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[0003] Major functional cells in the nervous system are neurons, the type of cells
that carries out the fundamental task of the system in receiving, conducting and
transmitting signals. Therapeutic protection of these cells is one of the main goals of
molecular therapy of neurological disorders. Examples include protecting
dopaminergic nigrostriatal neurons in Parkinson’s disease (Duvoisin, 1992), basal

forebrain cholinergic neurons in Alzheimer’s disease (Gomez-Isla et al., 1996) and



U S. application No. 10/407,009). After injection into

the brain, the bacul ovirus vector could transduce
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SUMMARY OF THE INVENTION

[0005] In one aspect, the invention provides a method of delivering a baculoviral
vector to a neuronal cell in a subject comprising identifying a target neuronal cell in
the central nervous system, identifying a site in the central nervous system remote

from the target neuronal cell and administering the vector to said site wherein the



di sorder, identifying a site in the central nervous
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t herapeutic gene operably |linked to a pronoter to said
site wherein the baculovirdal vector is delivered to
the target neuronal cell by axonal transport. [0007]
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[0011] Figure 3 illustrates the results of quantitative measurement of luciferase
reporter gene activity after intra-striatum injection of baculovirus vectors with the

CMYV promoter alone or the CMV enchancer/PDGF (CMV E/PDGF) promoter;

[0012] Figure 4 shows confocal images of luciferase expression in the striatum

after injection of baculovirus vector with CMV E/PDGF. Samples were double
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levels of neurotrophic factors, anti-apoptotic proteins, antioxidant molecules and other
therapeutic factors to restore, halt or prevent neuronal degeneration. Gene therapy

also offers much hope for the treatment of CNS malignancies.
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functi SCri ptl onactl vat ors of
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its P2IRG3n IND GAB ABrBS, nedx’dﬁ‘sg oﬁhlanspa{lk mitb. @fwau&'hem 2000;
I [ and characteri zation of t he - upstream
7513 BTG RO (S TG, RSB, T o el

r C t 0 o
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fuoppylirsierase s hiRidr Rhao VOB B7diB¥-296y] Restacil T, Matter-
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m cr ot ubul e-associ at éd protein | B gehe ur oscl

nicelyyge -acetplolyding rewEper beteh erommserr ionthe depdepifig cenpronwv®iss
sstUxﬂ ly & (&{éﬁl%%f)ﬁ@ ﬁ%?ﬂnﬁﬁlﬁ' Ll!ls%ﬂerlli] ﬁaﬂ?ehﬂﬁrﬁa ‘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



[ 0035] The pronoter conprises at | east one nucl eotide

sequence capabl e of activating neuronal cell specific
wez@sassion of operably |inked sequences and i PCEOGEE04/000089

enbodi nents the nucl eoti de sequence will retain the

m ni mum bi nding site(s) fdB transcription factor(s)

required for the sequence to act as a pronoter.

In
d
R e
KinuDScluh TR, Perdp B Chim Iéﬂedilatﬂfn anth IcEdiadt&éﬁfcﬁleﬂ'the\&’vupsh@am
CtIVIty Qr var

t th Dt |
fe%‘ﬁ%%%@relé i N anscﬁ%tam (Faurpe i‘lPléﬁ%gcﬁ“Ib\b‘tlﬁ gives ‘a‘ﬁ%lpsomal

1o&ullﬁﬁioﬁgnalp&@ﬁotmalbgs KN®ih CHernd geNt D1 s@sbBY0LBR Ofu D,
ordinary skill using nethods known in the art as

Figpher: || D&Y alipgoiive wamelsh| dirgst srporepesHisareessien /s thast s

midRYuRR-ds SR thkddY prdie 1 B %éﬁ@' joweafo@ad?m G¥BORRSIIRN Other
assays. [0036] Pl at el derived growth factor b-chain

nepma@pm lfmre%t@@rvvlkl bakagayty pmsomrsioélgd e #hi nes EW
Gown AM Westrum LE, Frosch MP, Bbnthroh DT, Ross R

[0685] | NBhe T profifel ddmphds Natl Radd €3t ORR1Bfidd Q@ﬁu%@téaﬁiible of
nervous SySten] OSterlor pItUItar and in a

actiyating geHpgal ﬁ‘ﬂ’cﬁ@?‘“ I EiPressign of onszebly| ke sequenges FWdn some
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knBWY npﬁxe %ﬁea!’s Qfg%p%béd EU%‘GQ %&ta%ﬁ etnllﬂgtnﬁgnﬁlancpin cong c%n tta I be
'S a nucl eotl de sequenc a% NCreasi ng the'

reqdﬂﬂdstemmlpﬁtdihyrswndaxdbxpwssrpnaﬁsam operably |i nked
pronoter and in the case of a neuronal cel | specific
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transcriptional activity o e pro

