METHOD FOR GENE DELI VERY TO NEURONAL CELLS FIELD OF THE | NVENTI ON

[ 0001] The present invention relates to a nethod for gene delivery to
neuronal cells. BACKGROUND OF THE | NVENTI ON [ 0002] The use of

bacul ovirus Auto grapha californica nultiple nuclear polyhedrosis
viruses as mammali an cell expression vectors has recently been viewed
as an enmerging strategy with great prom se as a new generation of
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non-proliferating, quiescent mammalian cells, do not replicate in
vertebrate cells and produce little to no m cr_oscopi cally observabl e-
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bacul oviral gyectors containing a CW pronoter (Sarkis et at, 2000).
In primary cell cultures of human enbryonic brains, neuroepithelial,
neurobl astic, and glial cells could be infected. In vivo studies
using adult nude mce denonstrated that- mainly astrocytes, with-only
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demonstrated that mainly astrocytes, with only a few neurons, were iransduced in
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baculovirus vector injected brains. In another study ainiing to examine the cell-type
specificity of baculovirus-mediated gene expression in the brain {Lehtolainen et al.,
2002), cuboidal epithelial cells of the choroids plexus were identified as the main
target cells of the viruses in the rat brain, modest gene expression being detected in
endothelial cells but very limited or no expression found in other types of brain cells,

including neurons and astrocytes.

[0003] Major ﬂncﬁoml.ceﬂs in the nervous system are nemrons, 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 (Puvoisin, 1992), basal
forebrain cholinergic neurons in Alzheimer’s disease (Gomez-Isla et al,, 1996) and



CW E/ PDGF, to drive transgene expression (the CWI E PDG- descri bed
in co- pending U S. application No. 10/407,009). After injection into
the brain, the baculovirus vector could transduce neurons and

nmedi ate transgene expression in neurons nearby the injection site. A
persi stent transgene expression at pelatively high Ilevel lasts for

at | east 4 weeks, much Ionger than 3 days -offered by bacul ovirus

vectors co The, broad anat oni cal
di stributi gﬁ;&h?ﬂ 0&% Tt oanﬁlegc%g'h?aﬁetﬁ SE%FQI“& %Pqﬁ RSO dgvelapedcy ders
and t he r elrepibisdnybicnlavine ysétdy eecmmuﬁ@th@la dnof@hduttal Epeoilib @fototddl esent

obst acl es Qe iye e e thera he Sev ral virus
vectors are cgp Fl ¥° ‘ﬂ%%f @Pdﬁ&kﬁgﬁg’éﬁ flesRn ’%B‘Qfant age
of the nat mmmng(Sc@sﬁwaion Hnorl%ﬂi,ﬂﬂ&)ns@ﬁd&t injedlivinS ift6 OGE SHFaist @t S from

endocyt osi t bstances he case of axonal
endocyt osi gﬂgﬁ egtgfn na s aar eceuIlB Ta §’mb5ﬁ‘ o?“@ﬁ‘fnteyexi’@ssfoé‘k%l up the

subst ances nreildre nearryohpmieatieackits.ub paistee &aﬂsfg&aetelﬂ@ﬁssidnam&aaiv“e@dughn
axop! as | SRt by 10 W wed0Cllr H5GP RO 181 S RBLE Bobg b aken uP
el -

and transported in t 'S -nanner’ |nc et
al ., 1997, veqrsponisiniag 2 §MVY pro8@fr al@voi - Lundber g et aI 1998; Soudai s
et al., 2001; Peltekian et al., 2002), adeno-associ at ed virus (AAV,

Kaspar et pioo4] 20@:) bx%EHj REORRS] \ths&}bam(ﬂ"%‘f’ a@cﬁékﬁéﬁrﬁﬁsd ndngLuca,
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axonal transport
respg)nses than baculovirus. A single intracerebral injection of either adenovirus or

HSV resuits in dose-dependent inflammatory reactions in the biain, leading to
demyelination (McMenamin et al., 1998; Lawrence et al., 1999). AAV vectors, which
are able to integrate into the target cell chromosoe, are characterized by the inability
to consistently induce immune responses, Their application as gene delivery vectors is
however hampered somchow by the small insert size of the viral vectors and the
difficulty in mamifacturing (Joose and Chirmule, 2003).

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



- [0006] In another aspect the invention provides a nmethod for treating
a'neuronal disorder in a subject, conprising identifying a target
neuronal cell affected by the di sorder identifying a site in the
central nervous systemthat is renote from the target neuronal cell,
and adm nistering a baculoviral vector conprising a therapeutic gene
operably linked to a pronoter to said site wherein the ‘bacul ovi ral
vector is delivered to the target neugonal cell by axonal transport.
[0007] In yet another aspect, the invention provides a method for
traci ng a neuronal pathway conprising adm nistering a bacul ovirus
adopt ed fo‘iCCtﬂ‘é‘ﬁé%!'tVFr%mtﬂt?nﬁu@li‘aﬂEﬂ”ﬂb{aﬁ%@”@?@ﬁmﬁal nervous systemof a
subj ect and detecting the axonal transport pat hway of the virus.
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J0010]  Figure 2 is an image of 2 PCR analysis of baculov1rus DINA after mtra-stnatum
injection. Lane 1, 100bp ladder; lane 2 & lane 4, no injection and mock mJectlon with 1 x PBS as
negative control; lane 3, purified viruses as positive control; lanes 5, 6 and 7, ttssue samples

collected from the cerebral cortex substantia nigra and striatum, respectively;,;

[0011]  Figure 3 illustratés the results of qﬁantitative measurement of luciferase reporter gen-e
activity after intra-striatum injection of baculovirus vectors with the CMV prornoter alone or the
CMYV 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



i mrunost ai ni ng agai nst luciferase protein and agai nst neuron-specific
nucl ear protein (NeuN) to show transfected neurons in the cerebral
cortex; D-F, low magnification imge for the cerebral cortex; GI,

hi gh magni fication i mage show ng transfected pyram dal neurons in
the cerebral cortex; J-L, high magni fication showi ng untransfected
granule cells in the region. Scale bars represent 80 pmfor A-C 40
p.m for D m.f or 00141 Fi gur ure?deplct
conf ocal "f?'““n%qa%? %P%I?&w%ﬂ’etc r@éﬁ%‘tp_rg?m(%?g‘)lt"ag@ UREE 8%V r us
vectors ailgamstlumfemaa&nt)n@ﬁuwlmmyasbpbsaﬁteicm GCL, ganglion cell

| ayer; INL i nner nucl ear | ayer. [0015] Fi gure 8 |s an image of a PCR

| ysi t
fane’ 1. - 15009 N & HRiadNoy B A e L i O RiOR Y ik e
i nj ect i onafiF iofra-strigiimEgeation ﬂ%@alﬂliweuscmtor @mth CIM% E/MGHUACE deddlevir uses

as posi t'fﬁﬂnuns%ﬁ Ia%alﬂs@'ﬂﬁ erar’se 91 Enly t&&? B éeh?%# gamrrPl egszﬁ:em lected

fromretina, optic nerve geni cul ate nu ior
col i cul Uaydroxriasep (THaty &hb‘guéfbp@@mtrﬁlﬁ neuemp)emt ithee | Sp¥; pGIL)16¢ubla gure 9

illustr atﬁﬁﬂﬁl&@ajﬁﬁgs lﬁgfelg%a:ﬁltor e t eous %ﬁ&!ﬁc Blflcléayﬁ'ﬂo{e ase

reporter gene activity after I'njectro 017]
Fi gure 10Ng&D; ot show dmrsdrecisd shwageip Shoaichgl GQJ&;KTETFa#GV erpuifimtioon in

neur ons kgl frthd itk LB, 000 BEhiEEon DRMR Sol URGSLANI g Vs

carried out i ng antj bodi es agarnst lucifer ase to show transfected
cells an&%ﬁsf‘%r’anms%ﬁ’@ coRes| &b Higloreagnificaden Nshomings how
neurons. SealsRcl@ bk &ﬁ@ﬂltthé%%ﬁlﬁ? 5Qlie Bizdre reé’e?} %rﬁc‘ 10 Jup RELINE;
I1: Lateral geniculate bod Super1 or Bri mary
vi sual cdP% an@)@IWIﬂEIﬁDESCRI PTI ON [0018] The |nvent ors have
denonstrated for the first time that reconbinant baculoviral veetors

can m gr goeldyy Waﬂdrm@waepfwcdﬁmmojmges@ taRO L BanspRSH 11 ng
fter_stereotaxic

in trans ne |on in projection neurons,

i nj ecti o%g'gq b&(}fg e&e"ﬁ% ﬁ‘?f\/‘f‘?ﬁ?’l GUS 1oAY injectien. (Gfe- r 0Ly | at um
retr ogr adell hyanL, innamaq:l&ﬂay@f the baculoviral vectors was observed
al ong the corti costriatal pathway and ni grost ri atal pathway. After

i ntravi nestes el S8 Q0 or ARG ABIAUS BBl TAISBRL BN

transsynaptl C transport of Virus parti
defined CEWABCPIdYigesirn kape Ly LO0km Iaé#s;t@m Zf&dmet‘hemrlemuva antihe optic

nerve, t@maaﬁxgécabn@ﬁmﬁ@b@h@negﬁya cddtel; 1a§y§§§uhﬂéd Gl &£ Yot O the

rimary vi.sual corte anal ysi s confirnel
P y con’croi;1 lanes g 6 ’](8 c%:etlssue samples collected from retina, optic nerve, lateral

' gemctﬂate nuclens, superior colliculus, and primary visual cortex, respectively;

[0016]  Figure 9 illustrates the results of quantitative measurement of luciferase
reporter gene activity after intra-vitreous body injection; |

[0017]  Figure 10 depicts confocal images showing luciferase expression in
neurons after infravitreous body injection. Double immunostaining rwas carried out
using antibodigs against Iuciferase to show transfected cells and against nevron-
specific nuclear protein (NeuN) to show neurons. Scale bars presént 40 pm .for A-F,
80 pm for G-I; I Retina; II: Lateral geniculate body; III: Superior culliculus; IV:
Primary visual cortex.



exi stence of transported viral DNA in the tissue sanmples collected
fromprojection fields. Using reconbi nant bacul oviral vectors

contai ning a neuron-specific pronoter, transgene expression was
detectable in the neuronal cells distal to the injection site.

[ 0019] The use of the axonal transgort for neuronal gene transfection
allows viral vectors to target neurons at the distal parts of the

neural ci LTS | injection .site in a nore accessible
brain regpﬁwwgﬁﬁﬁ target the popul ati ons of neurons
deep in t tructure.or mnimze the dapage to sensitive regions
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and to several structures in the hypothal anus (Hill house, 1977).
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and HSV (Jin et al,, 1996). The inventors have found, using the baculoviral vector

that transgene expression in substantia nigra, although while still highly s'igniﬁcant,

- was relatively lower compared with. that in the cerebral cortex, likely due to the

difference of the neuron quantity in these two brain regions.

