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WD 2004/ 046348 PCT/ | L2003/ 000972 METHODS, NUCLEIC
ACI D CONSTRUCTS AND CELLS FOR TREATI NG

WORMROBEBGENERATI VE DI SORDERS FI ELD AND BACKGRCRANDIIZB03/000972

THE I NVENTI ON s The present invention relates to
neuronal -1i ke cells capable of controllable synthesis

of MEGWCIHS, a8 OLEIE ACENAONS TG ¢ TS AN ¢eNEIY FORSI@BX TING
using such cel ISETRODEGERERAITIEUS RURUSARSAL | Ve

di sorders such as Parkinson's disease. Parklnson S
di sease is an age-rel ated di sorder characterized by
Birdgr Ab) BAAKISROUND QHyEHE A VHENTION ng neur ons in t he

substantia nigra of the mdbrain, which in turn
| eadsﬁeopfﬁsﬁ‘&r’@ggrﬂtw rf‘g%igs & newioaRl- lﬂliﬁwé?lﬂsoﬁ@able of Sontrollable

éﬁﬁiegfé‘ %ﬁ%u?&fa%’xﬂﬁte?é’ aR4 %fﬁ:eﬁ Yehiadsn IlrtQHB‘E%¥ eéﬁggéu'i:}f cells for

and at axi a. Parkinson's disease can be tre
taciting mSIumdetgemarauffe disbaiersenob egPadinsdw’s eliseade. t he

rec r of am ne, Mar sd Tren .
Kleur géa& NS5 i5 =254 &t agvrﬁkesﬁ q(é%o’f‘é?r ¢ aﬁaﬁte%?fgélsaw%&?ssm loss
ok éyghﬁlﬁ{e ﬂi’@&'&&ﬁ@ﬂé/urﬁns 18R sutfstaA@Y in Z% 2 PR BT, w 1ch in turn

Al't hough such treatnent 1s ective In ear
19@@89@ Illﬁg@aslk@ hese rofsngtat ifienetions ptangfcsztsck mhreugh)smptfoms such as

bst ant t
TS LB o e PrrrBen Pt g oot drpingsaion of
slapakdeiéd QIBsEﬁh of aR¥TpAdcatRf o do%ﬁﬁl?ﬂér SLchmQ' (Marsden, Trends
d|n1n|sh|ng Eiarnacogenlc effect. Studies of
r

Newpssdeféher K386y Vidkgeas eb, Bulgedhookhet Ch;mrp]t diesroldgt p. 185,

| aff 1 | ¢f IR ual secon
%e% egrt SA]rlnsr’{[ergma gﬁgh %ﬂh%ﬁl cfﬁﬁ‘@r@ agﬂlﬁntcésnﬁ%lreytbvg inpgarly stage
Parkiat@rs gdtfeat] prlrassiietlBssSorsduBbttiAhistn 88lsi &@hdally leads to an
Cbnse quently, alternative approaches for treating

}lﬁyd@@@ﬁ@#raﬂg vell %t%@a@@@mﬁ Sy Hicians dgpeming feemdhe administered
ér[:@(ﬂ?e aﬂ@ttéaﬁfnﬁﬁﬁﬁfnfg {rﬁaeogéi?@gﬁgcpf repl aci ng or

menti ng anaged neurons. For

such Stedies of epuanizperdratieedis@ited ouypeEk that FPRRIe that arise in
st survive and integrate, both functionally

cells
atfitetest dgRdiely g segprdaPhio fdeeiafrmipeal peusal eircustsy and cannot be

tf i Vﬁ?&ﬂvé%t rlgl’ggﬁ‘?%rﬁl%l(frg?%ﬁ\fe C?J &%%ﬁttb? ‘Eg?lgdtl% %ggroaches

foe ématirwatburadepemmatse (Bmamfsaiavabtnergeﬁsw@h\ae ti@ﬁgﬂaﬂt&tﬂﬁl of cells
i de.the neurotrans tter do %énne to cells of

to rqQvi

teRebIR oL Eeplacina Py Ay hgfungsion of dapaged pawonsnfer sigh cell
t df.e Y, I t is

ey W&““"%’h‘“‘% YoibE st Sl RS dfipBiate, both

fuegtionaNpdndistonctaraly,. WltINe\theEhglagﬂd tibdmed. 30 316: 831- 836,

1987 T | t at th .cel | h
Fet al PEPAR GRS it e cbbel BRPral Ay ich aprakpisgral el
@ﬁ]aﬁ:@]ﬁerﬁ’ tRdrApy hedbédh @s‘éﬁthﬂﬁraGQ NREA ﬁ&ex‘ﬁ@iglhal@gqieﬁ'? made to

al so the "area of the brain nost af
m’awdﬁ ribomesratisgeagtsr drpsmbweto stibwvof ttbe Cb&'eapfa} 'basaaﬂ | gzingha of
Ig I‘I(l% S Xﬁqt{?gtsrb%/vﬁcgnsq’ognrgftltngead?glg Xﬂlegul?ary cefls %0 bram o% patients
(Backlund et al., J. Neurosurg. 62:169-173, 1985; Madrazo et al., New Eng. J. Med.
316:831-836, 1987). Transplantation of other donor cells such as fetal brain cells

from the substantia nigra, an area of the brain rich in dopamine-containing cell bodies
and also the area of the brain most affected in Parkinson's disease, has been shown to

be partially effective in reversing the behavioral deficits induced by selective
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WD 2004/ 046348 PCT/ L2003/ 000972 2 dopam nergic
neurotoxins (Bjorklund et at., Ann. N. Y. Acad. Sci.

WA 408381, 1986; and Dunnett et al. (Trends MNeUTIR8EH000972
6: 266- 270, 1983) Several cell replacenent studies
utilizing various non-neuronal cell types from

depdrhiaeid nagoiogds (Bjorklual w0 dheannchiidustet Sev.et57t$e81, 1986;
past few years. In_ani nal nodel s %S%QOf Par ki nson' s

apy DupBEt efdd(daends Y955y 840 9pl HWed cel I's, such as
MONOGYL &5t ceNARFIalBAER Yt @tiﬁ%ﬁn%%ariﬂﬂﬁmrﬁﬁéﬁonal cell types from
fibrolasts, astrocytes and Sertoli cells (Costantini

défferet.sourc2®hfe dtselreeicnndictal over 1189Sst feivngrers. eln animal models
1995; Patri.dge & Davies ,1995; Perry.& .. Gordon 1998:

o%’aﬂ%m@f}sa@l.se,asa:gswchm L éwnéﬁﬁaﬁg%g?ﬂse é\_“rq‘s aggpPgocytes, bone

mhdr E&E@%ﬂg 1B st FoRlast ARESdyERland SRET RERY @Tbswintihi ef al.,
gr owt actor genes (e.g., ‘glial-derived and

2000 HwdeiWwed: d/.,d 999 plinker etatl o 895;tRatridgeaksdRavdes 14%aPerry &

%aﬁrg{l ?93{ %{iﬁﬂet%p 39:’%933 ir:? B@l%/%tﬁ(iigs’s, | cgﬁs Q%pertgﬁ(r%lp%ﬁ%d after being
BiMg leabindsel 356 drowhiaetor 36fesqaRa li@l-lﬂiériveid%fdeﬁsﬂnﬂﬁrived
ce

opam he synthesis in the transforne )
@i fattorm)te pghaste sirvivall oos; or Wik igenestsocl s Hirosing hgdroxylase,

Sch t al., 1999). Ho e Ll iy
SRR SRl AL RO IR o S s fR a8 cafable of
iahRaAsd Bbpathing Sypthediben drMgrtbriedreenaChoplisding et &b, 1998;

consequently proved to be therapeutically ineffectjve
Y@himeforetetl., d993; Sdooyz echi-ni - H@Wlewre%be&% &giniailed to fully
trialg f ParKi " '

e PSP T Gn SRR3R RS ARSI ot and

SRBRILAEY BlovedRUbOMerapfutRelly aleffattive (BI&ARN eFulgd0e)

al ., 2001; Freeman et al., 1995; Kordower e%}gal , d
1995; Cliwedowdrreplacerpent trialoder Parkingoms pagienty ygye bggyconducte
Wennin : - G ok iof ted et al.,
S P, Ehgrden pREe RO e R (it et
1998; bekdfd: el ak0@n | Bredmary erunig 1985; Bntdowe( 601y 8355 Kordower et

Furt hernore, several i ents suf d fraoms

ey aRPhaena il Snbit” apE s ¢ el TR Froch fhdhtaon) found that
Ry Eélﬁe\ﬂrﬁﬁl'é)xtgﬂ&? td ParRhs&ies §§t§éanew§snl5’enBH@i@P&ﬁl9 lth 96ung patients
production and rel ease of dopam ne by inplanted Cells |
(BOeedrspt Falrthern®©6,1sevetahpatientt suffitred fiR@03verd dyskinesia without

Biparieruney | PHiere GBeprtss e oo pricrary eniafigpolied

%%Hh&ioﬂ%%ffbfeager SBob&hfle e padé POIRI(Beatl N, 208dYUDlanow et
one marrow stromal cells (BMSc) are non-hematopoietic .
ale] 2093).\ihi adlditiopa thediofvf asadabeilitt ef human fesalrtisaue pibstangiplly limits

I
et al AdquR@RAe nRETWAEZorBl ceBS (BMEOP R NdbOgmttypsittiabells, which

2000), el ectro-physiological functions (Kohyama et .
gdn diffseenio@iiptoanmiremlile ooflscdemansnting eFurenal aaarkers (Azizi et al,

oxi | ase; ( Warz et al . : ers, .
YA SRRl Sy R0 2 s
Rar k999 amo&dbitis eask, 2000), electro-physiological functions (Kohyama et al.,

2001) and in vivo expression of tyrosine hydroxilase (Schwarz et al., 1999).

Moreover, transplantation of BMSc in mouse and rat models of Parkinson’s disease

resulted in beneficial effects (Li et al., 2001; Schwarz et al., 1999).
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resulted in beneficial effects (Li et al., 2001;
Schwarz et at., 1999). WD 2004/ 046348

wEROALL3e03/ 000972 3 Al though adult BMSc can BPET/IL2003/000972
differentiated into neuron-like cells, which are
structurally conpatible witR i nplantation, engrafted

BMSc A [TRyughed dedsBM S evah el diffsrentisted sntsurhraslikio pelts, mdiich are
uncont r ol | abl [

ty which in turn my causg (ge\iﬁ{}s si de release

stafctisells  sompale " Wi wAPPIHAUOHe s PREFAHAY tHdse ™Y

neru?&geﬁlgfn@tgerg REHISE A anBNSGncontioNablyt RRicE if Afirnt MGV @BYseOdevere
neur odéegenerati ve disorders. Theré is thus a wdely

sitle eOfyots zmoh nectufaway dysitiriesiatouind thes engteripg the use”of BMSc
advant ageous to_have, neur ona%.-l ke cells which are

upsapable é01gherepy efperodsgenaiatyve YsHHYSd neuronal tissue

and *r{f&‘eh?sf HGAPabLaad conthiald by ey nhh@si ZivbEld be highly
neurotransmtters, such as dopam ne, and thus can be
aditantdgeed to hetd,entirarellyikanctlls afvbich argOcapeblgt of integration into

neur odegener ati.ve di sorders. SUMVARY THE -
S R e e N A
n%lﬁ”of?&%‘{ﬂiﬁ@tg, Achal hoshnsfe, el dag ba uliteDthaganeveliavd safely

I sorder which includes adm nistering to an individual
treat netifodegantrativedssofdesel | s capabl e of exogenously

regul at abl e neurotransmtter synthesis thereby

treating the neurodegenerative disorder. According to
Senginely Tapeat MIVENTEIQN esent i nvention there is

provided a nethod of treating a neurodegener atd' ve

di sorAdeprding ioroniengpestiebibe peessnidpreriion thyre is provided a method of
adm nistering to.an.indivi L. -t-her : ;
gifunt B6pdnRuBlapgto g in Mg RERLL DA AR o BFInuR duat in
nS¥d R b celdtndagiable PErekoghinoally yregulptabiengetrotransmitter synthesis

i ndividual to an_agent or_condition capable of
thesgly teating theveeusgdegmresityegisafid: neur ot ransmitter in

the ¢ %ud?xlé he ragng%ﬁe} rag;?etcit NG thbeyBRYUF GHRIGDR BEIVR provided a
di sorder. cording to yet anot'’her aspect of the
ABSERE thdaviagtd asurbbeieaeratve dnordte dwhichnncludes thecsgps of (a)

construct which_ includes a pol ynucl eot]' de seguence I
adpuRicHBe alp @Rz devidya B’arrieF??,i %‘ﬁ’fqoﬁ oS 83%?% 1P s PAOESPOUSY
r?%lg bR ARSEhihEr metsisomgw REEbdiBalBPSPosingQhe tdividual to

ufatory sequence “capabl e of "regul ati'ng expression
afagehicorenagition icapabrbenefat e ating bk Isgnthesde off e ngurolrargmufter 1m the

anot her aspect _of th resent .invention there is

q5He theerber t%Fatle%ﬂ‘ft”FH@f%ngag PO ncl udes a first

expr e&&%o?crﬁng QO SES MidthdrNepatdliofdhé pfesérfttinveilion there is provided a
pol ynucl eot'de "sequence encodi ng an enzyne

matdié stipavisigict whighsyaiudrsgi polpfuckeotide pesueasrssRcPdipg an enzyme
Hpq?trsléinlatg%g& gtnsgzsg}negilgeoftar ATk strrlnagp lpoglggﬁerdo{mc?efr £ control of a

regulatory sequence capable of regulating expression of the enzyme in mammalian

cells.

According to still another aspect of the present invention there is provided a
construct system which includes 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 a second polynucleotide

sequence encoding a transactivator positioned under the transcriptional control of a
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sequence and a second expression construct including a
second pol ynucl eoti de sequence encoding a
W0 cns&ses vat or positioned under the transcri pp¢DIR003/000972
control of a WD 2004/046348 PCT/1L2003/ 000972 4
second regul atory sequence, ‘%herein the transactivator
sécond apmbiteryofeqactdey athierein t the trasactivatoe gt banableyof activating the

to di t .t i .pt.i f i ]
B FS woe el Sy bkt Banscrpton b (g o bahyifksotide seguence.
aspeqlocOididd® R RaRMhal PSR Ak pogne irtven@bOitesteld provided

cell conprising a nucleic acid construct which i
ai ol wdBEriaingo k ymsdtie cicidleongrusk qibieh einshides| an gokyucteotide
enzyne participating in a.synthesi f .
SSfEhG PAaRE PLent PRSIl & Saticsf, ofop neprogansmitter
pbSaUARE QinileS RAYERES 6ARARESISDrY 8gtlchte NGpablpOESSEWAting
of the enzyne in the cell. According to yet an
capdssioropithe gapang inghe ¢¢le present invention there is
provided ..a cel | .1 Sk > . [ :
el degrft e «LFRELE ApebLT EPRRpEMhtch Bl aEhided
af édIBEorRpliding Ghe bristactS SGtian emicn tolideg aafirstrRxpression construct
participating in a synthesis of a neurotransmtter . .
ipdeding oh dastupelEruciepdide rseaaemee ;ﬁnr:@ﬁifag FoRRPERE Pprtigipating in a
fikst. [y s C j
sefiEti gL AR B LA hy HRCERECFHRTAT AR of  fis
renfaein Gsequéricanandt i vedoond pesiredsime cconstdert  irvéuding a  second
transcriptional control of a _second.regul ator .
pobqUeIfeLLc SHBPRACITICHEN R HABHCHTAIoH BFiBO] HpAG b tpnsgiptionsl
o ufa%dry " 0 | le of
e S
abgesting nbet first rdgulaoryadequenomalo alipett trafsctiptiorprefsdhe  first
inventiqn there is provided a nethod of producing
Rodynuglepgidle SRS treati ng neurodegenerative disorders.
The r@éé&?@flg NGl UHESnt S@iﬁ'&ﬁpsas?éot &fl Ihel pRIs@ttl YRR there is
marr ow ce ; (1) 1ncubating the 20 bone marrow cells
provided p ohéthet of progueiegltelln forpebingresfingrmpyrodegenaggtive disorders.

i o P HriBie E LD GrelRirecinE b ERLSIQ) gubating the
B Yhdrt e cél[sqma?é@lﬁ’fefa!tihﬁ medNfn Chpabld dfatkiatainigg bii®obeipanding

mar r ow stromal s ina differentiating nedium
thachandi mgrraw  tadlss H(iid reslegting (hesatmeraew dstromal ycells | fporgne cells

t .l i.f f ity ating. h ' .
gm0 P T0LEH R BN p LR PR i

dirreambenss maRet dichglidOatylehst de gdliinsatakedaBipg cicidind at least
the present invention there is provided _a popul atj

. P ; on .
ofe cdiffereniiptineh 3asat, udhesetyorisodugindwhge celledi®t Pefrafn treating
cel

AEGERIRS Blorfan addi ti onal aspect of the present
I nvenAcestdingas §et # additional aspect of the present invention there is provided
a population of cells which includes bone marrow derived stromal cell capable of
synthesizing a neurotransmitter

According to still an additional aspect of the present invention there is
provided a mixed population of cells which includes bone marrow derived stromal
cell capable of synthesizing at least two types neurotransmitters.
According to further features in preferred embodiments of the invention

described below, the method of treating a neurodegenerative disorder, further includes
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30 provided a m xed popul ation of cells which includes
bone marrow derived stromal cell capable of

w@hesiyi ng at | east two types neurotransm t PEF/BE.2003/000972

According to further features in preferred enbodi nents

of the invention described b2l ow, the nethod of

exRosingrge ndidrd de ga sarenitor venditiemeanable afyegating the synthesis of
4 48 PCT/ 1 L2003/ 000972 5 exposing

hﬁékﬂﬁgﬁb¥§) Pg%ggﬁgﬁagent or condition capable of

r egul atccogirghe siinfubsi falies ihhke Bedribéd pR$dd @hbddiments the

tg@ccel l's. Accordlgg to still further features in the

qeilsc rarp egensHieallr reediBahotn msntte endle dbp| exegesously regulatable

jsed so as to enable the exogenously
reguﬁ&ﬁﬁghgrﬁgﬂ%gurotransn1tter synt hesi s. Accordi ng
t 0 st iAlckorfding toestilf fuather fatires inhte destibed peefprred embediments the
odi ments_t he s are transformed with an

|
é?( AL trmsfopmed r WH% Ath CTREISHGN 2Pt Fiu dncdeding ea polynucleotlde
i Gl i
Lo e —

awhpreas sthen expressipnic tonssrudee sis gdedgsde hsuchathat x px@essi@n of the
ot| e is controllable via the

gﬁlgﬂfl&e%@%d? 8?%5&{:3&9 t% H° %BER% her features in the
descr iAbesrdpigebatineterrodi e i tﬁe 'ii@?crfw@ gPefér?ecFé}Hl%Hlﬁents

of downregulating expression of the enz
heer ageot psanapakje ioff doweregulating esplsssmclin vhithe enzyme participating in the

otr mite ccording to still further
F%ﬁ{l %qﬁ%n?lﬁg{r%%&?rbed preferred enbodi ments 15 The
agent Alcaomrgablsﬁn%rtw feAteatd RO d8ERIHES §fe‘fé}ré2f erhtbWliments

enzyne participating in the synthesis of
Héa ragentais siepehle rof yreematinggexpeession|df the renkwne fretticipatiag in the

tﬁ& &gﬁgﬁéﬂgﬁa&referred enbodi nents the cells are

ans or ned w east one expreSS| on construct

| ncl udicogrding forsill fuptby fedtk&Ohi tHe dseaben 9&@@@@%B&dlﬁiants the
enzyme particip atlng in_a synthesis of a
|

REltir gt dreniormed WHBI ati deaeld onp depressiont panﬁé,@pt poclodiag a first
ggﬁhﬁcﬁé e BeduehSd LEQHHALR gnzﬁeq lf)%ﬂ? a@% f SecorhquIS of a

ynuc eot | seguence &nco i Vat'o
pesbtramndtier pmﬂamddhendeﬁ‘aﬂhs Ctralﬁtmp'ti’tﬁlbl Q@ﬂﬁrdilobf af ﬁislst regulatory
second re ul at ory guence, wherein the

[RR:ULY: (o] %ﬁ?ﬁonfisp élﬁ’PFéd%fe%E@qexﬁdlcpﬁﬂ@gt%@aﬁswt@tator positioned
LEE! ﬁlteofr){ns%ﬁﬁﬂgﬁhq ean%ofi'erEtsecMcﬁ'}é%\ﬂstH ?)Q ‘}%ﬁlc L NG herein the
nce “of the dgen?.

first polynucleotide sequence in abs
p8nsAcicortali ng ¢apablb| bf dctivativer theafinst esgilatoinesequence to direct

R T ENT N N
descr iARestdriglotitl ERArBEPRAHIENHh$hd BEscribed preferred embodiments the
agent is doxycyline.

According to still further features in the described preferred embodiments the
transactivator is a tetracyclinée-controlled transactivator.

According to still further features in the described preferred embodiments the
first regulatory sequence includes a tetracycline response element.

According to still further features in the described preferred embodiments the
enzyme is selected from the group consisting of tyrosine hydroxylase, DOPA

decarboxylase, GTP cyclohydrolase I, dopamine dopamine B-hydroxylase, glutamate
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transactivator is a tetracycline-controlled

transactivator. According to still further features in
wWo bw4ddesdes | bed preferred enbodi ments the 30 fPCHIL2003/000972

regul atory sequence includes a tetracycline response

el ement. According to still efurther features in the

d&%ﬁfo&?ﬁ@ REF6HaREL 5 "RRHbB¥EgESast heandenahoitidei sacetyltransferase.
sel ec

ed fromthe group consisting of

tyrosine _
hydr dxgdrdiwe, toDebA fuidless afepivnssl s the @spnb%,/i IP% 91352% |eqibodiments

|, dopam ne dopam ne - ¥ . e _
Sef@@‘if%&%%pﬁ SE@%}) f?.%l?%‘% %gggr%\%f}{%ﬁglzg%%%g(y| assgp oter

tryphepiiang-tb sinaakyORMasS ianke déwtibedpreferred embodiments the

acetyltransferase.  According to still further . ,
néwadegeneraiive dirordtasior sabesiedy feme rthe Erew GAPsRes of Parkinson’s

second regul atq ue ' -ude NUNRRrosi toi
di&tiCon- 4 %1 |iefi cgcgeﬁ(?)ﬁ?%seg%slg{r éz# }:%%lr ding to’stil O
eﬁé%)hﬂ_@ﬁqyéﬁtad, W1 £tfimiefls tiveasd@nd Huneingipnsfdivensy

enbodi nents the_ 5 neur odege,neglatlve_ di, sorde

i : L4 tmhodiments the
sel edweerdineoin Siciughe fFapBrsdpe AgsbeRIiFmebRTS
di seas ' 08 : trophic | ateral
oD R T Ttis, Al zhimer s
di seasgo®ing; tdunili fighenfatuésimahe detwibod giefgrred embpdiments the
further features in_the_ described. g[Jr ef grd('&)ed . inephrine
newoansRiFes 15 flectedefiPBdhe AR PP IEE £ (RPN, ROTePINEPIIinG,
Pkl AS0B, Sl L8] deOryidhblihe, fadd lehigamic acid.
: glgbfﬂrﬁ%ég?%rﬂqﬁéﬁ esé}rq%‘%%cli ’%relreo?%ﬂrﬁ?’ed@tgnbodi rrentts% t he,
neur Qtdcarking td ill fisthee fettresirf the Mesdrded moefigrred gaibedimgyts the
of dopani ne, d;or ePi nephrine, epinephrine, gama
ISHIOYIBERNRT 1§ IQBFY "Cser ot oni n, acetyl chol i ne, and

gl ut ?@c%r(ﬁﬁé & stAC&RIEE ARGl Bl the ldedoibbd @reféeed eimbsdiiments the
the descri bed preferred enbodi nents the

delislnetboas smoegeliss dopami ne. 15 According to still

o i 8 L R 5 AR embocimens e
%%?ﬁéi}d%\gcém 288 bdide thatkdhefoheladetis.es in the descri bed
preferred enbodi nents the bone marrgQw cel

_ _ C ( tJs (ﬁre bg.ne h
mar r ofcaordiogdd st furgher fesbwediimige dssatbed prefgrred, gmbodiments the
%glat ures in IE héae descri bed preferred enbodi nents the

S o Feur kG E P on- 1 i ke cell's. Accor di ng to still
f ur t hggcdr@iab 46 el ifirthdiciestawe i leddgscefel preferred embodiments the
enbodi ments the neuron-Ilike c‘lel | s express at | east
oveomEke eatlalexpigpkalrleasheRORYF ! FETREEi 11 furt her
features |

neur oﬁg(forcririgfgttg Stifl %ﬁﬁﬁ%re C%g%'é ?ﬁ & & SHRPHleFRRldSerhBtRliments the

Ker1's se romthe group consisting )
dur&R9 OnaienioRelspedi fiora the Sgroue lceasistpr0€i G0, neuron-specific

gg(;iléa?{plgéjgiglrie gégggﬁ&égﬁ%,o&_ﬁ nggplefc{ﬁ% e%r(]) Js&sb%‘ta-tubulin 3, tyrosine

hydroxylase, microtubule associated protein 2 (MAP-2), nestin and calbindin
According to still further features in the described preferred embodiments
administering of cells is effected by transplanting the cells into a brain tissue of the
individual.
According to still further features in the described preferred embodiments
administering of cells is effected by transplanting the cells into a spinal cord of the

individual.
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hydr oxyl ase, m crotubul e associ ated protein 2 (MAP-2),
nestin and cal bi ndin According to still further

w0 e@ii46338 i n t he descri bed preferred enbodi meneGI/1L2003/000972
adm nistering of cells is effected by transplanting
the cells into a brain tissde of the individual. 30

Ac c Ok gHofding Qo Sdkilll Furfhar tfbertrek eiat the edeséniberthprefiesas pipbddiments
preferred enbodi nents_ adm_ ni st gri ng .of ce

lls. s
expbfing tofdarbyndivignalpisaptiesied tieoebadatnifaion ohihgeewy, t the
. ngf hF i ndi vi dual . WD 2004/ 046348 PCT/ | L2003/ 000972
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cxnting i b Ao B A PRSP B R
des CA&%)?QiInE & fsﬁ!;l {f@ﬁh&&f@&%e@qﬂ % déc eftgred§ enfbdiments the
ua ecte
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the descri bed preferred enbodi nents the cells are
neyEREATSERLr yYHBESifi ed so as to enabl e the exogenously

r egu{a‘eﬁg&g to REH Riha e Mutdsah 1By BéRABEE prefGeedl hb@lifnents the
stil urtfer features in the described preferred

calbarti mensforrméte witl) ayeldxpreasien t conalair sthdiig (2 drplynucleotide
expression. construct incl.udi ng. al ' :
Sf‘é]élalﬁf‘é’n@éo@ﬁg R %yg)ﬁ I@ﬁ%}ﬂ%ﬂgglp?ﬁhg is %\t@?ﬁ&g 8? %ﬁe?ﬁ%urotransmltter,

whMRNEBES eRprebdién NEMHsRLEANS TaEdi@iod swhler fiah thyeession of the
expression construct is designed such that expression

palfyntdieotideos guninsillebleivirea regulsteiy egéitabl e via a
| at £ di ng. : il .
o9 hE Gt BaRy HRBRCHIAAS S p L phStd eRbus e the
a'%ént GaRabiige Off davREaatal EXgesicar 66 sicomnnyind partieiymiing in the

articipating in the synthesis of the
syrsbesist ofgthe nfurpleansmpdefor ding to still further features

in the describ ref [ fisnents the
oS 0, RGO ROR e e apenbot
ap@ftt isCapablengf ivprédidatingy atfresion of théieenzyme participating in the
neurotransmtter. 20 According to still further

syrshediy efsthe RewrRBEaRfEYHET bed preferred enbodi ments the

cel | %Ac%ﬁr%élg{l}ﬁ%hfﬁlrh%r PRI RthE AeSoriteg $Petbitb®SmBBdiments the

hydr 6xyla er a regulatory control "of the agent,
c8li€ ard Baiietichién ndbfiad emtexpesalhpopine drydeaylasatwider a regulatory

ng‘!rglg(&: tg? glﬁ%g;ygp éé%?vgtoﬁ?%ge Sg%ﬁ%} Fflgtg?tﬁaéqeg%?@{ Woé%c&le binds a
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According to still further features in the described preferred embodiments the
cell is a neuron-like cell devoid of endogenous activity of the enzyme participating in
the synthesis of the neurotransmitter.
According to still further features in the described preferred embodiments the
cell further includes a polynucleotide encoding an apoptosis inhibiting polypeptide.
According to still further features in the described preferred embodiments the
proliferation medium includes DMEM, SPN, L-glutamine, FCS, 2-B-
mercaptoethanol, nonessential amino acids and EGF.