Frips FW Rejnes Ve Gawn M Y ertmael . sFrogsdrBl Bortlirpik. &':I, RiosshR.a
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[aced in a functional relations
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sequence. speci
neypmrpl gelh ateenﬁo Ip@)fgmlsr ie RR&KcE proamoter. o fIxe A abrlc;ﬁcl dmblodithent; dre

neﬁrgﬁaal g&'@ﬂi@ ?det&?sr ﬁﬁl’?’a%%’]:f(ﬁﬁf? pl%ﬁ’l cel | specific

tran |on of operab sequences Enhancers

functl on when separ at ed from pronoters and as
[O@Zih The teanbrgintienal ragljvitye obpenaindnal |spevideed promoter nig usomeal

1ns%§1{r<]:ésr gﬂgfy, t\x{?gk&(g\?a}fxf fesp Hhn TRV 1294 ok?%xﬁggg}ong)lf%%apeutlc

gene sequences. In various embodiments, the neuronal specific promoter may be

operably linked to an enhancer. An “enhancer” is a nucleotide' sequence capable of
increasing the transcriptional activity of an operably linked promoter and in the case
of a mneuronal cell specific promoter, of increasing neuronal cell specific

transcriptional activity of the promoter.



operably Iinked sequences are contiguous. [0039] In

di fferent enbodi nents, the enhancer may be a
whedsnalsogous enhancer, neani ng a nucl eoti de SPCUBGLIO4/000089

which is not naturally operably linked to a neurona

cell specific pronoter andighich, when so operably

l'inked, increases t he neuronal cell specific

scr,i ptjon ivity of t eur on cel |, speci fi c
106805 ¢ 4 Bisk &R G A setsite. B cpsran g Shiom T e RER gt
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mﬁsleptmctf\ﬁietdzidﬁg REERRBAISIKiIRITY, $RREdrh] ClRpAIRY I_I%maiepﬁﬁ
may be detected in st andard transcri ptional assays,
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cdiNspeicBratntfen JrQPdQbly Th&eER . eF %a&@rsgﬂl‘fgs tion

strong viral enhancer of pronot enent su : ous
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n%/ﬁ%rﬁs %gater f’-ﬁ%e{arlfl))gpeal{_k}i s%g cs? %—g pigghn%%lgah\(é\ﬁé%r’
operabisokinked deduamnass arewarticuous. of eukaryotic cells by
DNA- medi ated transfection. ProcNatl Acad Sci--U S A
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: i . 5. ,41: 52t
YRR DB S CF gl e e b il Bl may be
dekictyd-ie sfandasd ih@mscriptmnalf sedysnihsluding hsisg nosetteregthacystre |

\Y 1 108: 193-200; see al'so*U. S. Patent
asiﬂ%&%éd’é‘%yg Band 5, 168, 062) . [0041] I n_ an, embodi ment

of the present i nvent | on, CWE enhancer i s oper ably
[0040k e dThepenbercgmey beB&EowN pragotirer enhhivénor prombter element

sufll g%i&gsgiwm% g&“iﬂg& otérs g%anac%yweﬂﬁik%,df WS RA

pronot e sequences are
M€oRastaguoHeward 081 2The FRous h@pom’mm*l lnmi tesminfl fepeat ive stoomg

ncer tha perably
iR i BRATREET 10 Bl R MR, B CREIRR
trajpsfeoctionpProcdig iAcah&Icl &hh &tnt%ﬂ %W@W&B} V40 ﬂtemtelr b@hbshn

a 0/ 407 0 S he in fu

PI&.JBQ%"/S’\?‘%‘&% gt EB‘S‘BE PaRgel ?jg’btlfmﬁh“‘i“n"{/%ﬂo °t °°mp0né§1t
imeiteddin rpesmsmngiﬂmiﬁ \termird nif Sinsingl videy 40/ a:trlyveﬁmmy Ph&: Natl
Acad Sci U S A 1981; 78:100-104), CMV enhancer or promoter including CMV
immediate early (IE) gene enhancer (CMVE 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; 41:52F-
530; Niwa H, Yamamura H, Miyazaki J. Efficient selection for hi;gh-expression
transfectants with a novel eukaryotic vector. Gene 1991; 108: 193-200; see also U.S.
Patent Nos. 5,849,522 and 5,168,062).