[0020]  The visual system is a well-defined sensory pathway which possesses both
centripetal and centrifugal nonreciprocal connections (Peters, 1585). In rodents, most ‘
projections from the retina go contralaterally to the thalamus, to the superior
colliculus (SC), and to several structures in the hypothalamus (Millhouse, 1977).
Within the thalamus, several specific thalamic nuclei, including the doréal lateral



retina. Further, intraocular inoculation of baculoviro resulted in a
sequential infection of neurons along the structures associated with
vision, indicating that the virus can cross several synapses. 100211
A bacul oviral vector therefore may be delivered to any target

neuronal cell that cannot readilygbe locally injected, for exanple,
because it is in an area of the central nervous systemthat is not
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areas i {002@he TikattramReuraiCiellAand MeurT, Sahich afeaisad i@ statathRy €

nucl eus ﬁé}gm,tlggcco%E \wtth the usual meaning in the art, refer to any conducting cell of
‘ the nervous system, which typically includes the cell body, several dendrites and the

axon. The terms include a single cell as well as a plurality o population of cells

unless the context clearly indicates otherwise,

[0023]  As will be understood by a skilled person, rmany neuronal cells have long
axons projeqting_ to areas in the ceniral nervous swstem that are -acceséible by
injection. Therefore, the term target newronal cell, as used herein, includes the cell
body of such a neuronal cell which is remote from iits axon that is accessible by
ijection, as well as another neuronal cell to which the vector may be delivered by
trans-synaptic fransport. A site is "remote” from the taxget neuronal cell if the vector
injected into the site is transported by axonal transport porior to entering the cell body
of the projection neuronal cell or another neuronal cell by ﬁans-syaqaptic transport.



colliculus, as well as the primary and secondary visual cortices;

whi ch are accessible fromthe renote site of the retina or by

injection into the vitreous body. Target neuronal cells on the

corticostriatal pathway and the nigrostiatal pathway, in the

cerebral cortex and substantia nigra, respectively, are accessible by

injection at the renote site of the striatum Further exanpl es of

target cells r.enpt e si whi ch s ch cells may be accessed
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[0026] The term er apeut| c ‘géne herape
used her di%a D B. Haines, L1ppmcott, Wﬂ.hams & Wilk-ins, 2002,

a

[0024]  Baculoviruses are well known and characterized aiid baculoviral vectors
for mannnahan gene transfection, including the use of Autographa Californica are
known (see for example, Sakis et al PNAS 97(26)). A skilled persaon can readily
construct any suitable baculoviral vector for wse in this invention. The baculoviral
vector may be 2 recombinant baculovirus whose genome has been modified to express
a transgene operably linked to a newron specific promoter or & viral promoter such as
a CMV promoter or any operably linked promoter/enhancer as discussed below. The
baculovirus may be so modified using standaxd techniques that will be known to a
skilled person, such as PCR and molecular donjng techniques. For example,
baculovirus can be readily modified using commercially available cloning and

expression systers such as the Bac-To-Bac™ Baculovirus Expression system (Gibco



intended to describe broadly any gene the expression of which effects
a desired result, for exanple, treatnent, prevention or anelioration
of a neuronal disorder. [0027] Preferably, the gene is a therapeutic
gene, including. any gene having clinical useful ness, such as a gene
encodi ng a gene product or proteingthat is involved in disease
prevention or treatment, or a gene having a cell regulatory effect
that is involved in dlsease prevention or treatnent. The gene
product sPROuLie Jephaelpgieh BS4)- def ective or nissing gene product,
protein, or cell regulatory effect in the subject, thereby enabling
preventi ojooes] t riaatepRtienef is asedis faaearne wilbitdhmiabdaﬁniﬁnn,tthmemﬁmj ect .

Ther apeuti ¢ es jnclud fact or nes i.ch |, enes of
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approach to,treatne t es i.sor T di ate
expr essi oft dlsﬁaév@feé’eng’f’n 95 JrSP o’p(}uacge g%%‘(ﬁ)% s I‘:“"Ig%t:r@g%%lé g’g%?%"fr?%t %‘rgot ei ns,
ant i oxi daintolved|ie diskas pmehtxon loe kreatipbress éﬁl@lmnec pragioetosheuld gubstiteor e, hal t
or preve uronal .dege o) ch hope
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for the tTeatment For exanpl'e, there
are two rihm%%@mh@m&p‘;ﬂnsqrr@@@@%%f $ ©sedR K| ‘ﬁ@%‘ﬁ“ﬁm fesuded. The

first apPrAAG Seid ABUR' ertien ARIGSpchlAbRAC b 1g0RDI o7 Arasuiar s or
protective p oteins to slow or halt ntl I’IUI ng r@ﬂﬂ%d%% erat| ve

process, SR fador smmniEilpy BEYs %%qu\f%’&”frﬁé’éﬁ

(glia derfaat&cgeﬁa@}l bt mQapopt6tid g’éﬁés(l{n}:ludmglg&eﬁbﬂbﬁ&(gah&famﬂypenes | i ke
bcl -2. The second approach is transfer of genes encoding

neurontr nt esi zi ng ? ol j YORS ad eﬁg# t he -
functi ona@ﬁg] Ql gjﬁesﬁeesrsa%%ﬁc?ssys n?ﬁe %PZ exarrp ﬁafdeyr osi ne
hydr oxy| assing, I@Iﬁ@bh s disease, Huntington’s disease, Alzheimer’s disease, amyotrophic

lateral sclerosis, and many neurogenetic disorders have devastating effects on the

individual and result in high social costs associated wvith chronic care and lost

U

productivity. A common feature of these illnesses is meuromal loss. Many of the
aforementioned disorders are related to the absence, malfianction or ineffectiveness of
one gene or more and do not respond well to conventional therapeutic means. Gene
-transfer into the central nervous system (CNS), which involves the delivery and
expression of a therapeutic gene, has, therefore, been considered as a potential
approach to treatment of these disorders. This approach may mediate expression
levels of neurotrophic factors, anti-apoptotic proteins, antioxidant molecules and other
therapeutic factors to restore, halt or prevent neuronal degeneraﬁbn. Gene therapy

also offers much hope for the treatment of CNS malignancies.



(GTP-cycl ohydrol ase), and AADA (aromatic am no acid decorboxyl ase) to
recover the striatal DA (dopam ne) |evel and tone. [0030] For
Huntington's di sease, approaches for gene therapy include 1) anti-
sense strategies to inhibit the expression of nutated 1T15 gene, and
2) protective strategies to keep @ABAergic degeneration in the
caudat e, putanman and cerebral cortex. NG-, CNTF ' (ciliary

neur ot hro 0 been shown to provide protective effect on
experi nenwa{lﬁgfamc#f’é ?‘Wgee%]e@fm?-lﬁ‘ﬁ? Rt &5Re g“"‘%ﬁ% es [{onBakinspRs uni que
char act er distabec s Thé firdeapfilish is hewsBIS b s@RN B kh@ie Gophidaficthld dhe

body, presen t several obstaﬁl e% to suyccessful gene therapy wthin the
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t he physi BBNFifbtinidetivd aburétfophic Sicw), GANG (pleddlapsbuls@iphictaddr,er . as

well as the nature. of t ifferentjated '‘neurons and the
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o] ich are, critic i ol o UthI an

sensi ti vePTH % C[egfi?lerﬁ%d Sgé%e ?Fgg’? a[il ’ESFPé‘SGge&E#’ éﬁrre nt of
CNS gene ¢G’i‘é‘Ftapiyh3ﬁi'0Mse)J mdrmmu(mbmd&tm fad Hecmﬂmaﬂa&ez 6 r&bverCNS

cell, th N her effects in the desired cells and
limiti ngu'gl %ﬂéﬁ%@cé ¢ 1333% y gene expression in non-target CNS
cells. [OOB%J In differ ent enbodi nents, the baculoviral vector

conpr i si i§9%30lpr SebHuxtinglop's disgtsp, sriprkehds fo gang Hierapp dmeliide Heandi- sequence
may be dedehsy isConahiEiP B! exseééma ofdlhlﬂté’d 1118 ﬁeni laﬁat B otive

adm ni stratiqn E;rom)t er tron ter - such as

CW or a ﬁtféf&?‘a"‘nfﬁlke%’p éﬁﬁﬂ‘fg“‘pﬁ"tgﬁﬁf@"ﬂ %ﬁ*@c‘fﬂp ae, g@ﬁ@a@x@dewbmi in a

sel ect ed coftbd. NG €NEN (RRrA eajr@cyﬁgmbﬂcwlhae B&H" @B3n &Phlovpeci fic
pronoters. %%03%? The neuro‘%l\al ecific prom)ter may be any
nucl eot i FECEHER SR P eRRFmeyR, Feimabme 3@6"‘%}5‘9{1&?%% %@gPrscri ption of

operably |inked sequences within neurons 'or 10 neuronal cells and
subst ant i[883% ndhe wiquetchasacteristics of thy GBS, thAnmtmnpiﬁﬁcatddegamm the

subst ant 'bﬂh}l' 3@1@%’( égw%fra? obdiARE G6 'sQécEsgﬁl Ié%ne e%aspg wﬁln? ﬂ't(%; &Sal}ﬁcr I ption

of operably sequences in pes are
suf fi ci erfbfretqrigligs duslude imifed pogessite @EtCI‘ﬂ%éue tp tyesphykicayi ratiers offibe i oni ng

of the ceids ﬁ%@ﬂmo&&uﬁmer,%l‘beuse% fukire %&Q&P%ﬁ{\% IBYerrilGh ude

pronoters for neuronal genes. suc Sin ur on- speC|f| Cc

enol ase, TREPASA| B diéhpulty °§ﬁ@°wﬂ@U%‘§€eﬁ%ﬂ eny veifhithewapaesicegeness peci f i ¢
for part iMdtboer, thy REBtyPds fOQIdIvwIRa the €INSSare V¥ 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 restrictedto'a paxticular type of

CNS cell, thus ensuring therapeutic effects in the desired cells and limiting side
effects caused by gene expression in non-target CNS cells.

