireated &up st ?@&Q\Tﬁg&um
hl@i‘rﬁﬁ@l%ﬁ} BPev'i t¥ed %seéﬁrg ]?yR%h Ly ]9@3%9 i n’Zy TiiRecells

- protoco nmet hod roms andard cu
w3 ﬁmmm% Ipatafmhlchyd'mm BBS gyt vicl) forso mlnrrad 4'%(31 and 30 min

SR 8 e o5 LS. B W s i)
and -AREMIRAR3 L RER E&r&ﬁﬁﬁ(gﬂ ?%7‘?‘1'1&%1}{'-1'0@@@&%?%11(1 T0% goat

say was perfornmed as ed In
sehm GinwigvabIndustmigs)afot 10 ®in andiGhaetl 1Gmiy etsmorrbmnerﬂmrc The

St BT e, WA e AR S Ao, it G, *JRBB endogenous
peRdkRi Was bRIckyd 8y amarngoh% dayo,"@IEeKy- aﬂaietBhanor absolute- (Bio-Lab,

differentiation of hBMSc (Fi gures
?qmg shtes aaskesgn PBS (5 min each),

‘%!gﬁfn%ﬁt?{‘ biiadehoR de 150 Tablcs GUS & slel 4 h@&ﬁMﬂeEe 8 On the

entl cation of panune rel at ed pro eins is

“nekddyo dis: slidmwrmamlyed thBivBghlyetheed timeban EBSF G0 lmn/@acb) then

T

gBPeR| bﬁ“zl%ér{uiﬁ 2000080 AdiitSinoU&S | Bl JadiREA AMnRfinoR esearch
transporter sing the procedure descri bed
bnramﬁ) rrel@%mt/@nnmnd r%’&g 'Ibrqmarz{gm EBY\Egilowing incubation,

H\ﬁ? %‘ﬁj‘{yj@?@&ﬁfgﬁﬁ%gd‘yl aa e§g®e| ounted wrth glycerol

@ﬁ%ﬁdﬁ@ﬁ mokies sdlulias eZyman i abahtotics), @o¢ane \ﬂnﬁi\/gﬁ&@shps and .
(ZEl ZZ, .Germany). Flow cytoineny: Follow ng 48 hours

examinedamidera flaresprace WiigrpEIopat i ati on 20 nedi unt (see

.2 her.ei nabove), the cells were harvested and
susgg‘ﬁ in 0.05%trypsin and 25 nmM EDTA in
phogiMEe- bufibiexe il i vardPRR cefiehlorpitulspe toiloning 28.-day
(0.5 x 106 cells/n), were incubated for' mnutes with

'7“inqmatmm the “ltmet@nn diffasgptiafion msdiwrepifiewe Yeceptor for

s gl oy TGS et ST G R B en ).

SYUAuHAERT '8l FB8n2ReRNEbdelveddid mlBNrsav fBHB\fvﬁfg 08%ay incubation -
par af or mal dehyde, 0. 1% sodi um azi de, and 0.5% bovi ne

(Flgures 9A-C, respectlvely)

.3'6'-7"

EXAMPLE 6
E;vqpresswn of dopammergxc mRNAs iit drjferentmted tBMSc "
" Methods: . e .
"R’I‘-PCR: hBMS¢ were cultured for 12-72 hr in. thé “proliferation medium” '

and in the “differentiation medium” (see Example 1-2 hereinabove). Total RNA was

- extracted from the hBMSc by using the guanidine isothiocyanate method as de'_scribe'd'
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serum al bumn in PBS). The washed cells were anal yzed
by a FACSCal i burTM fl ow cytoneter (Becton Di ckinson).

WO Regia3gs  Fl uorescent microscope images of hBN&BGm 2003000972
reveal ed that antibody-labeled 30 VMAT2 domam nogenic
mar ker was present in diffegentiated hBMSc but not in

bytCtomdzonsldig Bacan (1980 d 14| R B.PAR ?wced&%)aeséhga I dd¥ntifying
flow cytonmeter analysis shows that the dopammopgenin

dopypiasrSipomarkepy ese derfamad fasseatinllnt sl deBMoedoun Haemple 3

hed e B o PR S Bl PG 3 SR £ i 728,

seclevidkeys by differentiating hBMSc is induced by
neur,otrophic factors . Methods: Cell culture: hBMsc
ver &scgribgseen wstigurcH), @r@asqrmtmﬁme@emi epasminergiaiagkess were

R I T

[nﬂd@E@cepEb@ Pelatst dg a tiansgriptionghétopianiiad fole DAY dﬂ'ferentlatlon of
enJC|II|n 12 nits/m nystatin Proliferation

o RICCHBRES. 1 OE%"F‘{& uenrpes]. aud HHYARE fupmatic 115%101110 acid
deéa?&ﬁdyldé@l fihgere ﬁ?)gaqal %% hé3 dgﬁ Qﬁh&%l{] appl i..
o acl

Non- éssential a epi dermal

dibydtomy phdmytalaring. BGBOEh}i@ai@anﬁMiM-E hg'df‘myh@p“ﬁ’hﬁﬁfﬁhtonm |
%g%ﬂ)tlu amne %L\IT Pre differentiation - |
" fvpFepPek @P%ﬁﬂpﬁf’ﬂfécﬁxmesmnw@ﬁﬁ Ezyclohygrolase

et aénﬁ%e By ey o0

o wag kaddIUuhwhylf igyibki diffeddatia@dShBMSc, as . compared Wlth .the non-

G S SR b S i AT opmine
trafiponbiwéiR 9fcs§>é’d dnbiFin ﬂl@mﬁ&{t&; 1(@@ , 2 rig/m;
. actor: (

human gal i a-deri ved neurotrophi CGDNF) , 2 :
differentiation mediumng/m ;. human . neurturin:

(hNTN), 20 ng/m; human };}Clg ived (12-96 hr)
neur ot r ophi c factor: B%%@* %rng/m human -
neur ot r BRlNcRon G ﬁ): h 5 ine diRUPBD; tod hB

i nterl eukin-I( Wﬁt 1%)@‘0%80 e ’—@IQ lfal% 5 ast

‘gr oldedfradset or - 8 (FGFS) 100 ng/m ~and. sonic. hedgehbg _

(P Reat 490 PR Tt 500 A PURRU SIS p VLD B8 euanidine

isoBfocyhhaté m&mﬁé@ 8k Rescribed by Chomezynski & Sacchi (1987). ¢DNA was .
©generated as described m Example 3 hereinabove by oan‘i‘mg out 2 RT reaction with
random primers. Amplification of. cDNA, was_ ‘performed. in an ABI Prism 7700
sequence: detection. system (Applied- Blosystems) .using TaqMan@ umvcrsal PCR |

‘master mix - using sgeclﬁg:. primers of hur;}an TH and. ISS rRNA (Applied

Biosystems). Stimulated conditions for sample ‘normalization . were applied by'-

amplification of 185 rRNA. The amplification protocol was 80 cycles of 95°C for 20

and 61°C for 1 min. Quantification of gene expression relative to 188 rRNA -was ‘A

calculated by the protocol’s AACT method and. from standard curve, method

Western blot assay: The assay was performed as descnbed m Examplc 4 "

- --hereinabove except for immundblotting with antl-.:_I_fH_and anti-actin antibedies.

15}

fﬂj
{
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100 g/ nt. HPLC anal ysis: Sanples were stabilized by
adding 88 | of 85% orthophosphoric: acid and 4.4 ny
WOpteosretsadsi sul fite to nl sanpl e. Dopam ne was  pET/11.2003/000972
extracted by al um ni um adsorption (Al unm na,
Bi oanal ytical Systens Inc. ) 41Separation of injected
sanphfmunaMshy Wahe %QJ rakl 0
HPLC- el ectron chem ca dete %%%Q%H%EC?\E%H)%H {h%a%ple >
begpinpbayer wsieg satiphdsettil®dyohsintes¢ril2 . Lablesnh3 in Example 4
|on Hichrom 1Inc.) in a nonochl oroacetate
rmblle phase. The flow rate was set at 1.2 nl -
per m;ﬁ,[;sand the oxidative potential of the analytical

cell was set 20. at +650 nV:. Results were vali dated
by chyrepine bydupylrse spRMAnand paetdiar evelorwee subsaytially clevated

B A SR O0 B RENY B dS A redcotnavy dpaicion, -

the predoperofnatibedslabeldd itfrokine HydRAHRBE ¥k obberved in differentiating
di fferentl atin hBMSc i ncreased from anon-det ect abl e

hiMSe1 0 tog et fodlewiag differaryition |mcb,1):t1@m£1?1@gret HE). 72
hours i ncubation period in the "dopam nergic
differentiating nediunm (Figure 5 14A). Inducing cell
poI ari zati on by KO (suBX4mPIE 89 the mediumwith 56