According to still further features in the described preferred embodiments the

method of producing cells for treating neurodegenerative disorders includes prior to



25 cell is a neuron-like cell devoid of endogenous
activity of the enzyne participating in the synthesis
wo@Roohe3meur otransmtter. According to still fRET/E2003/000972
features in the described preferred enbodi nents the
cell further includes a polynucl eotide encoding an .
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further features in the described pref rr%‘%F
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g@.&g@ﬁ% 48;115&%1' L2003/ @R98Hd DMBMEP SPNY) L-glutamine, N2
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puppldndrt en@RCBat i ng nedi um t hereby predisposing the

S ot g0 Rl AR R bR R mgigens e
Bf EF&@B@%@M%%H%&J&%ismoeoﬁhéiaeﬁ@ietabiati ng medi um

I'ncludes” bFG-. 5 According to still further features
in t Recdeiy ol fortbércfermiksantibriiessribed pigterred embodiments the

pre-differentiati.on medium further incl =M. :

pt gflaé‘i AN quf?er latigg p?ﬁFlétnEn?efleacﬁeéP ﬁ&g Hl%cgr g? ing %{t‘)ngngBHA’
shEAME adtipgixf eatures in the described preferred

enbodi nents the at |east one ﬁol yunsat ur ated fat

t
aci d Acodbutatidhkethor fameesdn tho dxeabedipiseericd %ﬁbﬁmms the
dittRiane R dytnddfafESTRMER, BE Flelifinine, N2 supplement

erentiati ng agent

S8 egieek dci@m t he group consisting of BHA,  dbcAMP and
| BMX, According to still further features in

] th .
descrAdsenling tof il Buthentrabmereintthe denbed prefied ‘?@?‘?‘hﬁ’ents the

um furt her inc . ON. L. -
S A S R e o, e
rfidieo d@ativiy esasferntine tiebesadisirbedting &ber stepl (iii) with the nucleic

enpbodi nents the nethod, of producing cells for
acideeompimgrt eé thegesBhdVeitioPe di sorders is further

ef f ecﬁ&%rdi#?g to%til{)furtth?rl )i%lta Peslih e ddsaRisddbrBlen@d ehifbobRhdnds step

resulting om st ep wWth the nucleic acid
(s sffected byphspitatopr esent i nvention. 20 According to

still further f ures.in the describe eferred ..
enbod@‘?ﬁ?ﬁélgg e ggﬁuﬁ T featuresy1n &ﬁeeées&}l.)eég%{gfe&el oeﬁﬁ?odlments step
AE0LELAG bonBkbhe itcinbaat wams | n The descr bed
referred enbodi nents step ' .

According to still further features in the described preferred embodiments the
neurotransmitter is dopamine.

According to still further features in the described preferred embodiments the
at least two types of neurotransmitters include dopamine..

According to still further features in the described preferred embodiments the
least two types of neurotransmitters include serotonin.

The present invention successfully addresses the shortcomings of the presently

known methods of treating neurodegenerative diseases by providing neuronal-like

cells capable of controllable synthesis of neurotransmitters and of cell replacement
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(ii1) is effected by harvesting surface adhering
cells. According to still further features in the
waelemanidserl preferred enbodi nents the 25 PCT/TL2003/000972
neurotransmtter i s dopam ne. According to stil
further features in the desoribed preferred
th@fﬁggdjsﬁ%rg@ht&};s f(ﬁttréaﬁﬁg heﬁfbﬁeéema%ﬁv@ﬂlsorders such as Parkinson’s
neurotransmtters include dopam ne.. According to
diseased further features in the described preferred
erhofL RS HIRe deffdt Aol Sl scRAHAC W ARSNel RSN have
i ncl ude"8ero fhe resent invention
tlieutaeR 38dankd gyasadeieste Sndd’l?ﬁo&hby vooof ergmaof skifién the art to which
presently known methods of tr n neuHode ener i € ,
thay waaeast pRjopssovHENEN ietiada and ma&f‘é%lsc%w ar O those
| &t tﬁé §erﬁ“ﬂ§lr ﬁflon suitable
AGERpEPhorB G DGR B s e ST800072 %
nielteyda pyndishagrisis ctirec dedesibédrbeioveat |In gcase of conflict, the patent
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SeReERsEn. DRIGUE G SN HE T 10 AP bR TRl Friafqethods,
aﬁ(ﬁ: Eﬁ?ﬁnélgé Eregﬁﬁs%ﬁtlyéﬁg hgd ﬁbﬂnféﬁ&@d totH%Q1r§1@1 . reani ng as
y under st ood § one of ordinary skill in the
art to which 5 this invention belongs. Although
JTELRgds. and, Bl epe Jm.lar ~ar equivalent to those
BRAEE DEGRY N OF HERAWINGR ( he practice or

testifhg 1ﬁ$erﬁﬁﬁ ip h@&ﬁf‘&esbﬂy&lﬂbb’%y Siué:taalyl€ onlye tiddsference to
and materials are describ below. I n case o

thoadchinpanyinp drq:mngﬁnt Wl‘@rﬁ@cmﬁc cefeicoee nPWdo thei drgwings in detail, it

definitions ont add ti ter

irarroes htahe Teiosndn o pTheT DxbiR, M, §fifoses of

mﬁgtu%ﬁd@ dist@sska dfith fn*ef&redk%lﬁﬁirﬁ&t@&ﬁﬂi@lp@'sbﬁl\in%ﬁﬂﬂlinly, and
W NGS The invention is herein described, by

f
ae«arq@mete@mm yhe ggush of areyidimeevhas is tbﬁbe‘@écfﬁnlif‘aﬂ];‘il lﬁast useful and
W L h f Wat
S5 A oBA 5 B SRRt Bl SRS o e

iBventioy. Wathiofegtodan® heenapids fnade mﬂhpozss%ﬁlcuﬁallﬁtaﬂs of the invention
illustrative glscussmn of the preferred i.ment
1@fmqrﬁ detsildbanis negessaife haélmc&ameg undgrgga g&g f@dmv?ptlon the
p%ﬁ)ﬂstﬁ: ?lfWIKPHgl VR é"ﬁﬁkmgﬁ g SEEY Bthst lel?l%d 'irh%erﬁ‘?tsﬁow the
se%u ang readily un dersto escription of
Rvémaciophe sf thedneonior playde eadpdetisn pfactibe | nvent | on.

In this regard, no attenpt is made to show structura
det ailngh %QHWWﬁg%nventlon in nore detail than is

nece EAPE E%ﬂ'ﬂgéej glgﬁf‘ Bﬁémé’cﬂ)?@ rifag@dbN doRdifid#ntiated human

i nven ription taken"with the draw ngs

A bmlmma;mwp pavent ctlts (Bd4%c)s Fhe hBMSn werecutured gwat ‘fpeoliferation

%Efnl gés%h %fE::Eal?nepleI: o? %el lgxamnaé/s s%gtloenngéi ?an were grown to

80 90% confluency over a time period of approximately 15 days. The plastic-
| adherent hBMSc had a round or spindle body shape (Figure 1A) or a flat body shape
(Figures 1B-C).

FIG. 2 illustrates flow cytometer analyses of non-differentiated hBMSc.
Fifteen-day-old hBMS cells were stained for the presence of surface markers CD45,
CD5, CD20, CD11b and CD34 (characteristic of lymphohematopoietic cells) and 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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In the drawings: FIGs. IA-Cillustrate |ight
m croscope i nages of non-differentiated human
whemeonsss ow stromal cells (hBMSc). The hBMSc BET/E.2003/000972
cultured in a "proliferation 25 medium (described in
Exanple 1 of the Exanples séttion below) and were
ar6r0Wont Gas8D- QAYesednftd uem Cyxcitution awavaiengder oDdi&8nm) and the

Ly
Cﬁfﬁr@gééﬂ{%tﬁgﬁwégp%%%afgﬁgg Siinio 1) ol Fray at the
@M@yce F%Pc?not( %1 s o?'tl@ lgnﬁb& gaééobﬁ%drﬁﬁﬁ(%rsflBLQ‘SJOSltlvely

Cytoneter ana non- erenti ated hBMsc
edprdstetthe ddny- bbld)tehBI\/IS cells were stained for the

P CSERE Bla S  DiSh T A5RRS: g
%&sw’f\l?en 2 IfoH‘Ey ri'or té& dﬁfe érﬁiaﬂoﬂ\'fﬂuﬁhrddsh]ﬁ%lé Qesetlansferred

ring synapt ogenes cells were analyzed with
frEyeﬁseapnohﬁarmg imdlunytlowethe pre Bitfergntiadionk wp (see Examples -

ST TRE e OB BT EOORL R 40 e

d feréh%éﬂm RABdivkie hEEMBIAeSKWEM sehtiate Piteahandifferentiation
Becton Di ckinson). The anal yses show that the hBMS

rrmdiutlzrﬁ @*Bg Bxomplex B rof éllse Engmples balow)y nbropipstic-adherat geldy were
mar.ker s ositiv d

AR P RORBYEL KRR SehE AN @obTen ons
bPEMHGe dbrfot:@sfs@ﬁtthé’ct 86hdaftido as NEAHKORS .thibeeRbyts f post  differeatiation

prior to differentiation, cultured hBVMSc were
induatief &rd eitinfiehi appear Briofollpwing Jiffgrentaliiindpetion. t he

pr e-dif ent | at
oL SRR ORRFSATRLARS o AR
11{1 IﬁBMsf;U fhnat gaﬁé Bécﬁﬂﬁhlﬁirécbih tedidifférentidtinghBb@omiearsl in hBMSc,
i oo G e o o
Eﬁ%mpf‘esm@erl@w tr Slﬁrtféﬁ‘gldﬁ&tﬁl g@gﬁ%ﬂ)ﬂl ﬁltd krr&ehfisting cells was

ng a sp ‘nd y and long branching
r&i&@@ﬂ@esbddﬂMS%tpmda@(Bd as cemphrygd asith the eohaliffsreptiging cells,
differentiation, induction . and continued to appear 72

fpllgvsing dickg 39 e R LRTOAS TSR YR, FI G 4

| I ughgat % Bl &%?ﬂedfe@@rsé e AP RT-PCRJAir6ALtiME FUR, and
cel |l "prol | eration 151 n hBMSc t hat have’ been

rrotthémrlﬂdt amlstshe of BN extesteddtdm gew@dahmrkgmnm@nﬁgﬁg@mlated

A BRI ), WS 5 GRS ena o

ﬁé‘rktifmglg@ﬁﬂaﬁav t%ﬁsmg %%&B SBVIIIQStﬁltésfl%rﬁ{&xh Blot BEd eal-tisie PCR
uced by a out 45% and 90% as conpared with

dnhlyseso i figlizedta HPilaljed 8ORsprodaed] af MEGE2 16 2aprgbsoFigpre 5C

AIQS%rlZIi?east Il\?ort}f%?r{l‘gl £ anaFySéPsethucﬁl Ytilized >2P-labled PCR product of

neurofilament 200 (NF-200) as a probe. Figure 5D illustrates northern blot analysis,
which utilized a **P-labled PCR product of neuron specific enolase (NSE) as a probe.
FIGs. 6A-B illustraté fluorescent microscope images of neural markers in
hBMSc cultured in “differentiation medium” (see Example 2 of the Examples below)
for 12 hr to 5 days. Figure 6A illustrates antibody-labeled neuron nuclei-specific
marker (NeuN; expressed after 12 hr), neurofilament heavy (NF-200; expressed after

24 hr), neuron specific enolase (NSE; expressed after 48 hr) and nestin (expressed
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20 FIGs. 5A-Dillustrate reverse transcriptase RT-PCR

real -time PCR, and northern blot anal yses of RNA
wezionaetsesl from neuronal markers in non-differeCt/20ed00972

and in differentiating hBMsc. Figure 5A illustrates an

RT- PCR anal ysi s desi gned foidl identifying neuronal _
aftdrad®s 6f)l ptBigufd 6BridlustBitéd hntiodplarlddoglidlefibrilkdrptacaie protein

real -time PCR analyses, which utilized a 32P-1abled
(GIORP prpersead affer B GFTands-tibplio b (eXpregspdbatise S5ys)-

illu at Lt hern ot an SI.S; [ FA L

32P- ?;(E)ﬁ'ezgﬁélel " %Itﬁct% %%emngi??/o#rlﬁdll}g@ngn?pz w}(e klﬁiﬁ%ongMsc
irifcafing eRiBted Fx@tBssiofDof hdursd EiicHEe eoldsbeNSED[Fogure 7A) neuron
analysis, which utilized a 32P-1abled PCR product of
mdeir paciip sedrkerdNends Bigarq TORndpsstip gige/OH Gs. 6A-B

i1 1ugtrate. sgent i ope, i nauMr iated
rar KEIE % RS BN, nLfiRRE R REp A Reon0R Rlffrens
hBsER Fxemme2 dajs bhimciaiopliesideHen) diff@rehtatioh2mbdiumd (see
5 days. Figure 6A illustrates antibody-| abel ed neuron
Exapis; S offbe Expmplea PRIOF)( NeuN;, expressed after 12 hr),
neur i I N 200; i hg) hBMSc
neur SACEpaR Ty 1R HHAr RGN BKRAT R RebRe imeered
vitii¢h Westincutaedpnass Bstoler 2D 4N @GR §sePERapo D 3f teogxanples
11 after 48 hr). Fiqg re 6B.illustrates the E les
balory) s diy thea Bengstprg) ditfereptiafion  mediym; d5eg;ixapplg @ iof the Examp
P 5 8301098 Koyt & ' al marker B-

T e O I e
Wagienn bl ahe adidfeyeneiatedf celisf f efigmtei &BedlliBiBs antibody-labeled

cxisssig of NBEersogar By Mo e RULTERidBEaRs ¢ Figure 9C
i@*ﬁ%éﬁ@%@'@%% Cexodssidd of ek! ReliSh U Barks) -neiEttl;rg\ in the

m'cr oscope | nages of neuron-|
difékatieed cdlsed hBMSc fol | owi ng 28 days of incubation

T RS RSPt 2400, TR 35 1Bl nogeni
e HOMEHKEN W HIBHCHRICORE duliBRaSioeT120BVBE in 10 Whiffefentiation

were i ncubated in the "proliferation nedium (see
xdinmpl’ ¢set Fohmphee? BkéeiixemplebbElow)- or in the "long-term

di ff tiaf] djum' (see.Exanple 5. of I .

bel o%@gﬁ E{A"g’nQilﬁjis{r st %rteéséorhn?n?b%ﬁf eablghz%f@i%gp () in

EXPFRE5EOMBYISE NFi AR ORI [ub@téeFeall Bmet RIDRI dnalykis| indiating an

the differentiated cells. Figure 9B illustrates

denatao@- tratsetipaon sxheedifersntizjed colls. KégredB Hupikaps Western
P-2.in the differentiate Ei :

olpt et il afis BOHG Pl L SHESpRd el Figure 11C

meskasal frsekRht Nettrostopd tilegesdi Hifdightingataatibody-labeled TH

FIG 10 illustrates RT-PCR anal yses designed for

¢xgaessionyn thy dbpeniisiededllse narkers in hBMSc, which

.r.] g?/]? £ El;@éQ[Zfzgltlulgtgﬁﬁcggcén%ca:l'%l'uzgeswnt inﬂmtog&)pe images of hBMSc which

have been incubated for five days in the “differentiation medium” (see Example 2 of

the Examples below) highlighting antibody-labeled vesicular monoamine transporter
2 (VMAT-2) in the differentiated cells.

FIG. 13 illustrates flow cytometer analyses of hBMSc which have been
differentiated for 48 hr in the “differentiation medium” (see Example 2 of the

Examples below). The cells were stained for the presence of D2 dopamine receptor
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medi unt (see Exanple 2 of the Exanples below). 20

FIGs. 11A-Cillustrate expression of tyrosine
whyanoxesiase (TH) in differentiated hBMSc. Fi BCr/aL20d3000972

illustrates real-time PCR analysis indicating an

el evated TH transcription in2the differentiated cells.

afid QleF@ adalfrdd! With AT SCalibbst e flow &yltmhetan &Bgsoms Dickinson). The
i ndi cati ngt an elevated level of TH in qj{e MS
alysisshonsi thatadD % dppgningresapier waepreryt i fheiffgrentiated hBMSc.

fl Uo‘gﬁd‘g}c’ A fé‘l@g&%fﬂg%@ﬁ?ﬁ eﬁbig(hkfe&mlhtﬂgg hBMSc. Figure 14A

ant | expression 1 n

iltlistrhes et leagledf depdnsine Fle@surd@ i tHeu;spcraataBt e Sal which have
fl uorescent nicrosco

bg@emcp%%é@re&%d%r e TS RtioRanodi LS ERaRIg, 2 of the

E%E&h]‘él g‘%g a@g a%t I bo %Ihg%rgfeégﬁ%gg | culbar Oernoammr?aésure in the
sﬁ}ﬁmmrdfdiBMSC WMhThaB/)e tienn fimbatied fer @96 hatin dhe: &diffsrentiation

Sl Gbm]l gﬁld:p&\l%t tg}e?%a{ﬁnfl\f{%? é ?ﬁ) oy g? %r}/ é@ H‘IM KCl ﬁglutmn
faﬁ@@iﬁ'%kt?&ts\%’ﬂ)eqﬁ I;UG% tl{es&ﬁ)aﬁiiﬁér@fe@ul%opb(jm measured in the

anpl e he cells were stained for the
ppe&samute fHBMSC Whmamame bcm@pmhﬂted\ﬂ@tmﬁhffmga@n medium” for

T N T

ANk Yshsmapavsrt MBlSe PRicCHORAE Beer eGRMEQr inWafe pdiEfednitiation
in the differentiated hBMsc. FIGs. 14A-Dillustrate

rHRhﬂIrléﬁaIQfﬁ@ehr of differ entl ating hBMSc. Fi gure 14A

11 ugy )
8 G 5 e B AT AR et o
Qﬂﬁ@S@" trdn@pfaﬁﬁtloﬁj bh ﬁ%ﬁeéﬁve@t ofumphetinint-ifdeed motmbetidn in a

of t he es bel ow). %/:[Jre 14B.illustrates th
mbwesl G R divsteur BBV PRE iselisel famh ftechf fuorescent-

p;ra{e/sr* We%%{h@%&@ %ﬂge kﬁfﬁlﬁ% edi"heg;g%}gteg%ﬁ cnwEltéelnduced for

enti a Iovve an addi t1 onal
el Riafférentiafon i draangplested Ii]ntSGhmMghébe §@DHDiAolesioned rats. The
Figure 14C illustrates the Iev s of the

iphovtiedbem bernd m@s@v@wtwm@ B 7S G Rt 0% T Cpghggponse
Mr %{})ﬁ@%%ﬂ%f bl%e %’tb@:&ﬁ lahfatibie Fi é fileAeNLétadtéOhe changes in

ure 14D | ustrat es the
ﬂoeat@lnSraca‘s dvmannma efottetvad dfanBIﬂaIDﬂRﬁCmrb%lmlgedllmlnﬁhtnlgemtatlons

TR ot AR LS LD i
HE% Fﬂﬁfsfr%‘g? ﬁéqﬁlaﬁ%ései‘ﬁtre%w@?&ﬁ%rﬁ‘{E@c %{r@&V\xﬁﬂf fdtRireated mice)

MSc) transplantation on the recovery of
avep hizteafuil losveil mmuspamtarmwmdmmg PBAY decacase an retefines rofagions 45
Par ki nson' s di sease.

ted f
0P EL CBHELABABTD R 1 Bt Lol (uhifle mages
Hi3R1i 1 Rlo2h SRPABMECBRIR Haskie &8l tHedfubstania nigra of treated mice 45

days post transplantation. Figure 15D illustrates fluorescent microscope images
highlighting transplanted mBMSc present in the striatum of treated mice 45 days post
nigral transplantation.

FIGs 16A-C illustrate dopaminergic and serotoninergic activities in
differentiated human bone marrow stromal cells (hBMSc). Figure 16A illustrates
western blot analysis indicating expression of tryptophane hydroxylase. Figure 16B

illustrates RT-PCR analysis indicating tryptophane hydroxylase transcription. Figure
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neural differentiation and transplanted into the nigra

of 6-OHDA Il esioned rats. The rats were then treated
wowrah/oasphet ami ne and were exam ned for rotatiPCEIL2003/000972

response 20 over a period of 45 days post

transpl antation. Figure 15Ai3llustrates the changes in

ﬁﬁétﬁﬂe r EH}@LSC O¥falt id MBd t:Qtllﬂ ﬂthteﬁlanspllaop@tj B dopamine
d‘l catl nsg di m ni sh}|l ng rolt at |gg\r/1§ (i ndicative og b

metabmlﬁw)eamlrﬂwaA fﬂﬂemtomlnmtabﬂh)te)45 days post

SPLY S e W 3 L AL 540 apee o

eﬂ@b&fﬁg seQiéRbe fnserted ithin WEDNA- ansspdlﬂnhag«mm i ndi cati ng
. 9% decrease in relative rotations_45"25 days
t r anBiéh-anBatliwtrateri gueRusiet | desigged atods af Inﬁ%ﬂftlé@c é%?cuon of
m cr. oscope | ' [&mt
OpBRERER TP sl N0 50058, B8 o R By
pidfibterliasdrtddrianmaoan(lavivoGend)i @strearﬂfdﬁ the |“Slﬂtlﬂat$96” HSV1-tk
fluorescent m croscope, i nmges gcg‘%
(hermsgpmdm ciunned pfragiodnae ety HAATSIIPYEa: ed
m ce [
Tl RUPEM LAY Ml bR PERYP ) Al o 43 5 comold
ex’}t?réés‘i/dnlt bﬁ@irll)sﬁne ﬁldewxggylam ('Hﬁ)‘:‘d Phgumd 9Boiimsimates dW regulator and
stromal cells 1
r%p@mseamsgrgq:tg (§ n@liecg}isfeﬁb I i S?’é %g&%&@t egﬂ}?g}? jo “diflgram
g%ﬂ%{d’l@%%te&%ﬂé%f%éﬁn il I ustrates RT-PCR anal ysis

tophane hydroxyl ase transcription.
FI gUFGGN‘QO@DBMIGWBU@@W%L@MGSGC@Q@Mgges1)3“ differentiated BMSc

b e S AIRL ¥oh s DR, kG, MURLRERL 3y Ghacopy imeee
@gﬁ&bgf&)ﬁ i g‘re s ddduckd W3t r@tefenBatée siddimh" steeanample 1).