substantially honol ogous in that it hybiridizes to the
known enhancer and pronoter sequences under noderately
w@eoostieasmgent , conditions. Hybridization to  PCT/SG2004/000089
filter-bound sequences under noderately stringent
conditions may, for exanplis, be perfornmed in 0.5 M
NaHPO4, 7% sodi um dodecyl sulfate (SDS), 1 nM EDTA at

10RFRofin, PER R o el e ol MR GRS ool
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W, t nown net
hef‘i’l‘?gi"&é{‘“’(@é"ée‘l}lﬁ’y@?é €1993, Laboratory Techni ques in
Bi ochem stry and Mol ecul ar Bi ol ogy - Hybridization
[0043h de@hb‘usACénﬂaothﬁdﬁfSS sucAr tvariantsChagt derivativdsv Qﬁdyi

f prj Ies of, bri di zation t he strate
suftifialy, RorBe GEne g B0k a5 Eizegit, B8 Kb iins oy promoter
seqnedsalrdy;s moldrhtalgedit sueant] tordttonar Ebe‘ﬁJth(Hoﬁ do tftePBound

aboutq?lglo than the thermal nelting point for the
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The degree of honpl ogy bet ween sequences
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occurrence of exact matches between the sequences.

magifiedninl acedrilapapravith koo ws auetkads alspayding owphe seuerce of interest
(séeqqﬂgén,t i>99gal/al}3 &9%&:‘%{1&%00 a{?ﬂﬁheﬁu At ochfular Biolo

al gorithns, suc as t gy algorithmo
Hdizatiomuthiucriedeid Fyehes, MI Chapier 2 "Oertiew? of pri@iplestdfe
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1970, J e sea or simlari
Gemere By chturfeeeconditions g salepmqhm b@.@@ﬁlt 5P daver Neanl the Aeaval

el Rl (B0 he St Bkt LR B REp PR T RG0S
hyGidASTion mytfheemb(msn 8] tms eﬂSCcmd S0Y4 feamanide ek 4dydggrees
CeRC SR S e €3u B Piumes oL oo
CeBMSWeah@ofqrt $wiggedte dghridimton mafl fos odxaiplet beabf at 1015

mil‘;lites, 30 minutes, 45 minutes, 60 minutes, 75 minutes, 90- minutes, 105 minutes or

120 minutes.

[0044] The degree of homology between sequences may also be expressed as a
percentage of identity when the sequences are optimally aligned, meaning the

occurrence of exact matches between the sequences. Optimal alignment of sequences



Mol . Biol 215:403-10 (using the published default

settings). Software for perform ng BLAST anal ysis nay
wheooanaisrabl e t hrough the National Center for PCT/SG2004/000089

Bi ot echnol ogy Information (through the internet at

http://ww. ncbi.nl mnih.dév/) . In various

enbodi nents, .the variants and deri vat ives may be

forg{gmg%?)%tgsrog% g? @55@%@3 é)octgﬁih% g%l%gsgag 2 eatng tof8a9 th%J éu%ﬁ‘ség
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(su%ﬂ T Riag %‘EEQ'FPIO Fw@?éxséfﬁ] BASYS i@ SViddddah GenBich 96iBware

as described in the exanples. For

Pa@wgﬂﬁeaeths Heompater GroupaMagisopdyfliy-S+ek éaquf’%ceaﬁlfgnmeﬂt may
alsa CeSSJ 5’ | t %H %EAS@% ltlﬁn deBbrfb B imSAfdc Rl W1, 11990, J.

e vec or to neurons at a rem)te or

Mail) nmb @n@m-w («.usme tltwptﬁvkmmdefanhﬁ@p@gsi Seftwargdor performing
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ransp 6 t ed ant er ogradel y and