[0032] In different embodiments, the baculoviral vector comprising a promoter
operably linked fo a therapeutic gene sequence may be delivered to neuronal cells
distal to the site of administration. The promoter may be a strong viral promoter such
as CMV or a neuronal specific promoter, Specific gene expression in a selected cell

type can be achieved by using neuronal cell specific promoters. -

[0033] The neuronal specific promoter may be any nucleotide sequence that

functions to activate transcription of operably linked sequences within neurons ‘or



exanpl e, tyrosine hydroxyl ase gene pronoter (4.8kb 5 UIR) is
speci.fic for catechol am nergic and the CNS neurons,

dopam ne- b- hydr oxyl ase gene pronoter is specific for adrenergic and
nor adrenegi ¢ neurons and L7 Purkinje cell protein pronoter is
specific for retinal rod bipolar ngyrons. For these and other
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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 Bel-X(L) expression using a neuron-specific synapsin-1 promoter protects

against disseminated neuronal injury and brain infarction following focal cerebral



al pha 1 al pha-tubulin pronoter specifies gene expression as a
function of neuronal growth and regeneration in transgenic mce. J
Neurosci 1994; 14:7319-7330; Thomas M Makeh |, Briand P, Kahn A,
Skala H Determ nants of the brain-specific expression of the rat

al dol ase C gene: ex vivo and in viﬁg anal ysis. Eur J Biochem 1993;
218:143-151; Thomas M Skala H, Kahn A, Tuy FP. Functional dissection
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75:1429-14371; Hl'toshl 3, Kusunoki 8, Kanazawa I, Tsuji S. Dorsal. root ganglia
neuron-specific promoter activity of the rabbit beta-galactoside alphal,2-
fucosyltransferase gene. J Biol Chem 1999; 274:389-396; Roztocil T, Matter-
Sadzinski L, Gomez M, Ballivet M, Matter JM. Functional properties of the neuronal

nicotinic acetylcholine receptor beta3 promoter in the developing central mervous
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 ﬁan'sgenic mice
and in cultured cells. Brain Res Mol Brain Res 1997; 51:197-211; Zambrano N, De
Renzis 3, Minopoli G, Faraonjo R, Donini V, Scaloni A, Cimino F, Ruéso T. DNA-.
b]'nding‘pro’cein Pur alpha and transcription factor YY1 function as transcription -



13 activators of the neuron-specific FE65 gene pronoter. BiochemJ
1997; 328:293-300; KimDS, Jung HH, Park SH, Chin H Isolation and
characterization of the 5 -upstream region of the human N-type

cal ci um channel al phal B subunit gene. Chronposomal | ocalization and
pronoter analysis. J Biol Chem 199%5 272:5098-5104 and Liu D
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in one enbodl nent, . the neurona ecific pronoter DG- 13

pronot er . frapsqripHion 2ERviey; FopvASewM H?@ﬁ?tefsﬁ‘{b@ #ry Pe oprd) tranpesiptien Botpr onot er
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I n vari ousdiyndetainiied by stadive exyReskion adsaygpeci fi ¢ pronoter may be
operably linked to an enhancer. An "enhancer" is a nucl eoti de’

sequence ygagfbl ﬁa@fetndéﬂ%& | %OE ﬁ-c&&gzﬁsé#' %;pmgl%ler %r% of an

operabl y_| inked pronoter e cas neur onar > specific
pr onot er FrigsIV, M&E%@OWHMGNME, Fagrele ML Sontlipi S RogstR, onal

activity C@lflmi D EPTREIPRRAA in neurons of the central nervous system; posterior ‘pituitary,
and in a transgenic model. Cell 1991; 64:217-227) has been shown fo be specific for
CNS neuronal cells, including dopaminergic neurons and in one embodiment, the

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

[0037] The transcriptional activity of a neuronal specific promoter in some
instrances may be weak, providing less than ideal level of expression of thérapeutic
gene sequences. In various embodiments, the neuronal specific promoter ﬁay 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.



14 [0038] A first nucleic acid sequence is operably linked with a
second nucleic acid sequence when the sequences are placed in a
functional relationship. For exanple, a coding sequence is operably
linked to a pronoter if the pronoter activates the transcription of
the codi ng sequence. Simlarly, a neuyronal cell specific pronoter and
a heterol ogous enhancer are operably |inked when the enhancer

i ncreases the neuronal cell specific transcription of operably
l i nked sedP®es A fEptupleie reid seayerteis opérahly hnldaém‘c’sep@mahmdlerbraam
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5 termni of 5|n1an virus 40 earl Aca US A
.1981; 78: T35eeripHon obsepigd Wi A cepropAl ochﬁmﬂ'@r Plomsten diongy BWWay ibamredi at e

early (| Hetgeden saitiaRiCeinsdriphitda & 1@%%011% ge\ﬂégﬁfstrﬁ:ot Jahn G
chaf f ner

Dor sch- Hasl Fl.eckenstein B, A very strong enhancer
is Iocatéﬁéafﬁg %%FQ¥¥|nnedlate early gene of hunan :
cytonegaIOV|rus Cell 1985; 41:521- 530; Niwa H, Yamamura H, M yazak

J. Effi cil0f40]s e|The ehloncd omay he g lnexpstess vitd enliaridin of gometat dentdnt h a
novel eukafyQtRiobs é.’a?cfb&zﬂrﬁnxg?f&qf)]p%o%}dter J((Qéma&%ﬁf, %Peglino%ele, Vﬁhgghalgu S
MC, Pastan I, Howard BH. The Rous sarcoma virus long terminal repeat is a strong
promoter when infroduced into a variety of eukaryotic cells by DNA-mediated
transfection. Proc Natl Acad Sci U S A 1982; 79:6777-6781), SV40 'ﬁromoter {Ghosh
PK, Lebowitz P, Frisque RJ, Gluzman Y. Identification of a promoter component

p

involved in positioning the 5' termini of simiian virus 40 early mRNAs Proc Natl
Acad Sei 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 cytomegalovirué. Cell 1985; 41:52%-
530; Niwa H, Yamamura H, I\ﬁyaia]d J. Efficient selécﬁon 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).



Patent Nos. 5,849,522 and 5, 168,062). 15 [0041] In an enbodi nent of
the present invention, CWE enhancer is operably |inked upstreamto
PDGF B pronoter. In a further enbodi nent, CWE enhancer is operably
| i nked upstreamto PDGF B pronoter and the two sequences are
contiguous. [0042] Further enbodlquts of the neuron specific
pronoter and an enhancer that e operably |inked including
allelic variants and derivatives of known pronoter and enhancer

sequences [MA] debesn gepdimeniug the prepestinveniondMYB /elgmedGoopewhiych i s
herei n f ulihed WpQRERAS aheg Jﬂ*mﬁ&fﬂe M@CBrthek Qﬁéo%lménﬂ C@YJ%% hiemcer is

enbodi nents, such variants ‘and derivatives may tantially
honol ogougperablt irked FRSWWEWMOmGGRM@WqMWDWSpr onot er
sequences under noderately or stringent, conditions. Hybridization to

filter- bo[ﬂud2] semelc@;@oom:ﬂﬂﬁg omdﬁé@&@alpxmﬁé FrbmSieiNind 69 BilahdeLRZ MBY

for exarrp %%’E %@g}: 11}8“1 g M NaHPO4, 7%_sodi um dodecyl sul fate
(SDS), mglyding gllelic; vagantsang dervetives of lsnopoy mysdtert  42C
(see Aus um enhericertdoquéned e dobOiiRd anlJSUQﬂihcatBﬁ NoP ¢l dop, Wakiegul ar

Bi ol ogy, VoI G een Plr:l’b| i shing Associates, Inc., and John Wley &

Sons, 1nch Y sPpoTaled by refesencg " 3) At er nati vel y, hybridization to
filter- bound sequences under stringent conditions may, for exanple,
be perf ori98d3} n B. Fafigus Narhﬁlfdmen’i% S, vananM Eﬁbﬂ'AdeatratﬁEeC m@ndaevvas hi ng

Esﬂp?a)l Xl-slyﬁgﬁn%aé’/tl on cond Qé’ilggg%%%d%%yob 1%0%\%% néam%\ cpgr]%o erfce with

known et S§eRsgces epeerdinedsrataly @mmem@mm Hylriglization to ﬁ@e-bdﬁnjissel 3
) | ogy --
1993, La%@@wsxmaﬁ%ﬁa'e ﬁé@ss&dggﬁl &ﬁ@ﬁ&ﬂs%ggyfo? o VQ,. 6€ gér?ognﬁdge?glyew

Hybridization with Nuclelc AC

of princit & NP4y Bfejsarivg dadaeya malfaim SO ]atlé@yEBTIE ral (458G, cmdci d

probe asspybing iELS VSR 1NBBSYRI4IC se@@l?i@db@if b¥al. &Hi)' mntuﬁ%'d' tions
are selected to be about 5C | ower t h hermal =~ nmelti poi nt for

the speciffPEeds i dpeaa Bidogrel PhddCreen ?@@@P@ﬁ@ﬁoﬁﬂaﬁaéﬂ‘-‘pﬁﬂd baj ngent
hybri di zavlien&nsuys,fIae., Emmmﬂ@ abg. 1.10.5. Altmv&’i@mﬂdmm%ts @itgram de at

42 degrees | ci us and was in a wash buffer consisting of
0. 10ty oo eens g BEc PP Snit g e be BERFRGLROS M
hybri di z NaERO4EY S0, lexMrEDm be65°Cf awltwdsmin 05x SEGMII%SSDS&@ |
m nut es, u ' €§ ggo! 3, M 90 m .S m nut es
or 120 nG‘?%J 2 A‘Fg%e}f ﬁq @h%ﬁ%]ég?geé o?mﬂulﬁqnggf}u%e‘f s s@ﬁ’ﬁg’ﬁces may
al so be @yqﬁpfgngstg@cc@gdaaca with known methods depending on the sequence of interest

(see Tijssen, 1993, Laboratory Techniques in Biochemistry and Molecular Bzology -

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, stringént conditions are selected to be about 5°C IOWSJ..‘ than the thermal
melting point for the specific sequence at a defined ionic strength and pH. Stringent
hybridization may for example be in 5 times SSC and 50% formamide at 42 degrees
Celcius and washing in a wash buffer consisting of 0.1.times SSC at 65 degrees
Celcius. Wgshes for stringent hybridization may for example be.of at least 15
minutes, 30 minutes, 45 minutes, 60 minutes, 75 minutes, 90 minutes, 105 minutes or

120 ntinutes.

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

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



percentage of identity when the sequences are optinally aligned,
meani ng the occurrence of exact matches between the sequences.
Optimal alignment of sequences 16 for conparisons of identity may be
conducted using a variety of algorithns, such as the |ocal honol ogy
al gorithmof Smith and Watei max19§}, Adv. Appl. Math 2: 482, the
honol ogy al i gnnment al gorithm of Needl eman and Winsch, 1970, J. Mol.
Biol. 48:443, the search for sim/larity method of Pearson and
Li pman, f®s@mpmisges ofNdentity mag brqcondycfed usiyg, agigmiety ghjaleoritlumy, i as
conput er igseled ARhQERMIA IR 81 Shitt RRSWaBinGaN 981 i, 4R Utk 2S48AP,
BESTFI T, FASTA and TFASTA in the W sconsin GEnetlé %?R} %
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accessi bI e- sSite, for exanmple, in the siriat u?r%Pl n ord %Vto del i ver

the vect 69048 ndhe bargloxiral yeqterippyedieliverehioaay ¥ 18y onal

transpor ty gfe dntRdiBREULOMILebSs Phumtad. cortical or spi nal .cord. Since
bacul ovi rus can be transported anterogradely and retrogradely, the

bl t ed t t t
ol 1 s on 8L s ot TR B bR R e Ot S EpAR feckidf | FO0P
as i s adtien¢estra rreckoby systemermptorfjon ﬁnlsadloﬁgectostaém%trﬁwscﬁ mey &et i on and
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hi gh reso utioh MM I ng appropriate
inaccessible s1te by axonal transport of the baculovirus or to cortical or Spmal cord.