Ssi on vect containing Nurr-1 encodi ng sequen
Phglﬁe rZOBdlllmttduema Plodicedt erCI(OBmeter@g@ héghlighting anti y—labeled

i1lustrat cqnst.ru esi ned :
ARLGR B EQIBRAPHEP I TETTen TrgRelRoR if r-3 induced
hBgisddes the hurmn TH (tyr osi ne hydroxyl ase) pr onot er
inserted in pMOD (I nvivoGene) upstream of the "suicide
gene'FIESQ1 1ﬂkstra¢€lﬁe¢q@@&f=ssmﬁb¢ axtaiipral perfoppante (of JpicyjexRICssing
e enco X
SO L G it P HSoRARGY B rt]é}éf {lerodid; Re.5) ' Bme. The SODI
HR¥ ¥6hEic D Q- tBfthhited] redhctib® 1r6m3itﬁﬁlal perrfm‘fnahw as¢orepared with the
hydroxyl ase (TH). Figure 19A il strates requl at or
\axr}ditypce@p@amb@ém§tcpuﬂ@%€§elwa&ah’@e gthgpge ¢ ESF@O@E

|| ] usg ﬂﬂxs’?fgt:g_.? gﬁtgo%laggﬁslagf dHESERT BisOEs bPQ Fersfl@Hhouse

m)de [ustrate fl uorescent
&Wedkrﬁ@emal)é—dm\feﬂenBMSchaddaeBNBanspdﬁntgi mrpthEgisterna

nBMSc)
LT NIRRT NITE = M
&Y spﬁ%hlf {28 6P 3th a8 nTRAL YH ndt $E6tE@ERES 1) -

FIG. 23 illustrates rotarod performance (indicative of rotational behavior) of

wild-type mice which received mBMSc transplantation into their spinal cords at the
age of 7 weeks. Mice which were treated with saline injection were use as control.
The transplantation of mBMSc did not affect the rotational behavior of the wild type
mice.

FIG. 24 illustrates a rotarod performance (indicative of rotational behavior) of

SODI1 mice (model of amyotrophic lateral sclerosis) which received mBMSc
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Figure 20B illustrates a fluorescent m croscope inmage
hi ghl i ghti ng anti body-1| abeled A2B5 (a narker of
wo@bkiogodsusir ocyt e precursor) expressed in the NIEBIL2003/000972
induced nmBMsc. FIG 21 illustrates changes in the
rotational performance of mi€e expressing 20 SOD1l (an
trﬁﬁb&ﬁkaﬁ@ﬁ% tHélr %ﬁﬂt&%% Ghd Adecdfal woeldseMise Whldhb@re treated
over tine. m ce suffered a substanti
Wrtb daﬂcma mwctlnn W@fQﬂiSedﬁlﬁ sonively The franplantioa RfiaB Cv’ﬁl&mﬁcanﬂy

| d d .
iniptg v eorotafREaN b BP 4eBS A £ TR B kPR S Ml Beline
rédted ¥sitl1of different tissues of a fenal e nouse

sanpl ed one week after nal e-derived nBMSc had been
transplanted into the cisterna 25 magna. The anal ysis

: D%@@}?ﬁ@@ﬁ@ﬁ%ﬁﬁgéﬁﬁﬁg @gw)@;mﬁ@ transpl ant ed

emal e nouse but not
i N otThefprésefSi@ention! iS.of &C&netidallytrmahﬁ@d celtsacapdble of controllable
performance (indicative qof rot naI ehavi,or

syithesis gpaeuipERSmitien P8 OB ibP ReNEEE I rRg Qﬁ{%ﬁao%wh cells in
cwﬂl’e%#c@%’eﬁtt@ g?lof ﬁ&fréj(ﬁeggltéﬁrﬁtlﬁ% dlﬂﬁe@f 7 Weeks M ce

Ine injection were use as
cont e pridGipksent vaastivant Gieiporseot ink@NBo i babatter understood
affect the rotational pehavior .of .the wild type mce.

h@efezgnqeﬁpﬁget AV IEs anq FCRPHANYIBE ASEHRIYE: (i ndi cati ve
5116%5@12113?1%1%\%%{ dnOtmbSEREnMb Tifle (HRARSN B deta11 1t is to be

arTyot rophic sclerosis) which received nBVS
1AAE4{004 B4 ShPITTAMtER0I6 RO UOGTR in 181 amlmgm tnthgtdetls |S?'Ft %ﬂh in

t“%‘%@%wﬁ&{l‘%bng%r{j q?f e?gﬁni)ﬁg (?ﬁ}' glgtﬁxg 19} \/\%Q'r Zl’huesl\’ﬂengegm% 1é:&1pable of

ocf}%fteﬁmodlr;mﬁs b s Ath &ide@dr QhrrRBMIE insvagiviuf inagst |A11s0 it is to
I nproved the rotational behavior of the SOD1 ni ce,

beonmdergdodrithdt thhephyaseplogy ande srwinalegit egwploysd herein 5 for the

SCRIPTION OF T FERRE The present
Huﬁl?f?ﬁtofgﬁscpgu%rf aﬁwgﬁﬁcﬁtg Pengggé%?a lsg 's capabl e of
cont neélraideRnerativd gRtderd fwhiei rapd rohﬁﬁlﬁietﬂzﬁi Sbyalmis aff neuronal
met hods of generati ng and using such cells in
fs

ﬁleqzti(m@,e&mhtas il’hlécmpps eaﬁ@uma@g alfidien s Ugnieg g sonyggtiona
Jhe t]g réélllig’g%l ce su gigurgsg hal&ahb gﬂ"e t?@ uﬂfl&??ﬁ% dis@é’s@ b RBs which

tood Wlt erence t

19r fgs cﬁ&dd &@Cﬁnm@rawdﬁgerd%mm pE€oumeguenByf dmg therapy can not
expl ai ning at | east one enbodl ment of the invention in

fally gompensate o1 the 1BEeasigder s IEH LA he i nvention is
Pgt ¢ hA[ﬂx&?g% bifor' &t BRRLPRAGHGR dpBrdabesdBhRl béenSsiceessful when
tested in animal models(U.S. Pat. No. 6,528,245; Schwartz et. al., 1999; Li et al,
2001; Costantini et al., 2000; Hwan-Wun et al., 1999; Linder et al., 1995, .?a:f‘ritclge &
Davies 1995; Perry & Gordon 1998; Yadid et al., 1999; Choi-Lundberg et al., 1998;
and Yoshimoto et al., 1995), these approaches suffers from several inherent limitations
which may prevent their use in human patients.

While conceiving the present invention, the present inventors realized that in
order to provide safe and effective cell-replacement therapy of neurodegenerative
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

dopamine, in response to an external stimulus.
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the follow ng description or exenplified by the

Exanpl es. The invention is capable of 15 other
wepdvaemiasesit s or of being practiced or carried PCI/IL2003/000972

various ways. Also, it is to be understood that the

phraseol ogy and term nol ogy!®enpl oyed herein is for the

pur paBkouzh desmmiliite dronanchasfooul siromul  belly dBMBBd capable of

lim¢ting. Neurodegenerative disorde whi.ch are ..
SY@H@&&%W‘E@WW‘&?% Shaye brstr @ﬁ%ﬁﬁlbe‘# ??Xcl?fil%gl? 53&5‘1;‘?15 (see, for

exagipfl R8P ﬁb?@,@?&a% 381, e, REfros i BE (Y000 e@o8aburry e al.

usrng conventi ona drug therapy since such drugs
(2060 Woodfracter ard. (heNemgdr Resn§63080de 2pp e erwd png e al.
Is typically caused b raonal.. degener at i on.
(E@@P@’éq lﬁ?ﬁt | fnlﬂ?rbggﬁ%gﬁggg#,cgﬁ)lhoﬁl S¢ &Flﬁllescgﬁlpgﬂts g%rélonstrate
ndRtrdd ik TrEAREBA b 98 AfreRRGtieABMSE! | S. Al t hough
prior art cell replacenent approaches have been
succhesfithistandeg frosstthel dhoveniewnsd 1ﬁ§¢|l§h sprigrsartpgells Repduced
ngggt%e}gﬁség cﬁra,ﬁtfs?‘é\ﬁértg%f igltc:el’lé%l%@%@%ngg? ﬁﬁmﬁ\}xf%@hgﬂw bg?eéxéléjle since
cé@sﬂgﬁfve SeuRirans 315' yrﬁ)ﬁiisliél #68 idphaitédeelkA; lekbto fordation of
rdo

n 1998; Yadid et al., 1999, Choi-Lundberg et al.
séheBBside efificttopcubh aptupaway dyskines®o5) | t hese approaches

suffers fromseveral inherent. |imtat] . j.ch- ‘ded

oo SRR B HREA Dkt bR (R Blice
iR dP 08 S 88tirig e Rk ireBegchb@tipé edissitler. NXenteds heredd, i thed phrase
that in 30 order to provide safe and effective _ . h
“pesirpdagepiraidesmeinordere Tafss &1 am¥utisudgerdpeass Wi condition of the

di sease Par & s di n Ui .
g PRE S{iterm DRy BLY PARES cHAACRAfed BF Sl Chrogressive
1&8d obameail fisshe cep@bhesmiftesy ot hesiral nignctions.  Examples of

neurotransmtters, such as _dopam ne, .in response to .
rawrodsaeBFHNe s haids. M0 GAFOAEIMS BEFL 280308 STOSS:

& 5/ d GhérSs di d
AR EAA SRS, LAFTE RSB SHATIEN Bl e
Hheengdasatisdaee by prior art studies (see, for

example, U S. Pat. No. 6,528 245 apnd_Sanchez- Ranps_.et . .

ol TG Iey™ B Pyt BB TEB50B) FRIRaNRGrT g et L istine

iél'ébiti%'g MRS plogré8of, S6pR081AE7ihe 20Q2der, 8iehsPARFopditioh to Ivhich
I opAys. "Res. Commun. 282:148-152, 2001), these

sathuthresipglies, 0o bnel emmost syangoms efl sunhr dispsden areqondition. The term

Jproduction by such differentiat B .

Rt aHaRy i BT S e Tae B0 O Peaiih prior ar

cel | STRrACHEE% oMW ObY AREmisdripSo ausiadividRiabaf nded thakdf cells
repl acenent therapy woul d not be sensible since

@patde iof uiogenavelyr trgnlainble newptragsmities pythestnilcriyaeatipe the
cek%g can le%ﬁ Lo formation of 10 severe side
NEPFUEBEET U E N 98 Funaway dyski nesi a. Thus, according
t o onecIRSiABMle OF ckbRnpies espuldtablenéuroarishetter dyathesis (i.e., cells

rovi ded a o1
vehich produce neurotransmitters on demand), such as the cells described in greater
detail hereinbelow, are better suited for cell replacement therapy since the undesired
side effects associated with cells utilized by prior art approaches described above can
be eliminated.

A neurotransmitter according to the teaching of the present invention can be

any substances which is released on excitation from the axon terminal of a

presynaptic neuron of the central or peripheral nervous system and travel across the
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nmet hod of treating a neurodegenerative disorder. As
used herein, the phrase "neurodegenerative disorder”

WO efoen$s3s® any di sorder, disease or condition PET/12003/000972

nervous system (preferably CNS) which is characterized

by gradual and progressive 18 | oss of neural tissue,
syieptiotclefinendithteexcierornehibi|thé tangdticolls . ThExmupdtemswitier can be,
neur odegener at.i ve di sorder. i ncl.ude,. Parki nson's . .
foi g)@aérgg?, Hﬂpatnplaf,e ngrepHieplyine, CDARRP: ng ﬁ?rgrqaa?@f%butync acid,
sSElREP Sé&wl%ﬁbmﬁnglu@ﬂﬁg pPhaliomiglictdbly the Zhéu¥Birarmitter is

i'sease and Huntingfon's disease. The term"treating"
desamniwed herein refers to refers to reversing,

aised herein refers to refers to re |
or ev b Ynsetis o« o PAPeteSaRiRd S drdleg, B o wahgy of

e@}:&ﬁﬁ‘est HHRIAARobERte Ah  OQ/efingd Qr&eussoFPhidldeulds’ $at6hthe active
I'sorder or condition. The term "treatnment" or.

nttiobresmittems Fos egampleeidapaneineris tspnthpwizesc in depamiagigicgeurons

The hod is effected b ] NI st er .
o TEUO P AL, ML bEEED bR Mion of DOPA
dBXRESRME] WHIROLIBORA! & PRIdUEEd SdsdTitiiosihe SThRSUPBSR action of

thereby treating the 25 neurodegenerative disorder.
tyeking hydnoaplase. ogpwgh@mpsqs)pr@@ggqi it ppyemephrinergic neurons from

eur ot i1t X ' in. ' .
REtpGERIR FeSkaSt R ATy PSRy pRtpfin IR Red in
pRRphiRegici Nnelireas er froslet aiotephesphiinbel twoughr e thet tation  of

Suited for cell_ replacenment therapy sinc

th ) )
phaedsthprelamisied N-wethyliransiesassci deam vartnﬁog%trfﬁfg a6iq |(BAR) 18

ORED 6 ADAPRE, SRR 0 BN CER 0 s

deabbiyigeof Sérlbenii és praducels entérotonaengibeneusimg from tryptophane
subst ances which is rel eased on excitation, fr.om

h
thseyah pdRTSHER Prafess by gPadgRbant D anonogKyErIgse (s Iatgy and by

L o A T L
dolihepicenairbms dironi rcholing ahdhectiyl-Gors dubhgh The action of choline

neurotransmtter can. he,, for, ex lLe, .dopami.n
aﬁsfrygbqnﬁ%b%ﬂﬂ i(wgzif/%(ﬁﬁ%@gﬁwe du tb%?ﬁ?g&éw?%ﬂﬁ?{rn‘?tﬁﬁ)-aci d,

ser ot i Q15 3GELYd 69 Phd PRser®in@htbRBhE b@ahe actifedf gfodhy cells,
the neurotransmtter is dopamne. 5 Cellular

syrafeheby bowd metolv daiiedtacnsnitet mefsrably dpne srasvhstremal cells
p y ynes i.ch cqoper h:n C erdjng. 4
p&l\gﬁgs O%ﬁpﬁg@ﬁl Gn be 18 a‘&eﬁ o %%?tﬁl\g/ellhac QY St b Individual by
NRRAHdPHIGWel 8fy- cltiing XA iPprelifeRpanmbdiuis capableheSinathining
i n” dopami nergi c neurons from L-di %dr oxyphenyl al ani ne
(andisorapanding th isckesccheelisorr Bivo DApAlerahly dhe gig)ifergtion medium
\gp@HugﬁsLl_aWI\%, SlgN,p ipgqﬁlt%%(ijnet Fegl, Emtlgéﬂcgﬁoét]ﬂﬁl%’lQﬂoﬁelgseential amino
acids and EGF such as described in Example 1 of the Examples section which
follows.

The proliferating cells may be directly differentiated to neuron-like cells, or
transformed using the constructs and transformation methods described hereinbelow
prior to their differentiation to neuron-like cells.

Differentiation to neuron-like cells can be effected by incubating the cells in a

differentiating medium such as described in U.S. Pat. No. 6,528,245 and by Sanchez-
Ramos et al. (2000); Woodburry et al. (2000); Woodburry et al. (J. Neurisci. Res.
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10 tyrosine hydroxylase. Norepinephrine is produced in

nor ei nephrinergic neurons from dopam ne through the
waetoos3ed dopam ne B-hydroxyl ase. Epi nephri neP@BIL2003/000972

produced in epinephrinergic neurons from

nor epi nephrine through the aeti on of

969889k B IN Y/ Bﬁblﬂﬁnd\lwf&idbﬁbl (B166d €khs 81o1CBIR 27:632-635, 2001);
am nobutiri¢ acid (GABA) is produced i n GABAer

Dreeg etwls(200b)yKghyemast ¢. f%oéhé%}’%@da%@f%ﬂe ehny II\%?rtﬁérn‘%‘{aé1 Sci.

9%@?%?2% g&%* dﬁréﬁ\%gerﬁgtlgr St Z?%/%)tiggﬁane ‘t hrough a

t Wo- PteFBrably0 B RFelitibh YPEBaNE: the pessomueygendsmst one type of a
( hydr oxyl ation) and by _aromatic L-ami no acid

lmi@edmbms@lb’mﬂwé@ %W&M%t#@mcha%@qlwrbsﬁwqtﬁ@ fatty acids, such
EC d;é:a %6%&9?1& ocﬁ I'@)ﬁ]‘&gj ?%r()%stof EQ ﬁsﬁéglﬁhi & ﬁﬂﬁi)er neuronal

ion of
dee@bpthértamsd « qﬁﬁafbn Such polyunsaturated fatty acids are involved in

(http:// dst at du/th ) )
ol GBI s RtBess %gﬂeecf@ Woart the s DR i HbEhalfges in
nglgrton dX xglF ?M\ésn ﬁgBﬂdr a El{xrﬁ{ggpl . bafg1dFRsal OMlembranes and

re pre era one marrow stronal
Odtasiond BVBImbriie SBhBore and Wenc&ui”ai@dldvsbm MheL¢dfi A, and

Biss e Pty T 287 1081 P im MRS G LA iy L > The Bffectof
r{@'ﬁm@::,ﬂ'(:?fg ‘EP&%W ABXPRQALIRE Ehh hROFaLE A G@!Cemisition and

Vivo tthe proliiferation nmedi um 25 incl udes
TRMENHN S&’Nhe LBI@ithaadnRfel,na’FCEeWZYlﬂhe}%&pta@ét(ﬁ%ﬂ%l and Yavin, J.

R AR T it R W gtﬁalepqghap been

cfé'iﬁlnsttr?cé@t it OshlAS P¥habea dippgctdy ﬂio@lﬁlﬁi’uﬂmeﬂﬁihelinhﬁb and
neuron-l1ke cells, or transforned using the

Mﬂmldylsmmmctspmiaﬂdﬁ aratnd pynapsdso dKimest ¢ i heBiol. Chem. 275

}@?ﬁﬁbkﬁ’)o&%‘ Igr | %? i 2\4 Efeu ogcl(:) ];]flf gﬁéte%?%'Z@PZ 1d Akbar and
Reh] 5 Nearchean efF essegbsbyodzycubating the cells in a

differentiating mediumsuch as described jn U S. Pat
No. 6WVaiig rodigingnitie pyessainakgion 12 Ripsties, thg 1nv€12t@f§01}ncovered that

SRR R g RN e Sy 0

R6c9aReP BMS2 QQBQtantBJ]]@C#ro&mbd\/‘ﬁcﬁdiatmy off Bhemoatra@simiitéer secreting

Mol . Dis. 27:632-635, 2001@4 (
Kesigjesrin teq syarpses phpayron-fiky SM3ggla i“*?‘%&%{hf’&( %Ann N Y.

’(Aﬁlg? u}fg‘%a,l%""%ﬁ‘l% 3&)2§ ? oft éh]-)en%bq méRNgf She present  invention,

referab y, differentiation
igteedhiatbedf BMShe pewsedike colls &t effesteslt bson@ubgtp@ e cglls in a

0 chai n _pol yunsa ted . fatty acids
g@fay@x%@apw@wl FhiByeduerat it e BEn e tRERE A, sueh os
fﬁ lﬂﬁﬁ\@f‘énﬁé’cu@?m‘%ﬁﬁxﬁﬂals@' inflQdedPEORALL one neuronal

neuron ‘el opment and Tfunction. Such
differeminting fmﬂbl shelt tag BHiAGsdtmAP nerolBMK.i nMore preferably, the
differentiation medium further comprises DMEM, SPN, L-glutamine, N2 supplement

and retinoic acid (see Example 2 of the Examples section which follows).

To further increase differentiation efficiency, BMSc are preferably incubated
in a “pre-differentiation medium” prior to their incubation in the differentiation

medium described above. A suitable pre-differentiation medium may be any growth

medium capable of predisposing the cells to neuron-like differentiation, such as a
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modul ating the biosynthesis and accumul ation of the
maj or ani oni ¢ phospholipids in neuronal nenbranes

WO @onnes34aand Neuringer in: "Biological MenbraneST/aRd03100972
Aberrations in Menbrane Structure and Function”,
Kar nlg\égkyf,ﬁhM , Leaf, A, angg Bolis, L., eds., pp.

. . , Wit O asi ywithefactor

e T T I TN
BFGY)! Pecférablyy thagiret dffempamiing oredamefurthgneemprises DMEM. SPN,

Brai n d tina", New Y , . .
E A et P o3 O G R R 2 o e
gg% Rakech6h WhedH hib@s Studies it has been 15

strated that DHA forma a part of .
phos fhatricdsonet-Higmn oblisnieseltech dronp b preeerpl deseriped hereinabove

ty%ri;cg\ilg%%g%ﬁinggg%&g&@%%ggggggi:llu%ﬂr%gﬁe@tlgg{n:eﬁj t}inﬂ/g%cﬁ]ess at least
oﬁ% WEQDRAL m@tﬁ{gr 23 42 for %Q&%jz)le@ WO hatroargecikic muclear protein,

urochem 82: 655-665, 2002). Wile reducing.th .
nﬁ]rgtﬁbimzegt ghrfeng; @;qym-spfcéﬁ@i erolaseh etipbHlGr & MAS7er Sosine
i,ition o - [ or i
PRV B LRI B U, e ph PGB,  Bypression of
nﬁ%@?n}%ﬂ% ﬁ_ﬂ{o:nﬂhhéﬂ Wingraieatbdf uoh s anmohoassays, flow cytometery,
urotransmtter secreting vesicles i he.
O PSBuRan b Bl P S P R -
gccording to a pre nbodi ment of the present
ﬁﬁ{}gqﬁd#’@g?plesdﬁefﬁ%r}%%{irogg ng'n of BMBC to neurgn-l i ke
cel | srtesdigfefenihed deyls iofctibatreseqgt fiventen lase ipreferablyscapable of
differentiating medi umwhich includes at |east on
s?ﬁﬂhy?fﬂ?at @rwaﬁlﬂﬁtgﬁraciﬁd,neé‘{f&’i?n%‘gltwyn SPmgSEYS can be
e di I ng Lhunal i e i
PRI B TR Aol iehgid i gt
a]ICbBWﬁr Mor ‘elopuefrergib differertiation infefiame h suct asaleserekedimExample 9
urther conprises SPN, L-glutam ne, N2
of ikspFearapies Seﬁﬁﬂn?"’@%l%w%ci d (see Exanple 2 of the
Exanpy; g5 g@ %#)br@&afé’ﬂ'ﬂ?ﬂ réfhdeRitmi theRy bF Phtkindoars disease utilizing
i ncrease diffeerentiation efficiency, BMSc are ..
cwpgi_‘rﬁtr?@bwnlyno&]banﬁdm the leng rpn dead; tp flbaldngeatin gan-dopaminergic
medi yni' prior to.their ingcubation i .
RSP En Ys}ﬁlﬁ’.% r?nfln% |S%ﬂﬂeaﬁ% P 8@8 %@%Ctt/%%u% i £ gl%?gg-off and
sﬁfn‘gFiEf(ﬁfc%BIsbﬁ‘_tah@ Brotetie UBt B elre]. 306 g2098).h Acoedingty, agents
apabl e "of predi sposing the cells to neur onBI [ l%e .
which etarget inanidopammgrgic ystamp@ndowkich 483 apable of preventing, or

>CT/ 112003/ 000972 . .1 | S i

L RO SRt B oS PRh SRR hie b
RIseb 6@ Rinse tift Greiigy Phrkfreoestpaitritn gDjukttitimnd Melarged, J Neurol.
comprises DVMEM SPN, L-glutam ne, N2 % 5e t a

£68;5, 206 MullereJoiiped Qrin-eharpreotserof: b >@)§hﬁfl‘ijemer= P

tion.,y i_ 0 i | ) }

FSHRALAPY S AR PRl BNkl wenined o
potential therapeutic targets in Parkinson's disease. (Nicholson and Brotchie, Eur J
Neurol. 3:1-6, 2002).