Infofthdtiogr alﬁiehgh,d tlteh énteraete sts ﬂ_@pﬁmm_[m,gm at lrg various
e

lea8€i80%4)iaf le@st 0%y at lojise 05 Yoddentical @b dmmgnegmsng gchrlgorithms.
injection and injection into the vitreous body of the
{108} 3te fafinal subject.
O s ERGA Al yllor MV AAO6C LTIt il subjc
In pad erabuidément the ssljeat ésot lmmanc f r ame base will be fixed
into the skull and the brain with the stereotactic
[O(EJSélms ”poa&3 Avidd valBolTReEY té{?étriﬂullahﬁ Rell ﬁxsé)%dﬂﬁdu% rd¥idn: of
propriate stereotactic software he.lmages
mwmﬂtramermarmtan aemotatieons thei vie s iveetan 2dspipistEntion b@ay be
ASPRGQ o CierlobR TR tHe Okt Andla@@dsBidbed .
ads nJISter?& goﬁﬁlg?]gbg&thmg% 0%)14 aSThé) baculeow rusa,l |sS °
in ﬁwnmmsteer @dr ixamale, theoeator s bF elmistares i asgasiblpsite,
desi e eSS Bhe@ond e ARG drC
for %’ﬁ‘@p hn% Hﬁl%ﬁé?ﬁ d c?g?&{?hfngPEﬁ]Q v\%@en a§m°ﬁ| stered tg
maa:c@aibleelitb by takenabsensbart of the hagulauimisnirge epuigaliqs spigal cord.
unt, effectiy angrdaoy, aifdcisdingt
Smﬁ C‘bng]fugoc i §° ac %})g{/tg& gﬁtgl%?q raég%?‘zsru It dF(EJ,r exanpl e,
sité eaylhadodaedi upstseampyr dvevnaltenimofsthe tazgbt ceflscructhe samesrsurenel
tglyvsages necessary t o deliver a therapeutic gene the
A58 &uct of which functions to alleviate, inprove,
mtigate, aneliorate, stabilize, prevent the spread.
[0@47] s| Brefemblydehaybacilevipisody esiviivistersfl &Y injgegory  including
ronal.  di sease.or di of S8 oM al
sl s 25 Ry @lief kPO CHiocb AT oF B ELT S8 1l o
spith@pesdiinjertions for regeneration of injured spmal cord For human patients,

o

the stereotactic frame base will be fixed into the skull and the brain with the
stereotactic frame base will be imdged using high resolution MRI. Using appropriate
stereotactic software, the images will be translated into 3 dimensional coordinates

appropriate for the stereotactic frame for targeted injection of vector.DNA.



on many factors such as the pharnmacodynam c properties

of the bacul ovirus, the node of adm nistration, the
wagws/1sat t h and wei ght of the subject, the narC¥/eGzNeg000089

extent of the disorder or disease state, the frequency

of the treatnent and the type of concurrent treatnent,

if any, and the virulence and titre of the virus.

51]..0n skill jn the art can deterni ne the.
1oB 3y oo P sl wlaliuliotn Yoive” BBOVE SPEEEDr to aopkee the
deBiaadirbsli, ForSxataple, RRpraskitntrlieespRatid FHnt irathb Yarded célls.
sui tabl e amount t hat may be adjusted as required,

th i ni cal. ponse of the atlent The
1ofiE41Ces Wi Smtnert (D acliot: e baslovie top sy in' o
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cyloviru Since -
el P IR H DAL T8 i & dpiiteEsd B Qipmtips and dosages

neV@Ed£ 06 WeBfer ol BEGRUHOSES 1B r&ﬁci ot &hh E6hctibIRVe V@b viate,
t he ampunt of bacul ovirus adm ni stered should be the

mproN.EtigetRe FHICLOTRIS: SBPINARY dBEvenh thegussadeef, slewypn delay the
pr&%?&@%hdf@r&ﬁéhﬁéiﬁmﬁﬂ@@&'sm&ndé? dose of about 109
aque ormng units ("pfu") 1s admnistered to a
atlent In other enbodi nents, about 102 to

IOQ%H foetive amet o brsadrainistsengk to FORRISHY Fan B depeanging

ont Iﬁar@'bﬁt'diorleﬁh RE Yhe ?B&l’rﬂacé@%a&ﬁ A8 es1O6mP T BhculOYin@ D afdt
104 to about_ 105 pfu may be administered in a single
meflssf adugjpistuytiops \Fhécﬂtgpwheaﬁhﬁaﬁtvselgiﬁ a e Pehack UBe aafprepaad

ex@hiVSNhE ARBALLE aiseageeaae 8 hOGeliRABYy bite GbAREAt Md find Hfe of
initial treatment re Adm ni strations are

copepEFRtATdaimegt. ey padi Yle&mcgv andpfifrd of thovitusor i ng any
response. It wll be recognized by a skilled person