I-j

Since baculovirus can be fransported anterogradely and retrogradely, the accessible
site may be located upstream or downstream of the target cells on the same neuronal

* pathway.

[0047] Preferably the baculovirus is administered by injection, inclnding
stereotaxic injection and injection into the vitreous body of the eye and cortical or
" spinal cord injections fdr regeneration of injured spinal cord.  For human patients,
the stereotactic frame base will be fixed into the skull and the brain with the
stereotactic frame base will be imaig,ed 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.



stereotactic software, the imges will be translated into 3

di mensi onal coordinates appropriate for the stereotactic franme for
targeted injection of vector DNA. 17 [0048] The baculovirus is

adm nistered in an anount sufficient to achieve the desired result,
for exanple, expression of therapeut?c gene in the target cells.

[ 0049] When administered to a patien t he baculovirus is
adnlnlstered jn an _anmpunt effective and at the dosages and for
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Vi r ul encepmagressiontaf er aufe 4 tveroualrdissase pOdfctderOne of skill in the art can
determine the appropriate anount based on the above factors. The

bacul ovi 1 iaseRY PR &ﬂ&ﬂv@'aﬁ%ﬁﬂtﬁgbw tekoll tb@gﬁu?%l o W @Spont t hat

may be adjust'ed as re ependi ng on th fse of
the pati efft mh’@cmmew QW@WMWCMQW|¢G@ bmtllomgmd(ii@er m ned

enpi rlC&'ﬁN@%ﬁh&ﬁﬂ%ﬂ&nQﬁbﬁé@hﬂ@ﬁnﬂ%& mkﬂa{e ielth 8 Wi rus
t hat can ni_st safef gl nce acu ovi r#s t’n e to no
cyt ot OXi c‘? at ‘? gisg Hr“éitdggase é’feg MECWWJ%E"W%M@%IWPG Powever ,

the anpunfon@reiiaskieyi, Fusy, a6 vEileHe shsh@rthe@ys t he- mi ni mal  anount
t hat produces the desired result. [0052] In various enbodiments, a

d f 1 t. f dt

unan_ patooll * OherdlS, bR QF ot e oriuhe sndudipred 58 7 o -
about 10@1??*@ fmat Thedgogéirus mam adp@msmdmmlw m@ampmaammomat 103 to
about 106:11,18;35,11(1{4;%(1%995&”egtepgjgdl@bb&yﬁle%&g?aqg meﬁe teered in

a single dose i've anounts o owru can be given

r epeat ed| §CHYE FETERLTY bagpiaTing pra Ref detemind emn@callyu ani alependeen thent

regi men. AN ShsuRt i@ Ve HaBulbytiik CB ¥a1:9*b¥e:ﬂimuﬂ%1’e@ds'a EJH anéé’h'le
| e er son

noni tor:,\g]lg@ﬁ{?ﬁr g*t&lse It will be reco?nl zed
t hat gfﬁ e84 FEOtiFER It Reytshra eﬁdﬁ‘@atd@ﬁis amj\be toergtee gi ven,
accor di ngldwaver, the amount of baculovirus administered should be. the-minimal amount that

produces the desired result.

[0052] In various embodiments, a dose of about 10° plaque forming units (“pfu”)
is administered to a human patient. In other embodiments, about 10? to about 10° piu,
about 10° to about 10° pfis, about 10? to about 107 pfu, about 10° to about 10 pfu, or
about 10* to about 10° pfis may be administered in a single dose.

.[0 053] 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 lower or higher dosages than those indicated above may be given, according to
the administration schedﬁles and routes selected.



the adm ni stration schedul es and routes selected. 18 [0054] To aid
in admnistration, the virus may be fornmulated as an ingredient in a
phar maceuti cal conposition. The conpositions may routinely . contain
pharmaceutically acceptabl e concentrations of salt, buffering agents,
preservatives and various conpatibjge carriers. For ‘all forns of
delivery,, ,the reconbinant baculovirus may be fornmulated in a

physi ol ogi_cal sal t solution. [0055] The proportion and identity of

the phar %l i cke ¥ inpdeinpistatioe tei Yive may ibg forawkied As seidzbdient s en
route of g ibblﬁ‘{cﬁlaté osiBOATPAt IMk! | dodhpWlifidhs @ ﬂldyverowu{ . Rfkin
standard phar maceuti c ractice. Generally, thé pharndceuti cal
conposi t | BRTRIcEYticply aq’v‘eﬂt ¢ sencanivtions eloralio F@gﬁqrglgtamts \wirgsprvatiyes -

significamd Yariod®abipdih® LhBERII &8 all PFRRE!Jrl rus.
Sui t abl e vehl cl es an% di luents are c?lelsﬁor%?%e% @eﬁg%eihgerrﬁdﬂbﬁaw

Reni ngt onPaculewzs mgy: Be forelptedi aphysislogird selhepinsian.s Phar maceut i cal
Sci ences, Mack Publishing Conpany, Easton, Pa., USA 1985). [0056]

Sol ut i ons[0655]t hememmbmaaa mamylo@\ﬁerphmmmy%@pamedmhdﬁt )

phyS|oIog aII abl e nder ordln ndltlons of, storage
and use, ehem%‘ %?’5 ‘g?nafm“g %@‘Wﬂ“ﬁf 105, '?1\[}%??”\%% FrevEt the
growt h of stmderﬂqnhmgaacfwﬁdﬁ}sprabtﬂe G’a@tallyy\thb Iphﬁﬁhcalﬂéacbdm@bﬁoﬂ #E gl Ve

Vi rus. Iled in the art would know how t.o are

sui tabl e @%‘%ﬁ 80 SRR ER o FAT B @&%"”\é@’ 0&??13 f or
the sel epropedies afrdie Pveeyias aftiteble othiclesi aﬁzﬂldﬂmnfscnrermdsaibedx,rfsr @&aple,

descri be ngt Phar naceut Cl ences and
in The Uﬂiﬁt eggi%t&?saﬁir%ﬂaéruﬁg%?cg%ng% @%"e |g'3ﬁal l—'a”m SYPusSP 24
NF19) pubﬁdﬁwmgibgmnﬂﬁmt}mrﬂég&wm of the pharmaceuti cal
conposition suitable for injectable use include sterile aqueous

sol ut i onqoose]dl Sﬁﬂﬁ&lsoﬂf ahe Fkahbiht PREEYRST Ry L HE prépsleg TROLANEOUS
pr epar at eri| |n ectabl e sol utions, or dlsper5|ons wherein

i
the ter rﬁ%ﬁl peifaly g % x DR{H OFkPapheoniitiges eftutesnd 5o thess| £ t hat
is to be ];aejmaﬁmmtcemtﬁﬂapfeaervaﬁxie t6 afeeent ieebvah BF MitsorRRise St ther and
must be fl.yid to t ent t hat eas b|||t exi sts. [0058]
The. del i v“éﬂriymt(ﬁnacm?ﬁél}e SEutFE: r;\’grs?’{v) ﬁ%"lﬁfr’& ST oy to
i naccessiinpare sudeghilo forphlatihes. CNSnednkioned ;ﬁm:edﬂreseaxidmjgtediaﬁts rfetieenal
di sorder, i or the

Seled oﬁi AN ﬂ:?eﬁ)g Iaucﬁx of sﬁféa%fgﬂfo??ﬁlﬁéng gaé% anstcr% %cfr ?xam?lgr

i nvention, dopam C neurons in a
t her apeutRe@H@&ﬂé Remiageutigalnfpjenbes mlérngé‘heﬂfnﬁ@rsmtbsetham:mtThef

Par ki ns OlNafional Formulary (USP 24 NF19) published in 1999.

[0057] The forms of the pharmaceutical composition suitable for injectable uvse
include sterile aqueous solutions or dispersion and sterile powders for the
extemporaneous preparation: of sterile injectable solutions or dispersions, wherein the
term sterile does not extend to the live baculovirus itself that is to be administered, In
all cases the form must be sterile and must be fluid to the extent that easy syringability

exists.

[0058] The delivery of a therapeutic gene to neurons in a remote or inaccessible
region of the CNS allows for treatment of neuronal disoi'ders or diseases. For
example, using the method. of the invention, dopamjnergic 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,



di sease (Bilang-Bleuel et al., 1997). As well, using the method of
the invention, 19 therapeutic transgene expression nmay be achi eved
in neurons widely distributed in various regions of the cerebral
cortex, which cannot feasibly be reached by single |ocal injection,
and therefore allow for corticostrijgtopal lidal neuroprotection of
neurons affected in Huntington's disease (HD, Mttoux et al., 2002).
[0059] In one aspect the invention provides a nethod for treating a
neur onal CTABEHIGEFABIEEReERRTEBTRCTRAY b8 Aetipe il npuyans Widsly tistrbuted rig et

neur onal Ggfidus iréhidab @f EIQeRbHEEO@R, whith B ofl ekl ek redcf@Nty fiXhi0g 2
site in the CANthat is renmote fromthe target_heuronal “cell and
admi ni st erqly miecHos prd\hsrefpre  dliaw ot seripastiafogaliidal estrpeatachien géne
oper ably nbirsisefedidd iRHRRMERAE Hise RS Gib] MitdEORL oot 0 said site
wherein the baculoviral vector is delivered to tHe neuronal cell by
axonal tr rt. The invention also ovi de r such use of a
bacul ovi rmgct@r(’%&oﬁsﬁch C FEETIIR AEOVies 2 W@tg?‘{)g‘gl tregfingn ¢ diepronglg i n
the manutiaatierieaefbjeeat, mﬁi@g@ﬂ&ﬁ?ﬁg-a&ﬁgh nbdreal £airih ﬂ:ae][@fm%cted
"Treatingy ronal di.sorder.r r Q .an_appr oa or. obt ai ni ng
benefi ci al” %ﬁer}ﬁgrsd%’ édam‘r}gns%f‘tﬂga,mitﬁ%ﬁﬁﬁri th@f I‘E:feﬂ?gegéqm ﬁ”@gﬁg‘?@‘? eficial
br' desi r edellcdnd miwaistering s bhdudovixah viche | casherisiipé tietpentiot gehd Bhdradlly t O, .