Thus, according to another embodiment of the present invention, the

population of cells utilized by the present invention is a mixed population of cells
which includes two or more different neurotransmitter producing cells aimed to

provide a balanced neurotransmitter production. Preferably, the mixed population of
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typically exhibit neuronal cell norphol ogy
(illustrated in Figure 3) and express at |east one
woewnonahs mar ker such as, for exanple, CD90, PCT/IL2003/000972
neuron-specific nuclear protein, neurofilanment heavy,
neur on-speci fic enol ase, betia-tubulin 3, MAP-2,
cAINNASLAE dIpUBRFYIL aS SvellMsGeRidtitdrgicailo Sidht scthpvedllestrated in
nestin and cal bi ndin. Expression of 1o neural narkers
Figuresd®®-€med usi ng met hods, such as i nmunoassays, flow

cyto P t

suchgg Slg d‘%esp&pp%d g inaES)(ven&xe Ezmlks &glze@g)‘} t?i}'-&ﬁ@& (ﬁotﬂé present
%A 88 psefeitabBcabielt of ebrtiEable Bprtheiié bethe meimtredsmitter.

cells of the present invention are pr IerabLy cap qa

of  Syvrraleanpreashesacandierustlzac sngqneratc cglls which are capable of such

un bl ter synthesizing cells can be 15
Cg%ﬁéggtgﬂﬁgéglncubatlng in a neuron-like

d| f f @refotabBt celhsuivbleuior seizbnaA sradsdantativachre hawested of gengrated
"dopami nergi ¢ differentiation di unt uch as
a8 cdeBPTI B TRFPIRARAN)| W00 arcyEePRISAEY a FLIETS &2 BRI cPREollable

%ﬁﬂegs?gﬁofziﬁ%}%t%mgﬁt&ppr eci at ed that r epl acement

Inson' s disease utilizing
dopafﬁﬂfﬂeﬁ@ nodifidayion & prefenably effedttrbby tragsfoming euch eedls with an

nmbal d
cEI S SERBAE e e AT bk SrUa B PR Shzme

d Brotchie, Eur JP@on
%HQH%M%gHmﬁéh@%%%%?ﬁ?ﬁgﬁ??ﬁggents whi ch tar

non- ddparkpressiirc coystustref aﬂnd msem @W@ntE@p@b‘-‘r @rablry includes a

BESUERAL i TR oL e RSSO o s o e

&ﬁ%an%ﬂ&?smré‘aé’r theS @x;?\r/gssﬁdrﬁ&bhﬂﬁm?afsk ld@ﬁgﬁbds such that the
patients (DOjaldetti and | amed, J Neurol. 25 2:30-5,

ROORicleNtifld exxpreFsion E»spquvlam fyia RRBEPSHES dP hatt . ageniy- gondition.

GapeHePRsrBouE of shewScafigpaiflisdbonatiiter pnipgsi can

RS effRUED %rl il Aife hd PéptdsSioh adopetinsct | whiPhrikclnden: a spolynucleotide
di sease. (Nicholson and Brotchie, Eur J Neuro

BquenGe cpgBig teIpnayma pesiclRHRS b PSHIRBTIISRD wﬂﬁf‘e“'fﬁ posjtioned
J{a% Iﬁl Sy %Egrlétgb\ﬁ%p%rﬁfbl otftﬁﬁ% oﬁlgte?%?%@_ﬁéteﬂ/ @Blcﬁedahsoe switched

sent entron is a
‘AP Gindtid e oﬁf‘offdshlspremiad)c h includes two or m)r e

or ovi B S<BAFIAT: SBE 611 BRCRPENE] ThAoBRIE: R Construct n
g@; g%ﬁ)t B%Bigc}gb %gmﬂf%p kAR G cofRre @034 %r it can be

ceI I ncl udes dopam nergi ¢ as
&ﬁ&hcasSsmep&mnﬂnﬁpgmmomeuﬁ@rsuch as those illustrated
in gures 16 i S ne i.oned herei nabov
cells nu%f}yl ‘Faf%’otﬁﬁ)‘?xl’rﬁ?sémh%% Ctocl‘anﬂ??egeﬁ?l@gﬁn Sing sthfifird ligation

b R PBn %&mﬁfu@g ekRRh Yure aRBR W inC@BtarO{sea M giatis ef al., in:
synt hesi s of he neurotransmtter.
Molecular Clonmg A Laboratory Manual, Cold Spring Harbor Laboratory, New
York, 1982). Isolated plasmids, DNA sequences, or synthesized oligonucleotides are
cleaved, tailored, and religated in the form desired.

Polynucleotide sequences which can be utilized in the expression construct of
the present invention are described in various databases such as that maintained by the

national resource for molecular biology information (http://www.ncbi.nlm.nih.gov/).

Examples include sequences set forth in GenBank Accession Nos. NM_000360
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5 Several approaches can be utilized to generate cells

whi ch are capable of such controlled synthesis.
woe@hesas y, cell suitable for neuronal transpPERII2D03000972

are harvested or generated as described herei nabove

and are genetically nodifie® to enable controll able

(eﬁ&&ﬁfn?%ﬂn@fhﬁirl?@lﬁs% I Mg NO00Y0 . (chEodaenadDOBA decarboxylase)
cation i's preferably effected bé t r ansf

NSO i (i GIF cxsigmdiniier) CSNCOPUET (e g gofamine B-

e df ex n
S R e
(eRERUES stbqﬂomﬁgisr ugdnooky tdi@se)r asdnNM 28649 ofencoding choline
preferably includes a polynucleotide sequence

mﬁh@ﬂﬂmﬁ@@ﬁ enzyme participating in synthesis of the

uro rans dsponse
R A R PG
el&%@&t's %b 1 ifér @xqQBiag tent@iption agah¢ polynudackide gaquence so as to

cmcgatrrrggtldaﬁagllmeayfeléy%ggfp%{t},?%gq%got%glﬁ%ﬂ%\énzr ?ué@akc Ieg\gptnlsg glem%nt can
berj {/:%{Zﬁ%ﬁ oaQ &gﬁgﬁggﬁﬁé %@%&Bg%ié'n%% (éﬁ'ﬁh@ﬁ AREHBMIEBY Gossen and

equenc encod I Ng t he enzyne
BoaFd i(Piqatiiaty AoadeSeiotUshsif:§349F55y nt998xi en medysoneingycible

r%é@égm?%n@t\?ﬁﬂogﬁn%g{' BodNan AR S o R #171996) a
mg?afl fon gﬂ&&&%ﬁws S RSRIRATYQafORRAIT (Gl OBIVILRDS, 1982);

as a gene knock-in conStruct in whic

Blrinst‘ét w al. e{thum 2@éﬁem2<; 19812)6@91da$€?a®1ﬁ asfalcovigt rQFélt Blol. 5:1480-
sequences

1481 dda) 6%16%‘(&&1{)61? I‘CSE(ngF ﬁleg}?i}{ %gﬁ &s %?Sﬁg%ee(?( g#r KRB e al. (in: Heat

essi on
sﬁ8&(]<5 génsea&i bRoGGNE! AERE, WcARAbANHRAL, debIIGQaZZOer%l) or a

i Ction techniques, which are wel| knovvnnbpr 2,
hoteorr tespose dlemert $usheas é¢scr1b¢dnby s elc al- dNagyrg m ot 28-23

b BB 2 LY oy 0L 8 oni g Kok s .

uences, Or
fg}éﬂﬁg 75794 11997 eh@Rbdel esd Hmﬁ“manl(uavbmdsa{dsotbasw -2604,
an

religated in the form desired. 30 Pol qécleotl 1 t
19891)Jeﬁmé@fabhl bh resnenpe clsirieni Bea PHYIHE 1%9%&1 g JpRppnse elemen
const r.uc

d
rosir Pl BB RARAL i RNk Ao Ekhicped 11
nat i oM@l edpR&RIoCEnkRiict ol the Wresenbinvenijyn imafycalsmtnadede one or

i T 2 SR8 5\ s o
]{r&@%%ogpe ?%%/fygyggr Aé@@fé&%gg\%\%llo%%}g/ GOddeers %9: ﬁcﬁﬁﬁéoﬂhéfg placed

I oXy 000790 (encodi ng DOP
ARERIbA Yo aptieanNIFtoDD GRS trapeniptich nigit@rien " site. Many enhancer

| oh I I - .
ecigncien%s >clledrrn(l)ed‘rjlfsfc(?m ‘)n'uses agfgoal?l?rgaé Eos% ?grlxgneganccjio 22 rz?ctrll e % a variety of

tissues. For example, the SV40 early gene enhancer is suitable for many cell types.
Other enhancer/promoter combinations that are suitable for the present invention
include those derived from polyoma virus, human or murine cytomegalovirus (CMV),
the long term repeat from various retroviruses such as murine leukemia virus, murine
or Rous sarcoma virus and HIV. See, Enhancers and Eukaryotic Expression, Cold
Spring Harbor Press, Cold Spring Harbor, N.Y. 1983, which is incorporated herein by

reference.
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hydr oxyl ase); NM 002686 (encodi ng gl utamate

decar boxyl ase); NM 003450 (encoding tryptophane-5
worerenxegenase) and NM 020549 (encodi ng chol i neCT/B.2003/000972

acetyltransferase). Pronoters' suitable for use with

the present invention are prieferably response _

el ey RleAARGR] Seduehicedi dafGllionBe kddudstor thptexpressibn tdomstruct in

pol ynucl eoti de sequence so as to confer regul atapl.e h
ordgmtdanéreasef thehtramBation: eHiviancy t o thea BB A f‘?sé@g&?&é ©

el enent _can . be, | r [ RRSHts are
exgrenanopatich i Blesfi R fionc, LIS RUEL haRehaZDe

relF&Cor Madrate ApackfiGeit. pdliplefflathad GBST U 188 Zpquenqes located
ectysone-induci bl e response ele

> n No D et, al, .
davrstrearnaTom Aba @ol@fenylaiion Sl@s@f@sgglé%‘g POnspEg) sequence of six
tal.-ioR n n dep&fdaled P¥roMBMeon and
nifjeciyied, R4 SRS, B Y RofsSpatcaRE ] T
pdIdedeuyati a9 6 @Rtsd that k88 Ritablel Beahd resentainventipn .indady those
Biol. 5:1480- 1489, 1985); a heat shock response
desiveehdiom SYAH as descri bed by Nouer et al. (in: Heat 15
Shoc c Slkeadl-desiBed, tBe@Rpfasion coftdict of the
ppl 65‘- %gﬁt?&{i]g)g%e%%g?é}gy h%dr konsé requnsepel ement such
pRserdenweithed niy hedcally edntaigNather spedalized geloments intended to
irpgEas0 J S, ok gRiesiRd gtk Bpeh ol iipffis of 10 faclinte the
. 329; - 7 ) oari@Nle rSdAeinh ONAUT Fanexahiptd, .a number of
1%@?5%&1&33&6016%1%gg%tgqaggof ' 1989m. Preferably the
aniesponseee| emain  DNAnnsequengsoribali pavrepts| e €xfangyomosomal
el ement

,..20.more preferably. th 0 i .
SSRGS G e ) R T
r@ﬂf&%ﬁsr MetrefifcatedepRioBmBftas lshoedit the apprapriat Sactomcire geovided by

n

e or nore enhancers. Enhancer el enents can

gstasmithet eartiechers theiphasimod oupith sherzenomerod e Basbrsll | i nked
honol_.Qgous _or. het er.ol ANGE fcon. If
act i Jg‘%v%BWSBP%cg%Stmﬁg&‘ngt% 3k r%btrt %%%%%gm X the :
Lk@9S6¢ teplib@Nisi prbdeng theanthe skéter isMmplifahleaincmkai@stic cells using
el ements derived fromviruses have g@br oad host range ...
therdperopriate tselpetable masksr.i & (hegronstycd degs NOEGPMRYSHH Fg, ary
the SV4 9sNns; €hdsSibRUI AR, fiRE rBEdbiealtl DNA
fF@b"é’& ng(ﬁﬁgegrrxaeln%gﬁlgz%p g{ﬂgg tdesglbconbi nations that lar e .
ifitetatddl @td Ohe t fumopreesnhe iengmaeredncell, rehard ethe hprogioter directs

derived from pol yona vi rua, human or nuri ne
eprespienal theidesiged ralxnucleofifie | ong term repeat from

vari opg, QEFeQ%Bﬁ USKERtreMC B afie Mpeddde inQeteRM @alti fukither include
nmuri ne 3(53 r Rous sarconm virus and HV. See, .
ahaneEpdyantedidk acyehcas thtpilews fosexatapledthe gppnplagon of several

Har bor Press, I ri Har b.o N. Y. 1983 i-Chvi d
PIREHHEPE %é"ﬁgaﬂﬁﬁgﬁuw & é@‘Pe‘H%‘E‘?‘ o005 oglaif (RES) an
? (&Iérlclegofg?’/ (A int%%raﬁ@ﬁ yad ey pesrhsrer-slefeaincpslypeptide.  For
2150 be added to the expressi on construct in -
example a single expression construct can be designed and co-express two distinct
enzymes which participate in a neurotransmitter synthesis, such as the enzymes
tyrosine hydroxylase and DOPA decarboxylase which participate in dopamine
synthesis.

Examples for mammalian expression constructs include, but are not limited to,

pcDNA3, pcDNA3.1(+/-), pGL3, pZeoSV2(+/-), pSecTag2, pDisplay, pEF/myc/cyto,
pCMV/myc/cyto, pCR3.1, pSinRep5, DH26S, DHBB, pNMT], pNMT41, pNMT81,
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order to increase the translation efficiency of the
enzyme expressed fromthe expression construct of the
wee@gent348 nvention. Two distinct sequence el eneei/BL.2a038000972
required for accurate and efficient polyadenylation:
GUEZ%QU rich_sequences | ocated 5 downstream fromt he
whRgh Y%A 181l #6mSintRroaBsl ' @ BRueRe epMbac
g@ st x nucl eoti des, O%AUA%AmIgﬂgtégi egmlil?!e\?iggrr?acl eot i ’g%s ,
pRips] pRER SV endrpBK+CHEY abich aro hyaitiblpyiremiSsintegenn I IRES which

.th It abl.e f . h [ [ [
SR TE Bem BRI S0 VAT IR0 i on o Che ol ement s

al r epdyregleSLEdREGets LhRaRiiY REslatiy eli®hisudbmofukbiyetic tvouses
present invention may typically contain other )

swhesirairoviodestaarin ke nseddidbe prasent RYsnsRBe S Yesiqsp include
pfYET| PSRRI Verfih RO RN 5 PRI e s, nsluds, pBV-

_ t carry t
1VEGPADAREREctEAlerived fRonarMpstin Banwidierindfide phiERO, and p205.

viruses contai n DNA sequences that onpte t e
Ot onaaoY eFBpT MBS0, AV DI Al BRI K A neo-s,

ern.ssi ] stype ' j e bk
ORGSR g b P AR RO ISR R ke the
dBBRI@PLF ahe §vatiokslargomoterj G3H40ylategepemaén, hmetallothionein

carried on the plasmd or with the genone of the host
prasmter, T BIEREATS FUBER SETA RORA o ROV IR | EF lgmeter

L ffer” 6Pbth ol isGRA if ti
BB A BP0k B APl ot BB 00 ko
céd.l s using the appropriate selectable nmarker. If the

construct d t I ' '
o epliShn egRpPR e R RO Epasht e FrayaddR i tases, t
At Héggﬁsge | hahRhRIM B FSlIyN v Rudhan@eN e pRpagdie in specific

engi neer where the pronoter directs
el pyessiTire tofgeting spresfiaiedolpdta) waetbwsottiliges itymatural specificity to

SAEEE hef SABLE4Shr ol DS B RO ED et s

ihfdedhe ahfePltd defr EMAMLIypt M VetRbsised borhelprasexteinabntion will
25 proteins froma single nMRNA such as an_internal

depbub amtheeswlrtype frewes fgnnRES) Therabili do spleeissuitablegerion gccording
integration of the pro chigrer | i = .
N T R A

- ARnC/EEP SBES nbVWeniab tdeb@ ption Naty setectiohi adnsidaratiooi paprevided
in a neurotransnmitter synthesis, such as the e

eyeinsi s expenpdyhoas enairel OBA ca@ O&r &?ﬁ%&%ﬂ%ﬁ%ﬁgﬁ%‘n T cell
| rt |ic!vprg§§, iGrlq ﬁ@gw)ne 30 synthesis. Exanples for
#ﬁ%?. an )Ppré

B sSiton‘constructs include, but are not
|i mi tRetokibinanp GENAI ectoesDMA3uskful/ for , inp@@ expression of transgenic

preosial T PSecToRe POLSE Do) Gl et
%@Mﬁ%&y. RS Lin o2 RO OARB ABHB G |c5‘@l@Q)'f,/ fRQ%ample, retrovirus
and is the process by which a single infected cell produces many progeny virions that
bud off and infect neighboring cells. The result is that a large area becomes rapidly
infected, most of which was not initially infected by the original viral particles. This
is in contrast to vertical-type of infection in which the infectious agent spreads only
through daughter progeny. Viral vectors can also be produced that are unable to
spread laterally. This characteristic can be useful if the desired purpose is to

introduce a specified gene into only a localized number of targeted cells.
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22 which are available fromlnvitrogen, pCl which is
avai | abl e from Pronega, pMac, pPbac, pBK-RSV and
wQEBK4OM348vhi ch are avail abl e from Strat egene, PARHES003/000972
which 1is available fromdontech, and their
derivatives. Expression conggructs containing
r egulAdt RENIRdEHRRS Exéxﬁgr& SRR WLILE folloves €Fe cdilsSafahe PBesent
retroviruses can al so used by the present
inivaxidort emlscﬁszm@amé(atn@dsmthm TPECSSIOBYTITSIRIGH o ppRnstruct system,

tor derlv Yl ne i -9 i
WO Shiee o0t eoDEBsp e BRpDRE 1 ST Ry e HiRpvator
bsﬁﬁbﬁ@%rﬂ'@E@@ tramBe Q§1 confolef a socend lr@’llyatéi@Q‘:feQﬁéhce In such

| ncl ude pMSG pAV009/ A}, pMIOL0/ A+ MAMheo- 5
ahgspilession gehepPSUR tr@mactaﬁyoroﬁ Wé}i’ab\]ﬁ‘eeg avtvating dhen frst regulatory

%i(]}p LER ciémcﬂra@so%ﬁ n (?f %@qﬁ% qogytﬁlutcf%ogﬂé ?&{lsllsﬁ)& AfabbddRe of the

Yy pro er pronot
ap&ital I ot hionein pronoter, nurine mamTary tunmor virus
pronoter, Rous sarcoma Vvirus pronote pol yhedrin

br ondrelFiabl, be Ret nolewelcande SHIRRCCPT et SXPESSPgR. construct, or
cgﬁ(s[ﬁru%§ |58 I1ﬁ‘cl %.rs}é@ﬁénge et é %@%aﬂfcf—’pangg in a synthesis

special’i'zed | ectlo ents ave evo
oﬁ&FhYem&&Smltt@ whibh & Uplﬁalﬂpémkd@ft@ 235 e:cdmh&megmnswe promoter

sed 15 deppraaed By el v gt S Py AP S ap TRy EdBgs
Ut il ing6s rﬂé%%ra%ﬂ;m i drsﬁ@cﬁ?ﬁtfc‘léb‘tﬂiﬂ s@cglenc%)@icthé bg@edsYon construct,

target p ter types and thereby introduce
o@ doasiouddi syatem, geclaedesi mts@qmdmelambedmgchnc emztymeTp@mclplah@g in a

e of wvector use rese tion
SURBEHG o617 CHEOEBRTIIT R ST TFRS 14 f fofasyqige control
e?é?lllé?ﬁtsuél‘f' atsaﬁés%nl‘!@cpb@r@oé&%ﬁ Ofrfdl Bﬁjai’(@ (PRt heatk eAJ:ad y§e. USA

transforned is wel thin the capabilities of th
BOrshidfielSyt, SR elee Exanpliesbﬁn ofitie Hzampleh speiogewbichl [ follows for

Igﬁcrckptl on of selection consideration is provided
fipdhegidstatlgn exanpl e, bone marrow cells can be targeted

usi nor{eearRbdiRAatof 1§1ﬁjeferaﬂlﬁHKﬁfﬁcﬁcl\herdd}ﬁtrbutﬂﬁtrénsactlvator such as
(HTLV-1). Reconbi nant viral vectors are useful

d¢s<mbeéxlpf é3§§$€®nartﬁif Byieth yep Natl. 250¢Sb|55¢hu1§f3éo¥9? é%‘k'/' 551, 1992)

SR s AL AOSHoRHES, S sk S bl i

éﬁtﬁfﬁﬂkhlféﬂldvbkefokﬁrﬂleﬁﬁ@thms of, for exanple, retrovirus
and is the process by which a single infected cell

pr odu¥aiousamgthads Gahype ised ShanEadiite The EXBRESiol GOPHISE Of the
%g%’gﬂg‘wehﬁgﬂ ?}fthlrﬁamx‘-@mﬁ%ﬂ ga}él tshéh H%ai?idc ﬁk%gﬁsrﬁi}ﬁ @escribed in

rost o S not
Sammbiroelt ley ol. nfl\e@iéﬁﬂarbgllohhg X IIgtbnmloryiMaxhuqb,aCDIdCSgsmgs Harbor

This 30 is in_caontrast vertical -type of

Labompan Hew Vﬁl‘l%cﬂ?a&?us 9§§§nf sAp‘fsé‘B%} brﬂ? ¢ rﬁerng B‘iﬁ’tocms m
HRHELLL BiBIRIC N Wild) alE SRt SBaRHOR smbeu@gg;d@mg et al.,

at are un read |l aterally.

thaatm: Gené §[th|emp§za ﬁ?Rlﬁ.‘e Puesef Ahn iArboh é\/IdJés |(19%5),pMc@© gt aj.s Gene
Targetlng, CRC Press, Ann Arbor Mich. (1995), Vectors: A Survey of Molecular
Cloning Vectors and Their Uses, Buiterworths, Boston Mass. (1988) and Gilboa et at.
[Biotechniques 4 (6): 504-512, 1986] and include, for example, stable or transient
transfection, lipofection, electroporation and infection with recombinant viral vectors.

In addition, see U.S. Pat. Nos. 5,464,764 and 5,487,992 for positive-negative selection

methods.
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i ntroduce a specified gene into only a | ocalized
nunber of targeted cells. WO 2004/ 046348
WODDANLB@O3/ 000972 23 As described in the Exapgi/Eg003/000972
section which follows, the cells of the present
i nvention can al so be transheorned wth an expression
CONSNYE tranSforded @OIE BléChenSiRdE fhey W fdsted NGk l¢dE®fe)i for their
first polg@lcl eoti de sequence which is regul at ed 1a
abitightmasxrithesizsra fipstpral gisarptiansBitter ik I¢SPARECHO; 3t P?btﬁ%‘ﬁ signal

B s R
inebinpahiiteyt (e preseite VeaBbaicorof t}ﬁeﬁgmn)c endlgzedi nsmg standard
transcription of the fIrSt pol yn %%gn q

cb@g@ﬁ]c@lagytlc@h gleth@gé gHch g5 EpreexaBY r(g(f tematlvely
t}ge()lcl}(lﬂllilgg ?1% %?pa?zﬁp}égl il n}pﬁfedt §s?o°hs bPtheCRIS 'E)Hl‘éﬁt enzyme

cons SYS equence encodi ng an
(€BZYBRofiaE t hgdrpeylhde), iusing Slymﬂeﬁmeﬂ ahdyt¢al a methods such as
neurotransmiter which is opera linked to an
TmEWpenHRYS cWSHRE Dot p%“@nBF%lrtlm% B‘ch{R ASsinge dhG DERcPaptFs Nyich as
d%écé—%)ed 1bbﬁ)9£np¢\|@% b7 o ‘ﬁ?edEx ]ps WShhond dhd? &51R3RL or by enzyme
erably, t i rst pol ynucl eoti de
agtiitiebioassays.t he expressi on construct or construct
system includes a sequence enco

par t it Elwﬁt Prghpeal C Rbep ol el oAt prgogenously

%“ ﬁﬁ&mltdef rékee Qelé&eda fdrelideae 1B | tha@réent ekntld (e.g.,
suc as descri bed by Gossen and Bujard (Proc.

ﬂuatdnal Machd BiviSc) kish cesg aﬁalté'fesﬁﬂy gargdieylly wewipElaiadpiueh as to
dé:gett()f t he Exa | es secti.on fold ows for r{é{{jéﬂfgf h
Giarsthongs copagroast rodte- cesre Al QiSyped parlidbhi in he

r%%f’cftﬁﬁyrﬁ tlep esyﬁ@x@§1§ qk e dnlib@Hoas ttireaine rhyRlueHy148). Such genetic
escrib Gossen and Bujard (Proc. Natl. Acad. Sci.

mﬁﬁpﬂetl@ism 56 tffetodby, fop@xappicaby ympiqyiegigens knasleah or site

SRBH3 B PRFi SBSPUP ks Yy D 1R s

4¥el o dsnRab] MRtHege dS1:0-15N1 995) uae Hafés ﬁi(bF@ﬁs{th[rmacogenomlcs
construct of the present invention into mamali

£433-43, S000). netHisaratively, oeler sinaplegedc epdaganeysly producing a

Sa I

RO g AT, g, kg ciar e o
1 dRERmalifP Aith o uickdesudoed, seth ad illustated enFigRreotfocol s i n

Mol ecul ar, Bi o| ogy, i

e 8 Sl Lo 08 S L e M o

g[z){ %@ﬁ?us’%ﬁgylﬁﬁggé}ngs%ﬂé&%éﬁ](%}?%% as t}\(ﬂ@%ﬁd&tcrigégd a)lb,o%egicgrtgat cells

séhm'ﬁu|zuv@_\;as1gr}‘1 Jovb | tee wbdity t€ emdbgenovelyt smnshemd Rhedtranpmgters and
utterworths, Boston nd GI

RIFUHE cTUSA| %fb@bbl 3y ((Egeulay %36)5&12 g?%g%l]lorglﬁdl oa et o% eé(logenous

SXREReE wHILIPA R a0 the! diB Pk PBitioned under the transcnptlonal control of a

controllable regulatory sequence.

Alternatively, such cells can also be genetically manipulated such that
endogenous enzyme coding sequences are brought under control of a regulatable
promoter sequence. Such manipulation can be achieved by replacing the endogenous
promoter sequence of the enzyme (e.g., the TH promoter sequence) via gene knock-in

of a regulatable promoter sequence.