' &J#Fomed b& 10 i nutes.incubation) further
enhanced %"(’fﬁ o gt dapangperelatadpsoteimy kBMScanount -
of D¥#eholsgiopam ne precursor) synthesized by the

di fferentiating 'hBMSc i'ncreased-fromabout 10 to. 300 .
pg/ rﬂltu{:llﬁ@cﬁm&gi I M 8urwerg inbwebatal foufige daye ibaid Gﬂlfferentiahon

h(‘%élfl

i ot RESIBTORY sbbuhensmbomie gam
|
angsg%{ae aélg&%vgg%ﬁlaﬁ%gggce rﬁﬁldff(ggg s%\lsg khe fn%cedure

deserthedan JEamanrS alobyien A.ilinbodj/dnpdmg IIEW{IAT—Z in cells was visualized

bY%'#SUﬂér en‘fﬂ'@? ﬁ%ragéat%f/g%?ﬁvt hﬁ% ﬁﬁaf%ﬁafow%r%?%emd

unaadﬂasér%nﬁ@akﬁm&eo 1EVE§ 86 EZEITY, @)BRafyt at 1 onal

behavi or ‘Met hods: nerating nouse bone ;
ar r dflgwt cxamenye| Fallowingud® BiBs ) inchlmiion BMV3hec &diferentiation

ol D PR R0 TRl Bl e pendea
0.0%84] appsamaldd Bt A Eﬁ?,%)m 'F{ pHMESUARER SAkRE | (7S

by cervi cal d| slocation and the tibias and fenurs

soffhit b F Ahamie eerion e P TS 573 i Brpmple 4

~ abd¥e. mtahnﬁ&@aeélle& celté We}@ﬂ;o%ﬁgmﬁwﬁsﬂm MHVB E\'rolﬁ%%“ofPBS- |

The -collected cells were di saggregated. by ge

'and éipedin ﬂbwélﬂlﬁen Ql%marafoanaidthgydezﬁl% $mhmgamia§ and 0.5% bovine B

'serillfrﬂ gmirgrq Eﬁgﬁgg‘gﬁ g?agh%fglﬂs .were. analyz;:r&1 Eyja FACSCahburm. flow .-

30

” _ 'cytomctcr (Becton chkmson)

Results.

" Fluorescent mlcroscope lmages “of HBMSc ‘revealed that antlbody-labeled

VMAT? domaminogenic marker was present in differentiated hBMSc but not in the"'?r-‘ -

non-differentiated cells (Figure 12). -

Similarly, flow cytometer analysis shows that the dopéminogt_:nin marker D2 L

expréssed in differentiated hBMSc but not in the honudifferentiated cells (Figuré 13).

9. Cell
_ sugpgngions (O exl léinopqﬂlslanlé,d wiere figwbated bk FHC erdinuieal with anhbodles-



washed in 5 m HBSS and: centrifuged under 1000g for 20
<mn: at room tenperature. Follow ng centfifugation,
WQ 484348 nat ant was di scarded and “the cell paldmiLy@Ree72
resuspended in 10 nil growth nedium Cell culture:
| sol at ed nouse bone nmarrow g4gells were cultured in the
30 "proliferation nediunf (see in Exanple 1
her ei nabove) and: incubated for 48 .hr at 37C. The
non- adherent | ayer was theBXdiMdEBEded and the tightly

A5 Y5 e R N e TR i uctors
gr owMathomedi um was repl aced every 3-4..days: until
cells reached 70% 90% confl uency.. The WO 2004/ 046348
5 PCT/ €elb gutirnss 0bBM Scauere ebltaredies described fraFabds ddglamd
mxed in a trypsin-EDTA solution (0.05%trypsin and
25 mM EDTA in PBS), incubated for 5 nminutes ‘at 37C, = -
then transferred to.the "prge 4i fferentiation nmedi um

(see i nChkapPinedia d3ed §) ﬁﬁb@é’&épafn%e SEcrfsht by ABMSC
i ncubation of 72 hr at 37C. The pre- dlfferent| at ed

DRC

cetts werewastga i T
Sgyggferentl ation bful:pcsu ) %de%ﬁ?‘ﬁ %ﬁ%@* Epgﬁ?ség:

PEEﬁﬁérdﬁH& mé(ﬁ@ﬁ in L- {| ﬁ‘e‘ @9’7‘ 19 IS';‘ Esemm .
(wdeks3/C.  Mbuse BNBQ) Obf'ﬁﬁmhé}&ﬁﬁgﬂl&gl Non—cssential ammo amds XI; 10 /)
neur al --di f f er ént}i apatnken ep,mgww fﬁ aratcrycel | :

ngdsor i bed by Bj cr%‘f 105 tl%lFT N2

(MRl 0 _used asla control. Rotational behaw or ' -

~{anal ysis: 6- OHDA- IDBSENSTE 2 &-glwanaine; (SEMt @2 svipplepment;: 200pM
i -anphet anmi ne 5 ny/ REFORE. jsduce mdk odivwsmdl disaiMdl. 0PhanM

rotational respd né@b'tfﬂme‘h‘mslﬁ’@{eamlﬁe IW%S TEHNSI n“‘,ﬁdj 10 M

1$iage30 and 45 day: ct0r|33 (TGF-

Cmpuinegiczed rota i ° G?dfgeg

Rb@tl#'lﬁgtlon mﬂiﬁﬂanc pl tl% il Ol I uﬁ;?:n ph“'l

i (4286 Bhphet ani ng- igkls az : § MO pe/ml;

reduced rotat i or alﬁbggl \étlo nmgh%@ thedgehog

340 to just 25|r etmah) WORe/RET 2 hr, .- 45 days post .

| transplantation](Fi gure 15A). The reI ative rotation

10 *NQ ShpleMmbnt! hetih ﬁfﬁ[iﬁhﬁﬂprﬁg’%ﬁt&oﬂ@@ nﬁ/ﬁ 9{&&%&5{1 10F pi/ V) nM; transferrin’
~ 1oepgiapred- Wi th saline:ztreated - 20.. rats; 45.days. post '

transplantation (Figure 15B). EXAMPLEI|~--,. Survival
and mgration of transplanted:arouse- -B¥BEin rat.brain .. ‘#.)

S Eoatans ool eﬁ%ﬁ%"i%j“%ﬁm o%j’“’ Zg;& Pt Of Ofgfonl |

© . Met HEBEC Zﬁt_a&sm on&hmpllel{ ereemtstatiibizedr g}yE@EBmg)l%e pl of 85%
| . niﬂl\&%g@ge &rf‘icéd gp r °g @F @q@&g@tﬁ{i@n S(glélll ntsa%gple Dopamme was
15 gL B “&‘#??“é‘%‘??ﬁ&? et ﬁ%ﬁﬁﬁgﬁmﬁt 48, B ) Neparaion

~ofsiajecielli saples (50 pl) was effected by lsocratlc clut:on on a HPLC-electron

chemical detection (HPLC—ECD) system with a reverse-phase Cl 8 column ( 125 X 4.6

mm dimension, Hichrom, Inc.) in a monochloroacetate buffcr moblle phase The flow

- rate was sef at 1.2 ml per min, and the 0x1dat1ve potentlal of the analytlcal cell was set

20 at +650 mV. Results were- vahdated by co—elutlon w1th dOpamme standards under
varying buffer conditions and detector settmgs )
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45 days post transplantation. Tissue sanpled from
| esi oned and non4desioned rat hem spheres were
WOWe4Hwat8d and observed under a.:fluorescent: pCTAL2003/000972
m croscope, for the .30. presence: of green
fluorescent protein (GFP.) nmrking .the transpl anted
r BVBResdlessul ts:  nmBMSc -survived in the treated rats
~ subst ani a ni gtra (Figure. 15C) and inmgrated : into
the tPBaABEMHapE dopammeamensur¢dtiiputhe QEBIatary; ol ffcrentiating
/ 0QO9 4
M S A Aol A IISIEV( P AR50 20 el A R attg ehe

72 dowes sfcubtyorripgriad énl the “tHRgantietefx dﬁﬁ&enﬁdti’nlgaﬁl@mum” (Figure
In rats that were injected wth

144} 7 i Pl olesiaion B K6 ceuprlpaeRGRE Bivamgdiom with 56 mM
Kodfidvredisy M usRu@lRcubitln Z“ﬁfr&e{r Ch%ﬁ?a ¢ secretion (Figure -

ol i godendriocyt es precursor ture:

- 14BY% eTRS AEGHR C(ﬁﬁOE)'\ MBpﬁnm&t;td:dulrstE)ﬂsMh&Bﬁedlby&he differentiating

% al cohal
et S Boem, 48 28 306 P el b e ghours

- inRliBaRA ﬁ@oﬁaiﬁkthé “B@;La@:ﬁﬁ&g%é&i‘fferé@wﬁ% ggbgﬁxgiﬁsggl ¢ 14C), while

Bi ol ogical Industries
theamannt 68 DQPAEr opahine anmbcﬂye)f inoshsadgfromt a nb:edam:nbw level

n yr 61 | with 25 edle filled wit
%g ‘%I %§ s?%ﬂql g E@@ é‘é‘F‘Pg ﬂ\ﬁe?@ ggrealiopepengd i the
(ﬁ@ﬁﬁﬁ;ﬁ:rﬁb@ﬁﬁf&ﬂeﬁﬁatﬁ@&ﬁé&hmt’ (PRard T4, a mi | ky ‘
honogenous si ngl e- cel suspensi on ‘was achi eved. Bone

marrow aspi rate was d1 | uted and washed by adding 5:15-

m HBSS, centrifuged at f 20 m n.at room
tenperature (RT), and rmgﬁj@,upernat ant. The cell
pﬁlahqilamahw&ﬁ’@mst I e Shridti Vb rdf‘?ﬁédém‘iﬁ%ﬂanson s

diluted to 10 The cells were plated in
pol'ystyrene pl asfimetsﬂfmeemrmrgéba@iw flask
,(Cor lncorporated Coming, NY).in the