all eviati , i I . re. s t.0 ar .condi.ti ons,
G okl 3Bkl SRRl % Shia T Frerd TR B0Bp Rt SR | O

di sease, priewehtd Bnuwfondess by parentl tehspdits hs dyvepticavabuot frovidesf fos pr ead
of diseas ghc u&eéfadybaglﬁovirtaﬂre%g}ne thQﬁre&&éftib?% e 94" Fdnter ?ﬂd delay or

slowing o i Sease onset, ioration p Fation of ‘the di sease
state, anBapudeiussefamedispoeh B spelrirettenbr total ), whet her detectabl e
-or ‘undetectable. "Treating" can al so nean prol ongi ng survival of a
patient bppeoy t4TadatigXPeGletdndln dsbiderdRFQNCE B abg6h BRI cbtanikgeat i ng”
can al so gﬂs 'ali nhi bi iru‘.% t.h rogr es io]ﬂ of di sease, slow ng the
orogr essi BOLfe gF S roplip rtuing plinicel ooy, fenefiias op el ARG 1 1

i nvol ves fallts icmgintihde, Pt agres indted of, alldviatidh Seasdiorafied obde vk more AS W | |
be unders Y. 11l ed.person, -.resyl t.s. may not. he beneficial or
desi r abl egy%%, n%/\gh(ir.l%cén%lﬁr?ﬁsr’ g%/nlu%la ERES 65‘87%?#6&3'}5?‘3% %9‘(1315"“{“’1 ."E,O?Irt]tﬁestager eat ment
resul ts i¢f diggaseepweentinf efdayelopmeiteofpieasenprevention efi sirérdt ofolidewsej gh any
benefits ghfegt ' : _ [ 1 r Lsorder may -
be, wt houtaf)fl I m%%ﬁoh#%%%%ﬁg%&?%ioﬁénﬁg%9 J_érpig g%gygp%kg%é %ﬁ%’, spi nal
cord tr auffeFligrtiomirppalijatiopaf e dissprestath awkromissiphtntiothgt reriad onfpeBase,
Al zhei merweeiit 88a88le R THRELERE! CThakRF Un A6 RS hSlofindsuiE4 ggenet i ¢

di sorder. )
a patient beyond that expected in the absence of treatment. “Treating” can aiso mean

inhibiting the progression of disease, slowing the progression of disease temporarily,
although more preferably, it involves halting the progression o;f; the disease
permanently. As will be understood by a skilled person, results n;ay not be beneficial
or desirable if, while improving a specific disease state, the treatment results in
adverse effects on the patient treated that outweigh any‘ E;neﬂts effected by tﬁe
treatment. |

[0061] A neuronal disorder may be, without limitation, stroke, ischemia, epilepsy,
head and spinal cord trauma or injury, Parkinson’s disease, .fHunti'ngton’s disease,

Alzheimer’s disease, amyotrophic 1ateral sclerosis or a neurogenetic disorder.

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



[0062] A "neuronal cell affected by the disorder” refers to any
neuronal cell that 20 has a defect or malfunction that is rel ated
to, contributes to or is caused by the neuronal disorder and that
can be treated by the expression of a therapeutic gene wthin the
neuronal cell. [0063] Certain virusgsg, such as HSV and psuedorabi es
virus, "can be transported trans-synaptically and have been
successfullz used as transneuronal tracers (Babic et al., 1994,

Bl essi ng & & defect gomallimefion, et is yplated ol coasimivatns t0 90 &) caupdebyt e t he

present  diemGsN fisyrdef addnBatehh ive iR by ARS @f&%ﬁ@ﬁ b ! thirkRBRPRLL Of
bacul ovi ruses, such viruses have the potential to act ‘as a potent

neuronal t'H e pgronglcalti ng both sensory and notory pat hways.
Conpared to the other transneuronal tracer viruses, for which
ant er ogr ac[QO@XonabrtemI BINBEO fiich e BYY dnd ReedofbRt vite Y:axsb@viﬁ{s éfed | ess

efficient .than re de.,trans ean et al., 1989: Card et
al ., 1990: éa&sp'a@“f o ﬁl""’i’@&i‘m %%E%ﬁlhéﬁﬂa gSHEansIsPgnalgteers ®abisren . Jr
gt a: , 1992199@]55@3139@ abf 1994, NM%Q&‘YI aﬁﬁﬂ;eﬁ:haIQJIQQS)lm@)to ’gle present

acul ovir UI c thint asm :
ant erogr a FOSV ?@Q&r e@?l%ngr %ﬁl%aér)‘?ﬁ% I°£%a‘i“>rff’"fgﬁie§ ﬂ” \Hgseﬁ)bser ved
that wit hﬂlWEZthdauyisnﬁahm aoeca@mtpoteanheurdmamh&mﬁxuﬁacm@sbdtﬁ aﬁﬁ@prahded from
the stria sC ool x ndfromthe retln I he
ot rmr yvi S Bt GRS (PG iR Ber Kt ot Bkl
bacul ovi r a%teromdmwonalm@puw@nds liad:alzelsammlg sioevgr nod 1ise ﬁlﬁmeﬁ:edaaﬁor
traci ng reglopt: a@&ﬁénap%ﬁt(tpl\ﬁ@éﬁet al[%94&2ard eIglerﬁB&r(f’ard b oqg%leq}:)odl ment

there is provide fot "traclng- urona
conpri si ngedheinsto8hiNmeren Tn esalh 11%5@: Béesmag o adw 19%s Smictpl ,dd’%)or

det ect i ONp{cQIoRinSkd f&ﬁ&yr t ct and
det ecti ngbt hg Eragpé%agr% pat hway of t%hgo%ﬁgﬁﬁ\hg?ug{tﬂ%%%g! Q!ﬁ:

bacul ovi r FEOFAEDL dOREREEPI Y it et ahservisd they within 2rdaysibel rde tn the

art such baalbvinds wa teagetenah Reihfudebest edetieritnLeE 6d hdt 0 the
CNS of the.subject, Far exarrpl t he baculovirus may be | abeled with

a det ect aBFR® WehedEimag vigcotley- %@Verofiu?ﬁébvﬁlr%o%mf@p@ﬂow

exanpl e, ispnalthaspbit, becutivindaniy1@abd sfedafor aiehg rediplocXAtNags. t 0 @  coat
protein. Alternativel y, t he bacul ovins may- be | abel ed by

i ncor por ajoogR Of iRretdr 208l ¢ ,F{gé(ﬁ%#xlt %1&% wé{(}wég}e Vil 9%&% e, for

exanmpl e, during viral "assenb beei
fluor esce’i"lf’ffm‘nEiyié1 Y SOfERFIsEIE W@Eé@eﬂ subjectaa ba@ﬂaypaqaéome#ﬁb:er ial,

| um nescegdech@NRCA ¥itd & thel lé@iﬂltap Barks Sy Qbmor b Shliét: b8 Qltete&ﬁlg Shd N

magneti ¢ tz{ngpso?trllngtr]]mgvgy éfr{l?e aculovirus.
[0065]  The baculovirus may be adopted for detection by eny method known in the
art such that it is capable of being detected when injected into the CNS of the subject,
For example, the baculovirus may be labeled with a detectable marker on the surface
of the virus particle, for example, by attaching or conjugating a label, for example to a
coat protein. Alternatively, the 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



[ 0066] Radi ol abels are known in the art, and include well-known
medi cal 21 radionuclides such as Tc-99m 1-123, 1425, In-111,

| a- 113m Ga-67, or other suitable gamm-emtters. Radi opaque
materials are also ]nown and include iodine conpounds, barium
conpounds, gallium conpounds, thalljum conpounds, and the Iike.
Specific exanples of radi opaque materials include barium
diatrizoate IOdhﬁgd ai | alliumcitrate, iocarmc acid,

i ocetanic r%fjd‘?néfc e IEARHEE-99mh il B il e -1} 1gBobdam. Ga-fdi of othepgifpin de,

i ohexol , igapmBiethiters. | RfRDAuE afdeflals | 2PT AGENHOWACIHd inbRESTBAMS acid,
ioseric acid, | am de neg] um_ne, ios-upetic, acid, iotasul

iotetric C%P‘ng : STFROugs; gallivny, porppoupds o thaium epmpgrids, and; the
i oxot ri zoilike.aspedifici pRAHee, of FREIpbdHe N SrateiBlh I inéRNE ORbrinAE! dibtaoAe,

propyl i odope,.. and., t ous chloride. Materials that can_ be detected
by or thaf ik oik ﬁaﬁljamecf ?cf%a%rc%ﬁeeeel%%%ﬁam % riedinagide,

gadol i ni unddoR@EPadid, idz@AmidanBhedd] QB%M@E aaataie hgd, pfoﬁn%éxﬁg aJch thﬁ
ILC CNhegl al €S, hen e

onl bont oipEBRRE BRBgeght wim%eo@erqmwos@mcm Y b sco b
adopt ed f acid,dedtiebirioncidy igedrest |acid,rrﬁxﬁa§ucca§1ﬂorroxduazoﬁ9< RERS F@daeene t hat
uorescent

encodes a_protein that fan be detec
protein, 61% con?‘?%afm f o mﬁc’@%r ’ffﬁpyélﬁgo&efai“é tﬁé@%‘fhi‘?nda oMa kil e,
t he bacuﬂlat/panulsa quptebe:yrmdkat iestdndeothe XfledBSSf GagRfc frésum_eeﬁlemﬂe protein

under con . pr onot er ,as_desc n the
Exanpl es. Tg{c%h?; %%ge bzlirg]lljlag\%rcr ER n%énaéfet{eegﬁegade & ﬁf} é?ﬂ? %
convent i opeventiondl oorzfrometaldiet émtate&nwhlchchmjrthgl fer conjegatedi i e
di agnosti g,djeges and will depend on the particular detectable
system used. For exanple, baculovirus genetically nmodified to

express a nt protern y bhe detected usrng fl uorescence
digital ﬁ&&?ﬁ ﬁ’rﬁ% rPrRid Bt tacHen biesnetrpedidieption
t onogr aph;o expeks . g&mehﬂm@d;&@@%hwﬁ%ﬁt @a‘ﬁ wee&rtsm B eRAhf}) a

t onogr aph c re ance i maging and sonography
Ski | I ed aﬁ’l’q(r?&?% Pwtﬁ”?? 2 et FRefEe Pﬁ%mé‘ﬁ'pr Rop eraznte, i hod f or

detecti ngbmulpamsmaylbamodrﬁtedamteai&bss graat klﬁdirescé:ﬁ@ﬁﬁe]m Ader baaul enthe US MAY

be det ect urt | me interval after

adni ni stra@r on o#ﬁﬁ em\%/er?rgsu‘%E %e(f & sﬁ%mg so as to allow for ‘the
bacul ovi rﬂ@ to be transported al o he neuronal pat hway, and to
expr ess B%le c t s Reclovini aney b det?fgfé‘eg%%’r g0y [cervensieuabmsthod for

vi sual i z adeieRtion ) Bijcl@EAE for &RMMEAEE dRBLIABE tmeze@ NEhd2 Qi A¥Send on the
particular detectable system used. For example, baculovirus genetically modified to

express a fluorescent protein may be detected using fluorescence digital imaging

microscopy. Other methods include computed tomography.- (CT), -whole body scan

such as position emission tomography (PET), magneti.c resonance imaging (MRI),

and sonography. Skilled artisans will be able to determine the appropriate method for
‘ 'detecﬁng a particular detectable marker.