[0058t |onesr s«mlr inhh@hetal@8aa6R heapprbhiReLar el 6RLL6h the
abave naﬁh%e gj ven, according to the adm njistration

abaverfardRAse ShapretiontcBas ke wkmingtered duiugllyria agpipblqpmount that
mayHY a‘&jl%fterdae{sh%ue@l f&p&iéﬂgsom cBficiiqedpuh Rt Qhﬁau@rﬁ The

|ngred|ent in‘a pharnmaceuti cal conposi tion
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preservatives and varjous c@ggatl e carriers. For al
baquinviras Bes e fora gytotokisity e ertebiatrinlardsadosesoniny be tokagtede

Hofw%{réfuﬂh%taﬁféuﬁt%fﬁad%%w Lcﬁ&hﬁ?clredsﬁﬁhld%@ |t fnﬁﬁ}nal[amﬁﬁcl that
gfrtlon and identity of the pharmaceutically
Pﬂ&éﬁéﬂva sgedyiesullent i s deternined by chosen route of
adm ni stration, conpatibility with a live virus and

[oﬁzqtndqﬁ%ﬂ@aﬁremsﬁﬁfeh@ad dd¥e %%15&1% wfﬁakﬁleérhﬂnxmg Iuﬁﬁ ( Iffu

phar maceuti cal conposition wil formu i,
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veh IC es and dliuents ar e escr f or exanpl e
abqué Kq*rig ebent 40" ey de admipisterskinarsingde doseni ngt on’ s

Phar maceuti cal Sci ences, “
[0053] Effective amounts of baculovirus can be given repeatedly, depending upon

the effect of the initial treatment regimen. Administrations are typically given
periodically, while monitoring any response. It will be recognized by a skilled person
that Jower or higher dosages than those indicated above may be given, according to

the administration schedules and routes selected.



Mack Publishi ng Conpany, Easton, Pa., USA 1985).

[ 0056] Sol utions of the reconbi nant bacul ovirus nmay be
w@e@paowsd’ i n a physi ol ogi cal ly suitabl e bufferpPCT/sem04/000089

ordinary conditions of storage and use, these

preparations contain a prdservative to prevent the

gromﬁh of mcroorganisms, but that will not inactivate

10hf ¢ oGt emiRy B2 b P it B o e e B2

phamecadidile Scoaipdsitiogr edi Td s chpositiths Sah@Ct r@ifinéHd contain
preparatjon of suitable formulations are descri bed?
Phﬁlat%acawgﬂ& aoccpiBblReAIPFGITBHORS PhitltmBEERecageniSe prpEwives
and@Néhriofls To@padbiet Qﬁnﬁtﬁt CEorPHRI FRAORAT delivdye th¥Atré@RBInant
Fornul ary (USP 2 NF19) published in 1999. [0057] The
bagylpyiggs Hﬁyf’ﬁ@nﬁﬁ]ﬁ% awhysiglpgiead spgbsolutionn . sui t abl e for
i njectabl e use include sterile aqueous sol utions or
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therapeutic gene to neurons in a renote
in | Rezdegbends Mbermaegitical Stientrs (@ﬁgumwmwd’hfamacwt@alt feinnces f
r |§§§§ For exanpl e, using the
]Mﬁ%?ﬁ%%ﬂh$Qkﬁg&gﬁ§%ﬁ?ﬁg% p§§¥%ergic neurons in the
substantia nigra for therapeutic gene delivery nay be
[002fd getSelntiprsy of hihe reeembinent dracwayiisngw dedpwpaed in a
ph%i&@,%&nﬁsﬁﬁ%le §ifrd! UndbPSrfimary SoniRlohs of'Sthiafe hiudBhBRd
e fnvention,therapeutic traqwgene expressi on’ may
Proparatiestsi centakt 4 Hiiesr?é%ﬁﬁ@ﬁéo DievrRat thegirawih; dh Lmler@ongmnsam ibaiihat
wifl &0 &a&i@g %@ fivé %ﬁpr al L o6t SHilledR &0 LANOAE hEPTOR ¥
be reac sl ng I njection, and t ore
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solBFHE NS BHsbF o SR oRahaRtad g aelafed, T Mhhiie
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an a target neurona
Naﬁoxfa]\*@rﬁﬁiaﬁ}éﬁ% ??[%tpluc ‘ Eﬁﬁg@gl sorder, identifying
a siteinthe CANthat is rewote.frow[the tar get
[00RZlir oae fasess |of dael Pharmiaerus ead comgositioramitildly ifera injsetableoise
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CXIBRPUIISPY RFDARSONCY Stesilediaiectable salutionst drehsmenamom azvhemei 1he
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suc use acul oviral vec he trea
all gasgrethe Emalmugi wostedle aa(hmua;trbetﬂhel tnalmn‘xmt thateeagyf S}aungablhty
emggdlcanent for such treatnent.