"proli ra'tl on nedi unt’ (see Exanple 1 herei nabove)

for Gegeritink. mdiose Boelnan®iSeionedl dells (wbasd BMSH: Mouse BMS
eEol yl yS| n- coat ed slide 20 chanbers (3200 cell s/ wel f?ug
aetained fromp glapsgeniermaln mfe@bmng theanhanced gres Huorescent

P r\%\ﬁétuﬁabg)ﬁ godengll 0C é}?le(%re?g’f 95;“gﬁnu at W‘?E%?%G%%ceé%y cerv:cal':L "

dislocqipmeshdothe DiBib4 and Pireure Riceel rﬁmb{?ecﬂﬂﬁd gladb@m PRwk’s balanced
saﬁPN one _or nore of the follow nlg subst ances: bFG- (10
S

gomtion EEESS- %’“ﬁ@ beme marrpt eslis swerg-cbliegted byoflushing out the

e G ki LA f i, e

coflbaitél eslls dedrev eisaggroptbd f B t gntlePPeFeal\ pipeRingOn@bi d , milky.
N2 suppl enment, triiodaothyronien (73; 40ng /prnl and

homagegeys singleseatls BRSPEnSIpN, Mag racpp_a@eﬁg I'The gmp)cell suspension was.
3538 S L SyphRSHE i ) oo
-Follodiing eeatiifugition, ttaysupeibant fWwasedistardédodRiAthe cell pellct was '
resuspended in 10 ml growth medium. ' , o
Cell -culture: Isolated mouse bone marrow - cells were fcultdr__e'd m ‘the -

“prolifération medium” (see in Examplé 1 hereinabove) aﬁd"fincuba’c’ed: for 48 hr -atfl'-‘-'
37°C. The non-adherent layer was then discarded and the :tighﬂy'édlié:é’d cells were
washed twice with PBS and cultwed in a fI-'G?Sh “proliferation medium”. The .grOW'th

. medinm was replaced every 3-4 .days until cell's-.reachéd 70%-90% coﬁﬂucncy.. The'r-z-l "
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30 Cells were blocked in 10% FCS sol ution then
..incubated with 5 ug(m .anti-A2B5 nonocl onal

WOZMHEHY (1: 200; R&D systens; 1:200) over ni gheCBAL2863/000972

Cells were then washed twice in. PBS for 10 m n and
i ncubated with goat-anti-nmouse Cy-3 second antibody
cellsawriedhen dvorsicd rind snixdd G08 trypbink BIDTAL SIRESAL010 5% Bfpsin and

] hnei d 004/ 046348, PCT/ W2003/ 0009
23 BTG PR, RERS Sl R i shdns( Mmaenlerietn e “prc-

differeitiagiod endi@aY (Renh IBQRAOS Shrei Lo ned by, .
Og?%%% a_f] uor escgnt nicr oé’?zogz‘k’?&‘)&ﬁ’%ﬁgﬁf"%&? h@ﬁ%@é‘ incubation

@k 3&&¢-| The querdiffierepiratert eefis(@ylecvadicd ds )PBRagd liddiiced for

- | hol aay. bserved in cells - :
ne i ool B PPl i St enBubarmedim” (oo in -

- Eadmaple 1(HdreinibovdphNR-72 Bidingp@ aci d, or NT-3)

f-ol Igi(vi ng 24 hr incubation. The nost pronounced =
ef f etfoush BUS. fratmleriggnasural-diffuethtdl bodb ciiPoanstromal

o RIS e g il more 8t Pt (OB Adesioned ras

- using steicofastit franteyab deteyibed by BhakiRa dbial. 26T, @apn&fnjé&r%n was

sabst ances, al one (at either concentration) “cel
ULAAS AP Nas normal . On the other hand, cell survival

i SO SR P il DR SRR i were reated. with

i nci dence of ce

- amgpliefppiondi ongke tor dginock trotSion MR HKSHVIA2 %e""?&aﬁ%fllaé Jesponse to

rgéleral 1. The highest. incidence of antibody-I|a
ampheiaaing was exapEig 3 ko1 BG avd| #% daye arostl twinsplanfiitidn using a
confph@HARd ré@Rkter [$45 'e%'éﬁﬁstﬁﬂﬁ' i nduced to
0gltiﬁwi“ferenti ate eir-rqt o.D|lo ecursor%n}?‘@f ol i godendr ocyt es
- (nyeRéselter oduci ng cel l's), which may be utilijzed, for
0sjs. 20 EXAWMPLE 13, Cell

t ' Ltinpl I '
el CeBUAAoR BE ishasaindupi snBMSecmEy eBipbelantisy-induced 6-

(@]

OB Afls suﬁ?drﬁﬁil? e %ﬁo@%@hﬁ%{d gtfgﬁnic’( ,g,nj‘gém[lné}fo%t 340 to

nmut at ed hunman super OxXI

. :exgressi ng, _
- JugeRerat@Emis; per Qubnets. dayst past iradQAditai@i (Fightee qus-A?h ‘e relative
, e

20.

o fLEI . e transgenic m ce were heal t hyanti
- ot ge of B8 e crbkcon o 6. 3 e rithcaline treated
- rate SRy s pRsREHk aﬁmﬁ%%ﬁﬁ@uﬁ _the. age of 4-.5

nmont h-. "Transpl antati o ronal -di fferentiated male -

“‘nmousse BMSc weregenerated. as.described in Exanple 10

.herei nabove. : The: cel | s injected ipnto the spinal
“cord - (cisternanagna) ﬁ%@%@IMam*som ‘transgenic:
L njection: 5

-; m-.ce ..Subiall anil R SF sk Jal% ;.
At e (R, O gl oS RSV i ©

25 -

animal replications p reat nen

s einj ddethods were used.as control. WD 2004/046348 PC.T =
/ I l.‘.%%%g’qr{a?o‘%?ffczgnﬁated' Tg-EGEF mouse - BMSc. ‘.'_W_ere ~prepared" and
- transplanted in the substania nigra of 6-OHDA rats (both hemispheres), as described
in Example 10 hereinabove. Treated and unireated (saline.only) rats were-sacrificed -

.45 days post transplantation. Tissue s'ample&. from lesioned -and ‘non-lesioned rat

- - hemispheres were sectioned- and observed under a.fluorescent. microscope, for the

.30

- presence of green:fluorescent protein (GFP) marking the transplanted mBMSc..

2o U mBMSc :survived in -the treated rats substania- nigra- (Figure '-=;-1,5C),énd- |
- immigrated: into- the  treated rats’ striatum: (Figure 15D), 45 :days -after .the. nigral
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47 Motor function evaluation: rotational behavior of
treated and non-treated (saline only) mce was

WOREH/#5348d weekly by using a rotoneter (San Di BGWIL2003/000972

Instrument hie.). Results: - 5 Mce expressing- SODI
suffered from anyotrophic | &eral sclerosis (ALS) as -
tramm)lamla’ttsd Iyadalitsarh aasplaatd cadthumkcasfuily mipratd ondle cortex and

nce ek onwar.d, nd .a ¢onpl ete.. ]
tﬁé a7 < "%F%‘éwﬁemﬁotﬁ?ﬁn‘gefeemaﬁea i salipehe selitipgalbehavior
didsiceetfded chronosone (indicative of mal e-derived

transpl anted cells) present- he spinal. cord of
treated female mce. The Y chronmosone 10 was not

detected in any other tig f e treated femal e

m ce (Figure 22). Rot atlzmpg@%i or of 7 week old

t r eat ed Mduse BAIDCdiffRFerittteSind® blid SRR Obyted iphd QSRS _
fromnon-treated (saline only) wild type mce (Figure

23) . Moghadse other hand, treated SODI nice exhi bited

subs t |onal e av,

i ndi g;% |Ar’1'8‘J it tw&f g&t(?l%;] Ii‘i?lﬁ% (I"ﬁdg‘gjf ge’ﬂﬁal di%loc,atzon
ald}Adfe firepateCantht 7096 alcohobdolatdi) fAﬁerQib@ﬁseﬁﬁil féﬁnite Glefd removed

The. nucl ear receptor- related 1 (Nurr-1) is ’

and ginced i ipt Hawk's dealanced rfall| yadution (HBSS @Jﬁgleal Indugiries, Bet-

SPE T30 REAAE 3P ARRRI HBSLERT g o g oo

" uding ammge(m&a) with-25@héddle dillesl wigh jors i istrfle HBSERICells were

and ?ﬁa prinmers set forth by SEQIDNOsSl- 2)
S%@f?@t 'g;)hgerrtlfetplpwngaaverﬂmﬁe é w&xéwama?ammgle«:ell

-s&gé}sﬁ’éﬁ% gkgiééx}e?”BE}ﬁe E}Ewe%tp'hgﬂ: M%«@hﬂ%d 519& bAYed BPadding 5

€s O

mll @BRY, ceatifingedi G000g foi 20 uiib @t rdom Iﬂ&rﬂperiﬂﬁ: (ET)nand réxﬁovmg_
mn, 50C, 1. mn;. 72C, ‘