10

15

20

25

30

transfection, |ipofection, electroporation and
infection with reconbi nant viral vectors. In
w@dwisnics see U.S. Pat. Nos. 5,464,764 and 5, BGII29@3/000972
for positive-negative selection nethods. WO
2004/ 046348 PCT/1L2003/ 000972 24 Once transforned

cel I gp f%r?all?ef]ﬁr&ll@@f tHeR¥seRt fivkRSdLhte (thahsfowhbd 668 ks t®kcquire
their  ability to synthesize a functional

resistanct oesrdlndeathepcaurringedipingsmaingranaplexieipmalt has dsen found that
b f
o fie Tttty S Ry R CREE deli, AROplobis, IS B hyporia

hpdRRERSENGECHARIAD IRNER, Gfeet RRIIABS NErdwan ahmediepmmgm, and
standard 5 chem cal anal yti cal met hods, such _as,

exxatipd extraqelldapcompaietiony o exritaarE| yming cidy| in Jff-‘eéost brain

( Irélggco ﬁlz @lt l%fvﬁéﬁaxﬁl § %%9-1&9/,{20@62 Qﬁﬁfg? g&rﬁrggcgﬁces where the
gl bR BpdPt@ehpiduca ceinédaytt isaagh, vaé bélthSofSﬁhe lpréent invention can be

i mmunoassays, Western blot and Real -tj me, PCR usi Y\% 5 h
trpneformendr wiih 8 (olyrasleotida erncogg AnrpPERiaNs| Bibings palyReptide suc
e&e! 22-1326,
o DA Bl Aot b b Ol BmyLind LofR 2 Rce U113
1998esThetiplypeptids &nd&palptess@furﬁadﬂ@e:nnmell qf a mmtimtlm groanoter

neurotransmtter are sel ect ag for use glgjﬂ elt )
sHehy e elessHbed heremabeais, 0 PAF TR dlé‘éefBR/éesltr a 618P1i°§a 15508
g&‘]?ﬁ(? é?&l%t@lb kYcrIgY) ﬁ%{r Ce%rh 1c"BO %aﬂt ﬁgxr&‘ﬂ-@ﬁbc@ﬁc tRolase (NSE)

or nutate éndog eno S co ng sequences of
pERAYEESs Eaciibed tn/altetwt iah (Idvenal 5 Maleodaradiempsciance 21:121-132,
s§2LheS|s (e.g., endogenous tyrosine hydroxyl ase).
genetic manipulation can be effected by, for

exanghg celY o £ilR Ak AGn B8 e n kRO BK a@HiniNéred itd Ehe teHateRiGhaiftidual
mut ati on techni ques and vectors such as those

wger vaviety bftr@aplantaliah ppptordiss, the nafire ¢fiwhighdepends on the site
O%Et hods 181 1-15, 1995) and Harris and Ford
Rgb8%enomi cs.  1:433-43, 2000). Alternatively,

cell Sl“}fé&%&%?b 12hseeMHAAGRNANEY, Tl deislhetgneht’ 26r “grafting” are used
neurotransmtli)er can be elimnated by exposure taq

m’ercxhtmgﬁahb/ heretn anql/p'qz‘fay tgrthgylntrpﬁlgﬁ@popﬂébq &allsyiof pthg present
1}%@% gﬂ%grf%tetohi%sucfheaéel S caHSger (%rﬁgd' lﬁ'tﬁé' @mﬂe]gnt or Erom an

enous sequences can conbr n

HIQ6eid 6 @hog@eag@ers enzyne coding sequences (such
as those descrl bed above) such that cells

si nul Theresle sy be eepdted h@toélgﬁ qqnf@ ?W@ﬁcﬁé@t@ﬂb‘ﬂ@f“ﬁp the ventricular
%ﬂ{ege& s?:%dﬁ]r%ﬁgt ) (?Q?%l%ﬁ’aecre A01G,0¢O hAGH UCGIﬁilﬁb’r%hfcﬁr‘successful

regu roug genom c i ntegration of
tearplamation irshaldey eabily cfthe hopldet; (M)aemnmymaf the graft at the site
posi tioned under the transcripti o t];llozontro

eornsplenabes FegdnhEsHUgE araemteo peist] R?a‘ftgfma%tl}éﬁ site of
t?frlsbﬁnt%ﬁgn.al $8ctR5dsI e Hab P dnkinFRMARMHsah &G e SHERed, N example

embryonic brain tissue, into host brains have been described in: “Neural grafting in
the mammalian CNS”, Bjorklund and Stenevi, eds. (1985) These procedures include
intraparenchymal transplantation, i.e. within the host brain (as compared to outside
the brain or extraparenchymal transplantation) achieved by injection or deposition of
tissue within the host brain so as to be opposed to the brain parenchyma at the time of
transplantation

Intraparenchymal transplantation can be effected using two approaches: (i)
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endogenous enzynme codi ng sequences are brought under

control of a regulatable 30 pronoter sequence. Such
woraovisoud3ag | on can be achi eved by repl aci ng t hePCT/IL2003/000972

endogenous pronoter sequence of the enzynme (e.g., the

TH pronot er sequence) via geee knock in of a

ing bS braRPLeEHeBym cavity by surgical
n&’&gwll%gg%gsleigg{)%ggl 25‘1r qﬁ?ona?lly, the clge)%fi?%f t?}, ySuE

mpaes Bnexposy ¢l host hania parqwaymar@d then algpcts@uw:am giaft into the

esi nce to, cell.death occurring.duri
e SRRt el L OGBERY B UL AR A o and o
biaiPHA0E %ﬂt}ier’tlrﬂé af g’faﬁirfgs ued BeY feEllekgmatiniphogtegration between

triggered by hypoxia, hypo | ycem a, mechani ca
ther gra ndfh(éébraalml tigsies Thisr vt Hmparierse dpisarpapiresh thak e eraf
5 excessive extracel hul f aex
e e e S e e T
Tr angleptdtiveld; thé Brafbimay 26 @Qkced binde¢ntdile Oeugnit @neheal ventricle or

where the risk of apgptosis-induced cell q%éfi he b
sehdgrally; he. eeithes susface ik the BeEhrannyREiTbH %?Qﬁf om the host

btéagag%fe%lﬁ%nw %1@ gﬁeﬁghﬁ’lg & £kt glear%lﬁ'x%gd cfgﬂl @g mater. Grafting to

I'ng pofypeptide suc , )
tigxvenplicle rﬁdsyebdﬁamm bSﬂedZ)}gmyE&tl()ﬁ\@ﬁlﬂ’Bi doedr Cells/or B geavdng the

281:1322-1326, 10 Th b .
celpinesubairalp et 3s &8 %%eaﬁce’ é? E’E"psflt .SPlﬁ t‘é@"*ﬁ?@%f‘@?’ then

b%ul lﬁ'ﬁecgghﬁgrﬂhge%n 1@"[8?}9\5’6‘?& (ﬁﬂo&'h%fl e&faﬁiey%raﬁn gR¥ s@bdural

a neurona Sue- specific pronoter such
gaﬁftmg ahe esiBmmyebd ingectedramoundgbe enfapef ilfei ltralméﬂeamkmg a slit in

0 WL Bl DS EA ey B0 oy AU flitin

o 131 SbrchddemPIdRSLR pdrMAERE hOSHIS 8Na BAcRGFinYesth @ealsdred. The
e treate |nd|V|dua using a variety of

mwmssmmisapne&raldpmlomuh@sn a plereotair &apke ausi dhyee dimensional
$c§£>g§ cgfprgﬁgl S élm gﬁl?cg%d. for pia%?r}tg ﬁlg Hedle meto 1th?er (ﬁgs%d location of

acenent

th<9 Bﬁflﬂ bA&pinAcBrdISEHe célmrﬁﬁ}ﬂ hapoe aﬂﬁkc)dubaf fitd t}&rpilt:ilﬁére mucleus
to the introduction of the cells of the present

hasalisnhipppcampus PG et Stn%@uesubath@l%@Bﬁsor&aﬁdaé%f%qs\?g&Pe brain,

pient or froman allogeneic or
%%?bagﬁg?%pl gr?grcp The cells can be grafted into the
cent rifr RSIsYRUENSY tHee BelDrsubpension hie drawhr i ubar the syringe and
cavities or subdurally onto the surfac

oD o RIS OB e QP S F Gifions may be
m?&et%%e th Sfr%roé’édﬁ lity of the inplant; (ii) retention
0 e yra

e site 25 of transpl antation; and
(iii)The aéltulkm arpemionopropatune tlngi paunits egefting rofahe toads to any

pilﬁé;@%fgn%tb E@%?}@p :tlgeg gatélll oqgoqplr@iipﬂ%f elfs orrgﬁ.b}r@gs Old’la%%lgﬁlﬁlc allows
{rxk@%ﬁegra ﬂ%’mﬂlglgﬁ?é%ﬁﬁl}ﬂﬁ SBRAUE BeRRnE 63! dDBE shide site using the
same cell suspension, and permits mixtures of cells from different anatomical regions.
Multiple grafts may consist 6f a mixture of cell types, and/or a mixture of transgenes
inserted into the cells. Preferably from approximately 10* to approximately 10 cells
are introduced per graft.

For transplantation into cavities, which may be preferred for spinal cord

grafting, tissue is removed from regions close to the external surface of the central

nerve system (CNS) to form a transplantation cavity, for example as described by
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the mammal i an CNS', Bjorklund and Stenevi, eds. (1985)
These procedures include intraparenchynal

W e@aspd3ast ation, i.e. within the host brain (BSI/IL2003/000972
conpared to outside 30 the brain or extraparenchyma
transpl antation) achieved by7injection or deposition

S%Be\fltét ag WBrafh RBLN 1&“3261 0@76? M IQm%‘?in%%th oP&1RRP GRAstain and

ral n parenchynma at
stbpping p»lle&dingthﬂn a hnterah avEne ggflﬁmlm t Smimpl man be umql te gEcate the

be e Si pr oach WO 200 /
cboty; Trog% o dseBeccd e AR BERY.offoss Belont waRplip RS glaced
iPfhRIsBmP %5@%%{?1@:"&161'1 b? cdMsQR AbK A HssAe GRaplahi. lQl’k‘efelrably, the site
surgi cal rreans to expose the host brain parenchyma

ofl ndplamanom epdistatadny theetyge af newnetransinigier being synthgsizad by the

d | de
bl et TP 1 G ey Hab gl BE, € prcferably
iﬁgﬂn{éﬁtnfi't}fe%ﬁbétédtﬁt %a@ab@mm@onrggaagmau on bet ween 5

e graft and host brain tjissue. This js of |nporH$nce
i f i Thescetle glitheprosenitmyensiograry besecaskmisistered Hitbgihgiapeutic

agf%rgg Ililgegfl,l fhe E%?tzr%gn ﬂbﬁ‘ @H&?ﬁ‘% Yﬁs\ﬂft%rg %'hct% e F%rg\gzgl ! @a{ctors e.g.
néBRt EtdR, fabtog. ?Q’lg@l@ﬁlﬁ@’ admtilﬁﬂtcs; Qbﬁo&ﬁnmbdnsr aiehx;ohormones

i.e. on the surface of the host branv\,herg £ th
t@ép-‘arléﬁuéléﬁ prametingeTeisstlespprd AnpReRRERGHIn yprﬁﬁgsors of these

terven| ter or arachnoid and pia mater.
3?965$w$958£ﬂ0?%e ventricle may be acconplished by

i nj et}'tdllewmg‘ trifypladaarion, theltdested nndayldgaIOWcmgﬁﬂlyearxdedanHUOUSIY
in a substrate such as 3%coll a ntoforma
rg@mogeq tarsthe Igrslcaf pRayotasmut tqser%]e dahy dhe InﬁPlg ﬁ ceflls The

n\éﬁﬂ)glr %Jriﬁtel" ir%g tl??é?ﬁ@é ﬁlzsés%@feﬁ%ﬁl%tw B ugl'il?fchmcﬁptrests suitable

I's may be i njected around
foh élagnxrsﬁ@the méumh@ehemtme disbrder. nﬁdm Erxgrrmlfs Ithet refaase @f}@Opamlne

dura. I njection 0 | ect ed f th
l:{ylrjgpp}a {l, g(isl }Pagé’lagg}nﬁ)?ﬁ %ﬁ%e é)rag%tg{]ﬁ% o ﬁ%m%}t%c? (lflsmé clinical
&1%%’109& rttgst§ fbﬁ PSfisbn sNBsAReRICR a9 HeRriBEE OIS anideid adke, C. H.

mcrosyringe is preferabl y nounted in a
sklextdsitoyd.& édsaiPadnusonlsiyecade mchMoyampnt Risendetss Rigggosis and

RS GRoE P LRCUFL LR EDARITE MISMIEPLE 88, vy

A000).S  TAYePbiSR0oRRorbA idesE thehdardthmspittea TeBasenbtelieadjusted
basal i s, hippocanpus cortex, striatu substantla

bM gdmlmtem dattee irdyyignal, of 'wilghoisling rfrom he dadiysdupl, s@ agent
?Q&Bl 'gr}gg,ulﬁtgﬁggsyntﬁems 5%? me?ﬂ)ttllaﬁgmttrepﬁn fif! ilmplanted cells. The

rawn u I nge a

AT Maf be ey rﬁdDeoﬁ[éﬁcSabhlﬁ% ioZ aﬁregtllat‘lﬁp baddi\aﬂmeg\uiatmg the expression
recipients. Multiple injections may be made usi

efunsengymeaatticpatimgdn ke §ygihesis of §%@%¥Wﬂﬁ@&£ﬂéoﬁ}1@ggﬂf Jggeribed

grafting of the cells to any 25 predeterm ned
é@?nméﬁmthe brain or spinal cord, is relatively

non- t Thel Bpdrit &an k| anistered directly to the individual or as a part (active
ingredient) of a pharmaceutical composition.

As used herein a "pharmaceutical composition" refers to a preparation of one
or more of the active ingredients or agents described herein with other chemical
components such as physiologically suitable carriers and excipients. The purpose of a
pharmaceutical composition is to facilitate administration of a compound to an

organism.
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mul tiple grafting sinultaneously in several different
sites or the sane site using the sane cell

wGaumpension, and permits mxtures of cells froP@T/IL2003/000972

di fferent anatom cal regions. Miltiple grafts nmay

consi st of a m xture of cell28types, and/or a m xture

of trensigenas thesestradsi Ntyhytibbgiallys. ad%bﬁn‘abreablcymer and
from approxi mately 104 to approximately 108 cells
"Bhamapeytisalie aecopablegsarier” ‘gwh fRANRD Pré?ﬁc Fesably fsgd 2fer to
cHE &%Sdllut\@m &Bt Hgéé r&%‘? cQus%]c él{lﬁgaﬂ‘t q{rltﬁmn%l &rggmsm and does
gra tlng, I'ssue romregions cl 0se t he

nek higopatk tlsélblﬁ)ﬁigﬁ:abﬁcttvh@ &qurb}&drtlesm‘frthe adiystigene( mpoumﬂ An
forma transplantation_cavity, for exanple as

agdawant ip axlyded\WdegBeseplersas PCT/ | L2003/ 000972 27 '
St engydrefil (i -tefnBr WxBipRes: r%lz)e s Jo28n 1n@ﬁ7§ﬁbstemée added to a
renmovi ng bone overlyi r?g the brain and stopping
phkaraticnigcalicompasitimt @ fuethersfucititate zyhhmcsamlorsﬂﬁan amivieaygredient.
be used to create the cavi.t

Frﬂ > i RO mipptap, NoPiERE § @%Fa%?ﬁgﬁmamr%ﬁayebgalmum
?ﬂ%@e vhAold\& %@%d ?ﬂ)\ébr ! ?Ml%hngelllfm)s%%hoﬂl\%g g"e@it S vBgetable

tissue | nmplants erably, the site
omp:liraiméyetbyiemesglgdccdxs ated by the type of

neur nsmtter .bei S nth 4 [ f .
Che pPelBRe] e fmyiToR e RERPTEartR SriHEs gy Bgfownd in
Q(e%lﬂét%ﬁ%r Plbirbﬁacétﬁﬂ@ﬁla%l@ﬁ’ceb ” traek PABEAMNE IGd. NEén,0PA A latest
Par ki nson's patient. The cells of the present

gditaam wihaeh 1m§}l€0t11§3r@t©d hemminriysreéarentewi t h t her apeuti c
agentéogusef ul &éoié{ %sgtglnq enr%lé{hfg ﬁ? Eheerlﬁ%rﬁl\(;op h%otjh?ﬁg)g‘utlcally

such erve

aanglé Qﬁio@ﬁﬁ or ABkd BAPbE GstimBRUIialtidnskarhtiRr S0 and cell culture
neur ohor nones, toxins, neurite pronoting nol ecul es;

asseysanPlefseblio idoss isafamylaied ns gk gnimalihedsd to Ashisyg dedesired
g’oﬁ%@nt glggl OD%D%‘ 519#14 ﬁ"l\% gfl eblaﬁ meal,l&%a tt#) 9['?01’6 alagurg{eg)ahgcgrmme

Vi I'S care cont1 nuous
&Qﬁﬂ@b&mhﬁ%ﬁhm@é neurotransn1tter released by the

i mpl anted, cells. The, 15 neurotransmttey |eyel

S e .
pr ef eFQHFYY é‘%qlihﬁlii‘f’%‘alcl‘ﬁ FacE Of Ie AV esetients fesed ed herein can
ﬂEt% Hl'e& %ng &axflcfb&d ght'rﬂ% tépli‘(?ceﬂ\?rﬂéﬁ qf etgﬁﬂefnat:éll/ Qultures or

exanp ase of dopam ne
emaharehad anieddls ’urhe datﬁ’axblsalm‘ﬁsbfnbm thessgasérpand eoll cuhmre assays
be estimat ed usi di agnosi s

n ro .
mi b lea.%'éé?g aiel i fisgid a8 of gpoies JO%P%C ypuman.
’g'jé( %53a§ % vars ngﬁ?én?% %E@n dhe Bo@88 forkn Eﬂﬁ)l‘dy‘% %dsthe route of

seas sord ers, D agnos! s and
a'dramismanbn @ﬂud@i i ks ekant fbh@ulmmtrpuuer@ ﬂmymstrata@n and dosage

P oraney HeriBO LR Seian hoar pERRGELeRa BRI R tee e,
Pﬂﬂtguseft efl 195, TR BhERhfdlofieall B&id SATHdradatics"9Ch. 1 p.1). For

hhol'ding fromthe individual, an agent capable of

cwgmplatﬁ’aﬂgmsqms pétsané caif be monieradoymptenatically fomingpreved motor

%uq;%]ngr?s %gdlg %ng posmve response to treatment, and for runaway diskinesis

symptoms indicating an excessive dopamine expression.

The agent can be administered to the patient in various ways, including but not
limited to oral administration, parenteral administration, intrathecal administration,
intraventricular administration and intranigral application. The exact formulation,

route of administration and dosage can be chosen by the individual physician in view
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agent may be any nol ecul e capabl e of upregul ating or
downr egul ating the expression 25 of an enzyne
w@20otiogddpiat i ng i n the synthesis of the PCT/IL2003/000972
neurotransmtter, such as described hereinabove. The
agent can be adm nistered digrectly to the individual
ofﬁ?ﬁe n@ﬁleﬁt @@Jﬂdﬁ&p ek, ghl PEEE S} ent)o76] ind TheAhamnauldgicl Basis
osltion. used hereln a phar maceut i cal
ofd&nmpswth'(’}rCh rlaﬂe)rs to a preparation of one 30 or

nmor g of the ac n i beekels of th
rer dpah B P ABRLE 08 s ateAadgeg ool of
acBbY shgtaighc altlich et Eﬁﬁb&nﬁ&i reffectivelyndeglae phe rtegrotrpRgmitter

pur pose of a pharmaceutical conpositi
syhtlmsls by dcsiraplanteg SeliatDemEetnoscSaRIB oh 8y hepfesired offect will

l%gnl ﬁﬁwx\oal %ﬁgr%ét%ﬁgﬁz% %n&) %SW 984 Dé@ction assays can

rases ol ogi cal 'y accept abI
bRkl kG icteiiite plapimamnmmtmmml |y acceptable carrier”

\glr“ g]ggprganég)?ge 01{ atgtesreg{grgtg/g treé&gglgg%qrserg?r Lo %mo%a{or‘t') Flreated,
dc'bsﬁngﬁ' Lalhd pf 8f Qgﬂ'lﬁéfﬁ‘rya&dad%ﬁﬁfstratﬂﬁis @li)thQﬁ)&ts% dftteeatment

0gl ca operties of t he adni ni stered
1a§t€>rfg3@l¢ﬂd seMal 5a3&d]oumta1|\s;eaka cdrudistingtinge of ithee glisease state is

phrases. Herein the term"excipient" refers to an
aghisiel: subst ance added to a phar maceuti cal conposition

to f ll‘%é Qﬁl()uﬁta&ﬂd éc;n%o%ltﬁﬂ% B Stfdtisteredovillaot @:ﬁirake\/ ®e dependent
I ngréedr ent. without |imtation,

of Xihie pindirtidual nbélnlgl etr@aetd;l then seaeidionaf ethe caﬂﬂtqt@m the manner of
phosphat e, _varjous, sugars and t
JBIOS RIS o 2, SRR R SR, L T ocage nd i

and
oPgh%ﬁhmalﬁ%ﬁewﬂi ¥& %sﬁons-[ﬁﬁﬂﬁh qeRsulf a1d Sontimubnt mmtemg of the
mnistration of drugs may be found in "Rem ngton's

1rRhadmiccé1angmg| coRditenc egor eXaRHIeE, Fadg]eqitgql“Pﬁélq@n s pajieng) Hvﬂl be
ap@frﬁtgrﬁ Wlﬂk%g %%1@1@% grﬂ Wiich 1§ g{cxjﬁﬂe"i‘ﬁ gg p?(?rﬁ&'enopﬁuppress

&ration use n t he net hods of
doPEminB ¥ eitheaHio the ‘i?evfeh@d‘sﬁe@,lliaselﬁiﬂ the nicﬁsuteﬁﬁg otdicagions.

ahount or dose can be estinmated.i i.all
vi tr dleane ¢ |inantionr Brovis ayevel P?‘é;ﬁeé? a"b‘?l 1, ¢ nhB‘g% jognstruct
sg%%rgg,ln?ealg nd m%{flo N Faky ﬁ;_l:y B? nBGBHENReAie ideBs which is

e Tairels |ter ormat i on can be used
etffécm&@afa@ﬁalbaﬁiehlyypietmm ne useful doses in humans.

Toxicity and therapeutic efficacy of the active
i ngredi ents described herein can 20 be determ ned by

st andgg 4 Hhat B%%%uﬁdv%ﬂ{a B QRE AN Sedtitey bf the prdsBntCigbdntion will
cul tures or eri rrent “ani mals. The data obt ai ned

Hecorie hpgaentito one brdnaily sk‘lﬁbd ircible tagrupon sxamnation of the following
examples, which are not intended to be limiting. Additionally, each of the various
embodiments and aspects of the present invention as delineated hereinabove and as
claimed in the claims section below finds experimental support in the following

examples.

EXAMPLES
Reference is now made to the following examples, which together with the

above descriptions, illustrate the invention in a non limiting fashion.
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and ani mal studies can be used in fornul ating a range

of dosage for use in human. The dosage nay vary
waleendizmg)y upon the dosage form enpl oyed and tPET/II208300972

of admnistration utilized. The exact formnulation,

route of adm ni stration and 3gosage 25 can be chosen by

the iqudbmiigURk nBh¥sEShuAuded h¥lefMdithé BB oRASTy§RECeures utilized

condition. (see e.g., Fingl, et al., 1975, in "The,

iPhthe maEstBgivehtiBasinslude  Mhlscalpeybioghemical,” micrgbipjogical and

For . .ex , . Parkinson, s, pat,i_ent |t :
P I 1S FPES rovSh O Y ey Sofifined in the
11 9HueAt SRY R QAXbinble "WRIRARAS €1dingd: /e RboRIdry Mathal 08ambrook ez
runaway diskinesis synptons indicating an excessive
ado pma% &'CaxgenieBrotenels BoMleeulagBiplogyany emss kil AysupelgR- M.,
t.0 atient .ip yarj vil ) N nh :
BB Pk Y P LU Ry R Wity
] Bdl8n6ad, Mutylaha (18Ol deabal APk ttal &uidmto Molecular Cloning”,
intraventricular_admnistration and intranjgral . "
Jabm| Walay i &nSorrh eNewadork di ik atWaEon & offr-e Ig?comblnant DNA",

dm.ni s 0 ahlb: e " e

R LA UALAD LR RER0EaR R, Shapcaly Shme Ao A

REbtd300R3A R FiRs", 2%olef 1-thE€obS prémg Hartmordiborasery Rroee New

‘%a& 90y gm‘?é@gg@ agmset @ﬁhn 1n gjﬁ) pha: %;%',%{;%L 4,683,202;
%g@ﬁﬁé’ﬁ‘! 5 ﬁ?yg?@ A mgfztgg;ésv;ndt:xg dgRldey: LA 1eysh®reHid®ook",

ve’i ngredient are sufficrent to effectiveL%
V elgieaddllt Gelineu Eatada GEIH);t "€urrest Byptacobssinsinpyundlegy” Volumes

TR T T o e S L
@ﬁ@m%% ,inﬁb%féﬁ)na&d Lafsd Ndvard m’m:(ﬁstgm%t MighelDedE Shiigin(eds),

ssays C e used to determ ne asna
Seiecent Matliodssn Calwdardinmyunetogyhie Ws dleFreepagmnd Co., New York

onsi. ess of the condition.to be tif. dqsi .
RO BT B Bt iys SR o iFThe Potgpt Bt bt
WelduEouese ff kh@pleBUIS. BA. NG | 71GIT.o3IM SeBBOr1as; dRysn,752;
to several weeks or dimnution of the di sease stat

e |
A850.6180 3, SROUORIET,51 Tia 36TRRE31 13906391 bav35.07%; 3,984,533;

| Qi St AR : t :
RIS | Shog soyshptementanmonaide sau.1

edfigdrtieofide ShethaEEMSRitoM. Jaded. (i $34)at Nocleict Aeid Hybridization”
j udgnent_ of the prescribiqg ghy§ician,,etc. ihe @osagﬁ
thes, Brilhg andsHaggingr Jni cds r@APS0n WpRscrigton g Srasipaoy gHames,
reful,. ti mJo i g okl f v ipRdiNddual 1 ed.
B HiBAt: &g AOrRSTE ARl el Clitfe FREMGEIE T, ©
PEISGR MmwoblliZee CelldnindiBsizgmes! IRt Preas) (298A)nt AdtractigehGuide to

which is sufficient to te, O ress, . dopayine
Maleanési Slaning’ hBeibal b.» dd i Ped Maaltb Figfipolosy” Vol 1317,
MRAGeRE! pﬁssé;n dpept IRBRcolteNE eGuidbeTh NNRMARN ANIOAEBations",

novel nuclei’c. acid constructs, construct ] )
Academic Press, San Diego, CA (1990); Marshak et al., "Strategies for Protein

Purification and Characterization - A Laboratory Course Manual" CSHL Press (1996)

and Parfitt et al. (1987). Bone histomorphometry: standardization of nomenclature,
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 herein. Other general references are provided throughout

this document. The procedures therein are believed to be well known in the art and
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20 systens, cells and nethods of cell therapy of

neur odegener ati ve di seases which is effective, safe
w@pa40kd3ms cal |y practical. Additional objects,PCT/IL2003/000972

advant ages, and novel features of the present

invention will becone apparent to one ordinarily
%J‘ﬂ)x]ojvﬁgd & thoe I‘Nehleﬂg@ﬂf gxapdeat AINhOinfbheatfodl doavdingl therein
exanpl es, are not intended to be limting.

