WD 2004/ 087926 PCT/ SG2004/ 000076 A PROMOTER CONSTRUCT
FOR GENE EXPRESSI ON | N NEURONAL CELLS FIELD OF THE

WO DMERE19BN [ 0001] The invention relates to a pPCIBGHEIN4/000076
construct useful for cell specific gene expression,
nore particularly expression in neuronal cells.
BACKGROUND OF THE | NVENTI ON [ 0002] Neur ol ogi cal
i1l nesses such as stroke, epilepsy, head and spina
cord traumm, Parkinson's disease, Huntington's
di sease, Al zheiner's disease, amyotrophic |ateral
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devast ati ng eg éﬁom Eg%}qgﬁlzli@ result in
hi gh social costs associ a elé Wi chronic care and

| ost productivity. A common feature of these
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nexgiessio Ao pakticalisly @kpredsion ih Reurchtellal nervous system
(CNS), which involves the delivery and expression of
a therapeutic gene, has, therefore, been considered as
BBRCKEGROEBND GPTHRINVENTIORat nent of these di sorders.
Thi s approach nmay nedi ate expression |evels of

neurotr (cj)lghi c f.actors, anti-apoptotic, proteins, .
ARP9Mxi Jerolngrd cillpessesasigh asheFokes pRileRfye Jerd apd, spigpls cord
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Cene therapy also offers nuch hope for the treatnen
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presents several obstacles to successful gene therap

viredhickivibh b cgmoTHeatere ehtheseclapesset iscupuionell lose Manyi efethe
S o Eadineka 1 BE B Sy bogBngls o
t@ergenabt mowi#nfl dpawt reaped wdlioosveational theepeitict emk.tGene

of efficientl cti A ti
bt S5 Lo BRSUECHER 1D Wk HOSEAP B, o
aex@reg@ory ofliavthempeutivagene 0 haswithardfomr dear cdnsiclatedtaz a potential
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also offers much hope for the treatment of CNS malignancies.

[0003]  The unique characteristics of the CNS, the most sophisticated organ in the
body, presents several obstacles to successful gene therapy within the CNS. These
characteristics include limited access to the CNS due to the physical barriers of the
skull and the blood-brain barrier; the nature of terminally differentiated neurons and
the difficulty of efficiently transfecting them with tﬁerapeutic genes. Moreover, the
cell types found within the CNS are very diverse, many of which are critical to
physiological functions and highly sensitive to any kinds of changes. This requires the
development of CNS gene therapy that is restricted to a particular type of CNS cell,



thus ensuring therapeutic effects in the desired cells

and limting side effects caused by gene expression
wo poonosmoe@r get CNS cel |'s. [ 00041 Speci fic genePCT/SG2004/000076

expression in a selected cell type can be achi eved at

the level of targeted gene delivery through the use

of |igand-associated delivery vectors that bind, via

the ligands, to cell surface receptors that are uni que

to the target cells. Specific gene expression can

al so be achieved at the level of targeted
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reduce the chance of activating host cell defense
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specific cellular promoters is often weak, presenting a significant limitation on their

use in gene therapy.

SUMMARY OF THE INVENTION

[0006] The present invention in one aspect provides a recombinant nucleic acid
molecule comprising a neuronal cell specific promoter operably linked to a
heterologous enhancer wherein the enhancer increases the neuronal cell specific
transcriptional activity of the promoter. In some embodiments, the promoter is

platelet-derived growth factor B-chain promoter and the enhancer is cytomegalovirus
2



WD 2004/ 087926 PCT/ S&004/ 000076 imedi ate early gene
enhancer elenent. In various enbodi nents, the

wo ewafokioo@nt nucl eic acid nol ecul e may f urt hePCT/SG2004/000076
conpri se an operably |inked therapeutic gene coding
sequence. [0007] According to another aspect of the
present invention, there is provided a nethod of
increasing the transcriptional activity of a neuronal
specific pronoter conprising operably linking a
het er ol ogous enhancer to the neuronal specific
PIHO AL earg}p%e%g]en]%ﬁ]g Aehihe ! Gn fv&ﬁogxlé‘ %&b@ﬁiﬁ@ﬁ&, 8L Lddfibinant
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agR&ifbinart Béhe! JRYREL | On provides a method of increasing
the transcriptional activity of a neuronal cel
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pIateIet derlved growt h factor j 3-chain pronnter

é@@ﬁg 0) iy 3. V[)200ﬁ/087%f %ﬁ% 04/.000076 ad der i
> jyention a1sp PIGViges & marhqdiof eg %P%{E‘a‘ag figgder m a
($ubfert eomtbrishe doadiistéringdid the subject an expression vector comprising a

recombinant nucleic acid molecule described above operably linked to a therapeutic

gene coding sequence.

[0011] In another aspect, the invention provides a method of increasing the
transcriptional activity of a neuronal cell specific promoter comprising operably

linking a heterologus enhancer to the neuronal cell specific promoter.
FIGURES

[0012] Figure 1. Schematic diagram of the promoter constructs tested in the PGL3
vector: full-length cytomegalovirus promoter (CMV); CMV immediate early gene
enhancer (CMVIE); and platelet-derived growth factor 8-chain promoter (PDGF-B);



(pol yA) are al so depicted. [0013] Figure 2. G aphical

representation of the luciferase activity levels for
we@awh/081b6 t he pronoter constructs, CW, CWI E, PCDSF2084/000076

and CWI E-PDGF-f3 driving |luciferase expression in

neuronal PCl2 and MIc 17.2 cells after transient

transfection. Luciferase activity was expressed in

RLU per mlligramof protein. [0014] Figure 3.

Phot omi cr ogr aphs of i munohi st ochem cal staining of

the rat hi ppocanpus 2 days post-lnjection of

PAMEERVTEPDGESS. - TRE postit &F (AP Rle#BMAYSeens fiat) aﬁlﬁsthéNEBl? A tail

stained with antlbodles agai nst luciferase protein

(elyp) arecleorlepisisdN  mar ker (green). [00151 Figure 4.

H gh magni ficati on photom crographs show ng doubl e

| abeling of luciferase (red) with NeuN (green) in the

r 013t r B&mm%ﬁr@h@ay@pqg@maﬁbm piibe luiferase actiGly levels for each
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each.plasmid after st i ca tion into rat
?‘i‘%?aﬁ?r‘i“’“"\%WEFe?PaﬁF%’S & rPeREpil aﬁé’gﬁ@ tem.gEM [0017]

Flgure 6. A G aphical representatlon of the

Igﬁ erase act|V|ty | evels for each of the pronoter
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VaarkeX@fessed in RLU per milligramof protein. B
Graphi cal Trepresentation of a tinme course assay of
the average | uciferase expression for each pronoter
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invention relates to gene expreSS|on and regulation
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E%%%%%%J§§$%Eﬁ%$g%%ﬁg%ﬁﬂ}lOn provi des a reconbi nant

[0017] Figure 6. A: Graphical representation of the luciferase activity levels for
each of the promoter constructs, CMV, CMVIE, PDGF-§ and CMVIE-PDGF driving

luciferase expression in rat primary cortex neurons following adeno-associated virus
(AAV) and baculovirus mediated transfection. Luciferase activity was expressed in
RLU per milligram of protein. B: Graphical representation of a time course assay of
the average luciferase expression for each promoter after stereotaxical injection of
AAV vectors containing the promoter constructs into rat striatum. Values are

presented as means + SEM.



conprising a chineric transcription regulatory region
that can activate transcription of sequences in
woewnosmke cel | s when such sequences are oper abPgT/BGIE000076
to the regulatory region ("operably |inked
sequences"). The reconbi nant nucl eic acid nol ecul e of
the invention conprises a neuronal cell specific
pronoter operably linked to a heterol ogous enhancer
wherei n the enhancer increases the neuronal cel
specific transcriptional activity of the pronoter.
The ternms "neuronal cell" and "neuron", which are
used i nterchangeably herein, in accordance with the
uBETATRERPESCRETHON OF THE INYENTEONn g cell of the
nervous system which typically includes the cell body,
S al de d o N [ oqhi t!
R, | S0kl 5peB e desBiihventldf ifkllo LEERHRIARY ana
r mgelaémnd geoe @{HIQSSDII‘bI Herermigeheiis ugediial ac:mhhncwl weith its usual
r 8 tlon e%ngg 5 le}ntélpe% LD oF R nége C ﬁijse en leic
a0|§lseq enced™ PRAP A STHRS" P&t Aat Sgr ﬁ?oduced

by nmeans of nol ecul ar blologlcal t echni ques. [0020]

T et erpl ogous enhancer be a nucl eot j de

s B@b@n ce ipg‘?f‘e Sismﬁ%ﬂ on n@f’ﬁ?%l fyeE %’@‘%ﬁﬁ Jurlieigasid mpplepule
NesHipRils a@hherﬁ:ﬂﬁﬁécﬁ‘lbﬁoﬂeglﬂ@tb@r regi6fl thabdag Rctivahainse®i tlon of
0 erabl¥$llnke %gcreas s the neuronal_ cell spec

¢ VeaHCPY ipmemA Cels e SychcraeHEes arrcanetHi) ke ¥ the regulaiory

Sﬁ@@nf(vcﬁ)eﬁbgﬂﬁﬂc@d squ@fces"'se NTRe feBorhBiRdrR 88d161E adild olecule of the
transcrl ptl onal acti vi ty I S meant to refer to any

JEVERIOR H PINPIES ia J8utopaly pll |specdfic grometer, opembly baakeéf to a

ORAEBIEYus EAHAKRE VARHE IRE SRR 3h&6hstO ﬂiehﬁeuk&,\éﬁ Icelpfspemﬁc

the transcription observed with a neurona

spasrintiongr asipite pf theapemolss Fhy tmsd@@@@naédreﬂ” and ‘neuron”,

s

;B ok d RSl b Heler S5 ardonce il ol ihtiioer o

[ @o2ddnditmg s i dler nerheusesyslens wigielp bipirely atcludeaﬁte wheody,

n I

oo B BRRR 2 ARE Wi oo BERE Shfl b somsing oo

open at@lombined,l«sucll that Nﬁeﬁx@@w a()ﬁ&ﬁﬁﬁmﬁ(ﬁ'dcﬁ@a&ﬁmm%ﬁﬂa Bfers to

J apcer s and fers ac
PhAREEl i ShApsen, SOUBRECR A RLOIRL e 3o 86l isdy o

apwdmpdbansmnufammkemrBmk@wahbﬂmﬁp&gr|ptlon factors

and the invention therefore enconpasses enbodi nents

in which such nolecules are provided, either in vitro

O[0020] Vi Whe h&ablogmrﬂﬁhﬁlceﬁiﬁdy BOhnyt fucldotliid selytihice whlch lS not

i nventi on, otic tra tjon factors
TR SR THRECLE § R gAY coInpeCA R Rl i so
Qoperably R, Mcreakds th&mBurofal I'_Cell Epediths trdisbrigdiondll dctiVity of the

C/ EBP,
neuronal cell specific promoter. Reference to increasing the transcriptional activity is

meant to refer to any detectable increase in the level of transcription of operably
linked sequences compared to the level of the transcription observed with a neuronal
cell specific promoter alone, as may be detected in standard transcriptional assays,

including using a reporter gene construct as described in the Examples.

[0021] The enhancer therefore comprises at least one nucleotide sequence capable

of increasing the neuronal cell specific transcriptional activity of the operably linked
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(Mtchell P J and Tijan R (1989) Science 245: 371,

Eukaryotic transcription factor- DNA conpl exes.
w@aiouksgkou G Burl ey SK. Annu Rev Biophys Bi oP@i/SG2004/000076

Struct 1997; 26:289-325.). In sonme enbodi nents, the

nucl eoti de sequence effective to increase the

transcriptional activity will retain the m ni num

bi nding site(s) for transcription factor(s) required

for the sequence to act as an enhancer. As nmay be

necessary to increase trascription of operably |inked

tsﬁt@lﬂl%féﬁesGE&réﬂ},e eAfckS daﬁxg]%%teré Qi mcreﬁgqo t%?ég)/pg AEivate

e recombi nant nuclerc acid may conprise mul
ceglseiption opprebamddy appropdate endecutepssudbrastpnestighién Grctont and
_nﬂllgl iﬁ%n'tigl‘? iR is: b grﬁ:oﬁ%?&eso %mé@dil%gnté Sn %}Iic%c %l'lc\ﬁemtopecules are
increase the transcription.” For various enRancers
whrovidedymjthéreinugied or tix anvecr Fqrtdxemplef awh mot tbilindi tig mivémisn,

known .qr identifi one_of. ardi.n Kj
(BBt BNt SR e, it B g e APAS i AP-2.
lfjsmt, mdml,icgtgr-z,gehpmbm?;,t%mb IGTF, dammy. ZIZFIIBQBﬁ-I,t EHEBP, SRF
e. e ctors_na so be predicted on the basis
ﬁmﬁ Jc@%’s 0%@3@@%@ 37 s Eulapigtio frangggiption factor-
EDRANCRP1eXBY, PRfkoR1daNG Burkly'SK At TRY BRUAGO BRImd Struct 1997;
promoter el ement ~ such as Rous sarconma virus (RSV)

pPOAETE0-)( Eptomerrmberimgsts) th gudsotidepdqpense REfeativa/o, increase the
Pl aipribnal R0 Bl rolliP (RO HiRARC Bink | it |18 anseripion

term nal repeat’ is a strong pronoter Wwhen intr
i facter(a) spavircdtfyr e sequears) tor 4ot ag an Fshapger.DMA- masdbaneagssary to

t i . P . i : .
B Sl iion R d5pohiBly AR elfiinedl iy W cxons ip some
Ferplandireeniz) the @ogmbimantyiucleitereidi hayoiipdse wiltiple gopinnefdhe same
C I QV. L0, Ltioning. the .5 . term.ni.of
CSUAPAREBE el SH1f0rE Wb O BRI B MG o W ap v o
1@8tase ABe tOGciftibn, FGMWarink anleacero whizhanayt be used brantbtrigtion

] Lmmedi at e _ear | E) gene . .enhancer | E ] .
ol O, 58 B bl o S 0 e d4opio el g
Knetlﬁbdsddnegﬂ fretherar, foiSedamblertgDNK gz_/btptﬁlﬁyg, ng:hﬁﬂg]i@@hmf HSAys,
is cate upst ream o n i ate early gene o
S B ot BT R ool robist on fuccBieis af oy Spasepgus
Yequenos motifs. M yazaki J. Efficient selection for

hi gh- expression 6 WO 2004/ 087926 PCT/ S&004/ 000076
transfectants with a novel eukaryotic vector. Gene

1/902z] 108he chldrcdOflay 5€8 kAbW® sthdng-viraF@h&iter HOstomoter element
5,849,522 and 5, 168,062). In a specific enbodi nent,

t#eh ehRaicaicoms Vi (RDY) ommeterd GrapeerMaerling GhdVillingham
AL disiRNY, HoRHRA B SBhdl RéusiAchM¥ivREs RRSIWARESE! repeat is a strong

promoter when introduced into a variety of eukaryotic cells by DNA-mediated
transfection. Proc Natl Acad Sci U S A 1982; 79:6777-6781), SV40 promoter (Ghosh
PK, Lebowitz P, Frisque RJ, Gluzman Y. Identification of a promoter component

involved in positioning the 5' termini of simian virus 40 early mRNAs. Proc Natl
Acad Sci U S A 1981; 78:100-104), CMV enhancer or promoter including CMV
immediate early (IE) gene enhancer (CMVIE enhancer) (Boshart M, Weber F, Jahn
G, Dorsch-Hasler K, Fleckenstein B, Schaffner W. A very strong enhancer is located
upstream of an immediate early gene of human cytomegalovirus. Cell 1985; 41:521-

530; Niwa H, Yamamura H, Miyazaki J. Efficient selection for high-expression
6



representing nucl eotides -573 to -187 fromthe TATA
box of the human CW imedi ate early gene: 1
WOEODGRRTPBCA CATTGATTAT TGACTAGITA TTAATAGTAA TEARSGRGH®0076
51' GTCATTAGIT CATAGCCCAT ATATGGAGIT CCGCGITACA
TAACTTACGG 101 TAAATGGCCC GCCTGGECTGA CCGCCCAACG
ACCCCCGCCC ATTGACGTCA 151 ATAATGACGT ATGITCCCAT
AGTAACGCCA ATAGGGACTT TCCATTGACG 201 TCAATGCGTG
GACTATTTAC GGTAAACTGC CCACTTGGCA GTACATCAAG 251
TGTATCATAT GCCAAGTACG CCCCCTATTG ACGICAATGA CGGTAAATGG