I 9 .
supEnabik Qﬁ@ %fldﬁ!}e& @%ﬁ@p@%ﬁé&ww%&@wméﬁé Blggigd to 10
i CBid defisividie B&H@? Js%ka%aer&i rﬁ%ﬁnhésk (Corning

were inserted cloned I'gase
Itﬁngjomtdd,BlCémlrmhg,) .N¥) oin tihe Epolifssiiem medmm“ (see Example 1

h%ﬁ%\%’% :ﬁé‘r épg gﬁ}enee}.}ﬁf%vsere ltblalrjlfttgagg d Igg po ﬁ m-coated slide-
cl@&@n&@s/ €200 Q:’éﬁ&%ﬂge&é%ﬁ}g’iﬁﬁ&d . @l‘ﬂ%fa%&helﬁedﬂlﬁ# and incubated for

DNANUT | usi ng transfecti on reagent
243 chowfsohtnﬁ" Co- Th@ gravthnmeiditvac wwas dhers repdaced it doligodendrocytes

PRSP 3505 e R b S5 g e

- SPN?éﬁg-oﬁ‘ﬁeiéyﬁ'tﬁe ﬁﬁﬂo%ggﬁﬂa;%kes fﬁ@fﬂafoeﬁg?mifﬁ@ Qiot@o ng/ml),

Tot al RNA was. ract ed omt he 1 sol at e

- Tniterhirkpeilh - (210e4{} sigAnl); ABMEMEL {1 e sal)beetinvyc acid (0.5 or 1. uM) .
Ch hi . (1987) and.th f o
SRRSO S ADD meuh, Bugeh plbisiet dorived srowds factor (PDGF-AA

520ng/ml), N2 supplement, mmdothyromen (T3 40ng/ml) and ciliary- neurotroph:c

" factor (20 ngfral; CNTEF): -

Immunoassay: The cultures ‘were: ‘ineubated at37°C '-_for 1, 2.0r.6 days' '
(replacing growth media with fresh media every.two. days) then fixed-in 4% PFA.
Cells were -blocked in:10% FCS - solution then .__i_ncnbﬁte-d with -5-.ug/ml anﬁ—AZBS

monoclonal antibody (1:200; R&D systems; 1:200) overnight at 4°C. Cells &é're 'the:i o
washed twice in. PBS for 10 min and incubated with goat-anti-mouse Cy-3. second' e :

" antibody (Jackson taboratories; 1: 500) at room temperature for 20 min. The mmdence 5 o e
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oY TRRISOBEERAIGLP FAREEHR 1 q%xycérpés*rgg mutated_*_
"'"humdm GpeiaRidee dishitdsy- 13%@6"(50@1?0@&@2&0&1 0#63) 8vere- bred in

: I L2003/ 000972 49 Since TH expression results in
CS bansgeps imiee Wane hgekby iwnfil| ¢he. age .of 3. months then,

Nurrl transcripts was confirnmed using the RT-PCR
procedure as described in Exanple 3 herei nabove. 's.
WORHEH315 5 Transform ng hBMsc for doxycyl i nBET/NL2003/000972
regul at ed expression of tyroésine hydroxyl ase
I nduci bl e tyrosi ne hydroxyl &se (TH). expression can be
of etlieshmdd ppsitivedos BABS (ag daByBaariket bf alipedpansdyep@dgenitors)
r ylatl vectors which can be constructed as -
wap SR egned Y YRR HRPTEC P BUGPSCOPR ET4 RO byif e ProPlus cell-
coh | gene (TH, 10 ' GenBank Accession -
o:ﬁﬁ%ﬁh&%g g%ﬂégkﬁgg i sol ated from human eDNA by PCR
usrd@mhﬁgh fldellty Tag pol ynerase (TakKaRa, Japan) the

L Nabppd ol sl B ebisrretin cedis ol i ity 2 phe of the

' mc@@ﬂﬁ‘ SoBBEnEPABFS (101 LY BEAVED, reﬁﬁorblalcﬂf to'i*‘N'Fg? lﬁﬂ}omg% 24 br . |

Fi gure 19A. TH regul ati ng vedtor. The pronote
incubations h’@h@rmmEprogaemcedlsﬁedﬂsmmu-@e@ﬁmgy Acseisinonl by

RS A AT Bt

Ais then inserted upstream of the transcriptional |
actrvator gene (MIA, Gossen, M and Bujard, H. Proc.

Nat Cellppmvivabwias nognalsllpsidng %@ysl@@@auon with any one of the

sl BRCIPRP o] N GGG A3h SBiPhL wb PeRad o, B pther

hand)€eld Bﬁi'vﬁ&m aecrea&ed hRn SRIRATE[LNEHES \Iréi@ cémbiRhiotic .

neo% bBM5c can be transfornmed with both response.
and The gusid

w2 NoE NS Bben o BB TR S wa

-'-fomﬂguiﬂ&tcwng teariarth NI (KgakogBy. the internal

ri bosomal _entry site (LR Sg | ocat ed between the
t et @B@cIBMSCC ofAr ob¢ edndmsed t ftoynshifferevtiater infor TecwRers  of

o RO ROBERTRD. B hRO: (el g

mmmﬂe&slsmd;s t TA. binds the tetracycl i ne. response

el enent (TRE) 'l ocated in the response vector, thereby
activating transcription of TH. However; in the-i .7
~.presence of doxycyli nem Pg%id?rar n barrier .
~ traversing -antibiotic I'ng of iTA'to. CTHE s
bl ocked, Celleeplngernédiatlii angofFbpiid Iatetdlewwm This =

‘dru rolled expression .of TH is: .schenatical I y
g@(’? eéd in. Figure 198! Hencé;: HBRBE can be -

[ detenorated w1th ALS:and became completely paralyzed at the.age of 4-5. month:

30+

| Transplantatwn Neuronal-differentiated male mouse BMSc were. generated, '
as descnbed in Example 10. heremabove ‘The. cells were injected into the spinal cord f
- ':-"?(czstema magna) of female: mutant—SODl transgenic mice and of w:ld-type nuce (10S
- cellsfinjectior; 5 animal rephcatlons per. treatment. group). - Saline . mjectlons werﬁ.-,‘ o

- used as control

eoge ok eeldy stajopd tposive/ fostthe roligpdersiportty progenitors
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nodi fi ed hBMSc can be used in cell replacenent therapy
whgo‘%reovi'de safe and effective treatnent of , _
u 6dg3g‘§nerative di seases such as Parki nson' FCIIL2003/600972
di sease. It will be appreciated that positive
regul ation using an agent wht’ch induces TH 5
expr ddeiop fupeaipor pydugiiorst fasasicsd! behagorf of tesatadpinal nphdreated

-1 ' i an Expression tem.:
(R ARG shisS Y6 By ae b ER PR S0 Ot {58 Bigge Instrument
Isant ai ning the TH gene and the regul ator vector
pVgRXR. I n the presence of an inducer (e.qg.,
ponadtésitie A or nuristerone A) the functional

ecdySRRE &ERERN: -,so*i&ln&gfer Ifévoaessﬁw{ra € 1564y 38sis (AS) as

responsi ve pronbter and ac eS” expressi on

' idicated bppr ebstantind redirtion i treiatiofif goufopmande b week 7 onward, .-

igvent'i Pn,_ whj ch are, for clarity, _described in the.

a ﬁFBR’Peﬁ?'Pégﬂ sip _@%ﬁm%ﬁﬁlg‘}fe%} al so be provided -
N S0 GRINAY. ey St NP iRAY MRRlica RV 6f S fale-derived
various features of the Invention, Ich are, for

trgnsplanted cellsy presdng thei spintah eorcloofttecateddemalesinivgl &he Y chromosome

SRR o BB B SRS et "

has heemiescai : oni LR i i SRECELL G oo s
oo AP Elabed 17 SO LB BRECH ot sty
duferentrfzemvon - trestadh (saliwet polyd veibd typer initel (figurev2d)l ©Oa the other
a r ent ose skilled i he art, Accordingly,.it .
B i SR e s, pubslsnbal recnchg i Fyigial Belavior,
kg SRStb ORACRAGRS Ve dnP Bighiaq)f al | within the o
spirit and broad scope of the appended clains. All
publications, patents and patent applications and

GenBank accessi on nunbers,: [ dinthis
specificatl n are herei Wi&gﬂ‘gt ed-in ..their
entirety by reaf@isaeson bf & Nirel saneisiokpbdsn, to the

same_extent as if each individual publication, patent”
or pabemuckppracepior-miated ICBaR ineceaucdptionfinter igvolved in

AR GREDA of Guigbrd iRl 1 dobalefil S8 /6 AT gt tuman

Nairl IDNA (GeficBaR K dckistii NoIWNM 1731071 Y whL4APERed sifdpfimers 5.
not be construed ‘as an ‘adm ssi on:

. _application shall S|
BEREN 260 ShXbar @rseset Srivey SEQ B NOw p1o2) asinghigh hdelity Taq

e e

- cyolyseeEbay € )mniAgseIT, 4 nhin; Y2PC DR MmiBOSE Bydles G09S Naak)55°C, 1

K, Tilkin P, Cassi man JJ, Robber echt. W -

ok A P, Mathijs G man J ( \ ,
mif 98°Cy A apbg dOccysles SE957Ci - min; 506€0 8| mis; J2P Codymin. The PCR

25

30

P

- frdggents iweld insBit€d clohedrasifig T DK Wigdke. (NRQBEngland BioLabs) into

Engraftnment and__ 5 migration of human bone.marrow

- the eXpiession Beater RV A b (nvitragsne)asi iHystoftedindFigare 17at s

LI kb B AR YK Raf:eh TumRESS BEBbed BntEkce) were

USA

- transfected with pcDNANwirl using AFuGENE-‘Gntransfecﬁpnl-r,eag@;;i; .acg@ljﬂi{.lg_—eto thé '
- manufacturer's- recommendations .-(Roche-'-Appl-igéd; Science).. Stably .A,h,fa}_as:fqptﬁﬁi;gceﬂs@. '

were isolated in a growth medium containing 500 pg/mL Neomycin (G418 Suiphate, :