1sﬁnhdomom|tmihay¢1nbaa¢femmcc he various enbodi nents and
aspects of the present invention as delineated

her ei nabove and as clained in the clains section

bel ow finds experinental Exypperg 1in the fol | ow ng
exanpl es. 30 EXAMPLES Reference is now nmade to

f ol | Galatignasdropitering @i Jzynzavldgv@eﬂwrwmownéceléf%%m)
descry illustrate the invention in a non
I|ﬁ1¥Vﬁ% ?ashlon WO 2004/ 046348 PCT/1L2003/ 000972 30

Gener@bliferakiHechfirerBoed ri€ow 368 rddar (@0 mipndrd steained from iliac
| aboratory procedures utilized in the present
aresy eaft hetthy neumane dapere cmﬂarm fosmee heampenj Mononuclear cells were

%n%%rﬁﬁ l%l Scleeglggﬁ%tltoﬁggrgu gﬁl IR @f%a&??ﬁ(ﬁ%@ﬁﬁh&é@ﬁm# &hd were

ﬂlat%@ ratal f‘pmh&ﬁ;onf acdaxdhiiDabedchs| modiffied «@iglenimediunA (DMEM
| abor at or()i/ Manual " Sanbrook et 5 al
Y

Biobgineb Tadytriesyb 1 8¢ uteanl sirentegyeinyd Q) r%é/gﬂhpqnﬂqﬂls&uoééb‘: pnits/mi

R. M, 199 A
qyﬁtaﬁml(é]éﬁ }0(1%182} )Ol%du,sﬁ%e gﬁjnm% F%}umm drféu g@eﬂ&sg EQLRE A5, fetal
&t tdrimr CIVEBiploandl (AQ88)es); RRo®ab ,2- BAld?cammethmiol Cligie); 1x

votoy g b afb hei e R S ELRY. The
lrv{/e% nc%%gg%ﬁ fﬁglg\# §4‘at ﬁh f?nln bm@lified g%bo@f&ﬁﬂﬁor and

eries”, Vols. 1-
fel- éHthHht rRglld-areho thehacﬂmcrancﬂanlr T hle?rresmmxt@wlast{@a&he(rgrggrg)lls were
met hodol ogi es_as_set faorth in U

wagsg, g9yt 4vigp3l CCO’y gbgspggtf%uétp ego sggge alBS; Biological

> eplaced eve
@dﬁgtaeg nd ?{&% (%Pﬁﬁphﬁgﬁﬁmé%,aé-?&ﬁﬁ(a?glgﬁr)lé@tﬂgjbaﬁ%gn{ﬂ ed every 3

& tdagn| Sellnghemmionisl- Bepp " coufhentyswitlin 15 1dags lang anpepredround or

1994); Stit t B d d |
Wm% é]P*’d’G%} (FIEB}C( ]g%s)hoe E’ot?att 'SBZI('?)eg %I}&ﬁﬁfeé? %né)&a E ange, niea
Nor walgk;y, %g[n%% 4?01]%&? ellsl 4239 Gin Sk p@hf&ﬁd\&) culturing conditions,

"Sel ected thods in Cellular | nmunol ogy’ H.
Eleeeaﬂanwamdhz(mested\lend ‘ggmnde(dlggﬁ)OS‘Va\y@ipﬁgbqi@ 25 mM EDTA in

WP Ras SRR St T Th s R S e b LohABpAFBE 0.5 x 10°

t sée or exa

E’éﬂs/mf\%e §ta1718<1 “Q&Zantlgo&ggsﬁb'éﬁic agaBsOthé 5211 suﬁ'ac&ﬁﬁaﬁ%& CD45,
853,987; 3,867,517; 3,879, 262; 3,901, 654; 3,935, ?
g?]:@gﬂ:lﬂ@gCDg@b gng@@@@ssoglaMMWWmmod@glmletw cells; Becton-

f)w 711%0%}%& 50 mlJn &'Yt% %ngm%n*?ﬁl]ty Wtormined amount of each antibody,
generally 10 to 20 pl. The antibody-labeled cells were thoroughly washed with two
volumes of PBS and fixed in flow buffer (1% paraformaldehyde, 0.1% sodium azide,
and 0.5% bovine serum albumin in PBS). The washed cells were analyzed by a
FACSCalibur™ flow cytometer (Becton Dickinson), equipped with an argon ion
laser, adjusted to an excitation wavelength of 488nm, and by collecting 10,000 events

with the CELLQuestTM software program (Becton Dickinson).
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"digonucl eotide Synthesis" Git, M J., ed. (1984);
“Nucl ei ¢ Acid Hybridization" Hanes, B. D., and

wok@gions4S. J., eds. (1985); "Transcri ption anpCT/IL2003/000972

Transl ation" Hames, B. D., and Higgins S. J., eds.
(1984); "Animal Cell Culture? Freshney, R 1., ed.

( 198Qesuitd-mmobi | i zed Cells and Enzymes" IRL Press,

(1986); "A Practical Guide to 25 Ml ecul ar C oni ng" )
Per bdlhe @ltpred1Ig8MSe did/mohesisressnarsnef the| Bigiace wasrkers associated

1-317 cadem ¢ _Press;."P : L de
i RGO TS oS (52 COMom e R G D K ndi s, but
réther( 12BR%sedVBRS h@Roet sidkace miikat €Dhes),f hidl dt eindicative of
Purification and Characterization - A Laboratory
syeaptegsntmin(Fgure@SHL Press (1996) and Parfitt et al.
(1987). Bone hi stonorphonetry: standardization of

nonencl ature, 30 synbols, and units. Report of the

ASBVR Hi st onor phonetry NexamMPREQre Conmittee. J Bone
Mner Res 2 (6), 595-610; all of which are

i ncodpoftea differsptiotiar gf bwwman hgne-margy sramal gelfs (hBMSc)

her eiM. th?élﬁer general references are provided

t hroughout ™ this docunent. The procedures therein are

bel i evigéramianion mithreknaBMSaweleeututedan theNProliferation medium”
2004/ 046348 PCT/ 112003/ 000972 31 are provided for_.the ..
(desuibedl EnEwarmpler HETFRIRE) T8 4D CHbTe R AR PTighto differcntiation
iff tti@h.ne@’latsg%rg hdtent! §elisn%Fé3Ql£é’i’1t &dndtefh&d Mo BY “pre-differentiation
reference. LE 1 5 Isolation and culturing of
rediem” fPVEMsopaemstied math SV, ZmM gBi4seine, IR shidement (insulin

Aok g R UAERREORS S RIESHRODD KV ROGHRY S DR ransterrin 100
q ; .

{R2BRLI0H L IR HaTRpERT SRR Y ODAPHERE, GGk e 1D st
Nii) S tagRago efg/ i 18dan cpiddrinelr @rddthplfated (EGFa R&D  Systems)].

“proliferation medi um'oéaDul becco's nodified eagle. e
Fedloving ComMavincubptigno gy Calthe selli miess frangigedtpqa “differentiating

T T e

15 ghablapaRstefiie IO 6101; $REes8in 1600 M adleniaml 30 adf;umedium to a
(FCS, Biol og'%cal I ndustries); 0.001% )
densigy nEdchplostitdmbl Theisuspansionscwergomanstesen ti0g] 1eamng00 UM

i Brdeflisels S BaiOr g mfh iy Bl (R diboan,
é\}gmasiids' 1 %%o@%nétﬁ&uﬁmi&r(mm@ SigRaY; 20X 88dosERIxhenoic acid

re”then di scarded. The remai ning plastic-adherent
(A S Sigliad, andalhgell fevihaie avidt (R ADBipme)j@nd incubated at 37°C for 12-
f)hosphat e-buffered saline (PBS; Biological
Tbfust ri es), and fresh growth nedi um was added. The

oo RGBT e Sl Ao
medium” and in the “differentiation dispensed in 96-well microtiter plates (100
ul/well) and incubated for 16 and 39 hr at 37°C. The cultures were then
supplemented with 10 nCi/ml 3H-thymidine and incubated for four additional hours.
Cells were then harvested by suspended in 0.05% trypsin and 25 mM EDTA in
phosphate-buffered saline (PBS), and analyzed with a liquid scintillation counter to

determine the level of *H-thymidine incorporation in the cells (indicative of

proliferation activity).
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20 spindl e shaped (Figure IA) or a flat shaped

(Figures IB-C. Flow cytonetry: Follow ng 15 days
wapaen4g3udl i ferative culturing conditions, theCTEI2063/000972

wer e harvested and suspended in 0.05% trypsin and 25

mM EDTA in phosphat e- buf fened saline (PBS). The

cel | gpeidiR:sol ution at a concentration of 0.5 x 106

cell sfm were stained with anti bodi es specific

ag ai Bbstut héhererit] cellsrekhibéedrmeional-ldpaspingls togy, shepp ovith long

d h_|
bEBFHEE BOLTOR: (3 CRIGISH) oF SR sor it o Ao, ehfirbfiarion

i RINRli&H] £ éoYmﬁﬁécﬂbrébP@éil 72 m%nbwﬁlfg d&ffelentatondadyction (Fig 3A-F).
gener ally 10 to 20 The anti body-| abel ed cel |s

thor ddghmdm ms:ammmm v subtuedy e ed indhe diffegentiated
cggsl &I gﬂ%rlg 1100/ §r°|1 %ﬁgtns %Qerflu%ggs tHéIIheuronal -like

dyf?&é}ﬁgt&ﬂ{fkms@pre anal yzed by a 30 FACSCal i burT™M fl ow

cytoneter (Becton Dickinson), equipped with an argon
ion laser, adjusted to an excitation wavel ength of

488nm and by col |l ecti ngE)}QM}%gggvent s wth the
CELLQuest TM sof t ware program (Becton Di cki nson). WD
2004/ O48A#iR&ibh | df 200nADABHripBAn differehtigtingThBMSc
cultured hBMsc did not express any of the surface
mar kethgdsoci ated with | ynpho- henat opoi etic cells

(. epy! WATRE wefEht b AL 1%4)1)1”31{3{‘8‘5\?‘21015 %‘ié@lﬂfm” or in

expr esse he 0 surface marker

y )
thaddifageintiatiaf meSiuay ragt bgendss k2 (hléreg;mn’oeve)) for E){,]&Mp]_ugs at 37°C.
In vitro differen

Tafgl RN Bf%@}(traq\yg(i :ﬁ%&g el‘gégéf:n%{, usip &rgarngl ntseh{sgtﬁ%cyanate
r?% adat rl’BH(Il Egr@ﬁi)rﬂc%{ﬁsﬁﬁ& PARhI (1@8&3 | pDadd@dbn! lfﬁtal RNA was

ribe her ei nabove) for up to thr
axontthd fipmn drcsh chumahflgm@hoqyma @rpm idanerd tustng, the RNA 1solated kit

Pl ast dh t | to 0
s R, P, S AT T By n
ag%%se zfoﬂﬁﬂlgéﬁjfﬂé-fﬁeﬂﬁmn o8H B]%bt?d?ﬁﬂbteséi, s wbiify tHRE igfegtity. For

rogesterone 20 nM rescin 100 M sel eni um 30 nM
genemgng rthﬁAlme HJSAgﬁarm)les (BorESvere ompgAith & T -guperscript 11

LS TR0 ] By

1%511%359 Inv1tﬁ§({3éﬂ% @4 ITT ZUJHMiHNCIﬂPs 3did RN&S@ (ﬁiHllSltor] and

etransferre ‘0o a "differentiating nediu %@n
moppiteha25ed foi thmapN2°0 forvd bouis.ai Gdor Npmiy, B’b‘l‘ @sréntor 5 min.

ﬂle ge‘lé]lilléﬁg Lﬁiﬁ%%/sampleﬁé&&%g %B?lg%heb%c‘&%mﬁg ttﬂeeﬁﬁlln@rs]sgp forth by
SEQ ID NOs: 1-2, 11-12, 21-22, 26-26 and 29-30 (see Table 1 below) and amplified
under 35 cycles at 94° C for 1 min, 55-58° C for 1 min and 72° C for 1 min.

Table 1
Upstream sense and downstream anti-sense primers from different exons for
detection speuronal and dopaminergic transcripts in differentiated hBMSc

Human gene Cellular Function 5’ Primer 3’ Primer Product size
NCBI No. SEQ ID NO | SEQ ID NO (bp)

CD90 (Thy-1) May play a role during 1 2 312
NM 006288 synaptogenesis




20 density o
transferrin

f 1 X 105 cells/m.
100 g/m),

The suspensi ons were

200 M butyl at ed hydroxyani sol e

w@ BiA4Sikym) , 1 mM di butyryl cyclic AVP ( dbcAMPI/IL2003/000972
Sigma), 0.5 mMisobutyl nethl xant hi ne (1 BMX; Sigma), 10
M docosahexaenoic acid (DHA4 Sigma), and 10 M
retinoic acid (RA;, Sigm)] and incubated at 37C for
D3paminé rdeeptor 25 orferodihe frergkd (OM tasggssment : hBVS¢ wene 159
suspeped i n| t he récentes fdi dopaeriient ijat i on  npdi unt' and in
t hdM gicfT4er ent i at i on di spensed ijn 96-wel| mcrotilter
pl a®@emifd 00 | |Amvied ttapsperiedl TPrménateat|ed for 16 anél 39 |hr &t3
Jpwporh@AdY | | uibectionet! dorPRBALY iSugpl emented with 10
j CNMAOI8H: ¢y RelFRRYSAt T fRedet dd for folr additijonal
hours. Cellk wEPRE @%HTﬁEFvgsted by suspended in
0.05%trypsip and 2 M EDTA i n |30 phosphat e- buf fler ed
—sal e CPBS) anal it e Ui dy s gt ifat T oy
KR U i e arar OBl 1ot 3kt hyni di ne
i ncexpoeAtion i raihp(b@.(yg@k}hasan(ngndi cative o
pr e beet | op actDopA) y)dopaiile, 2004/ 046348
PCT/ | L2003/ 0P0917-3-hyBByirfgephintes: [Pl asti c- adherent |cel | s
exhi bi t ed nelrsnahinlandetrgpphdiice |[body shape with Ifong
branchi ng _pr pcessestryigtincappeareld as early as thrlee
Hawresldghyde-3-d| fGatabyEnenzeme obalycolysieluct i ch ang colti nded t&
azfﬁﬁﬂm¥2 h following differentifati on i nguction (|Fi g
3A* ?¥§$§FL hym di ne i ncorporat|i on was substantilal |y
re oé@ the differentiated cells (Figure 4) thus
tEE GaT Iga TR S ah LA s atrenuat ety mtie35g
el kb o b En g hEvse.  ExalPLE S 1
I dentiticati pn of neyrgral transcripts in
arffeg@enti ari ng NBYRGdolekards HI- PG hBVSCiawhi ¢h™ 153
WeycBhydtasbat ed i n theyntpeel i feration medijunt or ijn
t he@rdcsifyer epti ati on nmedi unt' (see Exanpl ¢s 1-2
hemei nathéve) {for 3-72 hours at 3[7C Totfl RNA was
ext raeddad fr pm RokimitbiBMBeonbsyecifisi nig t HE guani dite 394
i sKmhioeesy &hal e 15 grewthisemgresssr descl i bed by |Chontzynski &
S@olylvne ¢X0@8)7). I n addition totall RNA was| extractled
f MNemité grewth- i rfgradeluip ecy-eesiafefir om ddnor) usitg thhe 359
RMAndtiggfagiered | k iptotein g prdgpsepex@int f a, Manngapol i's, |USA).
The BHRE 23 anpl e weh & reipalsed on 1% agarose
£ or PEPdhyded denat ur MHE el el ectrophoredes—io—velrify
thei&_%gtegrit?ﬁ%ﬁ&ﬁeﬁ*g géfﬁﬁg cDMA thé R 0 sanpl es”®
(0. SX 96L}Ner € md%(scm:\lé?;fnﬁnd pro-g§nl‘1lt9rer script 1l

cells in the mammalian CNS
Neuron specific Isozyme of the glycolytic 21 22 356
enolase enzyme enolase is expressed in
X13120 all neuronal cell types
Neurofilament 200kDa filaments slowly 23 24 400
heavy (NF-H) transported within the axons
NM 021076 towards the synaptic terminals
Neurofilament 160kDa filaments slowly 25 26 366
medium (NF-M) transported within axons
XM 005158 towards the synaptic terminals
Nuclear receptor Dopaminergic transcription 27 28 550
related 1(Nurrl) factor
NM_006186
Retinoic acid Receptor for retinoic acid 29 30 352
receptor type o
(RA-R)
NM_000964
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20 enzynme (10 units) contained in a reaction m xture
[1.3 [tMrandom priner, |x Buffer (supplied by

WO pwie3@ne), 10 nM DIT, 20 M dNTPs, and RNasBCT/IL2003/000972
inhibitor] and incubated at 25C for 10 min, 42C for 2
hours, 70C for 15 min and 938 for 5 mn. The

r esun\tdrﬂgerﬁDMt sanidyshs RERe szﬁﬂplby zettadiyd Fdrn UBMGcthere size
prinmers set forth by SEQ ID NGs: 1-2, 11-12,

fgtiomteghen b%-aorqss €8l stpploementagonidhy Yoatoamaldshyds 8 5gS, and
tﬁéﬁ%@%&&g ?;0 @é&&l?ﬁ-m v %gbgf‘g’%‘ %p %é‘l%% 5?heCnIe%br§ne@" Were then

ense and
hebrdistd easmipht iwitepeifiqr 1 Fastseldd pxra)beb fdrememndnak xomker§ HFEGF2

(g‘?eégggl@r‘f‘foqh%?‘gggmgor gbqﬁpﬁgﬁ ?r%ré %I;tgirﬂ}a E}Ségyr}lf)m ?% {neuron
g%cép E% ?bp;l)é 'hg%%dlgéd)ﬁl‘éﬁﬁoi-a?ﬂeg %er%heh@evéﬁqlﬂlg 'é@)osed to

lay a role during
s?orSQethcNNh&Oﬁﬁ% sytvapdiogreplesli by m@oﬁmg@s@/clone Packard)

e oah oo b SPIMES bEBERRBaM S Wuldbpuasnyee >

35 b 8% DO B PORAI RIS Eh A &rah§RASPIRKAST -
IIFerpm na 5g6 ?f'g% transporter1 DAT) at he action of

dopankend thgte iPCi( I\Ma(h@lmquam@hvaﬂ)ﬂﬁqana}ysw of the neuronal marker

ﬁg&’ g de ﬁisiff} é%%pg%lﬁﬁe eélg Py 51s system” version 4.6

(@%ﬁ%‘ttbﬁéééh@h) 88nd S§b%?ﬂaen apiOR ﬁlﬁﬁ@f ﬂ@)xyérﬁsﬁleqfrimmB of SEQ ID
(AADC) di hydr oxy | 'ani ne  NM 000790 (DOPA) to
N@palﬁ -H8, Imaadma,r Bﬁ%lttlﬂy?alf’@% anelyns 9&hlgRHnwan gerformed for

St SRNGRsHSen ) B 5l PGSV B s of s

ID NOs: 9-10. The amplification protocol 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 18S rRNA. The amplification protocol
was 80 cycles of 95°C for 20 and 61°C for 1 min. Quantification of gene expression
relative to 18S rRNA was calculated by the protocol’s AACT method and from
standard curve method.

Results:

RT-PCR analysis indicates transcriptional expression of neuronal markers
nestin, NSE, NF-M, CD90, RA-R and GPC4 in both differentiated and non-
differentiated hBMSc (Figure 5A). However, transcriptional expression of the
neuronal markers NF-H and necdin occurred only in the differentiated hBMSc (Figure
5A).

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 5B).

Northern blot analyses show that transcriptional expression of the neuronal
markers NEGF2, NF-200 and NSE markedly increased in differentiating hBMSc
(Figures 5B-D, respectively).
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dehydr ogenase (GAPDH) NM 002046 d ypican 4 (GPC4)
Cell surface proteoglycan may 11 12 386 NM 001448 be
w0 poalowesas i n t he devel opment of CNS GIP PCT/IL2003/000972
Tetrahydrobiopterin 13 14 153 cycl ohydrol ase |
bi osynthesis (GIPCH 1) NM 050161 *Necdin Postm totic
neuron-specific 15 16 398 xAMPLOP2487 (* growth
suppressor Onl one exone) Neurite %rovvt h-
Ext r acel {dangificetign ofnegsqud ipretens i dffereginteds b BMNC ng
fact oy, 4,ptotein that enhances axonal (NEGF2) growth
in perirnatal cerebral X55110 neurons. Internediate

fil anaRbtepn M@t NFHtyli20gi388 ofNesteim exittoobiametl from hBMSc
mar ker used to X65964 descrl be stem and praogenitor

‘E@FI@?WHTG@H@ PafferdRa-Snait ds tEL 6135 d9Andlyggrol, 2%
4 3
$Hg 94y s Q. Efcgatggflzu%?ol ﬁ‘éozﬁ%%l%ﬁ%gﬁﬁo\r ypegﬂ@}ﬁﬁ)' Siluted 1:5

expresse 0 all "neurona
With tiod sdmpiemhd 200kDéorf 5 IndinerEash shomleywa81ded 0@ a h24%y SDS-

I LT N T T
S RO STt i
difodgkt orentbopen{BieRyidcLabosatedes) pfallowed 7by2Bloskidg with £ donfat
mgltl%gr”h)ls—buaf%ereci sa!hlmeo(ol%%S (?O mM Tris at 7.5, 150 mM NaCl) with 0.1%
Tween-20 (blocking solution). The membranes were probed overnight, at 4°C, with
neuron markers-specific antibodies as described in Table 2 hereinbelow. 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

Laboratories) and Quantity One® software (Bio-Rad).
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transcriptional expression of the neuronal markers
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EXAMPLE 5
Long- term survival of differentiating hBMSc

Methods:

Long-term differentiation culture: hBMSCs were incubated in the “pre-
differentiation medium” (see Example 2 above) for 24 hr at 37°C then transferred to a
“long-term differentiation medium” [DMEM supplemented with SPN, 2mM
glutamine, N2 supplement (insulin 25 pg/ml; progesterone 20 nM; putrescin 100 pM;
selenium 30 nM; transferrin 100 pg/ml), 1 mM dbcAMP, 0.5 mM IBMX, 10 pM
docosahexaenoic acid (DHA; Sigma), 10 ng/ml bFGF, 10 ng/ml human glial cell line-
derived neurotrophic factor (GDNF), and 10 ng/ml human beta nerve growth factor
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Source Dilution Dilution 1 Dilution Source

Specificity for IA* for WB* for FC* Actin Muse 1:1000
w@h@nesms | nternational (3-tubulin I'll MusePdT/m2003/000972

1:50 Sigma D2 Do ami ne receptor Muse 1:50 Santa-Cruz

GI ial fibrillary acidic Rab#it 1:80 Sigma protein

g) e iSEh Rietd hndfivat@Tindhé “IBagkirn difefenbBakian medium” for
prot (GFAP) Human nestin 1:200 Kindly supplied

zwglat i’lﬁ’gog/eisilm C.., NHNeurofilament 200 (NF-

u ; ; i

Mbus T“T@ﬁssiy'lgg@s &%%md Rg%%gt%?? (1)1?ec ga%&%h@aﬁge Nune
TG HEIRRE]) Iﬁélﬁloﬁél (thately) asB%!l}@ y]w1510 p&lyZB(DjDsn@l (aSrgma)) The cells
: r

I nt er nat i onal ﬁ%/)r 0Ssi ne

yl
wetclmcdorit 1H)parsfEnHIdeIgn4p PBR(PHS] HoChy Ayt ddeand 30 min
a 5&% e{mplfrzgﬁr Caﬂg}% gggseWﬁegtﬁgergvr %HQ ? R/ﬁ%@ﬂ{@m (5 min each)

aﬁcfébé‘ﬁr(&%ﬂh@&ﬂlwuh PBE?\-mhtﬂﬂiﬂ@@Sl%)TntM&BX—l%é‘ilgm) bhdl0% goat
FIl ow cytoneter 5 Table 3 _An nouse

semii (Biclpgical IQé@m@alﬁy Wiminpsdr anddfirea abfq%ﬂ’? fegpperature. The
sli%gsu\%/%r%nglgnlxé%bg%&é@ #oa! GHinSPHECE meRe&%kh). Cithe Eogenous
peroxide was blocked by adding 3% H,0; (Merck) in methanol absolute (Bio-Lab,
Israel) for 20 min at room temperature. Following three washes in PBS (5 min each),
slides chambers were incubated overnight at 4°C with anti-MAP2, anti-B-tubulin IIL,
or anti-nestin diluted as described in Tables 2-3 in Example 4 hereinabove. On the
next day, the slides were washed thoroughly three times in PBS (10 min each) then
incubated for 30 minutes at room temperature with Cy™3-conjugated goat anti-rabbit
IgG or Cy™2- conjugated goat anti-mouse IgG (Jackson ImmunoResearch
Laboratories) in 10% goat serum and 0.2% Twenn-20 in PBS. FolloWing incubation,
the slides were washed three times with PBS (5 min each), mounted with glycerol
vinyl alcohol mounting solution (Zymed Laboratories), covered with glass slips and
examined under a florescence microscope.