[0069]  The baculovirus may be detected or visnalized 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 adminisj:ration to the sﬁbject of the baculovirus genetically modified to

express a fluorescent protein.



following adm nistration to the subject of the bacul ovirus
genetically nodified to express a fluorescent protein. 22 EXAMPLES
[0070] We investigated whether bacul ovirus vectors could be
transported in axons, thus nediating gene expression in regions
renmote to the injection site. Intray striatuminjection followed by
exanm nations in the corticostriatal pathway and the nigrostriatal
pat hway agﬁﬁyﬁ&gﬁ-vitreous body injection in the visual pathway were
used to s ograde and ant erograde axonal transport,
respectively. The reconbinant bacul ovirus vectors accommodating the
neur on- spE0070]c OXA/ ifsedigied vietheabetloviis wone tald ari tridsgdred gane
expression &% %yaggqggcell bodi.es. 0071%thte |als and, net hods
[0072] Production o D PRERTOR A B0 SETYT & Mdndgeion st fntra-

bacul ovi r aegm mcﬁommﬁswamst edmaetias di fg tcﬁndo&ﬁatﬁlap&tﬁshayoénd the

Bac- To- Ba Lus, £ S 3i_bco Life

Technol ogll(‘:’}-e%[‘L E%@X)"g e it F% %SEBNFA"OS%@? %Plhi“ “eflﬁtﬁ@ﬂym or
PDGF pr onoser twvamdy neeptade alndtamtetdgfadé raanaf efangbas BsPectipfast Bag! TM
Each pronptef, Xbal , a

was mserteg into ‘ﬂlfo [} gﬁf c e (\’/\I%%?F %ﬁgfm%ﬁfﬂgﬂé%mﬁant
bacul ovi r BEomotes tigs yed&ﬁc@m [pegatxprelssion ifSferonslelttodéedl | S according to
standard nmethods (O Reilly et al., 1992). Budded viruses frominsect

cel I cul tpoer1yedivide iRl fdfddgaged through a 0.2 pmpore size filter
and concentrated by ultracentrifugation at 25,000 g for 60 mn. The

viral pel phEr SHSP ded hgsphat e- buf f er ed sal i ne. (PBS) and
i nfecti oulls i ers'oag‘f‘“é’" ‘gn'éef?ﬁ'iﬁg‘ﬂpﬂ’ff” |VEgers’ §‘§‘§’ PO Speyloyispses

[0073] W@ehaiommuctgd adcodding Ub Gxiniaifidl oP®at-To@dc WM BitsRSMWE Egprbsaidg! ed
with the g Bac Vi r to be
| abel ed us'?%lglg lﬁ%aegec%% en’tnr%ggrg‘%l%efas N%Ofﬁyeﬁéﬁet ﬁms/ mM in
sodi um caﬁﬁ’@(ﬁi eCWdl GMPBIGEa phoomier ewash ifsbred, imdd Be Staﬁes plsagént was
previ ousl sit S a H 9.3
(desi gnedai: 9{; Etd& mb’%lt. évals;]d Qﬁmq%etwee %t ggr j«;/a&gg‘flé{?g? atio
bet ween I viaz)msewomm the pF4EFRas] bﬁté'p@rﬁhqlorﬁ Hiadllis deeambimank Wi t h
200 p.1 Qiac@!ﬁ%msrv%&&@%fetﬂ%ﬁgatﬁ h 8f ﬁ&ctr@eﬁk &borkif é)g' gt%:@gﬁrn?e g

was . puri centrifugation at or 30 mn.

| abel ed
Tﬁeewer u\sl(lc%ﬁF g pt %\m?%ﬁ?&%y irusges gromeigsopicell pulty we@mmdwr@ﬁﬁvedthe
unr eact ednf4gh a 80k PS8 skE AR SRE AAEG B by BB nuFiSRH ¢ bE h6Fg

for 60 min. The viral pellet was re-suspended in phosphate-buffered saline (PBS) and
infectious titers were determined by plague assay on Sf9 cells.

[0073]  Cy3 labeling of baculovirus: Purified ﬁmses were labeled with the
carbocyanine dyes Cy3 (Amersham). Baculovirus stocks to bé-lai?eled were adjusted
to a concentration of 2 x 10'° particles/m! in sodiuin carbonate sodium bicarbonate
buffer, pH 9.3. Cy3 reagent was previously reconstituted in 1 m! of 1 M sodium
carbonate, pH 9.3 (designed to label 1 mg protein to a final molar dye/protein ratio
between 4 and 12). 100 pul of virus preparation was used to Imx with 200 pl of Cy3
reconstitute. After 30 min at room temperature, labeled vn'us was purified by
centrifugation at 28,000 g for 30 min. The virus pellst was washed in 1 x PBS for 2
tirnes fo remove the unreacted Cy3, and then re-suspended in 1x PBS, The punﬁed

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



viruses were aliquoted into single-use vials and stored at 4C prior
to use. 23 [0074] Animals: Adult male Wstar rats (weighing 250-320
g) were used in this study. In the Dandling and care of all aninmals,
the International Guiding Principles for Aninal Research as
stipulated by Wrld Heath Organi zathbgn (1985) and as adopted by the
Laboratory Animal Center, National University of Singapore, were

fol | oned. %%075 In Vivo gl;]féec.ti on Methods: For infra-striatum

i nj ecti ont90f%k wis: Afelbmaly Niptaprtspieighing 38G-39e) ivteemesed in fiiect i on

of sodi unstpsh dHRhRltR aidGore WHAK Srihls, (ROBMABIHENElidiA fRQfdsth,oned in
a stereotaxic instrunent wth the nose bar set at 0 {for ™ striatum
i nj ecti on‘g‘?’m?}i l#eﬁ%mﬁ%lai Fgisted by Wodd Heath Osgapization (1186 nandras ladlgptechj ect ed
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V, -5. quff‘\"?j a?’l WB’& ﬁf’%““{’%ﬁ ods: (figr otra-gigatgg, infpction, gl Mg For

iSE“ i P j engdsthetized ah_rﬁhe?ﬁmﬁeaya?jmcﬂ\?s s&littm @ént?bﬁybitalc(@mh@y]&_ V184 Be g )é
pfu . ‘.viral particles..The rat Injectio s 0.
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body post,g4 kolp.at e ) n.1 the .vijtreo body was .
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was t hen 5 maml. Jori pichdtjedionabkinjentian valve wae$§tudoi 1 plchanians 5 4 06976]

Lucifera 7 E luci feras ctivity assays, virys infected rats
wer e sa?fﬁll‘??ce 72"11%%9351’&'% % ﬁeF f‘-"g&lp?“' n%ﬁs ?gﬁ(/%];e depseflssi on
wi th 0. 1 vies PeRed toHeiain)in skofor §wimgesdefops @wrgsbvsictacteliastheiendafpl es
wer e. col g .and ) - . uUnt.i | rocessing. er. gddi ng PBS
buf f er (Li%%t’%%“%%s’f %Ieigﬁeggiﬁ%stbugg’ghni‘%&é%ﬁ% yae %asﬁ%ﬁ%ﬁlsm zed by
soni cat i &1 W¥2s pyedeElyigactibed. iAcwringerwitht 4yesadle baving f Ney 86 bt si8, 000

rpm- at -4fs pdpetthtddl gﬁ&%gr@ﬁer é:[c%iéigiﬁto 10 vike Qs %HS??O%HH&I BN, sé},taf%oom

tenperature_was used. uci ferase activity assay enpl dyi ng an
assay ki ther fOi Priawiimousiiody wee plewlysucksd out. Afietdhatl0gil of figlGrusel |

| um NOMEpefildsRes 1) s ebiBlowPineld badkGto 10 p3FRF imber] 00771 PCZL

detection of virus genone fromtissue sanpl rus i nf ect ed rats
0- 10 PElTRE TR i, s B AR s, VR SSaS S PES ere
col | ect eshcrafindd 2 Hayw gleviizfediohpy intracardiac perfusion with 0.1 M PBS (pH 7.4)
following deep anesthesia. Tissue samples were collected and stored at -80°C -unitil
processing. After adding PBS buffer (100 j1l PBS per 50 mg tissue), each sample was
homogenized by sonication for 10 seconds on ice, and then centrifuged at 13, 000 1pm

at 4°C in a microcentrifuge. 10 pl of the supematant at room temperature was used for
the luciferase- activity assay employing an assay kit fiom Promega. Measurements
were madz in & single-well _Iunﬁnometer (E'_,erthold Lumat LB 9501) for 10 seconds.

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

mincing with & pestle and the virus genome was extracted according to the standard



mncing wwth a pestle and the virus genone was extracted according to
the standard 24 protocol of a DNeasyrM Tissue Kit Q agen). The
primers target to a sequence of around 400 base pairs, overl apped
across both the native virus genone and the inserted reporter gene.
PCR priners are |listed as below. S'ggprinmer: 5 -AT TGC TCA ACA GTA TGG
GCA-3' (SEQID NO: 1) 3" prinmer. 5 -CGA AGA AGG AGA ATA GG TTG 3
(SEQ 1D NO. : 2) [0078]6ﬁ )l ification cycles consisted of 94 C 7m n, |
cycl e; 94pEstocglpfe DNens nﬁ(’)‘s‘%e KitRiegen). 3thecpringss tigaef &5 segpiensmaf f i nal
ext ensi on afyed @00Bbasd Daiss, oPbrl dhpBl ReroskObote it HARe GRBY 3pRth@ Pt the
whol e process, a normal rat brain wthout virus infection was

handl ed i FSEFEHaippRar gene; BERoTimernum bsfedasdelewni cal anal yses: Two days
after intra-striatumor infra- vitreous body injection with Cy3

| abel ed or unlapehgdshactd@FCARCATRESTEEGCA-88EH h SR 1 N=2) .
Fol | owi ng dee * gt 1 I 2 pth O 1M
PBS (pH?.g4) S(F)% uti o'nﬁFgAﬁ%%Ag%(%%g{#g?@gr%ﬁs agg%/%ﬁflﬁo\g)l M PBS (pH

7.4). After perfusion, the brains or eye balls were renoved and
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over ni ght 3&s$: 72CC, 8¢ sA8reyeler and lons el edersionfeydaeh7bPEifir Twerie Tout  at

