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present invention relates generally to conpositions and nmethods for gene
delivery. woopamssiicul ar, the present invention pertains tgriadesnesgssoci ated
virus (AAV)- based gene delivery systens for delivering glint cell

| i ne-derived neutrotrophic factor (GDNF) to treat preexisting neuronal
damage caused by neurodcgenerative conditions such as Parkinson's disease.
15 Background of the Invention Central_nervous system (CNS) disorders
present major public health iss CR son's disease (PD) al one affects
over one mllion people in the United States. dinically, PDis
characterized by a decrease in spontaneous novenents, gait difficulty, 20
postural instability, rigidity and trenor. PDis a progressive

neur odegener ati vedi sorder that predom nantly affect s dopam nergi c (DA)
neurons in the substantia ni gra (S Currentl CNS di sorders are

treated by systenmic adﬁQMEO EHObIS aMEIiHQQ%%O TANG Systenic

adm ni stration, however, of the inability of
drugs to pass through the bll%ﬁﬁ@ E Wﬁsﬁﬁﬁﬁ t hese conpounds are
successful in 25 penetrating the bIood braln barrier, they may induce

central nervous systemside effects. Thus, many potentially useful
conpounds, such as proteins, cannot be adm nistered systemically. Currently
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avai l abl e tm PD aimat replacing dopamne in the striatum to
rest ore not 188s. However, it is essenti al to devel op therapeutic
i ntervepgions 17 F?Bég?ésxmaﬂ%nm Wﬂﬁiﬁ&m&&d@% gek or
sl owdown the ongoi ng degenerative process ( nnett et al., Nature (71999)

'389: A32- 39) delivéryl memwlmdhdpmmmmmmammmadmmoc@mﬁns @AVie nost
potent neurotrophi actor SLO for eur o d has been
shown to ent é‘?ﬁp g ]I\ 6’ ég‘f lBg ﬁl"g "PF'geﬂhﬁ{] trngBln(: %I und et
al ., Brain RGDNI)Z60@at prec:ustmg neuronal damage caused by neurodegenerative conditions

such as Parkinson'’s disease.

15
Background of the Invention
_ Central nervous system (CNS) disorders present major public health issues.
Parkinson's disease (PD) alone affects over one million people in the United States.
Clinically, PD is characterized by a decrease in spontaneous movements, gait difficulty,
20  postural instability, rigidity and tremor. PD is a progressive neurodegenerative disorder
that predominantly affects dopaminergic (DA) neurons in the substantia nigra (SN).
Currently, many CNS disorders are treated by systemic administration of a therapeutic
agent. Systemic administration, however, is often inefficient because of the inability of
drugs to pass through the blood-brain barrier. Even if these compounds are successful in
25  penetrating the blood-brain-barrier, they may induce central nervous system side effects.
Thus, many potentially useful compounds, such as proteins, cannot be administered
systemically.
Currently available therapies of PD aim at replacing dopamine in the striatum

to restore motor functions. However, it is essential to develop therapeutic interventions
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Neural Transco. Suppl. (2000) 2:181-191). However, admi ni str&f@ﬁu%}’sz
protein to the central nervous systemis probl ematic. GDNF renmins active
for only ayeésarissaperiod of tinme and due to its rel ativelpgTheogsrai ze, GONF
does not cross the blood-brain barriex, making direct admnistration into
the brain the only viable neans of delivery.- This 10 necessitates
stereotaxic injection of GDNF into the brain or intracerebroventricul ar
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viral proteins that allow the V] rus togﬁﬁ__lcate and acka e |nto a virion.

I'n parti cul d¥me 3ndidpgitp its selatiyely sizeg, %ﬂs%’FWéﬁ brRisybasEety f r om

the AAV regnd’]g% E@Hmi&*a s‘,—}% }a@ﬂ rd| ng to
their apparent ecul ar wel giﬁﬂl‘@%ﬁbﬁ%ﬁ ol reglon enco es dat ast three

prot ei n$Q Viaecessibiies\§Raeotaxid injEgion ARAGINE irite the benglomemraeelrebmvdﬁdricuhr genes of
|nt erest by | e t he, nt er nonr.epeat i'n or on of .the AAV genone
(i.e., the r(gcgv)aﬁ&ﬁ]“’ Wi é%‘)‘rgﬁh‘q‘ﬁé‘ém %‘:'%Hg‘?' Bugvcga%‘ bet ween t he
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het er ol ogous pronoter (constitutive, | - speci i fduci bl e) capabl e of
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the patient’ star t cel |ate Ter.m nati on
signals, sudPr&ae Vﬁ%e@?% ’B?ﬁ s&?@ sﬁﬁ“qoeﬁj?ﬁéwl e is a
hel per - dsrpe RdLining sbout «naﬁucle%udest mwvegénoiﬁé rREdllyOdbnyirisEs #n 1HEdrRA"
virus (e.g.; adenovirus, herpesvirus or vaccinia), in order to form AAV

virions. I|nDopeepesingaencwe flapkedameaeienddy inyerted-teringlaepeaty GERs)AAThe
establ i shes rppl 3 eifprotidhfely 145¥AsE Paifs'Bp) in length. The ITRs have multiple