Results:

hBMSc exhibited typical neuron-like cell morphology following 28 day
incubation in the “long-term differentiation medium” (Figure 8).

Antibody-labeled neuronal markers MAP2 (microtubule-associated protein 2),
B-tubulin Il and nestin were observed in hBMSc following 28 day incubation

(Figures 9A-C, respectively).

EXAMPLE 6
Expression of dopaminergic mRNAs in differentiated hBMSc
Methods:
RT-PCR: hBMSc were cultured for 12-72 hr in the “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 described
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Mouse Goat 1:100 1: 100 CyTM2 Jackson | mmunoResearch
Laboratories Muse Donkey 1:300 CyTM3 Jackson

wo powneResear ch  Laboratori es Mouse Sheep 1: 50PEI/M2003/000972
Si gma WD 2004/ 046348 PCT/1L2003/ 000972 38 Muse Goat
1: 20000 Per oxi dase Jackson 40mmunoResearch “

b?&ttﬂihﬂiz@ﬁﬂ@& SKahb(198PpnKay RIT-BOR @a'dﬂﬂre]mskgmd for identifying
mmunoResearch Laboratories hb

dopanymerEie ksakers| FrasnBrREYERdc ﬁssee%‘lbg e?tsegﬁg%glb tElxample 3
i ¥l41 %o{'re %’Qﬁg ﬁegg ﬁqeh&‘)ﬂﬁ%tof $éaPPQoEes- Qxiﬁ?ﬁ ﬁnd &Pk,

\ son oratories

[ m’ruerBBﬁy VWB Western blot; FC = Fl ow cyt onet er

Resul t s: | muno- stajning reveal ed th

neur ‘Faan&rsP?%‘i' 0 }Ngaxiq q“f;rags@@pts c%ggvergl opgrrnlelic’e$g1%?nar €rs were

gﬁe}&-ﬁeﬁt QiftLeRGaBBMRE/ o} 2onaftfred B AR hﬁﬁ/lgﬂ’ f[‘ﬁésleoiﬁcﬁﬁe Nurrl

erentiation Induction, respectively (Figure 6
[Antledyadgeptabelhied 1R ARNaeTiDtDntfatiol that hdsirolesindhe dﬁ’?@eerrxt@aon of

r}lﬁglg??qwl%)gwﬁ%pgé brgg Sc}qu?gda esngu%ons Warrll@ AAIS&efa?Onl"l:’léltl Ohino acid

decarboxylase; the enzyme which catalyzes the decarboxylation of L-3,4-
dihydroxyphenylalanine (L-DOPA) to dopamine, L-5-hydroxytryptophan to serotonin
and L-tryptophan to tryptamine]. Transcriptional expression of GTP [cyclohydrolase
1; the enzyme necessary for production of tetrahydrobiopterin (BH4) cofactor for TH]
was markedly higher in the differentiated hBMSc, as compared with the non-
differentiated hBMSc, while transcripts of D2 dopamine receptor and DAT dopamine
transporter were expressed only in the differentiated hBMSc.

EXAMPLE 7
Induction of tyrosine hydroxylase in differentiated hBMSc

Methods:

Real time PCR: Total RNA was extracted from hBMSc using the guanidine
isothiocyanate method as described by Chomcezynski & Sacchi (1987). cDNA was
generated as described in Example 3 hereinabove by carrying out a RT reaction with
random primers. Amplification of ¢cDNA was performed in an ABI Prism 7700
sequence detection system (Applied Biosystems) using TagMan® universal PCR
master mix using specific primers of human TH and 18S rRNA (Applied
Biosystems).  Stimulated conditions for sample normalization were applied by
amplification of 183 rRNA. The amplification protocol was 80 cycles of 95°C for 20
and 61°C for 1 min. Quantification of gene expression relative to 185 rRNA was
calculated by the protocol’s AACT method and from standard curve method.

Western blot assay: The assay was performed as described in Example 4

hereinabove except for immunoblotting with anti-TH and anti-actin antibodies.
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(Figure 6B). 10 The expression of Neu-N, NSE and
nestin proteins (relative to actin), increased
weuiwghases al |y follow ng differentiation i nduce@DIL20@3$000972
i ndi cated by Western blot analysis (Figures 7A-C).
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(PH By3hofi@r 30 min at 4C and 30 min a room
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t aj, O 1% ton X- Si,gna
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B aéa‘?&@v%ﬁﬁﬂ@f ﬁfo%ﬁmn@r’[ﬁ‘ansﬁdrte‘iqu WA -2 hedinyvdspbcedure
three tinmes with PBS (5 mn each). The endogenous to

q@ecrrd:x:dde Emmp}ﬂ pehaye. Hntibady hgldg% PP AR fie RYll§ yas visualized
nmet hanol

M,Bl 0-La f '
e bAIR B PaRay & or AR iiPRlP, Ttk ateifich B Phre gbserved
186N laserSdohfiRE] ﬁM@@@p@L@Mﬂo (ZBIDA] Getneigy.ni ght at 4c
wth anti-MAP2, anti-(3-tubulin Ill, or anti-nes

d| | ut%wa§yméw} b%dlqmnga‘!ﬁ é@u@ 3nq1wa%ﬂﬁl gle4 d]fferentlatlon
t
e e D

0. ombatypdnf aid 305 MNUtERTAL i oghosplenpbutitrad esalingh (PBS). Cell
CyTMB- COQ(JQUQat ed goa anti - r abbj

Wé?ﬁfﬁ@ﬁﬁ >gat? SR EE 5@11%%% (oA RN R aphodies
%:Q% Vit %1%? kD) do%a 8}) i %%oﬁﬁ{r U ROitad 3THYRR™-20n IHXample 4

oW ng I nc ,
above. The antibody-labeled cells were thoroughly washed with two volumes of PBS

and fixed in flow buffer (1% paraformaldehyde, 0.1% sodium azide, and 0.5% bovine

serum albumin in PBS). The washed cells were analyzed by a FACSCalibur™ flow
cytometer (Becton Dickinson).

Results:

Fluorescent microscope images of hBMSc revealed that antibody-labeled
VMAT?2 domaminogenic marker was present in differentiated hBMSc but not in the
non-differentiated cells (Figure 12).

Similarly, flow cytometer analysis shows that the dopaminogenin marker D2

expressed in differentiated hBMSc but not in the non-differentiated cells (Figure 13).
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oo pgscri pts of D2 dopam ne receptor and DAT dopam ne

15 transporter were expressed only in the

differentiated hBMSc. EXAMPLE 7 . .
HPLC analysis:  Samples were stabilized by adding 88 ul of 85%

orthophosphoric acid and 4.4 mg of metabisulfite to ml sample. Dopamine was
extracted by aluminium adsorption (Alumina, Bioanalytical Systems Inc.). Separation
of injected samples (50 pl) was effected by isocratic elution on a HPLC-electron
chemical detection (HPLC-ECD) system with a reverse-phase C18 column (125 X 4.6
mm dimension, Hichrom, Inc.) in a monochloroacetate buffer mobile phase. The flow
rate was set at 1.2 ml per min, and the oxidative potential of the analytical cell was set
at +650 mV. Results were validated by co-elution with dopamine standards under

varying buffer conditions and detector settings.
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I nduction of tyrosine hydroxylase in differentiated

hBMSc Met hods: 20 Real tinme PCR Total RNA was
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I sot hi ocyanate nmet hod as descri bed by Chontzynski &
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Examgpg&auBs:ner ei nabove by carrying out a RT reaction
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. 4 ¢ a . , i Al
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tRETMouR0OBDOPAIT pdopahinenmetabelgsnincrenprsl fiswmaa nowdetectable level

e By e SR cHed Tn SPaBPES. BodeRig & the
‘Adopskﬁfn%&gaeaﬁ*f@em{%ﬁﬁg he@iun® (Figues M'B?. hydroxyl ase mRNA

and protein |l evels were substantially el evated during
neuronal differentiation of hBMSc (Figures 1 | A-B,

respectively). In additigp, resence of

anti body-| abel ed tyrosi n%‘gﬂ(/w&;rl’giWase was observed in

di FuR§ Bk batibi O moRBNBBES cin 'tRe stRahion bfa b&\ th&Wdl f& Parkinson’s
differentiation induction (Figure 11029‘.! 10 MPLE 8

| denti fication offisdessdnipieres eqtatierttl Beldo'hs i n hBMSC

Met hogls:, | noassay: hBMSc were incubated for five

days I?I%ﬂfoﬁgm]di fferentiation mediunt (see Exanple 2

her ei Gaferuting nidise boas wasted seovialtdls (G usé BMSc): Mouse BMS

speci fic 15 anti body agai nst vesicul ar ngnoa
Vig

fqllgﬁ\geﬁ%pl?témeé fl(ogmqnsgymﬁ Qa}pgquqé)eﬁrrl%@a arg:ggl é]q%g dlyorescent
fgﬁéﬁlﬁg E"f\%b@ﬂi‘?- @ﬂﬁ@ggﬁﬂ% PAY; 908N NOER WBTaGifidd by cervical

S Vi Sua y usi'ng a secondary
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marrow using a syringe (1 ml) with 25G needle, filled with 0.5 ml sterile HBSS. The
collected cells were disaggregated by gentle repeat pipetting until a milky
homogenous single-cell suspension was achieved. The single-cell suspension was
washed in 5 ml HBSS and centrifuged under 1000g for 20 min at room temperature.
Following centrifugation, the supernatant was discarded and the cell pellet was
resuspended in 10 ml growth medium.

Cell culture: TIsolated mouse bone marrow cells were cultured in the
“proliferation medium” (see in Example 1 hereinabove) and incubated for 48 hr at
37°C. The non-adherent layer was then discarded and the tightly adhered cells were
washed twice with PBS and cultured in a fresh “proliferation medium”. The growth

medium was replaced every 3-4 days until cells reached 70%-90% confluency. The
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Fl ow cytosnetry: Follow ng 48 hours incubation in the
"differentiation 20 nediunf (see Exanple 2

whegeinsiove), the cells were harvested and suBQENREEs/000972
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RS Rl 05 TR LA e D YA R oBA i paline-treated

209Ms days post transplantation (Figure 15B).

EXAMPLE 11
Survival and migration of transplanted mouse BMSc in rat brain

Methods:

Neuronal differentiated Tg-EGEF mouse BMSc were prepared and
transplanted in the substania nigra of 6-OHDA rats (both hemispheres), as described
in Example 10 hereinabove. Treated and untreated (saline only) rats were sacrificed
45 days post transplantation. Tissue sampled from lesioned and non-lesioned rat
hemispheres were sectioned and observed under a fluorescent microscope, for the
presence of green fluorescent protein (GFP) marking the transplanted mBMSc.

Results:

mBMSc survived in the treated rats substania nigra (Figure 15C) and

immigrated into the treated rats striatum (Figure 15D), 45 days after the nigral
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ascorbic acid; 1 mMdibutyryl cyclic AMP, 0.5 nM
i sobut yl met hl xanthine; 10 Mretinoic acid; 10 M Stage

w@200doessmhexaenoi ¢ aci d; human transform ng grOWiL2003/000972

factor 03 (TGF- Dopam nergic p3), 2 ng/m; human
gal i a-derived neurotrophic factor: (CDNF), 2
tfiﬂnfslf)l@ﬂit%ﬂ dh la@ditioRAtaneplagledlcellNétressshdlyrhigedted to fidblEdjtex and

; human brain-derived (12-96 hr) neurotrop hD%
stmmr(Flgclm@Nﬁ)C-Dz 10 raig et wepninissicdavitbialiap Mg yotational behavior

ng/m; human interleukin-1(3 (hlL-1(3),
(ﬁgﬁot&}aﬂg&p fibr obI ast growh factor-8 (FG-8), 100

ng/m and soni c hedgehog (SHH), 200 ng/m . 10 *N2

suppl enent: insulin 25 g/m: progesterone 20 nM
putrescin 100 M sel eni glfr“‘@llp 9 {ransferrin 100

T e S R e e

nmet abMetloilsi e to ml sanpl e. Dopami ne was 15 extracted

S st el Prtime: Nh B AEER Gty et e Ba b Sopigs! gijocation

HftPw cf’ﬁ‘?éﬁ LR '7@%51@6150@ s@fuﬂt)h 0&ft&”t1tﬁa§'fﬂeﬁfe%&§ WeRremoved

etection (H CD) systemwth a
ael plased phadankal &atambmdmal( B@BltMnmSSmBth@ﬂdl bwdustries, Bet-

e Trpelidyae Bpf BRURL G0t VA< 2S5 DR ER Oubi marrow

) ﬁﬁ?g 9’&&14\3%6! MemBOJVﬁl'i‘th'@' neRfilet ﬂﬁe@ﬁff‘ﬂh&ﬂ 5 @1@1' stk [HBRS Géls were

Resul ts were vali dat ed bﬁqyco el ution
Mﬂggr@t@nb}ngem]mmpﬁmngsqyn@ timeg anti] mgnilkyflfaspogenous single- cell

conditions a tector settin

PERTosoTS Batars Bas gl i ureRdadfea iy aggine s
AR BRE Eehtiifilded o3 UDE0d &r0t mByf atdobinee@pératire (RT), hlBﬂ/Ejé?movmg
i ncreased from anon-detectable | evel to about 23 ng/m

leﬂla@éllt |H)e cgll rpleHgt wasgresupperidgth i | n exyathiraeriparand diiluped to 10

AT PSP AR ST U B comin
Iﬂt@rp@ﬁbd{m%nﬁlhg Q\TYTM inKGhe f grblifeentioby nedivmhu¢ses Example 1

i ncubation) further enhanced dopa secr et
preipabeve) formme wesk. dhsishitls Wﬁreagfwre qﬁtﬁ@ﬁm@?}ﬁs‘ slide-

P{a%&? 322%6 10%)’1%/%@6 %hé%l?{xﬁ@ﬂ%q ggfcﬂ??ra diuRer ﬁﬁﬁﬁl‘éubated for

roma during the 7
Do hosrs atnmblat The gperthadedinmt wes teopaplanat giith "ohgodendrocytes

differentiatipg, medi uni e 14C 1o .t .
SHEEAI2BPN CEPAT ea@aaﬁﬁdng RGN, |Sﬁlmﬁ3m & Syl giogigmine,
§ R g Suﬁfn@@ & th@‘f‘(ﬁiowﬁ% sERPMEes] gﬁGPg'i hgdi® EGR1 B20 ng/ml),
ring the 50 hours incubation period inthe

Interlukin-1b (20-40 ng/ml), dbcAMP (1-2 mM), retinoic acid (0.5 or 1 puM),
neurotrophin-3 (50 or 100 ng/ml), human platelet derived growth factor (PDGF-AA;
5-20ng/ml), N2 supplement, triiodothyronien (T3; 40ng/ml) and ciliary neurotrophic
factor (20 ng/ml; CNTF).

Immunoassay: The cultures were incubated at 37°C for 1, 2 or 6 days
(replacing growth media with fresh media every two days) then fixed in 4% PFA.
Cells were blocked in 10% FCS solution then incubated with 5 ug/ml anti-A2B5
monoclonal antibody (1:200; R&D systems; 1:200) overnight at 4°C. Cells were then

washed twice in PBS for 10 min and incubated with goat-anti-mouse Cy-3 second

antibody (Jackson laboratories; 1:500) at room temperature for 20 min. The incidence
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"dopam nergic differentiating nmediunt (Figure 14D).
EXAMPLE 10 15 Transpl antation of nouse BMSc in the
wa@roosmsaias of a rat nodel for Parkinson's di seBGSEIL2003/000972
i mproves rotational behavior Methods: Cenerating
nouse bone marrow stromal cefls (nmouse BMSc): Muse
oﬁé\@l& s‘%ﬁh&ﬁgmﬁ@e RPRIEE il SRR fahidBS B Bligod¥RliR cHieCErogenitors)
earing t enhanced green fluorescent 20 protein
wed detE@RRed biadpiag e Shakissens migtoscopegasipped wathrfinage Reekdus cell-

sacrificed ervical dislocation and the tibias and

C?"é&‘ﬂgé’r%?@%%%ﬁ}@fs nd placed in Hank's bal anced

salt tion (HBSS). Muse bone marrow cells were
RSt

coll ected by flushing out the marrow using a Syri nge
(1 mNeuminehcelb@orpbeloigs wasi abiseredunt selts, aplipredsyigh apy ofie of the

.HBSS. T col | ect e re.djs: :
ingepEcP Rt sl ottt Sub R IIAES) Mlowing 24 b
B dr Cethe SHGPeSh@Mcvd TRehicay eell-nbnghdogglveasc élduced by
suspensi on was . washed in 5 m_ HBS and]mge%tfrifu eaﬁl .
dhetidP asoNg-F diigure 287 aatvellasdit Snp apd tyreid faplgr 36 tggs not
rifugation, the supernatant was di scarded and the

ent
Sﬁ%‘f'?)’pel let was resuspended in 10 ml growth medi um ’
Cel | @il &utvieal Waohaimedd followimgh6 riaysremaubatianemith awer ene of the

sHbskansFe aloTR b FRIB GRS TR OPh b PR o YRS AITRIEL o OR the other
37C. 100 - . . d th
htang ceﬁ%ﬁg@ﬁ% rdg%@;%@? Qheh SREINYRELGARES FerCRudaraN e

I ght ell's were Wwashed twice with PBS and |
cul t urtedincideace o sdlls" grinkd fpesitive dnr thed pligadendieeyigr pragenitors

AT LS5 S oA ! Bt 8S0RS v

: ; t hen harvested and
frgnﬁx-deghﬁggéistq %%sa%ﬁt}é%%?dsﬁé J?Iigg%)'( 0.05% trypsin and

25 M\THEBTABMSPBS), bocishiced tor diferniigtesine Pppegursors  of

then transferred.to the."pre; .dif.f.ere L - i y :
et S Et R maD ey EL IR 3, R Wt
I{ﬁ{ﬁp%i&&i&of 72 hr at 37C. The pre-differentiated

celfs were washed in PBS and i nduced for 5 neural-Iike

differentiation by incubation in the "differentiation

medi unt’ (see in Exanpl g F hpabove) for 12-72 hr
at 37C. Mouse BMsc trans%%ﬂ%@g%:

neur al - di &I epldcamest ihensorrephivlnmtal soialosiso@lSy
(mBMSc) were injected in the substania nigra of female
6- OHDMetlwgdsoned rats using stereotactic frame (as

\(,j\gzcr,ifgtengaslgﬁ ?.Sg(ikgé??r}?(r}g%éﬁl(}ur ?rgl%%%nicsﬁ{i&é] eeihﬂb@ﬁfgi @futated
human superoxide dismutase-1 gene (SOD1; Gumey et al 1994) were bred in
CSJLF1. The transgenic mice were healthy until the age of 3 months then
deteriorated with ALS and became completely paralyzed at the age of 4-5 month.

T fansplantation: Neuronal-differentiated male mouse BMSc were generated
as described in Example 10 hereinabove. The cells were injected into the spinal cord
(cisterna magna) of female mutant-SOD1 transgenic mice and of wild-type mice (10°

cells/injection; 5 animal replications per treatment group). Saline injections were

used as control.
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Rot ati onal behavi or anal ysis: 6- OHDA-| esioned rats
were treated with anphetam ne 5 ng/kg to induce
WO eaoaviswsml behavior. The rotational response POI/IL2003/000972
anphet am ne was exam ned 3, 15, 30 and 45 days post
transplantation using a conrputerized rotaneter (San
Di eg@sd:b5 et SaludtionRadithioral Betanipl @redtédandfnon-treated
neur onal -1 nduced nBMSc i nto anphetam ne-i nduced 6-
(sahimAoniyd snieuwes evrlvaitd yeeldy by eingct Wiomsien (S3BHA4¢E sEpment
e rats, fromabout 340 to just 25 rotations per 2
fr) 45 days post transplantation (Figure 15A). The
rel ateygiss:rotation rate of the treated rats was

reduced by 97. 9% d th t ]

r at s Migg eéav@%%@ﬁé%gﬁ\%p@m@wf | ne é%éerosm %XLS) as
1@%&%&%&&? lxrﬁjzlﬁf qulﬁﬂgn rﬁ:{/g@%ﬁégﬁﬁ] pglgfof’{ﬁle%freg ﬁt{ﬁﬂ LAk 7 onward,
afldl hlcompiid piralysis gftEGER nnomtisse(FRivEe ZW\)er e prepared and

trans Ianted in the suybstania n| DA ra .
( bot FGHenpagliss eslptecied des CPTO5ReF (r{‘:"}fg Ve 19 male-derlved

hgLRhaeP QME %@rﬂt}l}g@s&%’ﬂ bt d'fQRJafeq féx%@ﬂe'rﬁ‘l%e OfthY X dRbBosome

Werie sacriti be ays post transplantation. Tissue
veampl deteétedin dnysitheretswend thotmediedfeomédmicet (Figure 22).

{1 UorGEEuR! S ERSScBpd. WFt oehueng0 HrELERcE foFigaificantly
cﬁi}féi@ﬁteﬁﬁﬁlnﬁoﬂfreité‘dngsaﬁ@: BhiyyBsid Bebel Mgcet Bl2aNt &0 the other

Resul ts MSc survived Tn the treated rats
leoths traated $OQE am{dei gmlsteﬂSGJ;bsmmﬁal iredvicprtiadratationak ehavior,

treated rat riatum (Fi , 45 days after the
lﬂﬁglﬁ?%ﬂg PSOBH. flmmng%f 00972 45
transplantation. In addition, transplanted cells

successfully mgrated to the cortex and striatum
(Figures 15C-D). In rat EXHMPLEEI4 injected with
saline the rotational. be ged. 5
EXANPLE 12 NouGR" S ”"P ? ?\g*r”g’%{ F%’%ﬁ‘%?%pﬁﬂ

ol i gomﬂﬁ@%treéepmr%la’feﬂor §Nuilveh)hie ds traiSetiptiau fdctreinvolved in
M ce B5/EG-P (male) were sacrificed by cervic

djffglle@%ﬁquﬁf na%a%wémaﬁ%dp@ddwaﬁﬁne/@%TSP%o”h%?“ length human
115%”5 ((ﬁér}egﬁnﬁ é% §1oﬂgkﬂ)sg\ﬁ\ﬁuf’)53 1%8] §ad SHBNEN ustll AfRlers 5'

ance sol ut1 on (HBSS;
EirﬁHD gm@a’l Xl dpréeisast, foBatby SEQ ID NOs: 31- 32) using high fidelity Taq
polymerase (TaKaRa, Japan). The PCR condition of amplification were as follows: 10
cycles of 95°C, 1 min; 56°C, 1 min; 72°C, 1 min; 10 cycles of 95°C, 1 min; 55°C, 1

min; 72°C, 1 min; 10 cycles of 95°C, 1 min; 50°C, 1 min; 72°C, 1 min. The PCR

-

products were digested with BamIHI and Xbal restriction enzymes and the resulting
fragments were inserted cloned using T4 DNA Ligase (New England BioLabs) into
the expression vector pcDNA-3.1A (Invitrogene) as illustrated in Figure 17.