T A O LSRG TN SR o s

dareneps.( 5849322 240, 5,098,(68D 23} a Bpecifin bahadimenta the anbanchreis
qluhﬁh'(ﬁv[\/fﬁ lezlﬂﬁhcc’er %H&j mdgr{ \ﬁ%%odv ht (:gﬁ’ﬁ?nse?tcll cfg l\%%gg Tience
iNS6rtTons. 1 NVerSion, substitutl onsPor: ad 811

scepmmm)mdéotﬂbs sS73ntoc+l%tfmim the QUdirc doarod thaet Ihennan CMV
nhancer sequences provi ded such variants or

kno

c}g‘?nwa e B Ser ease neuronal cel | -specific

tr ahsﬁ@ﬂfﬁfﬁrp@m C@TTGeer‘aTﬁAyTAGka SXAXTAGUREN E@a\TACqGGOM] I n
va|5iL AFARCRAGET é—'ﬁF%GTEHH‘- BRACTRRACEY es
b& 5y &ﬁﬁéﬁiﬁ %ﬁi @%ﬁfﬁ @g@%?“@gg;ﬁ' aize
t Qol %A&ﬁ;‘&@ﬁ{‘ %Eca@. c *{L.‘CQ{‘TTG gtacabckagcer

S eq U efeRReAtd e tcaXbtiiat Rl yradrc NcetdAdedN ced@ngicki ons.
HyBot | afcecicsem Trarccéqact THCATENGAT TOTCAGR O SCIAQUTSECC

MOaE rAgERFAFCEY CEMFEMITCOANFIFTATEN SCAEEFT (SR Bx¥pPEk, be
performed in 0.5 M NaHPO4, 7% (w v) sodi um dodecyl

! (P BT o7 SRSl S G

Msbptionsgyinsesiigns Pinyetsionl substitiione | additRinobH gyquenass). of | this

G P A9 g Ayl M e o

Hebratdiey mtieass newohal Icelkspebmiq menwegiiendeperabisidinked sequences.
stringent conditions nmay, for exanple, be perforned
in 0.5 M NaHPO4, 7% (w/v) SDS, 1 nM EDTA at 65C, and
vmm ng Ini rvaflouk >emBEGHBNk 0 ool VyarBhS ahd 68&ivaE®e may be

t 19 . bri di '

SR Bomdloaost SR pock AR B et (AR RO - 9 o
mihdil efisancetepqietics gnds? Iﬁdderafe%th e ccbﬂditﬁih@&lybﬁ&ﬁ@uon to
Ti| s 1993, Lahor at Techni ques .i.n Bi ochem st ry
s R Bgpodera el s at-aongiions B, NGt PErple
Afeifdrmi¥adh e, M%HPQA 7% AN sedium doMST MilRw (QDS), 1 mM EDTA
principl es hybri di zation and the st r&gﬁ
RGEPEr andid ngrw BB LG e (W pSDB At 42°C qs&b%)et al. (eds),
GoBe @lréht PRIthdoaR NoleQN BibioHS V&l .9, @ée%qiu%ﬁs}ﬁr% B&ociates,
Inc., and John Wiley & Sons, Inc., New York, at p. 2.10.3). Alternatively,
hybridization to filter-bound sequences under stringent conditions may, for example,
be performed in 0.5 M NaHPOy, 7% (w/v) SDS, 1 mM EDTA at 65°C, and washing
in 0.1 x SSC/0.1% (w/v) SDS at 68°C (see Ausubel, et al. (eds), 1989, supra).

Hybridization conditions may be modified in accordance with known methods

depending on the sequence of interest (see Tijssen, 1993, Laboratory Techniques in
Biochemistry and Molecular Biology -- Hybridization with Nucleic Acid Probes, Part
I, Chapter 2 "Overview of principles of hybridization and the strategy of nucleic acid

probe assays", Elsevier, New York). Generally, stringent conditions are selected to be

7



7 WD 2004/ 087926 PCT/ SG2004/ 000076 about 5C | ower

than the thermal nelting point for the specific
waeguestes at a defined ionic strength and pH. PCT/SG2004/000076

Stringent hybridization may for exanple be in 5 x SSC

and 50% formam de at 42 C and washing in a wash

buffer consisting of 0.1 x SSC at 65 C. Washes for

stringent hybridization my for exanple be of at |east

15 minutes, 30 mnutes, 45 mnutes, 60 m nutes, 75

m nutes, 90 m nutes, 105 mnutes or 120 m nutes.

[ o Y

R8P TS 68 R LA R STRIEHRSS, v

t lomicssrqugtin algtplalr Strippgenit dpibitidizadion guaydfor meanilerge inhé x SSC and
%f)la‘ :f;c%q%gl%fede%i 4?>ntfaglgdf vr;;’%tgglh 211?] 82VS sh lﬁ‘?er t(:'&l%lsicigg Qg ?{}SO at 65°
| deWhstey fommﬂgmtdxyhﬂdlzdtmd misy) flog e:mmpdfr bcebﬁ/atdéast 15 minutes, 30
al gorit such_as. the ocal hoppl og rithm of
TS A T e 7RIS PO o FUS s gro120
haimtesgy al i gnnent algorlthn1of Needl eman and Winsch,
1970, J. Mol. Biol. 48:443, the search for sinilarity
nmet hod of Pearson and Li pman, 1988, Proc. Nat!. Arad
Sp025]USATED degret Aot hoaidlbgly R twRATY @ﬁd:e% 8fhy also be ex ressed as a

i npl ement atj ons of these algorit (such_as
ERSSSERTagS OF AT REheRE RS TR AN aTey PR Hl@sﬁeme@gng the

SSBCCEMCS of Ba6AsBhes BRAREL AR SCQERS e@ptﬁlé]léﬁ P QQuences

, U S A). Sequence alignment may ~also be carried
otw ceigpaﬂjonsné iggnptymay ho eendueipd HURE p Viyely phalgerithapsnch as

©fhe Acal hohdk al thm $f Stafth land Wa@ma@i@ldfggv :k?pl( WRITS 482,

t he publishe ault settings). tware fo
p@ﬁfmmogg allmt algaEthys p%Nnﬁglermel wlaWIumhelﬁmr Sulbl. Biol.

( ﬁ?%g%}t]@oétg%gh %ﬁﬁarﬁ@ rmﬁo%.t SPIRLL M L. ﬂ?ﬁa‘ﬁr T%Sl Moc. Narl.

i nternet
hi¢qo S¢iv\WM B&l444) mdrthm ccgnmltemsed mmpleméntations of these algorithms

TR Sy RO VELA P i REAAEEL L e e Dhe, o

9Bé3zﬂ<nge Geneltlma@émﬁﬁ% GudeptMadisonaWIJESex. )nSeqmbnusalrmmsnmhhy

g‘hél : h %‘%ﬁ{‘? %@%g?n A Sgce'l';fg B%f@ﬁa al., 1990, J.

f ML Bidl s 51403-40 t(hshiy the p&lﬂfsﬁélﬁdefﬁﬂ settinp Chdfivare for performing

PEASE B mims beopends JibrencBn Bt Ncaes i Koishnology
NBifératin (Ridughntle intehwt %tﬂwceﬁﬁ various

types. A pronoter does not substantially acti

t Pabpditpenty, fhe yatignts ad Jegiyalives wry be grsater thap POf W 10 100%, at

OR&4t 8% Yat lldab00dh SQEUERO8S, iléhtRADAS Qéteﬁﬂﬁ&ﬁlsnfg%héh AYRREns.
are sufficiently low so as not to affect the

physi ol ogi cal functioning of the
[0026]  The neuronal cell specific promoter may be any nucleotide sequence

which functions to activate neuronal cell specific transcription, meaning that the
sequence activates transcription of operably linked sequences in a neuronal cell and
substantially not in other cell types. A promoter does not substantially activate
transcription if the levels of transcription of operably linked sequences in any of those
cell types are sufficiently low so as not to affect the physiological functioning of the
cell. Neuronal cell specific promoters may include promoters for neuronal genes such

as Synapsin I, Neuron-specific enolase, Neurofilament-L. and Neuropeptide Y and
8



cell. Neuronal cell specific pronoters may include

pronoters for neuronal genes such as Synapsin |
woleamosmspeci fi c enol ase, Neurofil anent-L and PCT/SG2004/000076

Neur opeptide Y and 8 WD 2004/ 087926 PCT/ SG2004/ 000076

pronoters specific for particular types of neurona

cells. For exanple, tyrosine hydroxylase gene

pronoter (4.8kb 5 UTR) is specific for

cat echol am nergi ¢ and the CNS neurons,

dopam ne- (3- hydroxyl ase gene promoter is specific for

AFHOMBRED biseciid Oor PRftRELE RREE Q)f %%Haﬂsceﬁ&‘d Hof ;1'.5. rl'e nty?osme
cell protein pronoter is's fic for retina

blpsfs‘éwia% genepremotery(d.8kh S5 F eﬁ spedifie fq:evatedwéamlmgm and the
SRS nbhbnd '&18 Té—ﬁ-élk@]{?%%gée%{l% Pf'o’ﬁ‘not Q‘?P%ﬁi? SR and

gene pronﬁ ne p
bmzrgdrenegmsfemoasamd It Purkinger cell peatdin prnnmmtle specifia lfor retinal rod

b A B A R b

gdldpbﬁlimt Rcaptst agehe yydmaer, Gamge hgpXaniiite efhosphoribosyltransferase
ene ronot er

g@lacééaide al , 2-fucosyl transferase
1551 SCGI ¢ Bromptes, Zediqriubnlin ipramqtere affolsse Caprogwiss, beta-
pﬁl@ﬁ[ﬁi £ne ploMRA BnRB RIS ShaflRt bl SBRURE Ll BRRE decarboxylase

pronot er, neuron-specific FE65 gene pronpter, type
céd gﬁmwmmﬁ-galabtphéft Blé’ufumwlﬁag@eresepgmmﬂmomn cheuronal

Eﬁ%ﬁ%%’%ﬁ'f@a Lo AP ER PR B REPRIPEYta shbunit
#&ﬂn‘c\) I" ﬂéhro?ggcﬁi%l i?Eéy &?&h l:rm ltix%& Ac&lgﬁchhannel

ydroxyl dse gene pro Uél ei
129ﬁ17a,1B15ulﬂﬁ63g@@8mon®wére andSTmisradybulé-asseitge Lprotéh MAB| gghe

ract ti and n, ty.rasi . .
apses SEHPRRR O s B 2R e R U ientsication
mndn?ﬂ &P spatificite uf 3] @ro%ﬂgﬁsgra@élgdﬁﬁ @iog&ﬁér]l\hic};éﬁﬁ&cids Res
Bj ' s Res L1 , 57:1 -1347; . .
oL PR B Pt 1 O RERaRE Charcigication of
f daeaid Hughan $@OLIRIGAFxPTasd Hed: RinctiyaD Stpesidi dF Botly bR&Rters in
gene t t accurate tjssue-specific, develqggmgtal
a‘?Fé‘r‘%“F]gﬁg‘Eﬁ?&ﬁle}“@n@x B Lé@e&n qshetp o Rioghys Kefyi un 1988,
Ne37e 138 £i1347 %egéb@&"r B./Brilaht 12 ChikaKeBRYRNE Hanking
M zuguchi Yanmada K, gatsu I, Titani K, Fujita K

HiegugngesHot rkéfga%ts fyrogineT hdrgxylase aAbE nigreck grevRte f tissyrespecific,
haeBIB i ORANbRE Bt Arap mgg;ﬁe‘sx bASE taﬁgkt%m’erlﬁfa@t ﬁﬂe{ﬁ%wl QRgo,

sub ecific ene expression inthe central
BriRseeh

s Meite §f ehazpshhEnMizugnehe T, Brmade ledNagwsn L, Hiitainirk,
Fiﬂﬁﬂé‘-ﬁ,gﬁzdaﬁgHzl?! %ags%‘ll’ Th'e%hﬂgrﬂéi ﬁ ngil’um‘iﬂ g O%alﬁllmé%éﬁ-
S t man

Neur on- specitTiC expreSS|on 0
Héldﬁfﬁib@a@ﬁ 850¢| rremoige neurpe qulityresspbaifit geteeexprdvFion éx fonesetral

exlle?ﬂﬁgtsyﬁélg ot transgenic mice. Brain Res Mol Brain Res 1993; 17:239-244;
Ishiguro H, Kim KT, Joh TH, Kim KS. Neuron-specific expression of the ‘human
dopamine beta-hydroxylase gene requires both the cAMP-response element and a
silencer region. J Biol Chem 1993; 268:17987-17994; Hoyie GW, Mercer EH,

Palmiter RD, Brinster RL. Cell-specific expression from the human dopamine beta-

hydroxylase promoter in transgenic mice is controlled via a combination of positive
and negative regulatory elements. J Neurosci 1994, 14:2455-2463; Severynse DM,
Colapietro AM, Box TL, Caron MG. The human D1A dopamine receptor gene
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silencer region. J Biol Chem 1993; 268: 17987-17994;

Hoyle GW Mercer EH, Palmter RD, Brinster RL.
w@edos/089e€i fi c expression fromthe human dopanP@ESGEENH000076

hydr oxyl ase pronoter in transgenic mce is controlled

via a conbi nation of positive and negative regulatory

el ements. J Neurosci 1994, 14:2455-2463; Severynse DM

Col apietro AM Box TL, Caron MG The human D1A

dopam ne receptor gene 9 WD 2004/ 087926

PCT/ SG2004/ 000076 pronoter directs expression of a

I GBRbLE i S %xﬁr@ssié)lﬁeoisg%ﬂﬂer :@@ﬁevfbyﬁlesé/ei&%ggé us system in

transgenic mce. Brain Res Ml Brain Res )
3mansgaic3 naee. Nayainaésa Mol\Brain\Reso W2d H/B0:33613dhia Mouradian MM,

UL 31Dl P B8535 ) o1
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Riransgemic_inives Nblre I%Sk&l?EﬁO-@SaeRﬂﬂon-Lh?as DY, ﬁ@kerm}eeﬁa$ 17,
P, Pl. 5 -fl ' sequences 0 e _huma
ciin. B Rhvaiers By bl P RS n Sl arot of 6 smep il dene
t disoos gandal m'(péessioﬂl 1?!611!168 OFafih gR@ﬁnsggﬁé;miﬁiaSJ B%@ro?cﬁvﬁes 1994;
S r , Bruce J, [ n , epfer [ .
e A et N e Raciomay Py SRiaeRibe MoReDYgtag of 3-
OfintrafRiNAeE ¥didS Sitea tHef level HEURRINA| EpRBdion lof A neufofibisitint light
t r%ns_gene. J Bi ol Chem 1995; _270: 5364- 9; Forss-Petter

subpiih fransgens- pbiol Chgmil @y 220:26304r% r%bé?S_gl*eE?r Py Pemelgon PE,
NestGedRES, OB MenBbty Ok, P I NerdhiRAS MENSGCIFRE §G. TIREEIR! Bike

bet a- gal act osi dase i n_mature neurons under )
nERFSHIS Jetargalastosidatea e malire nsuEgns ceier gleuronspecdfic enolase

s Bl T 3 0y DS 0.
eproxigek 5 Nepying aegomof the udtf heirenspefific eelase (NSE) gene are

t - i fi : [ on. . . Q.