functions, including as origins of DNA replication, and as packaging signals for the

viral genome. The internal ponrepeated portion of the genome includes two large open
20  reading frames, known as the AAYV replication (rep) and capsid (cap) genes. The rep
and cap genes code for viral proteins that allow the virus to replicate and package into a
virion. In particular, a fa:lnily of at least four viral proteins are expressed from the
AAY rep region, Rep 78, Rep 68, Rep 52, and Rep 40, named according to their
apparent molecular weight. The AAV cap region encodes at least three proteins, VPI,
25 VP2, and VP3.
AAYV has been cngineerpd to deliver genes of interest by deleting the internal
nonrepeating portion of the AAV genome (i.e., the rep and cap genes) and inserting a
heterologous gene between the ITRs. The heterologous gene is typically functionally

linked to a heterologous promoter (constitutive, cell-specific, or inducible) capable of



viral genone inserts into a host cell chronosome, but infectious virions are
not produced. Subsequent infection by a hel per virus "1 escued? Fepaary 2006
integrated genone, allowing it to replicate and package its genonme into an
I nf ecti ougyoiVv1g¢br i on. VWhile AAV can infect cells fromeif/frez/ests: speci es,

t he hel per virus nust be of the sane310 species as the host cell. Thus, for
exanpl e, human AAV will replicate in canine cells 'coinfected with a canine
adenovirus. Studi es have denonstrated that delivery of the GDNF gene using
AAV, adenowiriving gead expressiaminithe patientstargst cdlls wdersapprepriatexonditions ni gral DA

neur ons whi | regenerat.ing the niogrostriatal pat N dent and prinate
nodel s .of Pﬂeeﬂ’m% Oﬁgﬂwf’sst%él? g%p‘ﬂg%péatbqn sé‘ﬁ%r%f’f‘@%é?cq%#?ai nj ecti onpof _
neur ot oxi n ( Choi - Lunpgp ey fh@perdfependemiRCarid I ?éqlu%@e&ﬁfé_c@ﬂ%itﬁ@m@g;er et
al., Proc. Nail. Acad. Set. USA (1997) 94:14083-14088; Bil ang-Bi euél et
al ., Proc. Nirtus (e.8cadencSius, hefpesyit®oit)vaéeini8)l; i® ordes B8forMhAAVIviricdserlg the al . ,

Erp. Neugol. (1998) 154.261-275; ndel et _at, . Neurol.,h (1999

| @ 205- 24 4; aR§ﬁ“FT<° ?°’%f°9‘,‘°“JW12‘ké&Fggfc‘f““€2W %%@2?@41?%‘, staie i Whishitho o et
al ., Exp. ; onreCilrts i a s 2és a1 s @l s SO (2000)
220: 767- 7??#apki%%ever, p?‘gtéiag)h&ggéetuu |es&§§%\g’g“§r%f\%n%ut a‘t’tm gﬁp@NF IS

adnmi ni st er egroditchd.a Subketpaant &if¢ation by @ helperivirygs Tpsmuestghe intépatad gemnse, i s onl y

mar gi nal and_t he magni t yde of, funct,i onal recover r ob reflects the
number of  DAURBERL tphiate S RAcbAEEdE FRMPmE Ee 1 ir R A UEPRy PPkle

connect i ons ﬂv%?ﬁfe&'ceus fromN\EHEreHGpeciés? Hitelpe? vAES Rt B0of tikesdnpinor et
al.., Gene Therapy (1999) 6:1936-1951; Wnkler et al., J. Neurosci. (1996)
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'systens.in &£° %-Wﬂﬂ&@‘a M8V Wyener ati ve process has not previously
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di sorder characterized by progressive DA dedgeneration, ‘and substanti al
number s of [deravigab(Ad)anr dentivirakbyestpribased systems prsiteatonigrai Bfe sausonscwhile
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20 et al., Exp. Neurol. (2000) 164:15-24; and Kordower et al., Science (2000) 290:767-
773). However, previous studies have shown that when GDNF is administered with a
delay after the insult, spar.ing of DA neurons is only marginal and the magnitude of

functional recovery probably reflects the number of DA neurons still surviving and
maintaining nigrostriatal connections (Kirik et al., J. Neurosci. (2000) 20:4686—4700;
25  Connor et al., Gene Therapy (1999) 6:1936-1951; Winkler et al., J. Neurosci. (1996)
16:7206-7215; Natsume et al., Exp. Neurol. (2001) 169:231-238). Thus, the
effectiveness of chronically delivé_red GDNF gene via AAV vector-based systems in a

later phase of the degenerative process has not previously been documented.