- Clontech, Palo Alto, CA). Total RNA was: exiracted from the isolated neomycin-
- resistant hBMSc as described by Chomczynski & Sacchi (1987) and the presence of
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Bakay RAE, Fiandaca M5, Barrow DL, Schiff A, Collins
wBGeodiigRsPrel i mnary report of the use of fetal

ti ssue transpl antation to correct MPTP-induced CT/IL2003/600972

Par ki nson-|i ke syndrome in pr| mat es. Appl Neur ophysi ol
48:358- 361, 10 Bankj ewicz KS , Jacobow t

Nyl BAPRE as pgedpising, rﬂa V@%R rRPFSdure) as descibed in
Fhebice KbrEFHaIRR0. The effect of fetal nesencephal on

i npl ants on prinmate MPTP-induced parki nsoni sm

H st ochem cal and behavi oral studies. J Neurosurg

72:231-244. Bendotti M Suchak SK,
Cal varesi. N, Carvelli LEE%%&%&%IJ% R zzi 15

ﬁ@kifoﬁi&u)ﬁl HARISRifps do-Ryc regT flﬁt@ﬁ Qﬁﬁ*&a&%} g@.s?tﬁe W#Sxylase

devel op reduced” G.T-1I cord wth

al t erladyable |t)¢0w¢ehm®pvha¢ (‘]FHD obxgmﬁsanatcenl bveleﬁfcct&d by

N 46 klund /A, S U. . 197
o RERE HEFISE S B AP Phere il reig el fwsagh can be
chstioted as 6slRwWsal nigral transplants. Brain Res

177:555-560. 20 Bjorklund LM Sanchez-Pernute It,
‘ChundtiErespausive yeeforr, Tandrd kiy; hummughmmydrmm egeme (TH,

.G%%?ﬂé(gm c‘%%?em cgﬁ%?gé%lcgﬁbl& é jﬁ’gﬁ"‘m 069& by PCR

- usinp Biphrfadelite TAG pb@ﬁ&r@%t(%mafl‘éﬁér@fth@bhﬁﬁrd et Forth by SEQ ID

Par ki nson .rat nod Proc Nall Acad Sci

- Ngi5: 3244 2‘@@9‘11{5?1%1% is dnsertRd m@%EGﬂmcnqgmthe@om angd Tei-
OR™ f
ot R TR, gt L o ©

290 TH! Segilléfing Botore The piéinbeer Téof thy g3l 18R hub@85 NSE gene
Iant ation of fetal tissue for the managenent

MDA m@@km@om:em?&;s irolated TBROSARGLINA by PCR
i A e o SEUTENOE 7, PR RS e ERRE TN s frop gerted

u;REeatﬁO:ﬂﬁhe trmiufcﬂptlmgal tabﬁvﬂbhf genea(tT!Q-f @sgdrd; 8. and Bujard, H. Proc.
neur ons: TEVI ew over current
Naﬁip@saaﬁ Ugh, 8- Srwnm AP RV O Asamtodaainstead of

oBSILH 3008 BRGRIE: iET, T p A A s o

amuelbeteénmngﬂmjmmmdmuof bone marrow:stronal-
Stroke 32

bR Seanid val Bobn e onsing: ke e (ro
'°@E§$S%&mpa*é%ﬂﬁﬁﬁ&%a§f‘”%ehav. ;

ral and

o hqnemaiﬂn)tel o0nod intedduded amorelly) thenegnlating eckon: whlch Jncludes the

s ector encoding glial —cell .
| qu E cwin@mots}t@pﬂw Y dpeassd begwesnc e, sefangelinergontrolled
éﬂ%%f} Kerfy 8o Need©8 Lnoddifl GeSthBn"HeliBthnl (oo,

25

I SO by "ac

'”="'s:mhltﬁ!mﬁ§t explesses|-thebd om;f @lm@xs r aQibeoBxprssed . BRACbimds the

162: %56- to 159.
tetracycl

a8 transcription of TH. However; in the ‘presence of doxycyline (2 blood brain barrier
| 'tfaVefs'in‘g"'-aﬂfibioﬁc) the binding of iTA .to. TRE is blocked thereby. haliing TH

30+ -transcnptibn This drug-contiolled exprcssmn of TH.is: schematically 1Ilustrated m___-

e Flgure 19B:

~'contiol of a negative regalator such as doxycyline Which can'be orally administered..

Al q}i}mqud%&nbed ‘

€ response element (TRE) located in the response vector, thereby activating

" Hence, hBMSc ¢an be genetically modified s0'as to :eXpr;ess TH under the
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Cropp M Zhang XH, Li Y, Wang L, Chen J, Lu D,. Lu M

0T A L R TS p—

transplantation. Neuroreport 11: 3001-3005. Corti O,
Sabate 0, Horellou P, Colin“P, Dumas S, Buchet D, _
Buc- GmcgnTﬁl—lexmsal‘m reggis] in 1998isis Aofs idoghmine eﬁhevgweélcaﬂy

Y 0 i at C cont.r ed, e Si

R R B PR KR P Ber g PP Do R By orective
{RAGGRNLT r@ﬁﬁode@&terﬁh%tcﬁ&ﬁses hich34P 3RihsorC tiskadd,

Sanchez-Capel o A, Colin P, Hanoun N, Hanon M Mall et

J. 1doeill be@pn@mat@r watResiivy cegidicngminest waenbwbichsiaienes TH

t st.pe f 0 r

Sl e e P o BULE YR SR i) g [ B ysong tnducivie
M lidh E}Qﬁeﬁ‘.lcdi Sﬁaem (Invitrbien uﬁﬁkﬂng&hades‘ﬁensxuskc%r pDHSP :

12120-12125; Costantini LC, Bakowska, JC, Breakefi-l.d
cxtaining, s orH @oppend the seswiaier xerfor PVERKR. Cfi thegppsence of an

SR bafltch{ie A on iR AV Be ARRARS G Reepror binds

u%eahb&ﬂ the ecﬂé)\soﬂdo'espdnzlvblﬁmmcﬂemﬁd detivatéO&ipression of TH.
Epi dem ol ogy of nutations in superoxide disnutase in -
arTy‘ptrophi c lateral: sclerosis. Ann Neurol

4L 2302 brooRRRONNY oEUif Fhiurbd oF IREREntion, RuGiek Ao, Bor clarity,

2001 erentiati on of human narrow

_ destcnbﬂthl mcéiel sontexid afasépargie ogvvodiments,ofmaye wlsd l:melﬁrmded in

by. condi ti ons f hat O increase iintracellul ar ‘¢
oompaR T o S Al pediRIcBE RV, SO dearams Gh i divention,
w%%h ﬁene} bpégrﬁz 4@ AipedNiDiR! cohfedN§PA @[hgfe eﬁbeamgqnay also be

I's’ of I nsoni sm- i n Lindvall By or kl un

_ vawttedrseMteUsjruResyemeﬂbﬁwbmbmhm | ntracerebral

Transplantation in Mvenent Disorders. Ansterdam
El'sevier, vol 4, pp 27-51. WD 2004/046348 .

PCT/ A'lt%@&@f QRO Sivention ﬁé@%@erp%esﬁ’ﬂﬁﬁzﬁl %%ﬁ@ﬁ&'ﬂ b@ftﬂ spec:1ﬁc
‘NL, Schneck SA, Krick Q J-X Lone T

. emhodisrents gherved] itds mdemathatgnmr alEmatyss nn@dxﬁmmmnd yariations

il oo SR i s Bl Qlp W rf” RESiafRato tsdofiusy ¥ ShBlace atl

.sﬂﬁpﬂfﬂrﬁh@wéﬁ%&dﬁﬁﬁhﬁﬁuﬁﬁi G&iﬁlohm&ViﬁWﬁhlﬁZthE%pﬁ@t and broad
nont hs after transpl antation for Parkinson's-

SeHps @&@@ ame@fgll <clgimged Adl publBatonss patentsasd patimi aeple@bens and
Rl S i i o

tHel 4386y By &Bf&é@@t ﬁﬂd) afie ste&iﬁﬁﬁﬂm, figt @k %ﬁ@@xf&t as if eaeh -

ceIIs f'or . Parki nson's .di sease: 'Results at-1 year. Arch _
indetiden] publicatios, mient or patentenplicatiorpreGonBamk acmsmmrgber was

: 9 d I I
sty 450 iR g IR0 SRR b b PR,
. ,a&iilﬁ&ﬂscﬁtauﬁi@ﬁiraiﬁeﬁtﬁidahon of any referencc m this apphcatmn shall not be :

construed -as-an admlsswn that such reference is avaﬂable as pnor art to the present_ S o

_invention.
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beRabbeatoht W.MIDEMRGRA A sfénﬁﬁﬁ}ﬂfbf BRYMRRKPMS ath (gd&d}éﬁ%ﬁateral
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BRES SAPTJS3158L 85" ROBR PO SR GO BRSCfops pMhinary
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sc#qeﬁgjglg‘i)s din> nyvest-. =111; 153 161. "° % C Vila
I*{g%sm mymmma@ﬁ&mlm@lwml 98 e