30m t hi ckaefide SAGudlR6E6 thd \Wwibit MBRS a bRl vt bhal Wit '51,(1?3.1, re
washed for 20e mn in O 1M PBS g{% pI—Ta7.04 cérftg%u ngug‘.%%go rlﬁ?ﬁ(l)\ﬁ
X-100, th&R Brduddegagielh 50 normal goat serumin PBS for 1 hour.
Frozen sagittal sections of each eyeball were cut at 30 mthickness

and nount B979n dJedratibkistedatnSeulsinbbies: TH0 G8H1afRe GlitaQRBite beintrile N

i ncubat ed_.over ni ght. ..t h i mar L bodi | ycl.onal

anti-| ucid‘fle?og%e% O%F SHRES® ‘ﬁh’r Hﬁ' %Aa%%fe‘i%) ““i%&gﬁ’o PGS Tl Fefst

neur on- s peaciificed (oA Fokawing dodpeanvsthdsin b rt<C e mofsddnirer vig 0.0mml , USA
di lution gg ) i i .1 .M furt her

i ncubat ed@ﬁ&%ﬁ?@&&rogggiﬁﬂ%% é‘%‘ﬁ?%%gﬂ%ﬂp eg{/d%f]rlidt':‘lgﬁ ?@?6%7 ‘drich,
Inc., USAMatinerfesiogn the: br6®) ommsl dallsi wero vewved @1t post-figalt iedhdyantsi t e

(Si gma- Al gliatigehtor sl Hatls @Rfode éﬁg)wér@ﬁaiék}gélﬁlt &fl..tﬁrPBISrl;t%ﬂlﬂQﬁﬂ:en ggp%ect'e 4 on

sections were washed three.tines in PBS. They were
gel at i n- cyapErng keni evernighi gh12Q. Fupzeh colmil @dilbnrosfesdelmin metentt sig medi um

and coverffl i, gso%gr Sl iR g [ : re _inc ?at d
. m & fored X . =
W thout primary anti oai es.? } egﬁﬁg%lgl%g%o\]}l ruses v?g ® Used to
show t he Ry 8. 1M PR gbabi 7k Comfaining Wi2¥o Triton X-100, then blocked with 5%
normal goat serum in PBS for 1 hour. Frozen sagittal sections of €ach eyeball were

cut at 30 pm thickness and mounted on gelatin-coated slides.

[0080]  Sections were then incubated overnight with primary antibodies polyclonal
anti-luciferase Promega; dilution 1:150) and monoclonal against neuron-specific
nuclear protein (NeuN) (Chemicon International, USA; dilution 1:500). Sections were
washed in 0.1 M PBS and further incubated with anti-rabbit IgG conjugated by Tritc
(Sigma-Aldrich, Inc., USA; dilution 1:100) and anti-mouse IgG conjugated by Fite
(Sigma-Aldrich; ditution 1:100) for 1 hour. After incubation, sections were washed
three times in PBS. They were then collected on gelatin-coated slides, mounted with
DAKO fluorescent mounting medium and covered with cover-slips. Conirol sections
were incubated without primary- antibodies.

[0081] Cy3 labeled viruses were used to show the virus infernalization in vivo.



25 For this group, sections were only incubated overnight with
nonocl onal agai nst neuron-specific nuclear protein (NeuN) (Chenicon
I nternational, USA; dilution 1:500) or monoclonal against glial
fibrillary acidic protein (GFAP, Chemi con). Sections were washed in
0,1 MPBS and further incubated w anti-nouse 1gG conjugated by
Fite (Sigma-Aldrich; dilution 1:100) for 1 hour. Then sections were
treated the sane as above. [0082] Visualization of double |abeling
wi t h conf Bahissgraumiseriions weto subpincuba8dc biapmightvieite nemaciomb dganist h a
Carl Zei | c : c ' ] SCAP@ra b .section
wms it e B Do I 0GPkt PEEAREAP TS MNGET
filter BPL:BN)-&2Bonotlgnal tageinsg eiale fibrdlaryo fackdic grofdini (GEAB e iChemizon). Wi t h a
543 ]1im ' biSS | j I e getection
of Tt Tis el S ) PEBEE WAL fiish Hooifed Ay afipdylong P o
i nj ect i onconipgated §ysFito (Swghacidrighy fidttion 15N Ifov] how. Thet oong overeexarmi ne
the possihl.gqhelhRg5ad6axonal transport of the vectors. The Cy3
| abel ed vectors were injected with 1 x 109 pl aque-f orm ng units ]
fu) of entrated viruys articles into the Wsta rat striatum by
g'to er )eot axﬁﬁ@@par dvglicatign of d@'bgfe@f’f’@ﬁgf% e Eeamigg  pieEIseaRY at al
pat hway agedtidnlewére gﬁmhe% a’fjiml a Ped:N VRS vmsmaplclbﬁ%&s@?mseraﬂdmtmg
i mrunost ai_ned usi ant.i bodi es. agai nst neur on nucl ear protein
(Neuns o HEGTSHaI Loy FRETY T PROroPoaes Bl Fote ol 8o FRAsET | at um
and cer ebmassiondiliteBP 610-326} fobihel i@stiongRIFfts tlubiticamt el Widlh Xy hase (TH,
neur ons. TveCss AR PR nREr e R Se kel A oP6 Bl ope
proteins of the virus, the fluorescin displayed in the tissue would
present tIR@83]i r Resullsarticl es transported together with viral capsids.
[0085] Figure 1 shows the confocal inmages of striatum cerebra
cort ex arfio84)ub gkmnkriaduin@Emu: W8 ﬂi‘dﬁ@seﬂtcfyﬁlaﬁélbcf P&u@ﬁﬁt&sfsif&?@d f Y\ﬁr e
detected in .both NeulN positjve r negatiye cells, indicatin e
entry of eff‘i’”?’ﬂ%%é’r”fﬁ%&ﬁ geg“’ﬂ#eb%‘???? ﬁ’@ﬂﬁpgﬁéf’%/%d"eﬁ@ﬁ The fr8nlabelede| | s. 11
cer ebr al veders evereainjdotedivisht At 103 phipgr-farmiGgursts @ia) o d&ﬁée&ﬁﬁt&d vigdsl y co-
| ocal i zeq with. ei : ) JH sianal s, _suggesting.that virus
particl eg’?ﬂg]%{]lgg’ tﬁ?ﬁﬁ%acl\}? t%ejsgmﬁuo&':l b, e p?%taa?ﬁamggﬁsé}l%ﬁe%% YEMF nal s
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Lhe cer etk @ sif theb{ifos SR 30hbifh bl pedilh WURE, 2 SHRRATT €0 DY
e e’c

5
PCR anal ysi's, which tecte aculovirus ‘genre 1n erebral cortex
specific marker) to show the neurons in striatunn and cerebral cortex or anfibodies '

agajj\ast tyrosine hydroxylase (TH, a dopaminergic: neuronal specific marker) to show
dopaminergic netrons in substantia nigra. As Cy3 was conjugated to envelope
proteins of the virus, the fluorescin displayed in the tissue would present the virus

particles transported together with viral capsids.

[0085] Figure 1 shows the confocal images of striatum, cerebral cortex and
substantia nigra. In the striatum the Cy3 signals were detected in both NeuN-positive
or negative cells, indicating the entry of virus pauticles to both neuronal and non-
neuronal cells. In cerebral cortex and substantia nigra, Cy3 signals were strictly co-
localized with either NeuN or TH signals, suggesting that virus particles, after
injected to the striatum, entered axon terminals ancl moved in axoplasm to the somas
of projection neurons located in the cerebral cortexx and the substantia nigra. This was

supported by PCR analysis, which detected baculov-irus genome in the cerebral cortex



26 and the substantia nigra renote fromthe injected striatum
(Figure 2). [0086] To test the possibility of gene transfer in
projection neurons, the expression of luciferase reporter gene
driven by tine neuron-specific CW E/ PDG- pronoter the viral CwW
pronot er was exam ned. Luciferase tivity was neasured 2 days after
injection of 5x106 pfu of reconbinant bacul ovirus. Luciferase
activity was detectable not only in the injected striatumbut also
in di st al®4fissebsientianigrp srwtedfrm the évestsd st-iabmn (Rigars Dgi ons (Fi gure 3).
More than 90% of the total luciferase activity from three parts was
det ect ed [0086]he Teeteebt| p&ibiligX of aREk MIQYkr L0 hbjeddds SiRaL LI @

ni gra. [0087] A_furt her gﬁgerinent was_perfornmed to determ ne the
type of cBPPEIaR;of fuctiprate; rrarist grne deyasy; e negtoRypscifie AN BEPBEBgi cal

st ai ni ng.prénotdrities il CAVUWRmtEGId @k BFSed. Bhubikdhss B wiekBGi@d2i N both

NeuN posi{ive and ne i.ve cells (Figure 4). As shown in Figure 5,
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neur on qiffiEYEy: R crpTEssien ofyiciferage fenogeyi &ene, waststrectlyl ichfasalizad avithn

t r ansgeneitRX NERSHosaive | RUBS inl e RELNGHRS FreALh AR netBls A-4d t r €OUS
Body I njection: .To investigat eqrgoslgﬁl; | e ant erograde axonal transport
&t

b
of bacul BPFPREguera.ofm tefsesPatc iferage  sigtalsj ewe defeqtodt wainliidn r at

Vi t r eous lardequstymidal mensbes lobled ih dapeIgRst(hzRes), Q%roﬂﬁﬂ?&eﬂ@]rzﬁ%'t& ( i GtCS) :
e at era geni cul at e

These neurons.have | on axons projecting to t
body (LG%S"Jegtn%‘e’%Y}B“&r ?’%5’%5 é‘bﬁ‘r‘% %,ﬁ%ﬂ ?é%f gﬁ’af“mr orstEn Ry FBh @Y wi t h
i nt er neutrgndnckd celise wvith heamle fHtepmentoh emdrfiBolofy) Einasnelc Riert RE the -

i ntemeur gns, f ¢ . ough the deep white matter of the brain to -
formthe optr%]g&tergg%?g??)bns, which will ultinmately termnate in the

primary t/lg al cortex at the posterior part of the brain. [0090]
After intiP83li tTheolvsiltsesgy sxprpsen lonsubstonttn nigre wis wHesivelb bived
bacul ovi todpared with that in the cerebral cortex, although its absolute value was still highly

significant. Considering the difference of nevron quantity in these two brain regions,

the difference in transgene expression levels is not mexpected.

[0089] Intra-vitreous Body Injection: To investigate possibié anterograde axonal
transport of baculoviruses, Cy3 labeled vectors weze injected into the rat vitreous

' body in order to transduce the retina ganglio cells (RGCs). These neurons havellong
axons projecting to the lateral geniculate body (LGB) and superior colliculus (SC) and
forming synapse with interneurons located there, From the LGB, the axons of the
interneurons fan out through the deep white matiex of the brain to form the optic
radiations, which will ultimately terminate in the prinnary visual cortex at the posterior
part of the brain.