PRy s SRRSO SRR RSl Ml g7, o
VEReydeGen JBy daktek i 124, 0Mé@eyG8Ae Breakelidld iX0.nGene transfer into
ner.vous. sxst em.usi ng he

mali.an _central erpes Virus.
VBB L e mrlp Y pPE Sng g VS e e epigion of
negteginldac FSinngwibhensie thomnsuspegktific etak asengidroih @ene Ther
G M, 19920 3 487-499: Wienschel || CW i N,
A S50 ey & Vg gk 18, ety 6 S lo thne
t Epregenin iahagenit aiied lrsvehls ahatngutal | spSdafcityl isCachitved through
achi eved through__sel ective derepressjon. Neurop, 1990;
ARV ool 90 S G Bics: N, 1B bogiEnd
cghdersjl‘oﬁ - Ar(];%_fl&j‘/ﬂeqﬁeﬁh&ﬁﬁléﬁéer Rleai®BNthat ddatrols A fcttab-siddic
neur -S C
eexlilare%sion g &Je SICGIO gene. Neuron 1990; 4:583-594; Hoesche C, Sauerwald A,
Veh RW, Krippl B, Kilimann MW. The 5'-flanking region of the rat synapsin I gene
directs neuron-specific and developmentally regulated reporter gene expression in
transgenic mice. J Biol Chem 1993; 268:26494-26502; Kilic E, Hermann DM, Kugler

S, Kilic U, Holzmuller H, Schmeer C, Bahr M. Adenovirus-mediated Bcl-X(L)

expression using a neuron-specific synapsin-1 promoter protects against disseminated
neuronal injury and brain infarction following focal cerebral ischemia in mice.
Neurobiol Dis 2002; 11:275-284; Gloster A, Wu W, Speelman A, Weiss S, Causing

C, Pozniak C, Reynolds B, Chang E, Toma JG, Miller FD. The T alpha 1 alpha-
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expression of the SCGLO gene. Neuron 1990; 4:583-594;

Hoesche C, Sauerwald A, Veh RW Krippl B, Kilimann
wWORU04/08m26" - f | anki ng regi on of the rat synapsiPCT/SGEN&000076

directs neuron-specific and devel opmental 'y regul at ed

reporter gene expression in transgenic mce. J Biol

Chem 1993; 268: 26494-26502; Kilic E, Hermann DM

Kugler S, Kilic U Holzmuller H Schreer C, Bahr M

Adenovi rus-medi ated Bcl - X(L) expression using a

neuron-speci fic synapsin-1 pronoter protects against

. dinfbaRRipRRhRE spB@HEORGHe éxBfeHsﬁ(yn a0d BERR dfitfeatonhi %% and
foll ow ng focal cerebral ischema in mce. Neur
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grow regener atl ransgenic mdoc
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Th a hn A ., Tuy,EP. Function
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pMaabdbicaer G@ Mmﬂr(S]g aClirsmah C&, DS eEtTlasheJels&cﬁich& fe.\ﬁﬁbn of the
-rich boxes aQ an HNF3 blndln sjte.

B BepODs AT 535 10 CHRARRRE oS (PR tich o ek Agein s 1992

Cln4 87-88¢EL dwsoAMADPBEYcondl L@, Kinng A BN a6shess, Zﬁ%ﬂ&ﬁpL
| anki ng .regi on . of the rat neuron-specifi

th
oNgen specifs sRSTp IR P D% gfinectiascripton rpgulatometiements of the
Wahrhi g@@r Eftlocrid16dN2662; 145 ﬂh@‘zﬂﬁnzcwo@ XOishBrm, To et S,

Ti ssue-speci fic expression of th human heur opept i
ySigae IP Radgyisk Snldentification pf %ldﬁcrﬁé@sprm@tela’eawn ot human

]@gﬁﬂ %eﬂé'ﬂﬁgls gﬁ%i@lkﬂ%@&t@%ﬁ\%&%@@&hc &&esgi'oﬂw 2 rolepfa%OU

son SB ron-speci fi c expression
i homod@myp tepadorinden facterss ddl findeninokb202ad 6:435-@415& Maktime K,

0] 1
ko1 S GEAPL SRMIGT Sl o 2 70 s
I Hé&eiaf K, charivonS, 6%Fanagaohras‘36r%1uetum afiting mbuse@}mmteﬂediﬂﬁxylase
Figlp % et %erénﬁalsel%gfpszelss%cl) enft I%ST ! %{’h{e I@ABAergic
eu on-Specitic expresaian of & _
hugweand ofitiansgenicmser ¥ ;Neumnhdmmm; %5: 14G9L14Em1@| BI@tbs}ﬂ | Kusunoki

o e T SR Ol AR PP pORT acky of the
Mablbir bita-galdctosideatpha K2-fic@sgltransBrasy geiRgRBD] Therpll DO 04889~
O§96t; %%ztggp %’,e M%JtttyrES%@ntas?ﬂ (ij,? &%Irngg Mllf‘ﬁl?vet M, Matter JM. Functional
properties of the neuronal nicotinic acetylcholine receptor beta3 promoter in the

developing central nervous system. J Biol Chem 1998; 273:15131-15137; Luscher B,
Hauselmann R, Leitgeb S, Rulicke T, Fritschy JM. Neuronal subtype-specific

expression directed by the GABA(A) receptor delta subunit gene promoter/upstream
region in transgenic mice and in cultured cells. Brain Res Mol Brain Res 1997;
51:197-211; Zambrano N, De Renzis S, Minopoli G, Faraonio R, Donini V, Scaloni
A, Cimino F, Russo T. DNA-binding protein Pur alpha and transcription factor YY1

function as transcription activators of the neuron-specific FE65 gene promoter.
11



65 gene and its pronoter: preferential expression of

its pronoter in the GABAergi ¢ neurons of transgenic
wo@a/0s®2MNeur ochem 2000; 75: 1429-14371; Hi t oshPCBSG2004/000076

Kusunoki S, Kanazawa |, Tsuji S. Dorsal root ganglia

neuron-specific pronoter activity of the rabbit

bet a- gal act osi de al phal , 2-fucosyl transferase gene. J

Bi ol Chem 1999; 274:389- 396; Roztocil T,

Matt er-Sadzinski L, Gomez M Ballivet M Matter JM

Functional properties of the neuronal nicotinic

aBREME NAbITIS28202B0® rKlBleD93JuﬁgmtﬁEk A, Eh H. Isolatlon and
devel opi ng central nervous system J Bio] Chem 1998:

oehgragtstization pf the ¥-ppstieun rwon 194 B e Phtypwalpm clgnnel
RubiaG 8Qutunifgehd. Qf}llﬂc}ino]sMnalNSémng aﬁ&' Io‘zﬁﬁ?er%ﬁﬁ%ﬁs'f i Biol Chem

ex ression directed th ecepto

Un? 12:98RS 194 antolin rD, lfpﬁghqréaﬁwo elerhasive iprontaters) Qg@m nenron-

n%%@ﬁ@ %gﬁfegké@uéit {iﬁgetgt %ﬁdr%ﬁh%u]%s%@atgﬁ i)ro%ﬂl é%r n@ Fﬁfenrosm
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T - hi ndi I i ha and franscri

SRR B30 e dhen B B e VR Rl Rprmine
t byestandanrdenprs e dssagys, Eﬁﬁﬁinmele@nbemhehe ExaiapledyO

2004/ 087926 PCT/ S&004/ 000076 Bi ochem J 1997;
328:293-300; KimDS, Jung HH, Park SH, Chin H

| BOLHL | omaapfbmcndsradscﬁ:qtreesj atateastnomef miidlsdtiGe setpﬁﬁdeeadphble of

re |on of th man, e.calciu al phalB
SAHBYH ne‘%ng'é%ﬁ %ﬂ & SSjog L opstably gﬁ%ﬁ&%ﬁﬁ%ﬁ? f some
agtiodiihénts the Biuoleoidtesaqueh® %iill 2d2inS88 Gnikikidth Biddinki site(®) for
alterna ive pronoters direct neuron-

Fi sch .
s‘:‘sé’g%en&len efﬁ‘ﬁ&g@ s‘ie%‘Hrer of {the peqenée dP ACH BY ReRIgWesE| dp cgme
PéraRientd IERBomBinde Wh1Sie 'ac1dlc%%ﬁansé56m§ﬁ§1@ coPR6 of PcGfne

neur onal SpeCIfI C pronoters wil be known to persons
sTernqneR) of fvo Hanare diffrrat supleossy @;eqpmsﬁfb@aeh pEWhish dsegffective to

CQRASIE URE SralBYiphsh LaR&H! Y et s NGt B%ro%ﬁi&ﬂ 31'&%/ bs used,

expressi on assays, inc uding as descri bed I n
mmgn faco Zmlmgrﬁeteqammsn’m krovaeridangified by oneeafordinare skill

kG oG Wﬁr{ﬁ@aﬁggqug,@eﬁbwgct i vating neuronal
ce

speC| I c expression of operably |inked sequences
and in sone enbodlnents t he nucl eoti de sequence wi |

r da N tr ans t i on
0B DL TUD S S S, B ADRS (SRR,
pFriﬁSdN\é Raitler E%r@owmm w mmSLE tHresch M:E;rﬂlmﬂmt DT, Ross R

B i ses 0 of the sane.

sng(gt e n’g €0 rbd’tg \Rgal or Tor 8* él? gefn%f %Yf’ S BOENY Bﬁ‘b'}é%y
ezdtin aftrandgenio mcﬁleECéEGQQI\;' 64207-220)thay Bted shiven to be specific for
L@sg E‘%r ! etggc%ﬂs,aiggl{l%}lé %opalr:rgrrlerglg rﬂegl%%s Ea)lrl(? %DE)EJ gml\;mdnnent, the

neuronal cell specific promoter is PDGF-8 promoter. In a specific embodiment, the

neuronal specific promoter is human PDGF-8 promoter and in one embodiment the
neuronal cell specific promoter comprises the following sequence representing

nucleotides -1492 to -5 from the transcription start site of the human PDGF-B gene:

1 CTAGAGGATC CACAGTCTCC TGAGTAGCTG GGACTACAGG AGCTTGTTAC
51 CACACCCAGC TCCAGTTTAT AAATTCATCT CCAGTTTATA AAGGAGGAAA
101 CCGAGGTACT GAGAGGITAA AAAACCTTCC TGCAGACACT TGTCCAGCAA
151 GTGGCCACTC CAGGATTTGG ACCAAGGTGA TGTGTCTTCA GGCTGTGTCT
201 CTGCCACTGT GCCACGCTGC TGGGTGGTAG GCAGCAGTGG GTGGGTGCCT
251 GCAGTGGTCT GTAAAGACCA CCTGAGATGT CCTTCCTCCT CTGTTCCACC
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transcription factor binding sites may be known or

identified by one of ordinary skill using nethods
whpamiosione t he art as descri bed above. [00231 PCT/SG2004/000076

Pl atel et-derived growth factor a-chain (PDG--/)

pronoter (Sasahara M Fries JW Raines EW Gown AM

Westrum LE,. Frosch MP, Bonthron DT, Ross R, Collins

T. PDGF-13-chain in neurons of the central nervous

system posterior pituitary, and in a transgenic

nodel . Cell 1991; 64:217-227) has been shown to be

speéi fdrerdecfter EMACRAIACONRLTACA Sacdca6diddéREencTer

d oparicresayETed eCrTaNSTGANCh ARTRCEOE cerHTOdAARAYGEARdEaC

nelﬁpbﬁ:’ahm@éMA SHBGIECAd GACOIAFREX TG@GGP‘BEP- f¢AAp¢Q§!ﬁ©t er.

| n 48 SHERS Hﬁ?ﬂ‘?%n‘icm? 8TC FEEACEREAC

qeFe
or &BbeE GwiG G S
engggl oh %gﬁﬁ&%ime ﬁ%g&dc&@c@péa@%ﬁm

CORp1 iazRerabi® EOldceYdnaOTEECRAE ATEARISCTidcBErece
NU@b e REAISSTCCL AGHCrerceSederprereh SACTITIACAST TTSRRCHAAST ar t

61_

S IGt;\ 81 GLAAATECAH ) REAPCREXTE - PCHEGrEST TCTCEARIRCENTCAEAEAGT CTCC
T -

G r
T e

CCea{a] E%c@%ﬁi%%l%iﬁé@%?eﬁ%%
15D 0 CRGEECCACTICA ABEAER TCCTAHCTAA CTI@AcAB T ECTAGAC

GACYGPEREEECARR) TEXTTERICACHRGAG R CEITRELT CEIISFAITBAG

R e Sl R o R o

PGhL SeeeAbaR0ddrocalil cheiddbllotrddoadia dichbecere
AGBGT AT 6ok c N GACAGEAoA EEEAARAC EeBifut o tePCAIGEATIIBCT

MSWWTWAWTW

451> GACECT BT “ERPECACGRE ¢

TGCTGEECCC 501 AGIGIGAGTA CGIGIGACTG TGACTGAGAC

AGIESY GACEGE ﬁ&ﬁéﬁ%&?so%ﬂ&g@é@%ﬂ%ﬁ@@%s (such as
A A TAAC T )

aTeOa e R ARG GapEEe) of this

AI&@]; SHOGRELARE Iﬁéﬁe@@@%& babkEGe W@%d

701 AAGATu GCAGGGCT&TGG GCGITTGTGI  GACTTT

TSPERX @@wm@m@f operably

Mnle HaP@RGERes may be

substantially homologous as that term is used above, or greater than 50%, 80% to

100%, at least 80%, at least 90% or at least 95% identical as determined using

algorithms described above.

[0030] A first nucleic acid sequence is operably linked with a second nucleic acid
sequence when the sequences are placed in a functional relationship. For example, a
coding sequence is operably linked to a promoter if the promoter activates the
transcription of the coding sequence. Similarly, a neuronal cell specific promoter and
‘ a heterologous enhancer are operably linked when the enhancer increases the neuronal
cell specific transcription of operably linked sequences. Enhancers may function
when separated from promoters and as such, an enhancer may be operably linked to a
neuronal cell specific promoter but may not be contiguous. Generally, however,

operably linked sequences are contiguous.
13



851 TTCTGIGGGT TCACCTTGCG GIGTCTTCCC TTGCTAACAC
TGAGITCCTTA 901 CAATAGCCCC ATCTCCAGGT TGAGGCTAGA

wWa BBAMBROBAC AGAGCGAAGT 951 GACTTGCCCA AGGTGAQECTKSG2004/000076
AGCTCCCGAG TGCCAGGGCA GGATCTGAAT 1001 TCAGCCTCTC
AGACTGCAGA GCCTGAGTCC CTCCCTGCCA TGCCTGTGCC 1051
AGGGTGGAAA TGTCTGGTCC TGGAGGGGAG CGTGGACTCC TGGCCTTGGEC
1101 TCTGGAGACA TCCCCCTAGA CCACGTGEEC TCCTAACCTG
TCCATGGTCA 1151 CTGIGCTGAG GGGCGGGACG GTGGGTCACC
CCTAGITCTT TTTTCCCCAG 1201 GGCCAGATTC ATGGACTGAA
GGGITGCTCG GCTCTCAGAG ACCCCCTAAG 1251 CGCCCCGCCC
TGGCCCCAAG CCCTCCCCCA GCTCCCGCGT CCCCCCCCTC 1301
dPeibecrnencendrodinmnt-of thanmamtipanimn- CAGFEcmhmeedacpTahly

T;

AT ER e R T A sncer i

corathyiokesl netsmodiSF-25mareat hetecsQEarase? omtiguous.

CTAGAGTCGA GGAACTAA (SIQ 1D NO 10) [0029] The

pronoter may al so conprise allelic variants and

dép32lat i Inem e('xﬁ)gdikneaisof thﬁeilnmliﬁomsthe fenembinand necleic acid molecule

[ S ti i Ons_or eguences
sk sTHRE SHih iR i o SSVRRERFH 80
shé@cl(rzimiaﬂnﬁembmen@dmbmneﬁmdedndsmch variants or
derivatives activate neuronal cell-specific

t § @B fddcr@iabAFreRfraRRlcaiTYa TTah TP SRR IMRBERS eatrReTTeaTAGCC
vauThrecaIThcticornb sTAASTIRRceARARD L CcerttbcOfiaACYEice AR BA FaRY C
U@CCEU‘GBQCE‘WWT%ACWBT CATS GTFRCEITARTAGS AN T SCOAS BHACGTCAAT
BIPTTE}%‘EF@ACW?Sﬁﬁﬁﬁ" CAS%?%‘“!%%“&WQWCGCCCC

TTGACGTCAR GG CTTATGGGACTTTCT
ﬁg& B e i g%ﬁﬁ% rc

ﬁém‘ﬂe&ﬁﬁcﬂﬁ‘a@ﬂ:sﬁcﬂ@fﬂ% EEdoRGHTR mﬁiﬁi@ o
fTms@emm@@mamwgmmmm&m@@mmm«m@ﬁ@cm&; GRCa,
SECOREANTICE R0 AR CHl TS BT UCHEC ETANR BT Cr e A S B HEIC OSICaY @ECTG

ﬁT&E%‘@gFWT%G@%g%@Wﬁé@W@WW ccﬁeggawwsp@wcgﬁgg
Y £y ARCACAR yi¥elel

Eﬁ gﬁ CCECCCAPRACH iy o1
%@@%ﬁ&@ﬁ@%m 18 cet dcdhiderk ROk chbech Dinepaccene

GMAG@@W@&@@P@A&%&@G&&P@A@TM@M@B lecERIntadtR6@icbtfeacT
PFCCAEIAC RAGRIGE TA BCTCEG TR Bt AU ERIT CEIth AsTGRCccaT @reoqeradayccecee

I cfcﬁ'RWGWP*GWWWWT$WG@&§WFWGMCWCGAAGENCTG

T ' B’ GCCT

%@i@iﬁ%ﬁ%ﬁﬁ ATy gﬁw et

Cu,uss.. GTC u,s.cu.uw g CT LLﬁi “%Qiﬁg%icg
AT AS.c6¢16 BaTcR e @%&MA&@ % dchiHeRE: Q@ﬁ@c&
mcmtcmsmwcgmmﬁfamaqmmm@MGMCdfwcmbAmCmmccmG@
GERTSCTACBRECAE A CCTIR AT ETCCCCTIFeC TN EGACGRCATRETCTAGACCA
gﬁgﬁ EEE?A&?Q?GEQﬁQF? G%ﬁEgTGCTGAGGGGCGGGACGGTGGGTCACCCCTAGTTCTTTT
TT CAGGGCCAGATTCATGGACTGAAGGGTTGCTCGECCTCTCAGAGACCCCCTAAGCGCCCCGCCCT
GGCCCCAAGCCCTCCCCCAGCTCCCGCEGTCCCCCCCCTCCTGGCGCTCACTCCGEGCCAGAAGAGGARR
GGCTGTCTCCACCCACCTCTCGCACTCTCCCTITCTCCTTTATAAAGGCCGGAACAGCTGAAAGGETGRC
AACTTCTCCTCCTGCAGCCGEGEAGCEGCCTGCCTGCCTCCCTGCECACCCGCAGCCTCCCCCGCTECCT
CCCTAGAGTCGAGGAACTAA3’ (SEQ ID NO. 11)

l_'l

,)

[0033] The recombinant nucleic acid molecule may also comprise at least one
operably linked coding sequence. In various embodiments, the operably linked
sequence may encode a reporter protein such as luciferase or green fluorescence

protein or may be a therapeutic gene sequence.