B%g{g%?lot e ?l dtsﬁj tﬂw “E’?%ng’@ eral E&QEP roI§ondcm W,
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. second regul atory sequence, wherein said.
transactivator is capable of activating said fast
regul atory sequence to direct transcription of said-
first polynucl eotide sequence. 34. The construct ,
‘system of claim 33, whérein said neurotransmitter is = ,53
dopami ne. 35. The construct system.of claim33, . . . :
wherein said enzyne is tyrosine hydroxylase. 36. Th
construct system of claim 33, -wherein said first :
regul atory sequence includes a tetracycline response.
el ement. 37.. The construct systemof claim33, " -
wherei'n said transacti-vator -i.s a tetracycline. _
controlled transactivator. 38. A bone marrow stroma
cell conprising the nucleic acid construct of claim-
30. 39. .The bone-marrow stronmal cell of claim38,
further conprising a polynucleofide. encoding an - .
~apopt osi s i nhi biting.polypeptide. . 40, A bone marrow
stromal cell conprising the construct system of claim
33." 41." The cell1 of claim40, further conprising a
pol ynucl eoti de encodi ng an apoptosis inhibiting .
pol ypeptide. 42. A nmethod of producing cells for
‘treating neurodegenerative disorders,: conprising: (a)
... .isolating bone narrow cells; 62
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(b) incubating said bone marrow cells in a
proliferating nmedi um capabl e §§ mai ntaining and/ or
expandi ng said bone marrow cells; (b); (c) selecting
bone marrow stromal cells fromthe cells resulting
fromstep (d) incubating said bone marrow stronal
cells in a differentiating nmedium including at |east
one polyunsaturated fatty acid and at | east one
differentiating agent, thereby producing the cells
for use in treating neurodegenerative disorders. 43.
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9. The use of claim 4. in sai :
i ) : wherein - : .
a human-specific enolase promoter. rein said second regulatory sequence includes

selected . isti i :
smyatiop ﬁgnfa tizl g_nlaup 'COIISISﬁflg of Parkinson’s disease, multiple sclerosis
) Sclerosis, autoimmune encephalomyelitis, Alzheimer's discase

. 1. The use of claim ; ; ‘
Parkinson’s disease. m 10, whetein seid neurodegenerative disorder is

12. The use of claim 1, wherej sai _,
- 1A 1, wherein said neurotransmiitter is-selected
gz?:,p roton & o dop anine, norepinephrine, epinephrine, gamma amj frl(;m e
- Serotonin, acetylcholine and glutamic acid. e aminobutyric

13. " Theuse of claim 12, wherein said neurotransmitter is dopamine



two types of neurotransmitters include serotonin. 58.
Use of bone marrow stromal cekbs which synthesize a
neurotransmtter for the manufacture of a medi canent
for treating .a neurodegenerative disorder, 63 wherein
sai d bone narrow stronal cells capable of synthesizing
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24. syithhesd mimpmmrﬁﬁg&grm&%ﬁghgﬁi 136&133;[;&1? i sol at ed

human cel | popul ation of claim 61, ererrn said naive
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A ecar -
s cholin sooty i oxylase, {ryptophane-5 monooxygenase

26.  The usc of claim 16, wherein said. bone m
. arrow stromal cell
ge_lcliettcally modified to express tyrosme hydroxylase under a regulatory cgﬁtrf)lag%
sa1d agent, such that when said agent is absent an activator molecule binds a response

clement thereby upregulating expression of said tyrosine hydroxylase.

27.  The use of claim 26, wherein said agent is doxycyline.



69. The isol ated human cell gepul ation. of claim62,

wherein said native bone marrow stromal cells express
MAP2 and synt hesi ze dopamni ne and/or serotonin. WO
- 2004/ 046348 "PCT/ 1L.2003/000972 | SEQUENCE LI STI NG

tet;;‘élgm%:& Oco];%’ lQéD\IO?l ¥ c Eét’.%li dgal 2&@5 %\é‘{t&‘g‘}(&%‘ﬂ;&ﬁg >i3 a
TREATI NG NH&SE% Tl VE DI SORDERS <130> 26916
<16@3. 40 The( I sion 3-2 <210> 1. <211> 20,

respoRZcldthih <213> Artifi ¢ia
-Singl e strand DNA ol i gonucl eoti de <400> 1 ctagtggacc

cltad o e B dondst Wopdtas & | Palvariaigeonasequence
el R T
. <2711> T egflpeng exprespiem of sai
© @ .m@ﬂé%%ngl e strand DNA ol i gonucl eoti de .
<40@T. 3 %g alﬁﬁ?e‘ig %c&f: %ﬁ&%?%fzglaim 30, Whg[ein said regulwtory

sequence 'inclgdcs a tetracycline response element.

32. The nucleic acid construct of claim 30, wherein said enzyme is selected
ﬁom the group consisting of tyrosine hydroxylase, DOPA decarboxylase, GTP
cyclohydrolase 1, dopamine B-hydroxylase, glutamate decarboxylase, txyptopimne-S
monooxygenase and choline acotyltransferase. , |

33. - A construct system cormprising a fir i i i
. &l : g a lirst expression construct including a
first polynuv:leoudc sequence encoding an enzyme participating in a synthesis o% a
neurotransmiter positioned under the franscriptional control of a fust regulatory

.. Séquence and a second expression construct ihcludmg transcriptional control of a

" second regulatory sequence; wherein seid transacivitor 3 bie of act
_ . » Wher d transactivator is capable of activating said
first regulatory sequence to direct transcription of sajd ﬁrst-pofjrnucleotidé sequegno&
34.  The construct ; Sarain i
dopammine, ct system of claim 33, wherein said nevrotransmitter is
35.  The constru i S cad
hydroxylage, cl systam of claim 33, whercm said enzyme is tyrosine

. 36. Thé construct s 9 | : -
: A ystem of claim 33, wh E ,
sequence includes a tetracycline response element, % wherein said. fits regulatory

37..  The construct system of claj ' . .
tetracycline controll ed-transacthyfator. of claim 33, wherein said ttansactivator is a

: 38. Ab . . .
claim 30, 4 Jone marrow stromal cell comprismg _ﬂ1¢ nucleic acid construct of

39. - The bone marrow stromal cell i
i ‘. - S . cell of claim 38, furth isi
a polynucleotide encoding an apoptosis inhibiting polypeptide, T e

40. isi sten
- ) A‘bone marrow stromal cell comprising the construct system of claim

41.  The cell of claim 40, furth s . ) ]
. apoptosts inhibiting polypeptide. ) €I comprising a polynucleotide encoding an

42. A metliod o ; " . )
comprising: d of producing cells for treating neurodegenerative disorders,
€Y isolating bone marrow cells;



<210> 4 <211>. 20 <212> DNA. -<213> Artificial

[ | DNA
ence <220> <223> Single igéand
gfﬁgonucleotide <100> 4 gtac aca ggcgggat gt 20

<210> 5 ... .<211> 23 _ <212> DNA <213> Artificial

<223> Single strand DNA
e oo ol - - <9100> 5 gctcaccctg ggtatcgaca

olig((g)ucls\% de .. -. : bredi
48448 Heone m2008100R72a prolifedk edium
%@{@ﬁmngﬁm pEpdingrseidftiont AlareRALGRAC e <2g§>
22395 ngPlEcting hame oo wlstrgmALICIB Grird G AR %Bufing oy step
tagaaccag gecactccga tgge 24 <210> 7 <211>
@13>1%u tingciaid bereguence stzﬁﬁ&@&elli:%ﬁ?diﬁbféﬁhgﬁng medium

( iéé’?ﬂj AL o1 puipuhenticd EitywtdD3nd Q0L LEAGGE, o e ing agent,
ﬂu%f%ﬁtﬂ?@@@sdbe%ts foP fise iﬁzﬂéaﬁnénelﬁ%&ég%g%ﬁvé 1sord;r@.ﬁﬂ )

<213> Artificial sequence .
By 1he method of cleim 42, wherein said proliferation medium includes

DMEM, SPN, L-glutamine, FCS, Z-B-mercaptoethanol, nonessential amine acids and
EGF.

resu{ﬁng from step (c) in a pre-differentiating medium prior to step (d) thereby
predisposing said cells to differentiate into newron-like cells.

45.  The method of claim 44, wherein said ﬁre-differentiating medium
includes bEGF. '

46.  The method of claitn 45, wherein said pre-differentiation medium
further includes DMEM, SPN, L-glutamine, N2 supplement and FCS.

. 47.  The method of cldiin 42, wherein said at least one polyunsaturated
fatty acid is docosahexaenoic acid.” .

48.  The method of claim 42, whetcin said af Jeast ofe differentiating agent
is selected from the 8roup consisting of BHA, dbcAMP and IBMX,

49.  The method of claim 42, wherein said differentiating medium fugther
_includes DMEM, SPN, L-glatamine, N2 supplement and retinoic acid.

30.  The method of claim 42, wherein step (a) is effected by aspiration,

,. 51 The method of claim 42, whercin step (c) is offected by harvesting
surface adhering cells. ' '

52, An isolated human cell population, comprising naive bone marrow
stroma] cells which synthesize a neurotransmitter.

53.  The isolated human coll population of claim 52, wherein said
neurotransmitter is dopamine. ' ‘

. 54.  The isolated human cell population of claim 52, wherein said
Reurotransmiter is serotonin.
55.  An isolated human cel] population, comprising naive bone marrow

stromal cells which synthesize at least two types of neurctransmitters,

56.  The isolated human ceit population of claim 55, wherein said at least
two types of heurotransmitters include dopamine.