[0058] The delivery of a therapeutic gene to neurons in a remote or inaccessible
region of the CNS allows for treatment of neuronal disorders or diseases. For
example, using the method of the invention, dopaminergic neurons in the substantia
nigra for therapeutic gene delivery may be targeted for the treatment of Parkinson’s
disease Bilang-Bleuel et al., 1997). As well, using the method of the invention,



[0060] "Treating" a neuronal disorder refers to an
approach for obtaining beneficial or desired results,
wo p@baaisny clinical results. Beneficial or desPCESG2004/000089
clinical results can include, but are not limted to,
alleviation or aneliorati ® of one or nore synptons or
condi ti ons, d|n1n|shnent of extent of disease,
st abil i.zat i on f. di,sease nt
el e R0 Ot O8 2B Y oot 5 ou AT e Buld in
vatiose aptons o€ ltleycepabrad Ioﬁvmmn,gwmf:h dhumwa sesiplyoby eadiedrby single
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ncivdde bifesedda Huntalgtodls disdasd JHD Wiglolgét Aed@).abl e or
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expression of a therapeutic gene wthin the neurona

of itepse, pryediPn of devlapment o8 chiscaspy @quglomsxf spregd of disease,
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trans-synapti cal have been success used as
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witther deteots le N EEERab1 T “TI%Q[?}gL' ecmﬂo meae ?)orlongﬂ% S‘ilR’l aIP 6r

present I scovery O clent tran IC&
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BBAER Y B s PAVERL OO B ER . By
althmhotrh@r prafersidye iir omadlvesr hfdemg vhe usegessfonr ofifthe hdisease
peg:ﬂ%xgﬁt dﬁ leSS g%x?tbéagitgg{c%lg& 5&9 ge%ulj? dmcrl)f}lﬁtble\égﬁegicial

and I Cle n“retrogra Fans
or (dekitablend} while imiro8i0g :Cap@biﬁn dimbase slz@é) Ohe Gznicheet remhlts in

1991; ..Vann and_ At hert re
A AN e a‘ireﬁedlgﬁ‘ %W’e?“ya:gém%%g@%m% by the
treltenenil ovi ruses spread quite qU|ckIy wi thin the axopl asm
bot h ant er ogradely and

[0061] A neuronal disorder may be, without limitation, stroke, ischemia, epilepsy,

head and spinal cord trauma or injury, Parkinson’s disease, .'Hunti'ngton’s disease,

Alzheimer’s disease, amyotrophic lateral sclerosis or a neurogenetic disorder.

[0062] A “neuronal cell affected by the disorder” refers to any neuronal cell that



retrogradely. For exanple, in rats it was observed
that wwthin 2 days the reconbi nant bacul ovi rus was
wo e@sapsrted fromthe striatumto the cerebral PCDSGHEN4/000089
and fromthe retina to the primary visual cortex.
However, due the bi-directg@nality of bacul ovirus
axonal transport bacuIOV|rus may not be suited for

trac reci 00 herefore, in on
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acul oviryus adopted for detection to a site in the

arepeleflls system of the subject and detecting

the transport pathway of the bacul ovirus. [0065] The
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lc:lt!rate. [ ocfarm C apl d, iocetam c-acid, iodani de,
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i opam | opanol ¢ acl ioprocem c acld, 10sefam¢c¢
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[0085] PeTrel.eabafis Ry @k aHJb?éd fspga@&r%nﬁo en? ieBGH Rn@m in the

magnetic resonance Yhel ude ‘gadol i nium copper, i ron,
arhypneh &t s ennnbinelf being dséecisrd spanddedtrl intethé 6N affthasubject.