Human bone marrow srtromal cells (hBMSc; 60-80% confluence) were
transfected with pcDNANurrl using FuGENE-6 transfection reagent according to the
manufacturer's recommendations (Roche Applied Science). Stably transfected cells
were isolated in a growth medium containing 500 pg/mL Neomycin (G418 Sulphate,
Clontech, Palo Alto, CA). Total RNA was extracted from the isolated neomycin-
resistant hBMSc as described by Chomczynski & Sacchi (1987) and the presence of
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Haenek, Israel), nouse bone marrow cells were
collected by flushing out the marrow using a syringe
W@ 2o0ai0)63wé t h 25G needle, filled with 0.5 m stRCT/12003/000972
HBSS. Cells were disaggregated by gentle pipetting
several tinmes until a m | kyshonogenous singl e-cell
NgHF PEARLIPs Wags @oRFANED usiBeNthe"RITLRUR asiLédire asadescribed in
i luted and washed by adding 5 15 nml HBSS, centrifuged
Extmplo0bgrefimabo2€ nin at roomtenperature (RT), and
renovi ng supernatant. The cell pellet was resuspended
in1mM gromh nediumand diluted to 10 m. The cells
were plated in polystyrExappPBStISC tissue cultures 75
cn? flask (Coming Incorporated, Comng, NY) in th
Trpusfbimiag #BMSc fadlonpsylingeres mlasadr@rassioneaf grrqsig g Jugroxylase

for qn ek, The c e n rred 4.0
pol yﬁ@@qc\éﬁ%ogrg%}ngl ﬁ%Aertcs%%ceh éﬁ‘@zrg é%%%?c%ﬁ%l sb}e\/\/eelffeﬁed by
trBANBRINEAE BN Scpdthi herapomiveradd urdsulatiog i victdrait whiichoean be

24 hours at 37C. The growt h medi um was then repl aced
coustrictedps HBW&HEr ocyt es  di fferentiati on nedi a"

conp ! i 8 TH,

con, 136 Lesgon BEYeRURPHEIE £ b GRIGE HEGkEe sone

GeaBaAR AcEEssion1Ne 2BMI@N0BH() card be ésdlatkd rfironb hi2@n 4ADNA by PCR
ng/ m), dbcAMP (

1-2 , t.1 nai id (0.5 1
g P AL B P DS THGER PR (RIS S LOBPdD SEQ 1D
8, ST AN s, o o
O1eM IGEnE Eppiessioh Systems), 2Qillgiratbd inONERE. 194. | munoassay:

Th t were | ted at 37
T AL R et & JICUERL SO 8L 7T Lor 11y 8 By ORES s
(H3ER02 RRRcBANCA L RsibHN A5 1080isGallhed e hiahdg kBNA By PCR

CS solution then incubated with 5 ug/ni . .
vaingithe\BABErsiRFEQ 60 aVOsird7i 3o dihe NS BawompgDcBYKY rfhen inserted

1: 200 i ght_at 4C.. Cel | W
o PO o Bl L SR, MM BR. o
4 A agcondusansyBeatys§Jackspm pREMAOE-NE(Clcht&hy))ingtead of

roomtenperature for 20 min. The incidence WO, .

tROOA/TR85 48 iihemriadio g 084 Thaposivedpres beprng ey neo gene,
ositive for..A2B5 . | y marker of oligodendrocyte
?%eéeecﬁ‘?@bsﬁ%%the\%ﬁéblég?g(?oﬁhﬁ%%% by using a fluorescent

M cr oEMpe caflbeppatforret Wittt @ethPrespbnss andl eguletwuriectogs (Tet-

program (%/ber netics). Results: uronal cell

qfﬂf Tphal ogyieRsls hseitgedmn ®efliss tgfms Qationy PRthedy dessribed
i | L if includes the
11%&1112'&3%%.' r@ﬁ'c%{ ngrroﬁﬁ#_% @% g(?]S,alt&nFeg(]ialhﬁé RrecBPGANED jincludes th

noir ¢ aci 3 OW ng 24 I ncubat i on.
iTRenalosbospian enagesitee (IRRS) nateé| betweerpliisd defyacyaline-controlled

i nduced by dbcAMP, and NT-3 (Fi g(rre 20A) as vvel.lt as b?f\leo’)
trans@etEAT t Kkl dafdhictlsr 8PnEd£PgOqIes pgeomycin esistance >

simultaneously expresses these two elements. The expressed tTA binds the
tetracycline response element (TRE) located in the response vector, thereby activating
transcription of TH. However, in the presence of doxycyline (a blood brain barrier
traversing antibiotic) the binding of iTA to TRE is blocked thereby halting TH
transcription.  This drug-controlled expression of TH is schematically illustrated in
Figure 19B.

Hence, hBMSc can be genetically modified so as to express TH under the

control of a negative regulator such as doxycyline which can be orally administered.
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shown). 10 Cell survival was normal follow ng 6 days
i ncubation with any one of the substances al one (at

we@pdohesedgoncent rati on) cell survival was nor maPCT/20431©0972

ot her hand, cell survival decreased when inducing
subst ances were conbi ned. Thg i nci dence of cells

st ai Rede PRI bk gx%ssfl&{ &ﬂﬁtso Q;g%@ﬂ@ o6ty ldepahREE thé Ofehetically

mar ker A2B5 8% over al e hi ghest 1ncidence of
i ficdldBMS¢ edrebegseddd 881 mklcemsntftb@ml@b’ forprpvide gafielagd effective

treated.with Fi gure 2 b
treﬁtg}fggafqegrqﬂeg?sréelragﬁ/“ ?eésqsr?f“g) ?)rl;legg%rﬁgoor 5 o?asgn °

ol i ggdg @@}5&&%&&%@{ hakitieqepdhtig wald ) agenhwmh educes TH
be utilized for treatin mul tiple sclerosis.

cEDGABEIIE BB @bspl beepifagedrenting nfoanfeiRiphitee IE?‘E’@&TPG -Inducible

cler ALS th
NrurefEn e sIReetine Rttt repbate Skt porse
c@ht% 5@&% THOEME 3T reflitoeye@dr pVgREBY) Iw\mlﬁeepmscﬁﬂte of an
CSJLF1. The trans%enlc mce were heaJth
S

indisergges. diongstamong Ason HGRSIciBE & (5 HOSEPTA HVAPHS S Hgptor binds
PR AR Rl BRI AR Ber LPaBOR O buste RidIRAUTH.

ona erenti at ed nouse
BMSc were generated as descrlbed i n Exanple 10
her ei nabove. The cells ed into the

cor d It {cappresigigd H%r?ﬁ?alaff{f?téﬁ?él b Gerich 2 Tor clariy,
&es ?b%geﬂi C[h{n &%tﬁgdopfsgﬁ%rétg E%ﬁB@dlfHeﬁﬁ (A8 A be provided in

I njec ani rep |cat|ons per treatnent
c@hﬂiﬂlﬁh)tmnSﬂlal giggle rinbotlinms. Wemeerselgcdarasis deattres|of thgdinvention,

2004/ 046348 PCT/ ] L2 /000972 47 Nbt f
whigh @&t ifgnbreyigh, é]le?"é ip drey gt of atsllr%? 8)3’1%8alanent may also be

Ig‘g{ﬂldg(ﬁ ?%tdleﬂely ool d %uﬁﬁ%lé()su%bﬁx%lﬂﬂﬁ% eval uated weekly
y usin

a rotonet San Diego Instrunent Inc.).
Results: 5 Mce expreSS| ng SOD1 suffered from

amyot |.ateral .scler

SuborARbuel 1Eq feEraRT IS SR frRbedn (APHRALE R, becifi
ARG dirheRENRESHE, it &CVident SEPhRRE anéthékh\}éﬁl Sodificetior-dnd variations
nonths (Figure 21). PCR anal yses detected Y chrqnosone

Wilhok epptarene tapthose bleilled frf the @rt. tAepredingliis Bds iggndeyl to embrace all
%ﬁfﬁi@%t hge Sﬁ?oc{] it catﬁ)(rjlg qang fvahaf;f(_‘;’}xtsetﬂatf W{)v‘?thm tife spTHte and broad

scope of the appended claims. ~All publications, patents and patent applications and
GenBank accession numbers mentioned in this specification are herein incorporated in
their entirety by reference into the specification, to the same extent as if each
individual publication, patent or patent application or GenBank accession number was
specifically and individually indicated to be incorporated herein by reference. In
addition, citation or identification of any reference in this application shall not be
construed as an admission that such reference is available as prior art to the present

invention.
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10 was not detected in any other tissue of the treated
female mce (Figure 22). Rotational behavior of 7 week
wobka4bieat ed wi | d-type was not significantly PBCTiI20enn0972
fromnon-treated (saline only) wild type mce (Figure
23). On the other hand, treated SOD1 m ce exhibited

substantial reduction_in rotational behavior,
i ndi cating motor funREFERENGEDCEREHt (Figure 24). 15

EXAMPLE 14 CoQ?&drit%tgata.i f@i}?rg{l% eg aE&J{i o Iﬁ?@%a%?’ié)g n vector

The nucl ear receptor-re urr
Atgﬁg{)kSTr Vahien Bagdhol, Gowstiviekx K, Tdikinf By Muthigt Gofasfiman JJ,
m dbrai n _precursors into dopann eurons. A )
F uRObbePRH IV HhASRnorRasad SepH IR (OISR BEA RO TAR Qi atera
No . pld.fi.e i i. e " BanH
R A R Tl
A 19\, Sit@ites D, dlehgetly BT,aﬂiGip«nibmm{_E,d%recl(o"paIKh R298 JEpgmaftment and
O oo S Dyt 88 LR M8 AU of Boin
cy i )cDs . b Acd®Sei USA98:3908-3913.
cyg+t§§slrg argc%g:to %Sﬁcz‘?e %% P%Ocrrlslrl}t;{]AC (?,%11[18 mn. The PCR .
Bakayp Rodic FsndeneMd, gisstoyd Dt BclB&nty CotlghsxP4l. 1985.Preliminary
restricti.on enzynes.and.the resultjn ra t
i ngggo[rfed)f _cihSnW Q it}?gal Tiss {TﬂSBL@Eﬂn Rle{}&)/ Eﬁlg‘?cgtng/ﬂyﬁ-ﬁlduced
Bi @laksonl1eQyndiBieaY PrifRsdsOApYRCsRbpeIINAZ358861. :

(Invitrogene)"as illustrated Iin Figure 17. Human bone
BuakiewiczsKSy Bhakett ®J| daqohBwis DMD PegmmochnPeiginbid), handen WT,

SR L P S BB fospaton s on
Mayfn@ed WIBTP-fndueed prRekahison HicidokdaicAppid dehavioral studies.

Science). St ablé transfected cells were isolated in a
gr ovauoswERIV2iA3 kéft-ai ni ng 500 g/ nL Neonycin (G418

ul e d ) -
BB s IR AR, S ) cormind, Mot s .
as [igesy MyeMehyinCTo Mmooy NTkinsgenSa SO 1 (GPIA7 miendetdiep reduced
presence of WO 2004/ 046348 PCT/1L2003/Q0Q9/72, 48 Nurlil
2ol pBInAERSTS ABPHHALFTATH &n FAETTRI RO BELHRHG (oves.

as i.hedqi-R~ -Exanpl e 3 herei nabove. EXAMPLE 15 5
Tr ﬁ@?@%&%?ﬁ@%@éf or doxycyline- regul ated

Bjopitless Ao Stentvityr FONBebymdiroatjdnasfghe nreostiighledapamisg pathway

B PR SRR ReSERRTSESHES O o

NRAUAEAL VISR He A PRt CRShUHEH, chdREsséiPT] OME IY, McNaught K,
Brownell AL, Jenkins BG, Wahlestedt C, Kim KS, Isacson O. 2002. Embryonic
stem cells develop into functional dopaminergic neurons after transplantation in a
Parkinson rat model. Proc Natl Acad Sci USA 99:2344-2349.

Brazelton TR, Rossi FMV, Keshet GI, Blau HM. 2000. From marrow to brain:
expression of neuronal phenotypes in adult mice. Science 290:1775-1779.

Breeze R, Wells TH, Freed CR. 1995. Implantation of fetal tissue for the management
of Parkinson's disease: A technical note. Neurosurgery 36:1044-1047.

Brundin P, Karlsson J, Emgard M, Kaminski-Schierle GS, Hnssson O, Petersen A,
Castilho RF. 2000. Improving the survival of grafted dopaminergic neurons: a

review over current approaches. Cell Transplant 9:179-195.
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TH responsi ve vector: The 1.5 kb human tyrosine

hydr oxyl ase gene (TH, to GenBank Accessi on No. NM
wORD308d,3emn be i solated from human cDNA by PCRPCTI/HI20¢3/000972

high fidelity Taq pol ynerase (TaKaRa, Japan) the

prinmers set forth by SEQ ID_ NGs: 39-40. The TH cDNA

s 5 e B by Syt Saes ok TRyt benesi o
R TR 2 o0 YRR e 8 BUOREStertlrf Ahemia

Noin rX¢519bdkei3e: 16@d-8dldd from human cDNA by PCR using
the primers_of SE

D) 0 37-38. T E- t
RO DR T80 SahallRgl s danbsPs e RPNy ot g YN
A _ the |
AEChikag T IR (F Erab8P 32 ot 10¢| 188.858haVibraP 1€, cellular

p ReroTetienDiof rat\i¢EBhumrgich)guronsstye ad adénovitak véctpr Racodings glial
illystrated in Figure 19A. The positj | ones bearing
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6. The method of claim 4, wherein said agent is capable of upregulating

expression of said enzyme participating in said synthesis of said neurotransmitter.

7. The method of claim 3, wherein said cells are transformed with at least
one 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 polynucleotide
sequence encoding a transactivator positioned under the transcriptional control of a

second regulatory sequence, wherein said transactivator is capable of activating said
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14.  The method of claim 13, wherein said neurodegenerative disorder is

Parkinson’s disease.
15. The method of claim 1, wherein said neurotransmitter is selected from
the group consisting of dopamine, norepinephrine, epinephrine, gamma aminobutyric

acid, serotonin, acetylcholine, and glutamic acid.

16.  The method of claim 15, wherein said neurotransmitter is dopamine.
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24.  The method of claim 1, wherein administering is effected by

transplanting said cells into a spinal cord of said individual.

25.  The method of claim 2, wherein said exposing is effected by oral

administration of said agent to said individual.

26.  The method of claim 2, wherein said exposing is effected by infusion

of said agent to said individual.

27. A method of treating a neurodegenerative disorder comprising:
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39 The method of claim 27, wherein said neurodegenerative disorder is
selected from the group consisting of Parkinson’s disease, multiple sclerosis,
amyatrophic lateral sclerosis, autoimmune encephalomyelitis, Alzhimer’s disease and

Huntington’s disease.

33, The method of claim 32, wherein said neurodegenerative disorder is

Parkinson’s disease.

34, The method of claim 27, wherein said neurotransmitter is selected
from the group consisting of dopamine, norepinephrine, epinephrine, gamma

aminobutyric acid, serotonin, acetylcholine, and glutamic acid.



marrow stromal cells. 19. The nethod of claim1,

wherein said cells are neuron-like cells. 20. The
woreionodh3es cl aim 19, wherein said neuron-|ike PEHI0evm®0972

devoi d of endogenous activity of said enzyne

participating in said synthesis of said

neueotransmitter. 21. The n®hod of claim 19, wherein

sai d3heur die nidteodef] dlaimeddy mbsreimsaid B! ptrangautterds depRgRine.

mar ker. 22. The nethod of claim 21, wherein said

neuronal narker is selected from the group consi sting

of CBRO, mMREraBhs@edi dliith NYICkBEEinPEAd @nfyme is selected from the

neur of i | ament heavy neur on eci fic enol ase

ghepeconsisiing af &'rowhzdrowa@s D€§’Ah§1§“raé vigse, GTP cyclohydrolase

otubl [ [ |

AT B O TRE, B S NS biGAEnES R drgenase

ahécﬁﬂﬁ%@ba@ubymﬁhmansplantlng said cells into a brain

tissue of said individual. 24. The nethod of claim1,

wherein adm nistering is effected by transplanting

sai d gel | spyd [ T eTa [V

The' dt hodtsnddd SPYRR 2 1Rt dth sHELAIS BEEhEHRtronlls

effected by oral administration of said agent to said

i ndi vi dual . 26. The nethod_of cl ai m wherei n sa
exposidng i Kheemethoderf dgin g? u¥hgiIn é%ﬂna BYENY Ctehs are bone

[ |. 27. A nethod of treating a
Iﬁ%ﬁﬁ%%@gg%é%gglve di sorder conprising: W 2004/ 046348

PCT/ 1 L2003/ 000972 62 (a) adm nistering to an

i ndi vj dual n ere

exogefous| T}]W@'ﬁf"i?ﬁg‘ﬁ@“ 2@0’\&&@5 ﬁ%‘ﬁ] ?ﬁse?regvmog{elgie oells.

and (b) periodically exposing said individual to an

agent or condition capable of regulating said

synt hési s Bife weaihdd o€ oleon Baneimreinesnid neusa-likeceslls sxpress at least
thereby treating the neurodegenerative disorder. 28.
ofSACHOPALY @?nclain127, wherein said cells are
genetically nodified so as to enable said exogenously

regul atabl e neurotransmtter synthesis. 29. The neth
of c|4914 m ZBhe mhdod o cloin d0.ceharein spid nepromat @aﬂ@alw{eﬁted from

tgg &ﬂ% Cro%gﬁ na%f)ﬁ@b;?p é%&zr?/ écﬁ% {ﬁgcl@ar %ﬁéﬁu %L,ﬁ%hﬁagﬁent heavy,

ﬁ%ﬂﬂ%bﬁicoénos@ed baauﬁmrnanSMAH-m tyw\mar hydiroz‘,a]lasb microtubule
expression construct js designed such that expression
aspociaiedipinstinmestieaed epdbindingont rol | abl e via a

42.  The method of claim 27, wherein said cells are genetically modified to
express tyrosine hydroxylase under a regulatory control of said agent, such that when
said agent is absent an activator molecule binds a response element thereby

upregulating expression of said tyrosine hydroxylase.
43. The method of claim 42, wherein said agent is doxycyline.

44, The method of claim 42, wherein said activator molecule is

tetracycline controlled transactivator.
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50. The construct system of claim 49, wherein said neurotransmitter is

dopamine.

51.  The construct system of claim 49, wherein said enzyme is tyrosine
hydroxylase.

52.  The construct system of claim 49, wherein said first regulatory

sequence includes a tetracycline response element.
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StonpA SQUIPrisEIS he BrLee g cOBYTHEhE Clalé’ﬁ%é’di ng an

enzynme participating in a synthesis of a

neurotransmtter positioned under a control of a .

r equbat or {'hs eglledctrivapiamherai saidgall s pmguadikesesllodevoid of
of said enzyme in mmal i an _cells. 47. The nuchei. .
CBIQEANINSENERY 8 Bl RS WHOPRRIPE alfa Py avery of said
n_gi_,ﬁggglmﬁwcl udes a tetracycline response el enent. 48.

nucl eic acid construct of claim46, wherein said
enzynme is selected fromthe group consisting of

tyrosi_ne dr oxyl.ase A.decar boxyl as . :
cycl oflydr %§§ﬁquczad%a > A thEs CRU %ﬁ%l é’?gn%,%g%lg?rg?ceodmg an
aﬂ@ﬁ@£i§’ﬁﬁ%iﬁﬁ§f>o%éiﬁmphane'5 nonooxygenase and

choline acetyltransferase. 49. A construct system
conprising a first expression construct including a
first.pol yhucl eot | ' : zynme

part ng | patAlP ﬁéﬁ PR g%‘ﬁ@%égﬁﬁﬁgf%&%gﬁ%@ﬁ ?n]'sm tter
positioned under the transcriptional control of a

first regulatory sequence and a, sei‘o,nd expre

Si 0 .
constdBuct Thectellopirdaim 3 HHacp SRR 18 Gt HegEen- ]é‘?qﬁf’g]né‘@’md of
encodi tr.ansactj:-va 0 u : : i
FRGRQLRE Rl SR Gl ol Dl RARe D Raid (Shesis of said
eaffsengaittewher ei n said transactivator is capabl e of
activating said first regulatory sequence to direct
transcription of said first polynucl eoti de seqguence.

50. e COpgt Ldichr q¥int ﬁ?ﬂﬁh&'@h&%‘ﬁé& P&y Rkdleotide @ncoding an
neurotransmtter is dopam ne. 51. Tﬁe construct'
appptosinifibitingipolyp8ptideher ei n sai d enzynme is tyrosine

hydr oxyl ase. 52. The construct system of cl ai m 49,

wherein said first regulatory sequence includes a

tetragycli RemE@SRUYSFro8L@RRRENs for use in treating neurodegenerative

disorders, comprising:

(a) isolating bone marrow cells;

(b)  incubating said bone marrow cells in a proliferating medium capable of
maintaining and/or expanding said bone marrow cells;

(c) selecting bone marrow stromal cells from the cells resulting from step
(b);

(d) incubating said bone marrow stromal cells in a differentiating medium
including at least one polyunsaturated fatty acid and at least one
differentiating agent, thereby producing the cells for use in treating

neurodegenerative disorders.



WO 2004/ 046348 PCT/1L2003/ 000972 65 53. The construct
system of claim49, wherein said transactivator is a

WO edonaeoped | ne control l ed transactivator. 54. APCEIL2003/000972
conprising the nucleic acid construct of claim46. 55.
The cell of claimb54, wherein said cell is a
neuron-like cell devoid of %ndogenous activity of
sai d 6énzy e gaethed op staimp0, wherdinl saigd mrpkisrasiopfmediing includes

r i t - 56. el | of [ ther. .

TMES) L S Pt uE e el s Ghino acias
land EGR i ng pol ypeptide. 57. A cell conprising the
construct system of claim49. 58. The cell of claim
56, wherein said cell is a neuron-like cell devoid of

endog;@ﬂOUSrhecﬁq%@ifohyopglﬁﬁi Ho ERTUITE rﬁ%?r{ptéirsg{gggfchlg%édgg the cells

sai d synthesis sal neur’otrans
resfultigafnomb Step f(a) tier poodififeresitining npdiym yaiceobi step (d) thereby

encodi.ng a opl.Qsi s..i nhibiting pol ypeptide. 60. A
PR RO P HIgcrcalTE e neuse i Feat | ng

neur odegenerati ve disorders, conprising: (a)
i sol ati ng bone marrow cells; (b) incubating said bone
mar r ®& celllhs inpthad pefotiafrer @, i whersimdsaidn regaidrentofting medium

.mai nt ai.ning and/ or expandi ng said bone marrow cells;
1‘?’;?‘)1&§2’:Fg}g?l ng bone marrow stromal cells fromthe cells

resulting fromstep (b); (d) incubating said bone
marrow stromal cells in a differentiating medium
i ncl @di ng Tae methot ohelapol GAunwheremasad freidifferatiatioanaedium

AT L AT A OBy s 0
di sorders. WD 2004/ 046348 PCT/1L2003/ 000972 66 61.

The nmet hod of claim60, wherein said proliferation
nmedi & i ndbgdegthodatnglaigPR), whetein saifl g, leastone polyunsaturated

- 13- : tial ' id d
e AR R e 760, " ur ther compri si ng

i ncubating the cells

66.  The method of claim 60, wherein said at least one differentiating agent

is selected from the group consisting of BHA, dbcAMP and IBMX,

67.  The method of claim 60, wherein said differentiating medium further
includes DMEM, SPN, L-glutamine, N2 supplement and retinoic acid

68.  The method of claim 60, wherein step (a) is effected by aspiration.

69.  The method of claim 60, wherein step (c) is effected by harvesting

surface adhering cells.

70. A cell population, comprising bone marrow derived stromal cells

capable of synthesizing a neurotransmitter.

71. The cell population of claim 70, wherein said neurotransmitter is

dopamine.



resulting fromstep (c) in a pre-differentiating

medi um prior to step (d) thereby predisposing said
w@edoum4d3as di fferentiate into neuron-1ike cel | SPCBB200B1®0972

met hod of claim 62, wherein said pre-differentiating

medi um includes bFG-. 64. The nethod of claim63,

wher ej;n saj -4 i it gredh t . .

i ncl udes %Meglgwﬁ%ﬁgﬁﬁﬂa%in@w R2 sé&lg& gé#r%n%%gor% nsmitter 1s

Fogonigs. The net hod of claim 60, wherein said at |east

one pol yunsaturated fatty acid is docosahexaenoic

acid. 66. The nethod of claim 60, wherein said at

| east73one Aifiked @Bl ipdbliRbdoR isk f i

%OUB consj sting of p%EIA -dbgﬁ)qw%rgnl% ?(%Jﬁﬁ(ﬁalggw (II('3 e & €uronal

lnetasdeicarmable) ofisymtbesizing et kshst twaitybed iof heuremarsatiiters.

medi um further includes DMEM SPN, L-glutam ne, N2

suppl enent and retinoic acid 68. The nethod of claim

60, vier ei Thestbgd(cell gogu@ﬁa‘ne 6f 88?3 A5RirERidafiat 168t two types

The nmet hod, of cl ai m 60, wherein step (c) is effected

Hyenroippyniitars ineluds depamiseri ng cell's. 70. A cel |

popul ati on, conprising bone marrow derived stromal

cells capable of synthesizing a neurotransmtter. 71.

The cEl| pripuhited @6l @opelhaonrofl Qaint18! Whdteindafl at least two types
eurotransmtter i s dopam ne. WO 2004/ 046348
EfpiorapEnitigdacivde sprotppin. The cel | popul ation of claim

70, wherein said neurotransnmitter is serotonin. 73. A

m xed cell|l popul ation, conprising bone marrow derived

neuronal - |like cells capable of synthesizing at | east

two types of neurotransmitters. 74. The m xed cell

popul ati on of claim 73, wherein said at |east two

types of neurotransmtters include dopam ne. 75. The

m xed cell population of claim 73, wherein said at

| east two types of neurotransmitters include

ser ot oni n.