37.  The isolated human cell population of claim 55, wherein said at least
two types of neurotransmitters include seratonin.

38.  Use of bone marrow stromal cells which synthesize a neurotransmitter

for the manufacture of a medicament for ftreating a neurodegenerative disorder,



<220> <223> Single strand DNA ol igonucl eotide <400> 8
ttcattcact ttgttggaac cctttaggz28 <210> 9 <211> 18
<212> DNA <213> Artificial sequence <220> - - - <223>
Singl e strand DNA ol i gonucl eotide <400> 9 ccat ggagaa
ggct ggg9. 18. <210> 10 <211> 20 <212> DNA <213>
Artificial sequence - - - <220> <223> Singl e strandDNA
ol i gonucl eoti de <400> 10 caaagttgtc atggatgacc 20.
<210> 11 - - - - <211> 18 <212> ' DNA <213> Artifici al

sequence <220> <223>- Single strand DNA
t gggaaaggc

othegin waildeBéried fharro q canabli oF v

AR obGRRd <R arrgnw<iq ngZ@rs\@p% 4)1f Gﬁ‘éhﬁﬁazmg a neurotransmitter
RicHiht o003/ F N8 BF) SOntypaniory ssiromal eallsital » differentiation
sequenc eg’h[ es at least one PUFA and at least one differentiation agent.

59. A method of generatin i
9 : g cells for treating nenrodegenerative disorders
;:;(g:gnsmgt lmcubaung bone marrow stromal celis in a differentiating mediuxr;
Ing at least one polyunsaturated fatty acid and at least one differentiating agent,

thereby generating the cells for treating neurodegenerative disorders.

(6(; :I'he ;nemod of claim 59 further comprising:
a incubating bone marrow stromal cells in a proliferati i
- - - l
capable (g)fmamt?mtlilg a;)ldfor expanding said bone marrow Stl'OIII’I&l cells; e medium
o selectng bone marrow stromal cells fro ! in
{a) prior to said incubating bone marrow stromal cells. e cels rosuling from e

6l.  An isolated human cell i isi i
A 1S d h population, comprising naive bone martow
.:mmal c;;lls which S}fntheS}ze a m?ur.ok&nsmitter, obtainable by incubating said bone
_ marrow stromal geus in a differentiation medium which comprises at least one PUFA
and at least one differentiation agent. - R B

62.  Aa isolated human cell lation, comprisi
| z : I population, comptising naive bone
istllzrc:gal‘ cells j_avhlch synthesize at least two types of neurotransmitters, obtaingf%‘;
cubating sald bone marrow stromal cells in a differentiation medium which
compriges at least one PUFA and at least one differentiation agent.

63.  The isolated human cell i i :
) ‘ $ 18 : population of claim 55, capable of induci
behavioral recovery in 6-OHDA-lesioned rats up to 45 days post trt;a-gsplan?aﬁlc?nucmg

_ 64.  The method of claim. 42, wherein
synthesize dopamine and/or seratonin, fhe cells express MAP2 and

_ 65.  The isolated human cell populat] i) in sai
N population of claim 52, wherein said naive
bone marrow stromal cells express MAP2 and synthesize dopamine and/or serotonin.

. 66.  The use of claim 58, wherein the bone
. > 0. T marrQw
MAP2 and synthesize dopamine and/or serotonin, stromal cells express

67.  The method of claim 59, where; ' MAP
) / ’ m B .
.synthemze dopamine and/or serotonin, ' fhe cell express 2 and

| 68.  The isolated human cell i ; in sai
L _ population of claim 61, wherein said nafve
bone marrow stromal cells express MAP2 and synthesize dopamine and/or serotonin.

69.  The isolated human cell ion of clai i
_ population. of claim 62, wherein said naive
bone marrow stromal cells express MAP2 and synthesize dopamine and/or serotonin.



<223> Single strand DNA ol i gonucl eoti de <400> 12
ctctctgcat aaccaggaac 20 <210> 13 <211> 23 <212> DNA
- - <213> Artificial sequence <220> <223> Single

WO 204/846343DNA ol i gonucl eoti de <400> 13 tct cagarQr/IL2003/000972
cctaaacgat get 23 <210> 14 <211> 23 .... <212> DNA
<213> Artificial sequence 220> <223> Single strand
DNA ol i gonucl eot i de ﬁ%% 14 acttg cttgttagga
aga 23 <210> 15 - - - <211> g%ﬂ&glb DNA <213>

aid Uefd ctal.,sequence  <220> <223> Single strand DNA
ol imgeRuc|eeli de  <400> 15 taat cccact gcccactacc 20 :
<21e¥. ¥6re€211> 21 <212> DNA <213> Artificial sequence.

<120> TRMOBE, woctEA2 A0 ShieHuSrsShb 204 ENALQLI gonucl eoti de
<4 @emotkGenEpraecoc@deErRe acacat cat ¢ 21 <210> 17

<130> 26916
<160> 40
<170> Patentln version 3.2

<210> 1

<211> 20

<212> DA

<213> MArtificial sequence

<220> ] : :
<223> Single strand DNA oligonucleotide

<400> 1
ctagtggace agagecticg 20

<210> 2

<211> 20

<212> DNA .
<213> Artificial sequence

<220 .
<223> s5ingle strand DNA oligonucleotide .

<400> 2
gccctcacac ttgaccagtt 20

<210> 3
<211> 20
- <212> DNA
<213> Artificial sequence

. <2205 .
<223> Single :strand DNA oligonuclegtide

<400> 3 ‘
aagaccatga gccgtaggaa ] . 20

<210> 4

<211>. 20

<2172> DNA.

'<213> Artificial sequence.

<220> . . . S
<223> Single strand DNA oligonucleotide

<400> 4 . . . .
gtacaggaca ggcgggatgt . o ' _ .20

<210> 5
.<211> 23
. €212> DNA
<213> Artificial seguence

<220> — . 5
<223>- Single strand DNA oligonucleotide - B A P s

<400> S ) :
gctcaccctg ggtatcgaca gog ) 23




<211> 18 <212> DNA - <213> Artificial sequence <220> _
<223> Single strand DNA ol i gonucl eoti de <400> 17 - - -
ccaagaccaa agcaaagg 18 <210> 18 <211> 22 . <212> DNA
Woz@ﬂ’s‘g‘%tifici al sequence _ .. _, D 2004/ 0R§348.2003/000972
PCT/ 11L2003/ 000972 4 <220> <223> Single strand DNA
ol i gonucl eoti de <400> 18 $ttattgggg ggaaaaagtc ag 22
<210> 19 <211> 19 <212> DNA <213> Artificial sequence
210%220> <223> Single strand DNA ol i gonucl eotide -<400>
<1z l%ngCagaaact ¢ aagcaccac 19 <210> 20 <211> 19 <212>
<21 PONACER2EZ>sApdnr4 | Ci al sequence <220> <223> Single
wzgStrand DNA ol i gonucl eotide <400> 20 ttttccactc T

- <223 e atseind Bua<dlddrec?dotide- <211> 20 <212> DNA <213> : -
<“mfvg|f|0|al sequence S . . -
atagaaccag gccactcega tgge 24
<210> 7
<211i> 26
<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

-<400> 7
ggattcaggg cttatcactg actacc . : o <26

<210> 8

<211> 28

<212> DNA

.<213> Artificial sequence

<220> )
<223> Single strand DNA oligonucleotide

<400> 8 .
tteattecact ttgtiggaac cctttage .. 28

<210> 9

<211> 18

<212> DHA

<213> Artificial sequence

<220> .
<223> Single strand DNA oligonucleotide

<400> 9

~ ccatggagaa ggcotgggyg B R: 3

<210> 10 . _ o ' e . R
<211> 20 ' : : : ' . S :
<212> DNA e

<213> Artificial sequence

<220> . : -
<223> Single strand DHA oligonucleotide

<400> 10 _
caaagttgtec atggatgacc - R T . 20 .-

<210> 11 . Co Gt )

<211> 18 S - o L
<212> ' DNA . .