[0034] In some embodiments, to be operably linked, the neuronal cell specific
promoter and the heterologous enhancer may be located on the same strand as the
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13 WD 2004/ 087926 PCT/ S&004/ 000076 [0031] In an
enbodi nent of the present invention, CWIE enhancer is
wopedakiogs |inked upstreamto PDGF- (3 pronot er PCT/RG2004/000076

further enbodi nent, CWIE enhancer is operably |inked
upstreamto PDG-- (3 pronoter and the two sequences are
contiguous. [0032] In an enbodi nent of the invention,

t he reconbi nant nucl eic acid nolecule conprises the
foll owi ng sequence consisting of SEQ ID NO 9 upstream

of SEQID NO 10 and a linker sequence between SEQ I D

b PBerabty BHIEbE anences 0d im0, SPREPISRIA & RIS RERBlYFipked

Cﬂeqvmsr@\mbodnnents, the promoter may be directly 5' of the operably

%@WEQ%I < mnggg{;@&A;l’ m Tegions. CIn

CROCATIRIGERBAREAATGHECTAT GIhhGECATAIARCEELCAASAGEGEmbly

PR T AR08 o P 0 105 P R RAETESp Feohiphcd

TEGAACIAGSPOGE-B promoter. In a further embodiment, one or more coding

%ﬁ;@%@éﬁms eam an%%cg:u%%-sr G%‘EE’% p%:g%PTAOATGAC
ACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGAGCTCCTAG

BRI AR Tsealmet uslierridrmaloevle AE AP ORI PA TR e

T d&abthtetdd@yGlahlidrd techniques known to one skilled in the art and described, for
TAAAGGAGGAAACCGAGGT ACT GAGAGGT TAAAAAACCT TCCTGCAGACACT TG
Texempleamiambreok et al. (2001) in Molecular Cloning: A Laboratory Manual, 3rd

%@g_&&c% T@%M@X g%@iﬁ@cﬁ AR DREC Ml A A IS T m
Gy NG RESFGELTO NG T OGTAT Gicid, IrRe@lesCoey be chemically

AR ST S i e e Rl Rt

@m@@rm’ms et al. U.S. Pat. No. 4,458,066, and Itakura U.S. Pat.

w&% aI'GGg\GAfgéI nawse

TGTGAGTA C TG | ACAACAGTGTGACTCC T @
ifﬁﬁw&ﬁﬁgﬁ qé@?&%@%

GGGGGCAGAAGGCGFTMCFGFGFGAAGGCFGGTTGTGGGTGGGTGGGCFCFGG

Cﬁﬂ%@%@m(ﬁm the isolated substance has been substantially separated or
eee eeee TTGTGTGACTTT%AG]; CAAATTCAAATTCAGCCA
el aNAY~ I ch as

m-ather components, su gical components, with which it

G%&H 6@%@%@%@&%@ v, Mﬂﬂ&@%&@@ﬁ@&&&%y
TC Lf GTGGGTTM

7- G GECCGCTGEECT
ot emsnarbied orpRersel: Thorr Seind ooy iryinissrstances

%QEQ@ b %&&d 1%%1‘}"_dcrr_lgﬁlethodsf as CVSVCC-I}IL G%\S subs(t?:zllnc('cxs:_l_ EreEared 1by

Qrcembpinant expressmn in a host, as well as chemically synthesized substances. A
X@%@% GGGE@@@%W AR ClFS A,
: \ESHRARESTHEADBATISBOTRIGCHTEIGEAGhe
%Wg%ﬂome of the organism from which it is derived. A variety of

strategies are available for combing or ligating fragments of DNA, and depending on

the nature of the termini of the DNA fragments, a suitable strategy will be readily
apparent to persons skilled in the art.
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CGT GEGCTCCTAACCT GTCCATGGTCACT GT GCT GAGGEGEECGEGACGGTGEGTC
ACCCCTAGITCTTTT
WA TOCOEAGCCCCAGAT TCATGGACT GAAGGGT TGCT CGECT CT CABAEAGIICE®0076

TAAGCGCCCCGCCCT

GGCCCCAAGCCCT CCCCCAGCT CCCAECGT CCCCCCCCT CCTGECECTGACT CCG
GGCCAGAAGAGGAAA

GGCTGI CTCCACCCACCTCTCGCACTCTCCCTTCTCCTTTATAAAGGCCGGAAC
AGCTGAAAGGGTGEC

AACTTCTCCT CCT GCAGCCGGEGAGCGECCT GCCTGCCT CCCTGCGCACCCGCAG
CCTCCCCCCCTGCCT  CCCTAGAGTCGAGGAACTAA3' (SEQ I D NO

1&@ ;OOﬁé%.éhe reconbi nant nucl ei ¢ acid nol ecul e may
87lc onpinptler aspect ahihe inygationgprayides ap eXpIgREAN Yestdr Ggmprising

S 814 ¥EREMinaht ¥Rl A4S AR R MnFentibh! eTﬁ’é’@ercﬁn? !g}Séy bk B Bdmid

sequence may encode a reporter rotein suc

| Ofcd VSisg &gy desivednliel agpstastiem uclpa veasonrbyostandaryd tenigues
{ A1 ARPH el BRI 15 SHL 6P Gifimaty WiHEh ol OFFR, REBAN HR YrSeent
to be operably Iinked, eurona ceI spect fi

pHIGeRiloa mayrlse ¢patalire D‘@Ploﬂiqumqs elemiasis ¢e facmagte bectbrqnapagdhon

WD 2004/

o6 SRRl R bl Ml ReAPRE R R s,
swspertarrgonedi keawnsio IE‘rsomi sklﬂezi opihe atil yInIaldmlﬁeﬁi, the vectors of the

ch _enbodi nent s be . .
G THAEF G ision e Uhile B SaTGeS Pt el Time o e weron
nﬂydomwleasﬁmco@mongltaequences bet ween these regions. In
sonme enbodi nents the pronoter and enhancer may be
| ocated 3' of the operably |inked sequences. In one

emm nehi oneCstbodimeiig rLpladeti régp@'@mﬁe«efe@s nﬁfy%e' donkRRted by
n a further

t
eWBe WSW@“W Wg?ﬁ&g%f%ot%’@auéﬁe’é&lpkr@m%ﬂ@@f the
CSTALBS &l (BRELcEHMNHsi dBLRIBS hpché’@%mﬁlés POMD t&hkink 99&31 the

The reconbi nant nucl ei.c acid nol ecul e of the preéesent

i PROERTET 69nstig) o the wshtion isopeigbly inkedyiedhy tciferedsrreppuies gene

ké&%heﬂ QvifREthe bGtﬁ Sfhsinfl. tIri %mﬂé rzmﬁ&ﬂmgnﬁgc' %Wl@??g)rgs&rm vector
exang gons|n Sanbrook et al. (2 I'n Nbl ecu

imuqtede nscating maﬁlenhmc@t ang DG proBuiter into AAV
Sﬁﬂlbﬁ&l&&%@%des&ﬁmﬁéﬁﬁﬁxaﬁ% &S, and other |aboratory

manual s. In various aspects of the invention, nucleic
acid nol ecules may be chemcally synthesized using

t . I d | ' .

| PO, 5% SRR of R GG i SO, Biralibed o o

ahost egliswhichmay Nieludé, &8, Bfle afitpietsigthe ptdtdin eiatied by the
4 4,373, 07,1, h h l e

g Wit OBt A, s BRR SRS DS TR e

[ lwumsdobeﬂ éma, ol {uloeel megranhiestgmn odlsaihd pfimatyaRe®as, \aad 8 he@snal

ocfell within a living organism. Accordingly, the invention also provides host cells

containing an expression vector of the invention. The term "host cell" refers not only
to the particular subject cell but to the progeny or potential progeny of such a cell.
Because certain modifications may occur in succeeding generations due to either
cellular differentiation, mutation or environmental influences, such progeny may not,
in fact, be identical to the parent cell, but are still included within the scope of the

term as used herein.
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conbi ning the constituent parts of the nolecule).

[0036] In alternative enbodi nents, isolated nucleic
wa@ceid®stvey be conbined. By isolated, it is neRtl/SGHa000076

the isol ated substance has been substantially

separated or purified away from ot her conponents,

such as biol ogi cal conponents, with which it would

ot herwi se be associated, for exanple in vivo, so that

the isolated substance may itself be mani pul ated or

processed. The term "isolated therefore includes

SR ANCPSrorTh daft o o RN qlg;t) ey boriBltoRf) PRLRRfRon

as su tances prepare
eotmm%ctmn fephraquee sThe '&gnwvéﬂransmnnthmmaodl"hynsfecnon" refer to

i‘ctgégz}mg][% o?qnéc%ﬁ?m? %rei?ﬁl nuc]ep o aclbo’rs] cegl[I gbcz ?}A;ngt %a’lcmm
(fhogphate ot oaledusndhlioride Icu-lpwlpitaﬁont DEAMb(ﬁIgl-ﬁledjalem (:'r&mfectlon

dirlhe ot eslshmsirliogs miaibe g et Bl Smsefelpt Shitable

dﬁeb‘thctﬁd'or thané Rz Yor &ﬁnsféi;hﬁg’ih&l tdB add welbi@vindia e afrﬁind can

or gnment s of and endi n

ﬂ‘ée i e %ng? weya?r@m??m b Mplegut ompgghiﬁfcgatoa Mangal,
il tEdMich, ol ISP Mator HQb6@ ﬁ»gy E, ess PMANERRA lofheP Q4LR4ISTy
skilled in the art. 15 WO 200 87926

peeralér 004/ 000076 [ 0037] Anot her aspect of the

i nvention provides an expression vector conprising
t he reconbi nant nucl eic acid nol ecul e of the

i [AQHht | o celbrissuge@reds onergaien g Whishhes ksen intrpiyagd adpreign
viutlR d6l UE LondifiGed O%ﬁgf&mea’on“@insﬁf&e&* BorV e&iuggenw A
standard techniques wll alsd be we known to-one’ of
dra@mmf:yors kMSIforqu tohlk ograrganisme alge dndudes gfrogeny qaﬁ rtbsenll or

R 9 PR FRGBRLG P Bl SEONGSE AL AP i

cegdnisnf gy a mtamah@ wdnbltimngx éewmhemﬁeacsuhnﬂgmw @resence
r r r sons skill ed
i%% %( %éec%ial}bia{égtl ﬁucgég} CL% ttnh‘g %e&%nsgemc fopﬁa 1510 grtégrgﬁotre an
icmmimi that hm;beemmmsfmechwﬂbq theterodogohis mbdnduemﬁd’l ,@e shef @b geny
r npre.re t cﬁd ﬁ’S endonucl ease recogni tion
F‘éc anjogagism thaf ingludes g IAPSERISG & pl asni d expr essi on
vector rmy be constructed by i nserti ng CWI E enhancer
DGF- orom)ter into the nultiple clonin ite of
e DG e, @ioh S OB g PR f USRS AR and o on-
Eaidn |aﬁﬁrna1 bﬂmﬁlﬁl@ngr £ fdbihbifight \h8E1Ei0 facidtrhdlecul RBSHRE to various
c sty uct %f t.he invention is operably linked to the
ofimegsot thedpyeplien gene  contained within the pGL3
pI asm d. I'n sone enbodi nents, a viral expression

vect
[0043] For stable transfection of mammalian cells, it is known that, depending

upon the expression vector and transfection technique used, only a small fraction of
cells may integrate the foreign DNA into their genome. In order to identify and select
these integrants, a gene that encodes a selectable marker (such as resistance to
antibiotics) may be introduced into the host cells along with the gene of interest.
Preferred selectable markers include those that confer resistance to drugs, such as
G418, hygromycin and methotrexate. Nucleic acids encoding a selectable marker may

be introduced into a host cell on the same vector as that encoding the peptide
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may be constructed by inserting CWIE enhancer and
PDGF-a pronoter into AAV and bacul ovirus as descri bed

WO poottlog79Bxanpl es [ 0039] An expressi on vect or OPCT/R€2004/000076
present invention may be introduced into a host cell
whi ch may include a cell capable of expressing the
protei n encoded by the expression vector. The host
cell may include both cultured neuronal cells,
including neuronal cell lines, cultured neuronal stem
cells and primary neurons, and a neuronal cell wthin

Acdrhpblufi® ol Hh Y8 i dﬁ&P&{ :P'ée?%ﬁé el tHhe ChIlsibly ﬁ’z{hsﬁl:t%&’ with the

provi des host ce contal ning an expression vector
ofntrodused pycdeie mﬁmasrheldmnﬁﬁdbmdmg selettion. r ef ers not only
to the particular subject cell but to the progeny or
potential progeny of such a cell. Because certain
nidi4li c ats dinsheragesogtedr ini thesmmpbdi relpvg eme eabodimsntd of the

to _either ceIIu ar er ent n or.
oMo fortih Al SR P PRCR P REDORE e inrgase e
f ket ofmmcﬂpmn whille mmntahmgmumhl el shecifidity, Btk i vivd bind in
% uded within the scope of the termas used herein.
B0 2004/ 087926 PCT/ SG2004/ 000076 [0040] Vector DNA
can be introduced into cells by conventi onal

f or 0 r transfectjon tec ques.. The terns
" @g s f opﬁék: fg‘ﬁ%e YA CXRIPSSR P’ét‘?P’FOBﬁOP‘#‘%Ff‘é‘Fa‘c Rgrvous system and
t @ HDGTIP §forher iraEmead Uk Nged OhRA@Riz0d G @irSetathib d:xbr@Esibnaof
host cell, including calcium phosphate or calciu

CHRTSESEE 1 AiflpTaRiaRg: ACTON IOIARERRS (AL E dHoN ST "PDGF-8

t f)l%ﬁ)%fe@ Gd b QBlativelly PRfof GLéivatbr of |tﬁﬁ§cﬁ?ﬂ&f &enQUdmpared with other
m Cr oi nj ectl on and viral -nedi ated transfection.

ShrwrbInscifigBromeRssf or transforming or transfecting
host cells are well known in the art and can for

exanpl e be found in Sanmbrook et al. (Ml ecular _
ClWdelng: Inaopeashisclased wmbhdionsht, by3eemiiining i GHVIEo¢ndancer with

SEELP, LA LS A0 B3 PR e

op@mwtes raonsituot wiiabhishgpscifie efor medrowad welsl aad fvarieh gan actlvate
tlj'gnsgn %ogcolf perag’ly%%gsci de{lgn%es %,traafgl\sh I,levgg arédrﬁ'o& a oanger period

rtranstecte Fansgenic
t tham smm PRGFgeplonoter olgani & meabidnabnadeddassopined emiys aéctor

P Suieh BB AR U pPHO R he B ARG sttt

pamﬂﬁcea@lgmﬁmhiﬂbl trioftg dapaxﬂlmgnrge deypbien cﬂta;,np €iteF-@mthtd N@ctors
fromth esence I nant nuc
LS, Y Roopbits Joes therciarn wstoe, ey e Saffncer when

combined Wlth PDGF-3 promoter can increase the level of transcriptional activity in

neuronal cells.