[OQQ_O] After intra-vitreous body injection of 10° pfu of the labeled baculovirus



27 vectors, virus particles were observabl e under confocal

m croscope in different parts of the visual system fromthe retina,
the optic nerve, the LGB, the SCto the primary visual cortex. In
the retina, virus particles were detected in both NeuN- positive and
negative cells (Figure 6 and Figus£ 7). The |abeled particles Were
easily detected in the optic nerve and distributed al ong the
sagittal section of the nerve, indicating the anterograde travel of
t he vi rusecarlr&amlglsmamclaxwm obfervible URBCSoNTOTNmMICIPS 8% Gh AETREPEE strict |y

| ocat ed ! [O48 dASHAN S bitclaBSe (@8 0d e (5% gradheat 1 ng
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proj ecte ynapti c neurons was then i nvest| ‘{)FP'
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expr essi 9iual Eysfeﬂq:rdvﬁfeﬂ E!ibtherlﬁ@delo@mdwbaﬁcé ﬁaﬂnenﬂerhﬁddandnspm amlry vi sual
cortex (Fi gure 9% 6’?&?8 F \@ égngi ferase expression,
consi st e AESHITaRt tFPé‘SHDIat °3’ﬁ‘fs)7’e‘§°’f§ unt of axons from RGCs
projecting to this region in rats (http://thal anus. wast| . eda/ course/
and ht t p[008pk y CFhegpisibllite ofusing Hacwl @s%mmf@txmmﬁ@?dspysb
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confined "on 1y I'n neurons, no matter which part of the visual system
¢

was examborad! ¢fithy @P@%@Pcﬁw FPRGR Pfomo’éﬁs d\f@%&ﬂ%ﬂf‘r‘éﬂ@ BofY t he LGB
were | ar %oﬂ&%@ﬂﬂtﬁﬁ;loﬁhe kdcls@biant Bacbﬁvﬁdaelukmeadmﬁ@h»as detedted he LGB

that receive the inputs fraom 'rﬁﬁ gl@ngl i1on cells. é ghe] In rodents,
nost pr offedt pash &E thd?’FFi‘lr?é‘C‘r‘lEt & BiEReS N FSECRS, FRRFSFIO) 1B 5 '
t hal anus fplibwed t;eﬁﬁuﬁem}mranﬁ@hhja@;uhmﬁl dviex (Bigake (5 'Ihu@ﬂagavstthmct ures
in the ot hal anus. W.thin the th ral - le hal am ¢
nucl ei , Rﬁ‘g’ftdﬂ? 5§ RPTeSHE Ssigay évrng tﬁ%gaﬁ Elﬁﬁegtﬁ nlic gus '{DSL , are
primary @hi fio ®GQipsdjictiag Rabis régienntfe (hmhjiﬂiﬂmmmmrmﬂaﬁu/ml@eéct i ons
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" immmumohistological staining, luciferase expression was confined only in neurons, no

matter which part of the visual system was examined (Figure 1 0). Most of the

transduced neurons in the LGB were latge neuron cells, likely to be the large M cells
of the LGB that receive the inputs from large ganglion cells.

[0092] In rodents, most projections from the retina go contra-laterally to the
thalamus, to the superior colliculus (SC) and to several stuuctures in the
hypothalamus, Within the thalamus, several specific thalamic nuclei, including the
dorsal lateral geniculate nucleus (ALGN), are primary retinorecipient areas. From the
- dLGN, neuronal projections is relayed to the primary and secondary visual cortices
(areas 17 and 18). The neurons further project from the visual cortex to many other



(areas 17 and 18). The neurons further project fromthe visual cortex
to many other 28 cortical and subcortical regions, such as the
tenporal, frontal, and ventrolateral orbital cortices and the basal
ganglia. These connections between the retina and the visual

cortexes are therefore useful for al yzing transneuronal transport.
here, we found that, with the assistance of a neuron-specific

promoter, the transgene expression in the retina was confined in
gangl i on ‘E?étch]san%\?‘le?m‘iah’ﬁegla% fych v the ragral, Apriel: indrventoksmd ntbntmiant
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WHAT |'S CLAI I\/ED IS: 1. Use of a baculoviral vector in the manufacture

of a co M&very of a nucleic acid to a neuronal cell
in the trea ment a nelironal disorder, the vector being suitable
for 5 delivery to a target neur onal ceII in a subject when said
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t ar get c? % béﬁ axagé){nnz%l(i1 altlr ansport. 3. The use according to claim1l
wherei n the Rach. TPYS a therapeutic gene. 15 4. The use of any
one of clalns 1 to 3 wherein the vect or conprises a coding sequence
R R IR R R L
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is a neu ecfn use of claim7 wherein
t he neuréﬁﬂ?‘h ? 111s eC| fg%ﬁf\g%gﬁ%ﬁwtaggeaﬁ%ﬂg PFERBY 0 an 25

enhancer. 9. The use of claim8 wherein the enhancer is a

het er ol ogous increases the neur.ona cell. specific
transcri pt| onz i Sfdﬁnfa%%tp llat e PR SR Sedpcleis GOl S a therapleEWE- ¢l ai m 9
wherein the neuronal cell specific prom)ter is PDGF p prom)ter and
the enphapcer i, (MY ne aimg 1to
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-34- 12. Omﬁélxlméecbﬁia@hanmrll wher ei n about 106 to about 109 pfu of
the baculoviral vector is

5. The use of claim 4 wherein the promoter is a viral promoter. |
20 6. The use of claim 5 wherein the promoter is CMV promoter.

7. The use of claim 4 wherein tkte promoter is a neuronal cell specific promoter.

8. The use of claim 7 wherein the neuronal cell specific promoter is operably linked to an
25  enhancer.

9. The use of claim 8 wherein the enhancer is a heterologous enhancer that inct'eases the

neuronal cell specific transcriptional activity of the promoter.

30 10. The use of claim 9 wherein the neuronal cell specific promoter is PDGF B promoter and
the enhancer is CMV E enhancer.

11. The use of any one of claims 1 to 10 wherein the vector is formulated for administration

by injection.



adm nistered. 5 13. The use of any one of clainms 1 to 12 wherein the
axonal transport is by anterograde transport, retrograde transport
or trans-synaptic transport. 14. The use of claim 13 wherein the
neuronal disorder is stroke, ischem a, epilepsy, head and spi nal
cord trauma, Parkinson's disease, HuAfington's disease, Al zheiner's
di sease, anyotrophic 10 lateral sclerosis or neurogenetic disorder.
15. The use of claim 14 wherein the neuronal disorder is Parkinson's
di sease. 16. The use of claim 15 wherein the neuronal cell is

dopam nergi c neurons in the substania 15 nigra. 17. The use of claim
16 wher eild t h@heiesgobelaim diweraterboirs] 0ftorsbbutg Dopth f le baakeiral 1&torThe use
of clainhig-wgghein the neuronal cell is corticostriatopallidal

neur ons. 0 . Use of a bacul ovirus adapted for detection in the
manuf acture of a conposition for tracing an axonal transport pathway
in the centra m .~The use of claim 19 wherein the
sur f a%e ?P thghgﬁe\égﬁlslsﬁ%(gécg??se59%%%1658“&1@&%3{&35539#&@?%nter%adﬁ1.
The use tfnspérhirgmoZGdevhasgiriortlass-gyedptictratdpert.mar ker is Cy3. 22. The use
of claim 21 wherein the bacul ovirus conprises a gene operably |inked

to a pronoter, wherein the gene encodes a protein that can be
det ect ed14.30 2B usFhéclaimel 3ofherlimthen@Ronahdisceden istshrakep ischati€ epilegsyahead amd

pronoter ... L ai. erein the vjiral propoter is

bt oot or P ord Bt fu s S E UGEEL3 e A RimBAERER il Suopiie
neur Hhal lateed! belgprciriegogmetimdierder.26. The use of claim 25 wherein the
neuronal cell specific pronoter is operably linked to an enhancer. 5
27. The use of claim 26 wherein the neuronal specific pronoter is
PDGF (3 pr onolkausantrlaind 4 vduivintbencuraaGidérdEr srifadisen’s d@&se. The use of
claim 27 wherein the protein is a fluorescent protein. 10 29. The
use of any one of clainms 19 to 28 wherein the baculovirus is

f or mul at f ofhe use of claim 15 wherein the neuronal cell is dopaminergic neurons in the substania
15  nigra.
17. The use of claim 16 wherein the neuronal disorder is Huntington’s disease.
18. The use of claim 17 wherein the neuronal cell is corticostriatopallidal neurons.
20
19. Use of a baculovirus adapted for detection in the manufacture of a composition for tracing

an axonal transport pathway in the central nervous system.

20. The use of claim 19 wherein the surface of the virus is labelled with a detectable marker.
25
21. The use of claim 20 wherein the detectable marker is Cy3.
22, The use of claim 21 wherein the baculovirus comprises a gene operably linked to a
promoter, wherein the gene encodes a protein that can be detected.
30

23. The use of claim 22 wherein the promoter is a viral promoter.

24, The use of claim 23 wherein the viral promoter is CMV promoter.



adm nistration by injection. 30. The use of claim29 wherein the
bacul ovirus is fornulated for admnistration by direct 15 injection,
stereotaxic injection or intra-vitreous injection. 31. The use of
claim 30 wherein the baculovirus is fornulated for adm nistration of
about 106 to about 109 pfu. 20 32. -%he use of any one of clains 19
to 31 wherein the baculovirus is transported by anterograde
transport, retrograde transport or trans-synaptic transport. ]II

SEQUENCE ,LI ST} <110> MAng, .Shu Li  Ying <120> METHOD FOR GENE
DELI VERY “TO Nﬁw%&l{@&éﬁ% S POTSHE ‘qu]&%% °§£§’8HHT%D POWersi on 3.2
<210> 1 <211> 20 <212> DNA <213> artificial <220> <223> synthetic

primer 00> attgct.c agt.a ca 20, <210> 2 <211> 2 <212> DNA
<213> ar??TicFé?u% g&%gﬂgg m%@%ﬁ%ﬁ?ﬁ'“ﬂfpﬁé%””gﬂﬁﬂgs%Eﬁégéﬁgﬁéﬂén
gaat agggethageep 1 . :

5
27. The use of claim 26 wherein the neuronal specific promoter is PDGF B promoter and the
enhancer is CMV E ephancer.
28. The use of claim 27 wherein the protein is a fluorescent protein.
10 '
29. The use of any one of claims 19 to 28 wherein the baculovirus is formulated for

administration by injection.

30. The use of claim 29 wherein the baculovirus is formulated for administration by direct

15 injection, stereotaxic injection or intra-vitreous injection.

31 The use of claim 30 wherein the baculovirus is formulated for administration of about 10°
to about 10° pfu. ‘

20 32 The use of any one of claims 19 to 31 wherein the baculovirus is transported by

anterograde transport, retrograde transport or trans-synaptic transport.
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SEQUENCE LISTING

<110> Wang, Shu
Li, Ying

<120> METHOD FOR GENE DELIVERY TO NEURONAL CELLS

<130>

<1605 2 -

<170> PatentIn version 3.2

<210> 1 .

<211> 20

<212> DNA

<213> artificial

<220>

<223> synthetic primer

<400> 1 :

attgetcaac agtatgggea 20

<210 2

<21i> 21

<212> DNA

<213> artifiecial

<220>

<223> synthetic primer

<400> 2

‘cgaagaagyga gaatagggtt ‘g . ‘21