('g‘ %ﬁ[ﬂj& 'tﬁ’@@a’c Vi8R eallai)e{l& &ﬂﬁlaa&e gﬁg%a%ﬁernﬁythé t‘\%Pace

ugate tot acul ovi r us.
offae virus\piartigls, fongxamipds bl etteevumgpedommgahdgaédﬁ dor ézgmple to a

cog?BI%Ee'u{: K‘chx]ngtk\%%ft, 1R baculovirus may be labeled by incorporation of a

labeled molecule within the virus particle, for example, during viral assembly. The

attached label may be a fluorescent dye moleucule, a radiolabel, -a radiopaque
material, luminescent nanocrystal quantum-dots or a material ‘that aids in magnetic

resonance imaging.

[0066] Radiolabels are known in the art, and include well-known medical



to express a gene that encodes a protein that can b e
detected, for exanple, a fluorescent protein, under
weoeonwsnals7of a neuron specific pronoter. For exeempb@2004/000089
t he bacul ovirus may be nodified to express green
fluorescent protein under 2bntrol of the CW E/ PDGF
pronnter as described in the Exanples. [0068] The
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transporte ong € neurona ! 0 express
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c%%%#ﬂhh?%h%gﬁgﬁﬁg%?9@%%% to hegguglect ofmﬁﬁﬁk%o

bhatwkmylrus genetically nodified to express a
fl uorescent protein. EXAMPLES [0070] W investi gated

he kL bagil r Y. t I
0452 L TpPREHL N 15 BTH HBEEHL D SR Ll
to exmess & gonch rjeoded arprateinethal nar dst détedtedn fonjesgilana

ﬂL&J?%%QH{K;})%tQ% &1@61 8{12’? mL, ar% S%CC]? ar tr'or%%? g o'r: %)lcample the

€ nigrostria
bacpiovaus/ngyr eronedifisidy ekprpserden rﬂuomscbiﬁepmtesuaidepmhmhgf the

. C}Q’F\};E/#fﬁﬁ?dpr&%otglléé Scng%({ ghleh X%ma d ant er ogr ade axonal

nsport’, respec conbi nant bacul ovi rus
vect ors acconnodatlng the neuron speci fic CW E PDGF
[4068hot é’he heegloyisesd may Yeadetbitecaveingany esuyertipnilomethed for

d?%%] o) 'fopoﬁéuﬁ r eco%%sub/% Ala5q a\@ﬂlt %Eé%ﬁﬁdén the
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er was | nser
arldisondgeaphp.eSkilled artisans will be able to determine the approprlate method for

!

detecting a particular detectable marker.

[0069] The baculovirus may be detected or visualized at a suitable time interval
after administration of the virus to the subject, so as to allow for the baculovirus to be
transported along the neuronal pathway, and to express a detectable product, if
necessary. For example, visualization may occur anywhere between 2 and 20 days
following administration to the subject of the baculovirus genetically modified to

express a fluorescent protein.



cDNA was inserted into the pFASTBacl between Xhol &

H ndTH. Reconbi nant bacul ovi rus vectors were
w@e@pagsred in Sf9 insect cells according to SPEREGRE4/000089

nmet hods (O Reilly et al., 1992). Budded viruses from

insect cell culture nediumowere filtered through a 0.2

mm pore size filter and concentrated by
Eﬂéﬁl@@ﬁ%”fwati on at 25,000 g for 60 mn. The viral

P s re-suspended i n phosphat e-buffered saline

(PBS) and infectious titers were determ ned by pl aque
[My OMe Sh@stigekdds whtt 718bulGyisus| advelrs rguldf be transported in
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bar set at for striatuminjec
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[09731 5. Elnladeling, of - lmcelor’lavﬁ llunﬁe@ viregesv/vere5 labeieql with athe
cafbdePidieSd }[ef\CﬁSQAéeﬂgﬁﬁm LBac'ﬁﬁ)vm st¥eks to %e @ab@igd Wé;? dﬁg’tg&]
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A ecti.on, the S
beeh % b0 125 A4 3F Vinkeob itaaRE wish 600 o Wt her o
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centrifugation at 28,000 g for 30 min. The virus pellet was washed in 1 x PBS for 2

titnes to remove the unreacted Cy3, and then re-suspended in 1x PBS. The purified

viruses were aliquoted into single-use vials and stored at 4°C prior to use.



was penetrated through the sclera into the vitreous
body posterior to the ora seratta, then 10 mMl of the
WO 2G05200537 body was sl ow y sucked. out. After the€T/SABosD00089
of the virus particles (10 pfu) was then slowy
i njected back into the postarior chanber. [0076]
Luci ferase assay: For luciferase activity assays,
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patiltiefeEQW Pl Weks tﬁ‘é‘ﬁ'lwlvﬁg i Ij | tdHadll i'lt'l\%l/oth% os[eggg %Jgrrnber.

nmunohi st ochem cal anal yses: ysS a _
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R Y
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the luciferase activity assay employing an assay kit from Promega. Measurements

were made in a single-well luminometer (Berthold Lumat LB 9501) for 10 seconds.