[0047] The result was also surprising given that CMV promoter has been shown
to be variable in its activities in different cells of the nervous system. A transgene
driven by CMV promoter tends to be expressed in the ventricular zone, radial fibers
and migrating neuroblasts in the developing brain, but not in mature neurons. This
observation is consistent with the finding that CMV infection accounts for lLitle
debilitation in adult bumans but can be disastrous in the developing human brain,

partly due to higher levels of expression of CMV promoter in developing neurons.
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organi smthat has been transformed with a heterol ogous
nucl eic acid, or the progeny of such an organi smthat

WO p@i0836 t he transgene. [0042] The invention PET/SG2004/000076
vari ous aspects provides a transgenic cell and a non-
human ani mal conprising a reconbi nant nucleic acid
nol ecul e according to various enbodi nents of ‘the
i nvention. [0043] For stable transfection of mammali an
cells, it is known that, depending upon the
expression vector and transfection technique used,
OaMsgBnie el dies ih afill Drif of ffide! RavBBYoWA }&ch%eexpﬁi@sfi?/n from

foreign DNA into their ?enone In order to
M Vs prognoter ip higyted typee gF apurans. A tpeent peprithas rpededs astrocyte-

5L SRR AE] RS LTS i, AL, S
g@q@r%ﬁontmmgééMV premetee m@@t@¢Wam @nmnlyemsghal cells in
Icgfilgtl’bgamsl %@r%astlﬁﬁion e%ér[%% e\%é ({b e % en%el'igousgg’rlélgma VI%US

, _hygronycin an elc acl
eloog tirmipabrepeit RS ABITR) pnmkmr wmylsedo @h¢ wariaackuafethlese Mdporis is

ol 8, B S5rsB ARG Y5k o Fraber ARE B Bmich semenee

ogenemie dompietdly differsne palt‘en& Feppeaion i ENSOfeurcne | Tis seqléence-
stably transfected with th i ntroduce c aci
B0 SHERROT ol B dS hy GORPBRD P AT MIL Sreatgiethat
daﬁcuinshﬁﬁhmgwswehﬁ)r AR CREBIATE\WF-2B, SD¥il 'Rithoi®hcid, ep-1,
ntion, h conbi nes CWI E enhancer w.t h PDG-- f
pﬁ% segWii Balﬁeff 1#1E 1PR% Broft Producteps BFll pt sepiaining o ragthylation

m@gﬁggﬁ@mﬁgalnlng neur onal cell speC|f|C|ty, both in
vivo and in vitro. [0045] PDG-- (3 is heavily
expressed in neurons of the central nervous system and

ajobRGE- 18 RLeMR! GhwiverOWREt BasikeeRishar %ﬁ%ﬁz{l' &l s éel ¢

target the expression "of transgenes to dif erentla
ngmetes speh o ERGFH promatirn&IVEY IEHewhanesr caipiyereage and prolong

PEARRLEY el! % ifi€lahdey @p%ﬁr gg %&A@Qﬁl‘y' l\ﬁg'te&) rse&ulences The present

transcri on even co
niavengion @ﬁOfel addgeseason erior ngigrieh of vsivger néusarlabseltl specific

g&pﬁﬂ&m Q%ngnblnlng CWI E enhancer with PDGF-j
éggnoter Py Bretap -

‘entors have been able to achieve for
the first tine a pronnter construct which is specific
activate

(RellC Rk ARV B (aThaER R Febmat e o
| Hugtateand enbodimehoofyhe im'exitloﬂdlt will be apparent to those skilled in the
art that other constructs may be readily identified by standard expression assays.
Each of PDGF-f promoter and CMVIE enhancer when combined with a suitable
enhancer or promoter as the case may be can provide a promoter construct that may
be suitable for gene expression in neuronal cells. It should also be realized that a
- combination of CMVIE enhancer and PDGF- promoter may be used in alternative
embodiments. Other suitable neuronal promoters therefore may be identified by
combining a promoter which can activate a neuronal cell specific expression with
CMVIE enhancer and determining the increase in the expression of opérably linked
sequences enhancer in neuronal cells. Similarly, other suitable enhancers may be
identified by combining a heterologous enhancer with PDGF-3 promoter and

determining an increase in the expression of operably linked sequences in neuronal
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than with PDGF-j 3 pronoter alone. A reconbi nant

adeno- associ ated virus vector containing PDG-, |
wWEe@aos®ee has previ ously been denonstrated to PET/a6GL004/000076

to transduce significantly nore dopam nergic neurons

than titer-matched vectors carrying CW pronoter. It

was therefore surprising that CWI E enhancer when

conmbi ned with PDG--0 pronoter can increase the |evel

of transcriptional activity in neuronal cells. [0047]

The result was al so surprising given that CW pronoter

hfs. (Baem ofhbP !\ﬁtabfe%nhﬁlc}‘!ﬁ rah@Rkdindtdls infa§ 1R ombirel 88 fdrfh other
different cells of the nervous system A transgene

dﬁ@@@WMﬁWhﬁWW@ﬁ%ﬁﬁh%@“ﬁ@ﬁ@s to be expressed in the
ventricul ar zone, radial fibers and mgrating

neurobl asts in the devel oping brain, but not in mature
ne0f0bns . Thehjinyentidns én venei espedts providss st emﬂthqm ofi emhancing the

f f
BBt Yot o ) SR <P ERHH plcBlone; oioRing opergply
tlhﬁl@whfttﬂploggudﬁuﬁmmeb tathe, neuaalt dell apemﬁct proknogslne fn various

5454 4GB0 AR B 543185 S
Thuans geMVEE ﬂxha?hcexs andnhardail PDGFS pﬂnmlfterm Inearh ambodifaew the

(e St b BB el o R e pepige pepoler. °

astrocyte- specific expreSS|on when the nurine CW

ter..was used. Sim.larly uloylrus
a i ni T 5‘1311 @1?10 ﬁﬁl&.la?l %brt%w%'ﬁ ewﬁpﬁmtﬁ yoay
2 Qtd RlexpRbd SokdhouS DMA scitichic&Sin nWiEAR 38l1sNRY eRdle to study
exp rgwflon was observed when the Rous sarcoma virus

| S5Ag MRehen Mg reseltien of e nrawen i eaverel csllas used. The
variance of these reports is likely related to the
observation that slight changes in the CW pronoter

JB¥F# n c High deieshderg ¢ampae ellyspenifie @P@fwxppfﬁsl@@ Rrestegtired to
eéfﬁ&t%ﬁ) ﬁ@at' Ha 1:&]«95 Qﬁsdmo-f@ri by SRHE %?a ?%é E’%(}?Sln%ﬁ}lt

expression 1s ue art to the COTT'p eXI
prueletstasid mplgeule,dn nngpmhowm may thetebge bo ad‘@nmbously used in

%35@80\/\“ tgl%rgll.ﬁBneuﬁﬂal FM&: i‘ﬁglluﬁlig# %E | gsbhe%ﬁa c’[qllegglhead

ate ear uct,
cont gl rtgmh traptaby [Patkn‘raqn s glisgira) }qungm d1$§3@@,4 &]lmleimar s
r ver n._comnbi.ne neur o cel |
SHRER o U SRR s PR I b i
diailamoeis dlmasé, mcpmg&miwnhbsspbb Hapagnnangcl rnamahs irethe substantia
.Slxﬁgrgl itlglg é«%}r % In at hg})gmlne &%g{egc%’l %dlalssr})lég 4550 grel?n%gi?ments

An expression vector comprising the CMVIE enhancer and PDGF-8 promoter

construct therefore should be useful for developing gene therapy for Parkinson’s
disease that rely on optimal vectors to transfer therapeutic genes into dopaminergic

neurons.

[0053] The invention in one aspect provides a method of treating a neuronal
disorder in a subject comprising administering to the subject an expression vector
comprising the recombinant nucleic acid of the invention operably linked to a
therapeutic gene sequence. Therapeutic genes include growth factor genes (which

include genes of fibroblast growth factor gene family, nerve growth factor gene
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invention therefore addresses a major limtation of
using a neuronal cell specific pronoter in gene
wo b@nagip2 [ 0049] Wiil e COWI E enhancer and PDGFPEI/SG2004/000076
pronot er construct described below illustrates an
enbodi nent of the invention, it will be apparent to
those skilled in the art that other constructs may be
readily identified by standard expressi on assays.
Each of PDGF-j 3 pronoter and CWI E enhancer when
conbined with a suitable enhancer or pronDter as the
Cmfty 'lﬁd’m@lﬁnf:ﬁ{é g%v@t‘ﬁ'fgﬁorageﬁés? R4 Sﬁtla ﬁés (é}IP}‘[’lﬂdl nes
be SUItab e for ‘gene expression In rona
sofdgl-g getedamily. r eal i zed that a conblnatlon of CWIE
enhancer and PDGF- (3 pronoter may be used in
~alternative enbodinments. O her suitable neurona
pi085it er Methh@r fof @mtmdneiyg PNA dreo tnafiringediaty ycellscmn\bizm amacgknawn,

Iy t er ecific
CRRAE ool BBt B o S B S Prpr R e D
i asfcth@msmtllom td zhﬁlbjmﬂbe géneolibrqu of perralokigalldisokdees. A nucleic acid

< e i A2 d e gigreB o el P sy Ebfi Hichge et
hﬁjeeﬁ@i m redtpanaRtiatd DN peke] Jirflidtitied trabBfdction or non-
pression of operabl

the e
Vg ¥ A LD peral i ion, 1| R vaups s Fogle the e of
Péohé B9 4661004 Belive dpparatall (g, ¢ OJ "g@ﬁe Sial'f BPInfecting DNA into

enhancers and pronDters may be nmbi ned to _form ot her

eSEERHE ¥y MRS ISR nush an apP?éatPWémbp Samprsiply) avaible (e.g.,

| AR BibIRMA)] Tn Gﬁbeerﬁ%ﬁéntpﬁle\ékﬂ@@mﬁ YEBibH gdad%m@teﬁa 5 et
the transcriptional activity of a neuronal cel

sigisetign iptoghayieptrd meyeRyTYsiEMMy tfb'fbé eerpbrospinal fitidng a

het er ol ogous enhancer to the neuronal cell specific
pronoter. In various enbodinents, the enhancer and

t W8S3r on%@imvﬁnﬁyle@iéteége@e@ﬁwemédr edsare gend hetanyl iha@been well

AT SRS O U R S PO 1y B

t@lls hiee vitex po e bive evith Stpvhcwfuses pmmobe f@nd i (DbdEht Pheocols in
r]%ﬁn:ﬁﬁr%nfo %:usﬁtbe? F”‘M e?ls gbéegge tahéﬂ%grsloou , (1989),

e used
S&dlmm emndand MUramnﬁ knaﬁﬁlé s Qtl'fer) Immﬁﬁml @cdiors Torighhe therapy

FBRar ARSRRP oD o Yide Tering e AT aReLBNA t
sqelic iof itle: WeVRs @Y4Ne 38 ideRriBsdin BN lpafeﬁde 180,63 hee naaaﬂdvyrus-
r(iegg{:lcbg%nq\%trgpeo%treg lbg%aﬁﬂs Cdéts‘l) &efgiglertl)tytra ] ugtl(gnhoe neural ce s
vitro and in vivo by a baculovirus-derived vector. Proc Natl Acad Sci U S A 2000
Dec 19; 97:14638-43).

[0056]  Where a large amount of DNA may be required to achieve cell-specific
gene expression, non-viral, polymeric gene carriers which can incorporate large DNA
plasmids may be used as a carrier in gene therapy. These carriers include cationic
polymers or lipids as described in Davis ME, Non-viral gene delivery system; Current
opinion in biotechnology 2002, 13: 128-131; Niidome T and Huang L, Hene therapy
progress and prospects: nonviral vectors. Gene Therapy, 2002, 9:1647-1652; Li S and

Huang L, Nonviral gene therapy: promises and challenges. Gene Therapy, 2000, 7:
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nucl eic acid nol ecule, in one enbodi nent, nmay
t heref ore be advantageously used in gene therapy to
wo e@atwstear onal di sorders, including stroke, iBCIeG2@4/000076

epi l epsy, head and spinal cord trauma, Parkinson's
di sease, Huntington's disease, Al zheiner's disease,
anyotrophic lateral sclerosis, and neurogenetic
di sorders. For exanple, in Parkinson's disease, a
progressive | oss of dopam nergic neurons in the
substantia nigra ultimately results in a dopam ne

fdsci ' t ' r ] .
SToE RSt G % BARRER T WA Bk ADE S3elion b Bemegein »,
RRGFI-P3A pesatile eectorcdfongdne and oligraneéatide tahder idtolvellsinefilihre

for, .devel gpi n ene thera faqr Ki n. '

R SER, PO PR PEE R Bood ek SR R 08702
gkbdakahi Bf Haglap EAI’JiB“O_ﬁgigti C, Gﬁﬂ? LE;SBehfr [prﬁeﬂaglﬁﬁe BAve pbv'vérlﬁll
in ane aspec rovides a ne .0 reati,ng a neuropal
OB CToCkR Epr St 0, BB EnSiPh g then ALHb PAgmn; Rain:
Pobjetd§lenitfin® FRnLSEteOThey. €607 1940:1054; Btk D, ®emy JS, Erbacher
recgpb|nant nucl.ei c a&iﬂ of_the |nyent|on,operabj¥.

1B nWaspviier M. LR Spethdelialy dhePemeseh & Figer difbisipjlity and
GRASSction PetfokenaBé PVt itheArIHIPINA @58 Plekedh 82 méuR6 &R nervous

genes of fibroblast growh factor gene famly, nerve
gy a1 Oms dheiry d 128; 5%62\74137-2004/ 087926

PCT/ S&004/ 000076 famly and insulin-like growth

f act or %§nes , .and antiapoptotic genes (including

daeds ofPlaseid 2 ke comilergd | wWithosy| cafismisodpolymer such as

kﬁgf&@%ﬁilnﬁg? ??ﬁnégaﬂ ;bQ dORRRIt ﬂéhr&ﬁll beils igﬂd s o\ﬁ% eﬂfbgd'gleltltbthe

) or gene therapy and may be use
avkthadi of Geatinger oxywened slisordey derther cBprisesfthe lsep i afvieixitigothe
t bj e y ) ieal ..
el bty B R inddiCh AR o WA 3 Rl nson, 1o one
aaibodiereet] tHeolyalekis gene cairicoisPHINg net hods such as
direct 1injection of DNA, receptor-nedi ated DNA
upt ake, viral-nediated transfection or non- vira
t[0@88$ f eCld detivarthke Vdcpir dpdoifieaily tormu®hsickiloin,a @kticuldf region of

i ch i nvol ve the use .of . ge t herapy vectors. A,
s Fepupemions sty e hafpinig el By HARp AR i iratcpm g i
mlﬂém'brmome el hed :am dééd@@e{ﬁ%lt? eieéﬁﬁﬂes. S;I_‘rbh rlr?g;ag%gg)&@@,u%e
e e .commer ci al . vai l a . 0. ) ]
Sirkeolttio R 5??8:6 Wlhé’eg*‘%ﬁﬁ‘ e rb&ﬁ‘% Richfhe jbeain, yifh fecas tegtic
tyanttl Ba@Cill belinfRigéd &ind MER rds DAL SERRT AR hppRbptiafyshdrSdfctic
or to the_ cerebrospinal fluid. [0055 . .
Reftvers the dnaesy il otrapshied dwe B\dimensional qeerlinates gaprapriate for
thedi@Btadhid FraRR T6Y t¥8tkd injection of vector DNA.

[0059] All documents referred to herein are fully incorporated by reference.