<213> Artificial sequence

<220> .
<223> single strand -BH¥A oligonucleotide

<400> 11 ~ — _
tgggaaaggc aaaagcead : E e L VE TP | ; SRR

<2105 12 . ' . e
- <211> 20 :




Nt

<220> <223> Single strand DNA ol igonucl eotide - <400>
21 ctcaagggag tcatcaagga 20 <210> 22 <211> 20 <212>
DNA <213> Artificial sequence <220> <223> Sing
WO Z0#8HI*DNA ol i gonucl eoti de <400> 22 - - attg@@?@b@?ﬂmﬂwn
aacttggacc 20. <210> 23 <211> 25 <212> DNA - <213>
Artificial sequence - - - 220> <223> Single, strand
<212pNawnol | gonucl eoti de - <400> 23 tgaacacaga acgct at gcg
gt LAY IO5! WIVS 24 <211> 25 <212> DNA <213> -
<220frtificial sequence <220> <223> Single strand DNA
<223p| PgortUREFeo DY aligenuclectidd D 2004/ 046348
<«200PCJ/ 1'L2003/ 000972 5 <400> 24 cacctttatg tgagtggaca
ctetg@gApa@dggaac<210> 25 <211> 20 <212> DNA <213>20
Artificial sequence <220> <223> Single strand DNA

<2108 kgonucl eotl de
<211> 23

<212> DMA

<213> BArtificial sequence

<220> )
<223> Single strand DMA oligonucleotide

<400> 13 . .
tctcagatgt cctaaacgat get : S 23

<210> 14
<211> 23

C. <212> DNA

<213> Artificial sequence

<220>
<223> 8Single strand DNA oligonuclectide

<400> 14 . -
caaggactbtg cttgttagga aga 23

<210> 15
<211> 20

.. <212> OHA

<213> Artificial sequence

<220> .
<223> Single strand DNA oligonucleotide

<400> 15
taatccecact geccactace 20

<210> 186

<211> 2V . g e
<21z> DNA : o 7 : e e B
<213> Artificial sequence - ’ : : I

<220> o L o
<223> 3ingle strand DNA oligonucleotide

<400> 16 _
tckaccecaa cacacateat ¢ . 21 -

<210> 17

<211> 18

<212> DNA -
<213> BArtificial sequence

<220> L '
<223> Single strand DNA oligonucleotide

400> 17

ccaagaccaa agcaaagg ' o 18

<210> 18

<211> 22
<212>  DNA- : A . o
<213> Artificial sequence . T L T L P T




<400> 25 aagccactca gaccagaata 20 <210> 26 <211> 20
<212> DNA <213> Artificial sequence <220> <223>
Singl e strand DNA ol i gonucleotide ~~ . <400> 26
WO 24368ttt ctatatccag 20 <210> 27 <211> 24 PER/IRMNOPHRIT2
<213> Artificial sequence <220> <223> Single strand
DNA ol i gonucl eotide <400>427 aaaaggccgg agaggtcgtt
<2200 gcc 24 <210> 28 <211> 23 <212> DNA <213> Artificial
2235 YURAEETRY S oLiaemdoddee Gingl e strand DNA :
<400:0l 1sgonucl eoti de ~~ <400> 28 w...x1V.C ' tgggttcctt

trratgage gePegetcle - 23 <210> 29 . <211> 26 - <242> DNA ' i
<213> Artificial sequence <220> <223> Single strand -
<z10:DNAol i gonucl eoti de <400> 29 agcagcagtt ctgaagagat . , T
<211>, . i - - .
2agfgeec 26 <210> 30 <211>i8 - . -
<213> Artificial sequence . : : *
<220> .
<223> Single strand DNA oligonucleotide
<400> 19 .
- ccagaaactc aagcaccac - . s 19
<210> 20
<211> 19
<212> DNA )
<213> Artificial sequence e
B ' - ’ ) AT
<220> : . . 55;)
<223> Single strand DNA oligonucleotide’ L ‘f
<400> 20 .
ttttecacte cagccatce - : - - 19
<210> 21
<211> 20
<212> DNHA

<213> Artificial sequence

<220>
 <223> Single strand DNA oligonucleotide

<400> 21
ctcaagggag tcatcaagga : 20 .

<210> 22

<211> 20

<212> DNA

<Z13> Artificial sedquence

<2205 - _
<223> s5ingle strand DHA oligonuclectide

N

<400> 22 - .
attggetgtg aacttggace [ T P PR | RIS

<210> 23

<211> 25

- <212> DHA . : o
<213> - Artificial seguence -

<220> o . .
<223> Single strand DHA oligonucleotide

<400> 23 :
tgaacacaga acgctatgeg cteag . R 1.

<216> 24
<211> 25

<212 - DNA- R
. <213> Artificial sequence

<220> :
<223> Single strand DNR oligonucleotide




N

ot

<212> DNA <213> Artificial sequence - +. <220> -
<223> Single strand DNA ol i gonucleotide - h. ... - - |
<400> 30 cgtcagcgtg tagctctc 18 WO 2004/ 046348
WO 200946843003/ 000972 6 <210> 31 <211> 28 <21BCT/DIIA03/600972
<213> Artificial sequence <220> <223> Single strand
DNA ol i gonucl eotide <400>,31 gcggatccaa gccatgcctt
«cogtgttcag 28 <210> 32 <211> 32 <212> DNA <213>
cacctitytofhogdtedacasegeence <220> <223> Singl e strarmd- DNA
ol i gonucl eoti de <400> 32 ggtctagatt agaaaggtaa
<zieagisgt ccagg as 32 <210> 33 <211> 24 <212> DNA <213> -
ZIArid ficial sequence <220> - - <223> Single strand DNA

igiginlhggn&gi eahide <400> 33 ctaggccaca gaattgaaag atct
24 <210> 34 <211> 25 <212> DNA <213> Artifici al

<220>
<223>S e&H&Q %rand DA oligonuclectide

<400> 25
aagccacktca gaccagaata 20

<210> 26

<21i> 20

<212> DNB )

<213> Artificial seguence

<220> , N i
<223> Single strand DNA oligonuclestide

<400> 26

gcagcgattt ctatatcecag : 20

-<210> 27

<211> 24
<212> DHA .
<213> Artificial sequence

<220> ’ .
<223> Single strand DNA oligonucleotide

<400> 27
aaaaggcegy agaggtegtt tgee 24

" «210> 28

<211> 23
<212> DA
<213> Artificial sequence

<220> . .
<223> Single strand DNA oligonucleotide

| <400> 28 : B TR i

‘tgggticctt gagecegigt cte : . : ‘ 23

<210> 29
<211> 24
<212> DNA

- . «213> Artificial sequence

<220> : .
<223> Single strand DNA oligonuclectide

<400> 29

-agcagcagtt ctgaagagat agtgce - o ‘26

.€210> 30

<211> 18
<212> DNA
<213> Artificial segquence

<220> ' :
€223> Single strand DNA oligonucleotide

<400> 30 . - -
cgtcagegtg tagetctce . . < : 18




<220> <223> Singl e strand. DNA ol i gonucl eoti de <400>
34 gtaggtggaa-attctagcat catcc - 25 <210> 35 - -

~, . <211> 21 - - <212> DNA <213> Artificial sequence
WO 20048634%223> Sj ngl e strand DNA. ol i gonucl eot i R{S/II26€30180972
35 catcagccct aatccatctg a - .. .- 21. <210> 36
<211> 21 <212> DNA -.: <&l13> Artifici aI sequence
<220> <223> Single strand DNA ol i gonucl eoti de <400>
jgigi?, cgcgact aac aatcaaagtg a , . 21, <210> 37 <211> 30
<212 ,.2004/ 046348 PCT/ | L2003/ 000972 7 <212> DNA <213>
<213> Aptiificéilateaseguence <220> <223> Single strand DNA
- <22050l I gonucl eotide <400> 37 tattacaatt gt.gtatgcag _

<223>Clggaced-ag gagagaagoarge41 <210> 38 <211> 40 <212>

<00 ONA <213> Arti ficial sequence <220> <223> Single : _

gcggaggcgaagéiaguﬁtqtdtg‘ggucl eoti de: <400> 38 ttaatgaa@t o g - !
ccggtggtag 'tggcggt ggc ggtggeggtg g 41 . o -

<210> 32 -

<23i> 32

<212> DNA
£213> Artificial sequence

<220> -
<223> Single strand DA oligonucleotide R . _ -

<400> 32
ggtctagatt agaaaggtaa agtgtccagg aa : : o S 32

<210> 33

<211> 24

<212> DNA

<213> Artificial sequence

<220> b .
<223> Single strand DNA oligonucleotide

<400> 33 .
ctaggccaca gaattgaaag atct N L . 24

<210> 34

<211> 25

<212> DHA

<213> Artificial sequence

T €220

<223> Single strand DHA oligonucleotide

<400> 34 . .
gtaggtggaa - attctagcat catec ] W 25

R VR VRN

<210> 35

<211> 21

<212> DHA .

«<213> BArtificial sequence

<220> .
<223> Single st;and DNA oligonucleotide

. <400> 35

" catcagccct aatecatctg a e —.:ﬁ = S L

- <210> 36
<211> 21 : . ) ) R : . -
<212> DNA | S _ - ‘ _ S v
<213> artificial sequence : -

<220> ) N : .
<223> Single strand DNA oligonucleotide

—,
i g

<400> 36 ) _
cgcgactaac aatcaaagtg a B Uk WU A N <

<210> 37
<211> 30




P |
N

<210> 39 <211> 31 <212> DNA <213> Artificial sequence
<220> <223> Single strand DNA ol i gonucl eoti de <400>
39 tattagctag catgcccacc cccgacgcca ¢ 31 <210> 40

wo 208l0kz3481  <212> DNA <213> Artifici al
<223> Single strand DNA ol i gonucl eoti de <400> 40
ttaatgctag cctagccaat ggcagtcagc g 31

<212> DNA
<213> Artificial sequence

<220> . .
<223> single strand DNA oligonucleotide

<400> 37
tattacaatt gtgtatgcag ctggacctag gagagaagea g

<210> 38

<211> 40

<212> ©mRAa -

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 38
ttaatgaatt ccggtggtag tggeggtage ggtggeggtg g

<210 39

<211> 31
'<212> DNA
<213> Artificial sequence

<220> .
<223> B3ingle strand DNA oligonucleoctide

<400> 39
tattagetag catgeccace coccgacgeca ©

<210> 40

<211> 31

<212> DWA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 40
ttaatgctag cctagecaat ggcactcage g

sequenqgeCT/H28657000972

41
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31

31