[0077] PCR detection of virus genome firom tissue samples: Virus infected rats
were sacrificed 2 days after infection by intracardiac perfusion with 0.1 M PBS (pH
7.4) following deep anesthesia. Tissue samples were collected and homogenized by

mincing with a pestle and the virus genome was extracted according to the standard
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DAXO fluorescent mounting medium and covered with cover-slips. Control sections

were incubated without primary antibodies.

[0081] Cy3 labeled viruses were used to show the virus internalization in vivo.
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localized with either NeuN or TH signals, suggesting that virus particles, after
injected to the striatum, entered axon terminals and moved in axoplasm to the somas
of projection neurons located in the cerebral cortex and the substantia nigra. This was

supported by PCR analysis, which detected baculovirus genome in the cerebral cortex
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[0090]  After intra-vitreous body injection of 10° pfu of the labeled baculovirus
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(areas 17 and 18). The neurons further project from the visual cortex to many other
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the axonal transport is by anterograde transport,
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9. The method of claim 8 wherein the vector is administered by injection.

10.  The method of claim 9 wherein about 10 to about 10° pfu of the baculovirus
is administered.

11.  The method of claim 10 wherein the axonal transport is by anterograde

transport, retrograde transport or trans-synaptic transport.

12. A method for treating a neuronal disorder in a subject, comprising identifying
a target neuronal cell affected by the disorder, identifying a site in the central nervous
system that is remote from the target neuronal cell and administering a baculoviral

vector comprising a therapeutic gene operably linked to a promuoter to said site
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20.  The method of claim 19 wherein about 10? to about 10° pfu of the baculov-irus
is administered.

21.  The method of claim 20 wherein the baculovirus is transported by anterograde

transport, retrograde transport or trans-synaptic transport.

22. The method of claim 21 wherein the neuronal disorder is stroke, ischermia,
epilepsy, head and spinal cord trauma, Parkinson’s disease, Huntington’s disease,

Alzheimer’s disease, amyotrophic lateral sclerosis or neurogenétic disorder.
23.  The method of claim 22 wherein the neuronal disorder is Parkinson’s diseas e.

24.  The method of claim 23 wherein the neuronal cell is dopaminergic neurons in

the substania nigra.
25.  The method of claim 22 wherein the neuronal disorder is Hunginton’s disease.

26.  The method of claim 25 wherein the neuronal cell is corticostriatopallidal

neuroms.



<212> DNA <213> artificial <220> <223> synthetic
prinmer <400> 1 attgctcaac agtatgggca 20 <210> 2 <211>

WQ@20082041327 DNA <213> artificial <220> <223> synediEsGz004/000089

primer <400> 2 cgaagaagga gaatagggtt g 21
35

27. A method for tracing a neuronal pathway, comprising administering a
baculovirus adopted for detection to a site in the central nervous system of a subject

and detecting the transport pathway of the virus.

28. The method of claim 27 wherein the surface of the virus is labelled with a

detectable marker.
29.  The method of claim 28 wherein the detectable marker is Cy3.

30.  The method of claim 29 wherein the baculovirus comprises a gene operably

linked to a promoter, wherein the gene encodes a protein that can be detected.
31.  The method of claim 30 wherein the promoter is a viral promoter.
32.  The method of claim 31 wherein the viral promoter is CMV promoter.

33.  The method of claim 30 wherein the promoter is a neuronal cell specific

promoter.

34.  The method of claim 33 wherein the neuronal cell specific promoter is

operably linked to an enhancer.

35.  The method of claim 34 wherein the neuronal specific promoter is PDGF JB
promoter and the enhancer is CMV E enhancer.

36.  The method of claim 35 wherein the protein is a fluorescent protein.
37.  The method of claim 29 wherein the baculovirus is administered by injection.

38.  The method of claim 37 wherein the baculovirus is administered by direct

injection, stereotaxic injection or intra-vitreous injection.

39.  The method of claim 38 wherein about 10° to about 10° pfu of the baculovirus
is administered.

40.  The method of claim 40 wherein the baculovirus is transported by anterograde

transport, retrograde transport or trans-synaptic transport.