[0060] Although various embodiments of the invention are disclosed herein, many
adaptations and modifications may be made within the scope of the invention in
accordance with the common general knowledge of those skilled in this art. Such
modifications include the substitution of known equivalents for any aspect of the
invention in order to achieve the same result in substantially the same way. All

technical and scientific terms used herein have the same meaning as commonly
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characterized and protocols for produci ng reconbi nant
retroviruses and for infecting cells in vitro or in

waQ 2009/0849%261 such viruses can be found in CurrentCT/SG2004/000076
Protocols in Ml ecular Biology, Ausubel, F. M et al.
(eds.) Greene Publishing Associates, (1989), and
ot her standard | aboratory manuals. Other known vira
vectors for gene therapy include adenovirus and
adeno- associ ated viruses, including for delivery of
DNA to cells of the nervous system as described in US
p u [
P EEool T PR Pl on R SR W HF of 1R A St fined
o¢thersigeal cells in vitro and in vivo by a
bacul ovi rus-derived vector. Proc Natl Acad Sci US A

83, "o A A b st F S W0 1R Sy

gequévatenptocths phrase 'hmﬂudmg’, dht nqadinyited no'c Tge Iftﬂlo@s&rig‘ e)af@les are

can.incor te.l.a asm d
pUSeRSE Br plonk B S g o ud 30) e ot dhiecs of
Cthk iiroention ap disylosd$erin.| | pi ds as described in Davis M,
Non-viral gene delivery system Current opinion in
bi ot echnol ogy 2002, 13: 128-13 1; Nidonme T and Huang

LEXWame kder apy progress and prospects: nonvira
vectors. GCene Therapy, 2002, 9:1647-1652; Li S and

Hlrang Matemah\?rlﬂéﬁetg t her apy: pronises and

chpibamoccoNSERECTIGNapy, 2000, 7: 21 WO 2004/ 087926
PCT/ SG2004/ 000076 31-34; Boussif O Lezoualc'h F,

Zanta MA, Mergny MD, Scherman D, Deneneix B, Behr
J[0p62] v%%ﬁ)aswe vgelet grast purchased frome Rpigem LRSubBRREGFP

t (P%ﬁﬁfaeert aY nﬁd@Of@'Lé Emﬂg p%&h&édft% praf 41 %ﬂelé’f (B%Rtute %f I‘golecular

Pol yet hyl eni mnhe. Pro Acad.
oBiolozzo ﬂnmaty Oﬁ\b@aﬁdharSVBmﬂHSBaﬁ’hA h@é@x@@s roi@ynk aof

L N
?g?t?({n To Fgeile{ge lpﬂi\@bWBtrPID@F-hltdu rﬁII?%B hmemﬂ%ﬁng Zlmmediate
S0 M e vero RERE B SRR RO PRYLMV:

a(mimmb def s Rehnoluidd eCAITD AR OB A fusing PER’ anBEhdeP\between Sac
nervous syst em GCene

es.int use centra
7 lﬁﬁ@ and Jgp- 1.‘7@;;“1’ TSSPPTCl] B0 MuBiRs fopBRec i lek kagic
VWdcﬂ)r a pCHVTERK Gnd PPV TucSHED caSstrufied thﬁyﬂuﬁg 'P@Rnﬁroducts of
( can be delivered to neurgnal s and in

rRpncer and PR Resencdr iptodsan W&Cal o 14tind 1 sites of
dp@m-ga%{c Jebiot. M@Tcof MRl pSAVIIDENAE BM-18 gt Drotid®: WAS amplified

from pRc/CMV; and inserted into Kpn I/Hind III sites of pGL3-basic vector.
Schematic structures of the four different plasmid vectors used in this study are shown

in Figure 1.

[0063]  All plasmid DNAs were amplified in DH5a E.coli and purified according
to a standard protocol (Qiagen, Hilden, Germany). Plasmid obtained by PCR .
amplification were verified by DNA sequencing. Oligonucleotides used for PCR

amplification are listed as follows with restriction sites shown in italics.
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expression vector with a polyneric gene carrier prior
to adm nistration. In one enbodinent, the polyneric
w@eme/ogmeé i er is PEI. [0058] To deliver the veRCD8G2004/000076
specifically to neuronal cells in a particul ar region
of the central nervous system it may be adm ni stered
by stereotaxic mcroinjection as is known in the art
and as described in the exanples. For human .
patients, the stereotactic frane base will be fixed
into the skull and the brain with the stereotactic
fesaERas/Rcy | | be 1 maged using high resolution M.
Usi ng appropriate stereotactic software, the inmages
wheppe ltrenftrr%%WGGTAGC@@%G%@AGW%@ﬁKSEQMO 1)

RRGERE afir O5 i CERCTE OB A AR A LE T RR. 0

tNOhgyein are fully incorporated by reference. [0060]

Al t hough vari ous enbodi nents of the invention are

di scl osed herein, many adaptations and nodifications

NMEN\DRoBRES Mﬁthln the scope of the invention in

accordance with the common general know edge of those

sW‘Fq RS St WITAFGTACE ERA GG@GCCA@MMAQ@@ (S¥Q. ID
sNBssy tution of known equivalents for any aspect of

the Invention in order to achieve the sane result in

substantially the sane way. Al technical and
SRRt ysh S GET b A TR b S AR AS: e
uﬂﬁEKBnpod by one of ordinary skill in the art of this

invention, unl ess defined otherw se. [0061] The word
"conprising” is used as an open-ended term

SEDQFQQ&m@b¢y equivalent to the phrase "including,
but not limted to". The foll ow ng exanples are

| FenersrimaeTi X A AT TGAFC BEiSTAGHBGATGHACHETL Fde (REQ AD NOVS)

do not Iimt the broad aspects of the invention as
di scl osed herein. EXAMPLES 1. Materials and Methods
PEASIEOPOONST RUEFCANGIITERT ABELECRRSIAC T BE (M. ID NO.
gﬁrchased from Pronega. psubPDG-- EGFP (Paterna et

2000) was kindly provided by Prof. H Beeler
(Institute of Ml ecular Biology, University of

Ziﬁ‘ki’zﬁﬁm %ﬁ} @;bﬁfw@ﬂﬁgﬁl@ ld’éﬁiﬁfﬁ’%&@ constructions of

[0064] Plasmid DNA was diluted in 5% glucose. PEI (25 kDa; Sigma—Aldt'ich,
San Diego, CA) was used as a 10 mM aqueous stock solution. Relative amounts of
PEI to DNA for cell transfection and animal experiments were 10 and 14 equivalents
of PEI nitrogen per DNA phosphate respectively. The required amount of PEI was
calculated by taking into account that 1ng DNA contains 3nmol of phosphate and that
1pl of 10 mM PEI holds 10 nmol of amine nitrogen. Complexes were formed by
adding the appropriate amount of PEI solution into the DNA solution, mixing with

brief vortex, and waiting for 30 min at room temperature.
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pCM | E- PDGF- | uc, pCwWI El uc, pPDGFl uc, pCWI uc were
based on pA.3-basic vector. To generate
WO SMWIOEORDG-- | uc, PDGF-p pronoter and CW i mreRPCEE€2004/000076
early (CWIE) enhancer were anplified from
psubPDGF- EGFP and pRc/ CW2 (Invitrogen life
technol ogi es, California, USA) using PCR and inserted
between Sac IlHnd Il and Kpn |/ Sae | respectively
in the nultiple cloning sites of pA.3-basic vector.
pCwI El uc and pPDGFI uc were constructed by inserting

PeReP Cg@g@ncer and PDG- pronoter into
Kpn | Sac I and Sac thl n sites of pQG.3-basic

vector. To construct pCwWIluc, CW full-1ength pronoter
npl n ed.int N
APRGTP! L i AUV G L S, o

sBaawbavime ExmﬁsstoheSysbnnr (Gibcdof BRIg tifepTeabmilogisse Ghmhasbufge D,

oPSA e B RS R i mroriy Gl Plpder ma PGPS

ppnombtee dednserted it the tamfes pandidpFapBatl O&ith tHe @MYSACMVIE

I B By B0t g Feh i ciferase cDNA

Clusgd Ussteesni Has] & SindN. Mmﬁﬁiﬂtlﬁabﬁl@m& %E(ﬁluced were

listed sf thrstrlct sites shown in
 ppiicied To ST oS 6ol 9eroe e tmdinh el sn BB hechi Reilly
eDRaMBééGIAKCi%WHOWEgé acul&;'i_ Ithectors A Laboratory
eee] an I Ssense priner
gﬂnmm oo mseg@)@ynsect
QY RIRGH& UM SRASEIRE] HRSu 5 0:2-AL Mﬁ%ﬂ and concentrated

CCATGTACCBUOCAGATATAC 3' (SEQ 1 D° NO) 3) ant | sense
pby wpfiltmtion. Fhavispaeitat e TACHEEA :

I sense
@t&h%’éhec?% iddes %%&%TCT 3 (SEQ 1D NO 5)

antisense priner, 5 -CAGCAA GC=CAGT r CCTCGACTCTAG 3
([%6%] | DR M mbirGt adeno-associated virnses (AAV) were constructed vsing the

AAV Helper-Free System (Stratagene, La Jolla, CA). The CMV, PDGF-8 and
CMVIE enhancer-PDGF-8 promoter constructs were inserted into pAAV-Iuciferase
between the Kpn I and Hind III, to generate AAV expression plasmids, pAAV-CMV-
luc, pAAV-PDGE-luc and pAAV-CMVIE/PDGF-luc, respectively. All plasmids were

amplified in Escherichia coli DH5a: strain and prepared using Qiagen plasmid Maxi-

prep Kit (Qiagen, Ontario, Canada). Recombinant, replication-deficient AAV-2
virions are produced through co-transfection of one of the above three AAV
expression plasmid, AAV packaging plasmid pAAV-RC and adenovirus helper
plasmid pHelper (1:1:1 molar ratio) in HEK293 cells by PEI method. Three days after
transfection, the cells were collected and AAV were released from the cells by two
rounds of freeze/thaw cycles. AAV particles were purified by a single-step gravity-
flow heparin affinity column, as described by Auricchio A et al. (Isolation of highly
infectious and pure adeno-associated virus type 2 vectors with a single-step gravity-
flow column. Hum Gene Ther. 2001; 12:71-76). The titers of the purified AAV
particles were determined by an ELISA kit from Progen, Germany.
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PREPARATI ON OF DNA/ POLYMER COWVPLEXES [ 0064] Pl asmd
DNA was diluted in 5% glucose. PEI (25 kDa;
wEe@gams®keri ch, San Diego, CA) was used as a ROI/&62004/000076
aqueous stock solution. Relative anobunts of PEl to
DNA for cell transfection and ani mal experinments were
10 and 14 equivalents of PEl nitrogen per DNA
phosphat e respectively. The required anount of PEl was
cal cul ated by taking into account that 1 jig DNA
contai ns 3nnol of phosphate and that | | of 10 mM PEI

@bﬁg of am ne nitrogen. Conpl exes were forned
gV LA

e appropriate amount of PEI solution into
the DNA solution, mxing with brief vortex, and
wWHi067Ing The 80 Wit atransfegtiort e exEerinenly ewa24piformed in  rat

2 P T1.ON
%@@Fﬁo&%@@%ﬁg%%ﬁ) é’lggﬁ ch)év %AﬁeﬁA tem cq:s MII‘%QI|7 2 and
cmh ptimaxyt @dexis¢ungpst MY BAT 2 hiod BamaryBamenmweranown in DMEM
Exp SSI 0 RL, Life. Tec I es
cppRERuETA R Fom SRS ol raSheg AT e ind RE1 1
Pwereieim i@ RPN estianiagn saFEsPDGE-f 3 pronoter were
inserted into the transfer plasm d pFastBac 1, with

the OW or CWI E enhancer and PDGE- (3 ormter

i MngECBE?W NSULTYRER | CELInyy ANRE LUSTEERASBNACTIVITY
i AS¢4¥ ed between Xhol & HindlIl. Reconbi nant

bacul ovi ruses produced were propagated in Sf9 insect

O@bkﬁ aCF&rtﬁé H%skéeuéﬁ Qf‘ﬂ@fﬁaﬂﬁﬁ@dﬁ i’"ﬂl@ deﬁ? %l‘eb%ht one day

l'er LK, and Luchow VA (Bacul ovrrus
Egorde grmfpcmmndated\xm%mlhpbtey at d\@ﬂL@hSltyNa“\ﬁ 00 1‘<per well
Budded, vi r uses
i NS ectsrlglegzla'p q’? %Appa%%ydm e%‘lﬁlm e Pf’?r%‘#‘étam?‘ﬁ’?%% e on ulture
Om2ditimvize ﬁ@la@edzmm Boa plrolamm Bﬂ@iiidl@h&dxf 10yl of the DNA/PEI
uItr filtrati.on, The vir et was resuspended

PESTRIRS PoffalRing O mmple 1y vwaé@édeda%whmeH@athﬁyl%«rSalaNé/PEl
AgmexR8 woleInSiBhied wiltOBE GEnfRe aNRbRaNE7°C. The medium in each

adeno-associ ated viruses (A AV) were constructed using

t well waaveplpces ayith9.8 emiSoE fiesh ¢nplete angsivan anda cgltd were further
Cﬁ):ubaggq”or%oup Dgflet( ff'l)’xe %P:ﬂbau%k’” Es %Qr%a %Pn?er u\g]%l% é %1 of

er Constru S were nse’r
b@l\/\bﬁm btuffer (Rpumeka)aidr Hllen!m.nsﬂebuont @1’ @enﬁﬁﬁ’gf &:oﬁé%é/neurons the

S PR LT PO o R TR
amlw ﬁnfaﬂhon NTHS didfeteb i aativigi in e dextrbétali whsamdasiied Padigd a
uI?lici?e(%asgagsgg Eit rglgtragag. 'I%%)éciﬂétive light units (RLU) were normalized against
protein concentration in the cell extracts, which was measured using a protein assay

kit (Bio-Rad labs, Hercules, Calif).

INVIVO STUDY
-Animals

[0069] Adult male Wistar rats (weighing 250-320g) were used in this study. The
rats were divided into several groups: for luciferase extraction study, 4 rats were used
for each time interval: pCMVIE-PDGF-luc (n = 32), pPCMVIEluc (n = 4), pPDGFluc

(n =4), p>CMVluc (n = 12); for immunohistochemical study: sham operated group (n
= 6), pPCMVIE-PDGF-luc injected group (n = 6), p>CMVluc injected group (n = 6); for
PCR analysis (n = 3). Rats were randomly assigned to each group at various times
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prep Kit (Q agen, Ontario, Canada). Reconbi nant,
replication-deficient AAV-2 virions are produced

wWao booalogii2€o-transf ecti on of one of the above tPCEEGANY000076
expression plasm d, AAV packaging plasm d pAAV-RC and
adenovirus hel per plasmd pHelper (1:1:1 nolar ratio)
in HEK293 cells by PEI nethod. Three days after
transfection, the cells were collected and AAV were
rel eased fromthe cells by two rounds of freeze/thaw
cycles.. AAV particles were purified by a single-step

HERY nf Sbtiod. gy, Q&B%fgtfh t@f fehd¥ shy li%mhdﬁ?iﬂfyc?esﬁlﬁ?ﬁ{) b nEnt

Auricchio A et | sol atT on | oUs

drapgyaiuee of deoansint 60Yodruaidity, andsfed anwé biboratoryiiat food. In
SHODARSL SR PN Y € S p G0 el Db
vikgsearche e stipuiatad by“@mldﬂda&AOigamzﬁtmmnﬂ%fc) gad as Gdopainly the
21%38&% Q%ﬁl nQaq r E JP‘%?“n ngv%%sgoo %ﬁ@%@%{e @gw%.s All rats
peeré diredeand Supphstd by lieoEioanme yAminmal 6iter, Natibisal University of
r1$onat al use rebel [u g é ghMTC 17.2 and rat
pTTHAPY” HEr R “’"%fgorf?n A BPPHIRS Sheur ons

were grown in DI\/EM suppl enmented at 37C with 10% FBS
| an_atnosphere of 5% CO2 and PCl2 cells were grown
Hegsor PreE@Ed nt ai ni ng 15% FCS. TRANSFECTI ON | NTO

QUUWREQ{QEL&&e Aﬁiﬁeﬁk@z&f%sﬁn %ﬁTﬂToYlealAmﬁoﬁ 086 8ddium
transf ?n of PC 12 and C 17.2, the cells

vml@ &mtmm body; weight) and pasitioned nohstgisetays sspment
|\ﬂlth?ﬁreV\§dsE Hat %teﬁ @ {foR skfain G5REL4)Y0r0f3 S mim Yr hififebampus

well with 0.5 n o$ t he above indicated nedium “After
d@J@?‘%ﬂnéhlPNAnW%war@wly bilgerally injgeted intedthe Firiatn plplirieetign

oﬁrﬁs %@Qrdﬂ‘iate%bm Wed¥n AN d W ra§ dngslﬁgf @r g%%&n Bfera g@ +2.0

conpl exes contai ning O. was a
tmmemﬁal/@'m —Sdf mpp &, 9. 4mums, L, @NMPBI’, -5 8mnpindxda s0.deme L +3

uba r at T

| gmtsl n eja(srqm{)v% I‘f‘lﬁ\kmémé&( é\ﬁ' 40%@#‘ s ot PPt
@ﬁpdn)stl‘*er paedli injretaindthe eﬂubcmomalae fwus 6 it whichreonthiabd ¢l L @MNA
24 After the incuyhkation, cells were
8 P%@Zﬁ% SePIRE-1 Hhe raty §fimgstion gl why/gpiguts gnd dhe needle was
(6@ B® §RYemaltPin dilSfof 5AMBMES béBR WRing! AdwIp rréﬁ%fe}d € Alel &M of
neurons the cells were seeded into 46-well plates

feaeh ’Bﬁ@ﬁ‘l’fbw rus infection or 96-well plat es for

-PCR DETECTION OF LUCIFERASE GENE FROM TISSUE SAMPLES

[0071] Tissue samples of striatum, hippocampus, cortex and substantia nigra were
collected from rat brains 2 days after striatum injection of pPCMVIE-PDGF-Luc. The
tissues were homogenized by mincing with a razor blade and plasmid DNA was
extracted according to the standard protocol of a DNAeasy Tissue Kit (Qiagen). The

oligonucleotide primers for luciferase PCR are listed below:

5' primer: 5'-“AT TGC TCA ACA GTA TGG GCA-3' (SEQ. ID NO. 7)
3’ primer: 5-CGA AGA AGG AGA ATA GGG TTG-3' (SEQ. ID NO. 8)
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AAV infection. The luciferase activity in cell
extracts was neasured using a |uciferase assay kit

w@ Rvoafogr9ag . The relative light units (RLU werBCT/SG2004/000076
normal i zed agai nst protein concentration in the cell
extracts, which was neasured using a protein assay
kit (Bio-Rad | abs, Hercules, Calif). IN VIVO STUDY
Animals [0069] Adult male Wstar rats (wei ghing
250-320g) were used in this study. The rats were
divided into several groups: for luciferase extraction

S0 BRSSOl AR P50 By e

( nonsist&)l of NG/bmin, ( myele; 193)°C s, S5rPALA0GH 72 PO, 0B E eycles with

et (0 e Senusl PRbBERR ol bt B piess,

6)mmfap1rat brifeRvit 1R iﬁj?dcﬁox{ ¥ PEI 3hs hifaled inBargIdlandon y
assigned to each group at various tines 26 WO

2004/ 087926 PCT/ SG2004/ 000076 after injection. They

V‘@fr&if&%?éaséﬁﬁﬁo a cage in a light-dark cycle (12h/12h)
at a constant tenperature of 22C and at 60% hum dity,

aHl97$]ed Fpltawing deral aﬂe%tb@raamﬁ yereagactifierd. byl imtragapdic perfusmn
GUI gb!lri\g g?}(l%%hﬁé‘ \?ffé?%d ﬁh ﬁﬂ-* ’Eg)s teﬂalg E{e]lms %Jef@l.te}ng an the

i ng ci ples as st

bjouy\different-jerats m@dgmrﬂnmm,dnplmm contegx and ﬂlbsrpmladnglg{ were
t H@sect!ea QI?({ s%@)\ég%ly%% l%ﬁéd léi%%hﬁ{ndo%beg I"lassu U%rﬁé/)gers%slfetr stor];d at

pore, rats were

St&ﬁﬁﬂl Iue’dl Ihycetssh@ léeﬂmmédlﬂg yBAbuffed sepantclyr (100al PBS gler 50 mg
he a i mal unit

rsi pore, nd kept mb
ot s o s PYBOR Bt Prgion [ 10cpscat o iee 23 then
PeEedsides: | D000 prinak 54°Wefneaarﬁﬁ€‘o%5ﬁﬁﬁﬂgé e@elbxme@mers of the
i ntraperi toneal i nj ecti on of sodi um pentobarbital

( SDAGANe] TS ISEUgIaiET YRR Y5 fes %@prﬁ‘@r@ﬁq@auw agsay employing
SLLL & R om! m&%ms Wi @vgl% Iﬂéh%q_? ?gee&relﬂungnometer

(for striatuminjection) or - ppocanpus

i (ﬁ@é@ﬂlﬂdm)llalwémé‘o@@@mﬂ%l y bilater aI ly injected
into the striatumat 3 injection points [coordinates
(from bregma and dura): anterior (A), +1.5 mm | ateral
( thumvi@hBtockemicalentlysds (V), -5.0 mm A +0.5 nmm L, +3

7 o TP R Afe el B g B RO B oy RV o
nnperéﬁon rafs Wam) sacificede@ch 3)nFﬂII1wmg1 dedphendsihp@a tdllofats were
v aI 3t Wlﬂ'P kxn\égrl’scslglu%%rq ‘f(ﬂioweg by 2% %rl\eléonnaldehyde in 0.1 M PBS
(pH 7.4). After perfusion, the cerebral cortices containing the striatum and
hippocampus were removed and post-fixed in the same fixative for 2-4 hours before
they were ﬁansfened into 0.1 M PBS containing 15% sucrose and kept overnight at
4°C. Frozen coronal sections of each brain were cut at 30um thickness and collected

before being stored in 0.1 M PBS.

[0075]  Free-floating sections were washed for 20 min in 0.1M PBS at pH 7.4
containing 0.2% Triton X-100, then blocked with 5% normal goat serum in PBS for 1
hour. Sections were then incubated overnight with primary antibodies: polyclonal

anti-luciferase (Promega; dilution 1:150); and monoclonal against neuron-specific
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in PEI / DNA conplex. The rate of injection was 1 gl /
m nute and the needle was allowed to remain in situ
wo 00046871926 1Ut es before being slowy retracted apPCT/be200w000076
of each injection. PCR DETECTION OF L UC | FERASE GENE
FROM TI SSUE S PLES [0071] Tissue sanples of striatum
hi ppocanpus, cortex and substantia nigra were
collected fromrat brains 2 days after striatum
i njection of pCWI E-PDGF-Luc. The tissues were
honogeni zed by mncing with a razor bl ade and plasmd

I; I
EP@C@IIM -roggﬂs(mé% gﬁueﬂi%goiﬁ I?iéthq‘u&ﬁ; %%ﬁﬁ‘ﬁlﬁ o r(l)z ﬁ%&t? ‘ﬁggvere
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[ 7 The pected si,ze 0 e ed duct

L AR PSP TRAer? RS cBliected on eRipistits BB Gidpted with

1DtA)Kﬂ) tﬂuoxﬁsbeﬂ méintiag neBiufi & @veré® wih c80erslips 3EoE k@ Sons
t 72 Cfor 7 mn To excl ude

with.a ensi on

cgﬁfeépﬁ“ﬁ?gt?ﬁ?gﬁﬁ%'& PEREYRAD Oél %r ocess, nor mal rat

brain wwth the injection of PEl was handl ed in
-Luci ferase assay 0073] Fol | ow ng deep

g?fé&%&twg of doghle lgpeline vith Gopfosgpcoppingmicsessoryi c

"PEDTEIST OBectiohd Rve Jex%ﬂémaﬁhﬁtaecbﬂfmise@sﬁﬁho N&nfeA laser
H7.4). The brains were renpved and the four

dPeRPRIPE AHCTpiEPRes Fard) saetiongvastipitially peanpadopid a B8 om laser line,

Caid SXeRBRdo HRGIBINE1 (A5 %raché’\ﬁét&:uog'o? i’gcg eRbe@ifh: and with a
seﬁar ately collected info eppendorf TI ssu

s s¢iding, apd an egisgipn ﬁh@d@ 78t for the d@t@@mmﬁ ik ntc,&lllomscem
addi ng PBS buffer separately (100 | PBS per 50 ngy

ti ssue), each sanple was honogeni zed by sonication for
1egivsarlpsisce, and t hen centrifuged at 13,000 rpm

a @0‘9‘% ' nTﬁegnrﬁg %gapw&ef H&a ?Tgeﬂ ma%{lﬁcatlar? rf%li, ci»lﬁcealf'mahon of

pernatant at room tenp
I DCMIVEE-RDG Falot i and tpﬁl\ﬁdmy wetherN rigpur aex:tmﬁs&)t &ich rht Gbte

RIS 587 U DR 6, P Al 3 LG hb g

I ramdmmlglwm ochegadincakh asndbiy Fasch ﬁ&&%ﬁab cai\}"a@:ed &)ﬁ@er afta8r Zeiss
. . h
! E@T%ﬁid ggnf(\){ga ﬂsg scanmn@%%rolsgo%e al magm%ca%.ronsof 200x. Colocalized

cells in each picture were counted and percentages of colocalization of NeuN in
PCMVIE-PDGF-luc and pCMV-luc positive cells were calculated respectively.
Student’s t-test was used to determine the statistical significance of extent of

colocalization in different plasmids.‘

2. Results

[0078]  Table 1. The numbers of luciferase immunoreactivity positive cells that
contain or lack the neuron-marker NeuN immunoreactivity from rats sacrificed at 2
days post-injection of pPCMVIE-PDGF-luc or pCMVIuc into either the striatum or the
hippocampus. |
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operation, rats were sacrificed (n = 3). Follow ng
deep anesthesia, all rats were perfused first with
wRR00gm87936 sol uti on fol | owed by 2% par af or mal dePgT¥8G2004/000076
0.1 MPBS (pH 7.4). After perfusion, the cerebral
cortices containing the striatumand hi ppocanpus were
renoved and post-fixed in the sane fixative for 2-4
hours before they were transferred into 0.1 M PBS
cont ai ni ng 15% sucrose and kept overnight at 4C
Frozen coronal sections of each brain were cut at 30m
t hfTK Frerted—igEs: beT g Tstor gt o8 i\
PBBE [] %%?H ?tgg flpati nqls?é%:)ﬁn?lons werie was (ﬂw? P“szo
m nNpmbeoofiucif@®eat pH 7.4 containing|0.2% Triton
X- 1 pwitive eellppesifieldked| wi t h 5% normal goat serumin PBS
f of Mean f§EM)Sect i ohs were then | nCchlt ed over ni ght
W | h guivipygent | bodi es anti - se
(Promega; dilution {l: 150)6@%)4(}1 m)nocl onal aﬁ%ﬁg?é
%%eci fic 28 WO 20647085996 PCH SCoR 906076
nued Y -l\l) \G“.em con—lntennati nnra_l_usA_
di Npip aberb’ﬁfﬁﬁﬁmz %#\‘Ctl ons were washed in 0.1 M PBS
an:l WL her cuBatied with anti-rabbit IgG Trite
co BH&@L%EI\Cli gma- Al drich, Inc., USA; (dilution 1:100)
ang anti - nou gG Fite conL ate ( Silgma- Al dri ch;
di | ut P¥NIELPR@D) for| 1 hoé? AB¥Er i nclbati 885+%®} i ons
were ggghed three tines; They |wer e,
coflected on gelatijn- coate %ﬁge npunt e4 ’;he %34
f | UBeresegmf ttasferted Ng medi um and coveréd with
coyequmpips. Control| sections were ing¢ubated without
pr | Ggay = &FMbodi es.| - Vi sual i zati on of |doubl e | abel i ng

wi I h gaofossdy scanni ng ol ggwpsaqgy, [ 0076] 8@9@%9@53%’”6
expm ned with a Car|l Zeiss LSM410 confiocal | aser
scan?™Y ni croscopel Eath0&e&tliogh was |i nis0is4vd3.46%
scanmed—w tira 488 mmtaser—tine; and—af—entsston
filter BP 510-525, for the detection of Fite

f I (Rsrasategd of tramgfeotddt tevgons 54 thermmnites @f doibie latahd @hs / total
el s for,. the detection of Trite

fl uoréégglé&fér&%n&%n% Cgtv%g/el anal ysis [0077] Three rats
each were used in ceII quantlfl cat| on for

cwmsmmm WIBRO | ExPREESToR BN dyp@aV e CNIERIC
each rat were selected
random y and used for cell counting. A total of 3
bjoioa@]er afro fehﬁhﬁ{& thebat efdifftRnc048nid WaskBorfelUnV@4€ Bxprédsion,

ection. h field was captured under a Car
ng Elg& erase reporter P asmlfds were constructeg under the same backbone of pGL3-

nelir oft

DAKC

A4

basic vector (Fig. 1). Luciferase expression from pCMVIE-PDGF-Luc was compared
in vitro with those from pCMVluc, pPDGFluc and pCMVIEluc following the
transfection of neuronal cells. As shown in Figure 2, pCMVIE-PDGF-Luc drove
dramatically increased expression when compared with pPDGFluc and pCMVIEluc
in the two tested cells. In these cells, the activity of PDGF in pCMVIE-PDGF-Luc
increased 8 fold in PC12 and 90 fold in MTC17.2 as compared with that from
pPDGFluc. The enhancement was far superior to the expression from the simple sum
up of PDGF and CMVIE by themselves. Ratios between the levels of expression from
pCMVIE-PDGF-Luc and pCMVluc in PC12 and MT C17.2 cells were 0.88 and 2.92
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LSMA10 confocal |aser scanning m croscope at

magni fication of 200x. Colocalized cells in each
weratos®2aer e counted and percentages of col ocedT/2ari0en0076

of NeuN in pCwI E-PDG--1uc and pCW-1uc positive

cells were calcul ated respectively. Student's t-test

was used to determ ne the statistical significance of

extent of colocalization in different plasmds. 2.

Results [0078] Table 1. The nunbers of |uciferase

I numunoreactivity positive cells that contain or |ack

t REpeRHHIP nin@i@étﬁx%r thhe {fY bﬂﬂyﬁpjﬁ)ﬁﬂﬁ{t&vﬂn&r asfeﬁ Yhe Fpression to

sacrificéd at days post-1nject
PNl Bt @@mglh@rdhm thpt@ifiheMVipremaetert ih ghese two mstonaicglilioes.

the hi ppocanmpus. 29 WO 2004/ 087926 PCT/ S&004/ 000076
Injection Sites Striatum Hi ppocanpus Nunber of
LNEUVRONSBE CHICITY \F TEHE € HIMERICPROMOVERNCMIIE-PDGF IN
CRHEBRDOF 61.17 7.17 31.94 1.58 CW 106.17 5.89
82.78 4.67 Nunber of Luciferase and NeuN doubl e

| @B80led Vel then ipesstifdted df ﬂMe@MVIB-HBGH Jorothdl Eol?DEmintain

55. 89 CwW 51, 002.19 41. 782. 34

PEPERAL 3’9381%61” P? EP@%@ {PEAIOGIRE r J78ons freyR gpts thptreqpived either
Ci¥itaT- 61063pp R dmpa Ynjedui iR %618 M V. PBS o O %@Nﬁﬁl@ ugﬁe%:o-
50.54% . 3. 46% _ Percent age of transfected neurons = the

i with apfihodies against pelh lpciferage pnd g peyronal marker, NeuN. In the

hippocampus, the patterns of expression of CMVIE-PDGF-luc and CMV were very
different. The CMVIE-PDGF-luc expressing cells were mostly in the granular
neuronal cell layer. Immunohistochemical colocalization of the CMVIE-PDGF-luc
stained cells with the NeuN marker showed that most of these cells were neuronal
(Figure 3). Cell counts demonstrated that 89% of the cells in hippocampus that
contained luciferase also contained NeuN (Table 1). In contrast, the CMV-luc
expressing cells had a diffuse anatomical distribution spread ount from the neuronal
cell layers, corresponding to neurons, astrocytes and glial cells. Quantative analysis
showed that only 50% of the luciferase stained cells are neurons (Table 1). In the
striatum, the CMV-luc stained cells had a diffused distribution, whereas the CMVIE-
PDGF-luc were restricted to neurons (Figure 4), same as observed in the
hippocampus. Cell counts demonstrated that the proportion of luc expressing neurons
for CMVIE-PDGF-Luc was 91%, significantly higher than that for CMV-Luc (48%)
(Table 1).

INCREASED IN VIVO GENE EXPRESSION BY USING THE CHIMERIC
PROMOTER OF CMVIE-PDGF

[0081] The efficiencies of CMVIE-PDGF, PDGF-B and CMVIE enhancer
promoters in inducing luciferase expression in vivo were compared following
injection into the rat striatum. Tissue samples were collected from the striatam of each
rat brain for luciférase assays. Levels of luciferase activity expressed by each plasmid
are presented in Figure 5. Luciferase expression was detected in all of the four

plasmid constructs as early as 24 hour post-injection. Expression from CMVIE-
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nunber of luciferase i mMmunoreactive cells. | NCREASED i

V1 T] WCGE EE EXPRESSI ON BY USING TIT C1111JUREI C
WEROMOTR20F CWI E- PDGE [ 00791 To el i m nate theP€f/5€nM04/000076

of different plasm d backbone on gene expression, al

| uci ferase reporter plasm ds were constructed under

t he sane backbone of pG.3- basic vector (Fig. 1).

Luci f erase expression from pCWI E- PDGF- Luc was

conpared in vitro with those from pCwI uc, pPDGFIuc

and pCWI Eluc follow ng the transfection of neurona
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oY asspgEcethe venThen sompated itk (AL IERaE PHGTFHpiRmelert he

| evel s of expression from pCWI E-PDG--Luc and pCWw] uc
in PC1l2 and MI C17.2 cells were 0.88 and 2.92 30 WD
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| F AV BD GRSV ' ' ﬂ%dk%? ' eased gene
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g
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iam{l eddnoemmciafedp@iviés Eorfiitng thecchimeticprddvbtencanid@dseedaliem in cell
stained.with antibodi es agai.nst hot.h |uciferase and a
R BRSH il o REeR PR i B AR e 0 he
EMVER regl;anf:erex [PDE%?@ @mnﬂ{tergg@{ﬁﬁcaiﬁ%dr@@e(ﬁ@ﬁw%reﬁﬁé@ as
ver i f. : e - -luc expressing cells
v‘&@?’%ﬂfﬁg %‘ﬁl&[ﬁ@‘t-{f ﬁ’é‘m@fil% i?—fo?%@?% A4ty eotars iatpateed and 15-
| folUARAI tabal6 VIR vedforsCidre Gadd. 786 eRin@&IimdnP'Ras far superior to the

stained cells with the NeuN marker

CWwWI E-P -1 .
SREESiPn, Ko o Sl S g 6f EDOFSS wemeler e SMVIE ireger by
IemsEREL, 26 QNS todRIBDS:SiAN BImIRAEMBOHRRb1eE. %llﬁﬁingi‘ﬁgéédgion

hi ppocanpus that contained luciferase also conta

N0 B TP it the GVYER enhpseer - RRGEWABPReter in the AAY vectors
drove higher levels of in vivo gene expression than the PDGF-8 and CMV promoters,

-
f

displaying a 5-fold increase (Figure 6B).
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expressing cells had a diffuse anatom cal distribution
spread out fromthe neuronal cell |ayers,
waeoerresPendi ng t o neurons, astrocytes and gl i aPCT/RGL®4/000076
Quant ative analysis showed that only 50% of the
(égﬁh&?rase stained cells are neurons (Table 1). In the
‘um the CW-Iluc stained cells had a diffused
di stribution, whereas the CWI E- PDG--1|uc were
restricted to neurons (Figure 4), sane as observed in
1t he Ahtqspmbmpbsmcm acldcmnlesuldeamnmsng edndubartal tceB specific

prop tiaon SSI ur ons
it Girratfg JRREIS 3 Rty |69haﬂcawﬁmeeﬁaﬂwt spancer

fOT {lhéabdiqhé ﬂ&%nal(c@ﬁ &1ﬂ(9 trads&ﬁ-iﬁ%?ﬁ tivity Y WEQ drbiibter.
EXPRESSI ON BY USI NG THE CH MERI C PRCE%%ER OF CWI E

PDGF [ 0081] The efficiencies of CM/I E- PDG-, PDGF- (3

and Iuc erase
2expr gg%/%’%r%&? Q@@F{@%le%ﬁé 21&2) cﬁ’B ?Iw&ﬁ%ﬁ g%ctefwvual
I Nt oeithacerar pedmotds.um Ti ssue sanples wer e coIIected
fromthe striatumof each rat brain for luciferase
assays. Level s of Iuciferase activity expressed by

each ] u S,

3 pr g P aof BoRE AR HRL finlo ol £ wherehi i k5 1 RV
conspronetter, S¥46 ardmyoters o G:MN) anhamelt oriptbm@6iet.0N.

Expression from CWI1E- 31 WO 2004/ 087926

PCT/ S&G2004/ 000076 PDGF-1uc increased up to 5 days
41 henThenmmdi&e @ci%ltrﬁﬁle&ﬂé‘ Qédol‘dﬂé‘ib déim I%elé‘f?ﬁﬂ’ tHepibMBter is PDGF
| evel s of CWIE DG~ (3 were | ow ay

post Biprjre@et. on and becarre undet ect abl e after 3 days
(data not shown), suggesting the weak activities of

these two pronoters. Simlar to that observed in in

5vi tr Uhetnueltic héid melebidie! d6cidi BiRCGE whGSinCHRaRhSker is
in vivo when conpared with E and PDG-- (3 pronoter.

| NCRENEEH ebspcasXPRESSI ON BY USI NG THE CHI MERI C

PROMOTER OF CWI E PDGFI N THE CONTEXT OF VI RAL VECTORS
[0082] Plasm d DNA vectors were used in the above

6st udThs .nutlzid esid wikdedids acberdinghioT®ldith B WHekedh B8 enhancer
CwI E enhancer - PDG-- Ofgronoter may al so i ncrease gene

expr LRSS HerseAusnse of SEQID NPe%a viral vector, we
gener at ed reconbi nant bacul oviruses and
adeno- associ ated viruses containing the chineric
7pr onbhenudeid acissineliculeentdrdingdd lany onb tofickémefl toa& wherein the

D P cbftprise th Bedhct o AESID NG b, A shovn T

8. The nucleic acid molecule according to any one of the preceding claims

wherein the promoter is operatively linked downstream to the enhancer.

9. The nucleic acid molecule according to claim 8 comprising the sequence of
SEQ ID NO. 11.

10.  The nucleic acid molecule according to claim 9 further co,niprising a coding

sequence operably linked to the promoter.
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CWI E enhancer - PDGF-j 3 pronoter significantly

i ncreased gene expression, as conpared with PDG--$
w@e@ans®eq by 19-fol d when AAV vectors were uskPOI/aGzdo4/000076

15- fold when bacul ovirus vectors were used. The

enhancement was far superior to the expression from

the sinple sumup of PDG-- (3 pronpter and CWI E

enhancer by thenselves, as well as to the expression
1¥.r onThéweucl2it/ a¢id amalecule adooldingtoglaint i @ Sihiefdin thHerdoding@quence

rat strjatum,k the CWIE, enhancer - PDG~- (3 pronoter

in tﬁé‘%@%&tgs?%seq&?‘%ﬁ?e hi gher levels of in vivo

gene expression than the PDGF-/3 and CW pronoters,

di splaying a 5-fold increase (Figure 6B). 32 WO
12004A08%P26si BCTEHAE2 O} 7 GruclelcAddidbmoleculé according to claim

recog&zi nant nucleic acid nolecule conprising a ‘

neurbnal cell specific pronoter operably linked to a

het er ol ogous enhancer wherein the enhancer increases

t he neuronal cell specific transcriptional activity of
13.he Phovestaaccadingie clim|18iwheasin thewectoe id ®plasmik di ng

to claim1 wherein the enhancer is a viral enhancer

or pronoter. 3. The nucleic acid nolecule according to
14| ai The’ v¥AsY. SdcBrdine 16 0RaACEY whereliothe WCRIFAE & vink ¥R virus-

pronoter, or- CW enhancer or pronoter. 4. The nucleic

aci ddefyedcul e according to claim 3 wherein the

pronoter is PDG pronoter. 5. The nucleic acid

nol ecul e according to claim4 'wherein the enhancer is
1CMWIEe wseburaceording to Eladm 4uciiRisin 86 vbcttl i€ bidalovirus or adeno-

accordin éo, claimb5 wherein the enhancer conprises

t he %Sé%ﬁ]%ﬁ ¥IgY SEQ ID NO.9. 7. The nucleic acid

nol ecul e according to any one of clains 1 to 6 wherein

the pronoter conprises the sequence of SEQ ID NO ' 10.
18. Thanethed of exmressihgoigemtiines aewonali sl dompaisihgoesfiiming a

t he precedi clains  wherein the pronoter is

oper SOTGEH G i 30 SaRRGHRT e 6N ER R dZ: 0. The

nucl ei ¢ acid nol ecul e according to claim@8 conprising

the sequence of SEQ ID NO 11.
17. A method of treating a neuronal disorder in a subject, comprising

administering to the subject an expression vector comprising the recombinant

nucleic acid molecule of claim 11.

18.  The method according to claim 17 further comprising the step of mixing the

expression vector with a polymeric gene carrier.

19.  The method according to claim 18 wherein the polymeric carrier is a cationic

polymer or lipid.

20.  The method according to claim 19 wherein the carrier is polyethylenimine.
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10. The nucleic acid nol ecule according to claim?9
further conprising a coding sequence operably |inked

W oo0otlog79psé onot er. 33 WO 2004/ 087926 PCT/ S&004PODSG2H4/000076
11. The nucl eic acid nol ecul e according to claim10
wherei n the codi ng sequence is a therapeutic gene

equence. 12. An expression vector conprising a .
2ol B e _n?ﬂ(’@ffﬁg% e A9 whereimithe Ppression ypgor is

vect QimiaftRedi 19 diRcC |i§bsﬁo}12 YN blhthal Endt PGk sydtem or the

plasm d. 14. THe vector. according to claim T2 SWherelh

t he sesehrospinal flwidii rus or is virus- derived. 15. The

vector' according to claim 14 wherein the vector is a
bacul ovi rus or adeno- associated virus. 16. A nethod

2Df KRS Ga6hBd Accoffif 1B @lafiRUSO"Rhekll [thé 055@5&' oY vector is
transformng a neuronal cell with an expression _

vect ¥imiaistasediiortge central aémwoussystein bysterevtasis micrdinjeetiomg
a neuronal disorder in a subject, conprising
adm nistering to the subject an expression vector

23.0npPThe hitghddh&coRBf Y Elgnbne BP¢lafh§ 280 Wheeil heOfeuronal
0

claim1l. 18. The neth according to claim17 further

conpiisaergis stieke; isshersie, enilepsiy hearbandsspinad serddraumac Parkinson's

Wi t hys: I 4 ng. ri .19 , The net hod .
acco?lg?a%% w&o% 1@18\8/\%%? e‘igfﬁh?]ﬁleﬁ SolMFeeP: Amugitophic jlateral
a cagclerosis, or paleyroigenedic disopded. 20. The net hod accordi ng
to claim19 wherein the carrier is polyethylenim ne.
34 WD 2004/ 087926 PCT/ SG2004/ 000076 21. The net hod
24CCOLUrdiodific SLR oM neh-hihiRh SnfindiN& .&E@?fﬂe%c&ﬁﬁiﬂl%t hleic
cCentra

adm ni stered by direct 1njectiont
ner vasigd mojesulerofany pheof damsirtoddi nal fluid. 22. The
met hod according to claim20 wherein the expression
vector is admnistered to the central nervous system

23y shemeMbaxdfCinkteasifl the HabQFiptional activity of a neuronal specific

promoter comprising operably linking a heterologous enhancer to the neuronal

specific promoter.

26.  The method according to claim 25 wherein the enhancer is operably linked

upstream to the promoter.

27.  The method according to claim 26 wherein the énhancer is RSV promoter,

SV40 promoter, or CMV enhancer or promoter.

28.  The method according to claim 27 wherein the neuronal specific promoter is

human PDGF-£ promoter.

29.  The method according to claim 28 wherein the enhancer is human CMVIE.
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23. The nethod according to any one of clains 20 to 22
wherein the neuronal disorder is stroke, ischem a,
wepikeg®ye head and spinal cord trauma, Parki nBOTS62004/000076
di sease, Hunti-ngton's di sease, Al zhei nmer's di sease,
anyotrophic lateral sclerosis, or a neurogenetic
30li SOAJES cordkisiv & RBMBAMAell or RLII-1RE, AP IR @é%foti‘%lf y one
conprising the reconbinant nucleic aci'd nolecule ofn
any ohthegieeadiignelaims andinstrgions\ tonstahlyd tradsfome s@d welg cell-

the r LO, Lvity of neuronal specific
pr ono e%lrr}ig8%%%1%%Ssllrég%m%‘%érft%?%//pﬁofiﬁ% ng a heterol ogous
enhancer to the neuronal specific pronoter. 26. The
met hod according to claim25 wherein the enhancer is

3bper &b st i ofkesgombipsnt apksonls pheclpmordt iy the manwfesture of a
met hﬁl@dﬁ&rﬁ%ﬁtﬁfo?%%gre%@n@o%% ﬂ%&r&%&%ﬁgﬁ@r&aﬂ%ﬁe& $n need

RSV prono onotéer,
pronthesof. 28. The met hod according to claim27 wherein
the neuronal specific pronoter is human PDGF- (3

pronoter. 29. The nethod according to claim 28 wherein

33.he ephancel %rgl%%ufgg%laﬂﬁviﬁwléegﬁnpvﬁezg%é&§7(%@0§der is stroke, |

PCT/ S&2004/ 08 rirsing a neuronal
cel | ischenue) lepilepsy, lmadeamt esphiabnecordctraumaf FaminsonG disease,

t he ecedi ng,cl ai nd insgructions to stabl )

tr anGPOVTRLT e SPERG S s SHguaRpp dgral slersis, or a
- I econdurb\Rnbtid@8erder, oduct . 31. The use of reconbi nant

nol ecul e of claim11l in the manufacture of a

medi canent for the treatnment of a neuronal disorder in

: subj e [ e t hereof . 3 The e agcording to

3% ai %h%%ts?/\h _rg'i?neq?ﬁegslﬂ%ﬁe&%l ° df’k’gpdﬁ 1I’“sﬁ’& P’@R&ﬂcme of a
| schewilisamenti foé ABY treh@ast A ARirbAd] disdded RN bject in need
Par ki nson' s di sease, Huntington's di sease,

Al zhbesseF s di sease, anyotrophic | ateral sclerosis, or
a neurogenetic disorder. '33. The use of an
expression vector of claim12 in the manufacture of a

34redi Thnesetacbardingie daimedNehéredi the crpiecsionlvedbsRMARE With a

a subg ect .in need,
polymeric gene carrier.

35.  The use according to claim 34 wherein the polymeric gene carrier is a cationic

polymer or lipid.
36.  The use according to claim 35 wherein the carrier is polyethylenimine.

37.  The use according to any one of claims 30 to 36, wherein the expression
vector is administered by direct injection into the central nervous system or the

cerebrospinal fluid.

38.  The use according to claim 37 wherein the administration is done by

stereotaxic microinjection.
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t hereof 34. The use according to claim 33 wherein the
expression vector is mxed with a polyneric gene

W@ 200081926 35. The use according to clai m 34 wheCESG200N@00076

pol yneric gene carrier is a cationic polyner or

l'ipid. 36. The use according to claim35 wherein the
3garri ' L4 - 37 : rol

5y SRSl Db BROE B 8 3, GEAEHL O Ao
vect disordsr wiladein theedieatdéryisdstroke} istlngneia) épitepsy)tieat l@d spinal
central nervoys system.or the cerebrgspinal fluid. .
36. GG UG LARIHONS Qisats ATIRISRORR chipr, Hgheimer's disease,

adm i [ ' o) e LCI Oi Nj ecti on.
36 ir Uil IR I b aRb R e ' UL
according - to any one of clainms 33 to 38 in the

reat,ment qf. a, neuraqnal disotder wherein the disorder
4@'5‘ s &@mquaat] ePfolen o gxnressed, in, & eyppal; fefly or gglf-gne by

{1 aUffBnsfétaifg fhRQRllor SeBEMS Svith HB Weft8f 8fcIgint!1 2 §A8 Qllowing the
Al zhei nmer' s di sease, amyotrophic lateral sclerosis, .

or atransioroygdieell ot call bug toexpredHthe seqopthinmnt peteinpr ot ei n
expressed in a ' neuronal cell or cell-line by
transformng the cell or cell-line with the vector of

ATl ai Wsd 8f the GecUmbiind Protéif actdrdibgft6cid 406kl th®magtfatture of a
line tg express_ the reconbi nant protein. 41. Use of

t he Psdisaprrdar the tisalaant aErayralidisprdess.-cl ai m 40 in the
manuf acture of a nedicanent for the treatnent of

neural disorders. 42. Use according to claim41l

4dher Bseadcoaling ®oslaiar 41 whereiit the ésordes i estioke, #¢lidn@ipsspilepsy,
head, and spinal .cord trauma, Parkinson's disease,
Hunt h‘ﬁ’at and <spijal 0 traumpa, Rarkiasen's giscases SHuntington's disease,
anyo | Cod 3 c i . .

i o TRPithG:s FHBLS S S FHES Jaleraelchodh W QRERGRketic disprder.
activity in a neuronal cell or cell-line conprising a

4G ownd PEie 1o TR RoaR S L AR aR masuronst Cel or cellline
substaffrisihd ¥ nélR6Edl IcERIpESAEpFdmMOtr operably linked downstream to a

heterologous enhancer as substantially described herein.

37