Summary of the Invention 10 There is a need in the art for an alternative
means to deliver GDNF in order to treat preexisting neuronall? 2666
present invention is based on the discovery that AAV vector-nedi ated CGDNF
gene del i g4 ¥3/619s.3ubj ects with extensive nigrostriatal deparonsng ¢ (DA)
denervation, pronotes the survival of4DA neurons in the substantia nigra
(SA), increases the density of tyrosine hydroxylase (TH)-positive DA fibers,
and 15 aneliorates behavioral and bi ochem cal deficits even after the
degenerative proce®D Basdisdréguoharablerieal/ey propreasisg Pacd ebenérutivh, GBINF | S
retrogradely transported fromthe striatumto DA cell, bodies in the SN,

whi | e mai nt ubstarfial pwabers 94 DA Bensens:are Aeplcted hefare the ebyioys appearangenf pat hway,

O N s

a mamral i an deliPéred in Widtlaydd @eudes i dagabile bf RSElingdMETIL nedrdfls adEinpREVIEO P | Ses
adm ni stering to the central nervous Sést-_em of the subject reconbi hant AAV

vi ri ons &onphebayiorgl performance incanimalan thextensoongignostriatak PA denervation abl vy
li nked t ' trol..el epents that ' . _und
condt 1 ons. 1Aty bt Th b, J0F BeP b e NS E oG R BN cpulie co 1 <
in vivo to Zerbayelyradsgoned e ioh terniffs to dell Bodlies dF DL kipehs BhS SNt he

preexi sting neuronal danage conprises noderate or extensive nigrostriatal
dopam nergic (DA) denervation. In additional enbodi nents, the neural cells

are transducgd in vi X ngl t he reconbinant AAV virions are adm nistered
into the st rﬁ‘%ﬁ%m}%j ect. 17 February 2006 WO 03/018821 o
PCT/ JP03H08761 5 IThedchs afnéed ethe aRFOCAI R HStivE BRaALOUERVELGDNEAY ofddr ONs

are admnistered to the striatum usi gl%&convec_t i on- enhanced delivery (CED).
‘I'n certain eloisteat preexisting nesiranablameage; presemt-invantion ds based omthe discovetynent s,

the inventiog_J | Q fiGﬁ%ﬁf' . {] | i an subj ect

wi th preexi stplatln‘SA?e‘{fr%gotrrlgﬁge&cPanage. T%geg;lé‘;eﬁgq%‘% %e%‘rﬁ})n’% §rfﬂ5"83t6’8 ri ses
noderate to dopamiiergic (DAY deervativh aproRdtedalesuraivalwf, DA meuioheinthe betsttantia
conprises admnistering into the striatumof the sub'= ect ,a conposition

conprising MERJII niamecaseathe deosigyef frrpsine hydraxylage iiYe A fivgs, ant odi ng
GDNF | ' . ' : j .
a 180 yﬁ&&fo&ﬂ% &%gmt;aléxn& bﬁk@é&tu&ﬁ deHfeven eﬁerqeah&gﬁneahs B ggtﬁag;

conprise a pronoter under conditions that result In tran
neur al cel | sbagnnyMareowengdtransgenesderived GIDNIhis retrogradely transported from the

striatum to DA cell bodies in the SN, while maintaining functional connections within

the nigrostriatal pathway, even after substantial numbers of DA cells have been lost.
Accordingly, in one embodiment, the subject invention is directed to
20 a method of treating a mammalian subject with preexisting neuronal damage. The
method comprises administering to the central nervous system of the subject
recombinant AAV virions.comprising a polynucleotide encoding a GDNF polypeptide
operably linked to expression control elements that comprise a promoter, under
conditions that result in expression of the polynucleotide in neural cells in vivo to
25  provide a therapeutic effect. ' '
In certain embodiments, the preexisting neuronal damage comprises moderate
or extensive nigrostriatal dopamix'x_ergic (DA) denervation.
. In additional embodiments, the neural cells are transduced in vivo and the
recombinant AAV virions are administered into the striatum of said subject.



pol ynucl eoti de by the transduced neural cells in vivo, provides a
therapeutic effect. Additionally, the reconbinant AAV viri oig Febyuery 2006
adm nistered to the striatumof the subject using CED. In yet a further
enmbodi Nen{yg dslagsshvention is directed to a method of treatt/meh2Rs7615

manmal i an subj ect with preexisting nguronal damage. The preexisting neuronal
damage conpr.i ses noderate to extensive nigrostriatal DA denervation, the

met hod conprises adnministering into the striatum of the subject, using CED,
a conposition CONRRepfunler GRAARHAR) theetbnibifdn® AAV Pidfon® DB REMIEstéred to

pol ynucl eoti de encoding a GDNF pol ypeptide operably linked to expression
control el ethestriatuny using conpiertian-enhpnasddelivery ader conditions that result
in transducti-on of. neyr.al cells [n,viwa, . .and expression of the

pol ynucl eoti de by Ipﬁgﬂgpgﬁ@%lgg& n@ﬁrs‘éqjécééﬁﬁdgm? "vivo, to provide a
therapeuti ¢ ef f eCtInlydt fithercémboain s, RRAGYEAEES i9 dbRtteabON tettidd O ieRify €7 MY
be a viral pronoter, such as an M.P, CW/, or RSV LTR promoter. If CED is
used, tlfe amammalinesubject with preexisting nginonal damegeyoThe prsexigting nearonal5 i nf usi on

Cecr et ory Skt comPrheyitesde o St srerira B enrvanch o5 M mehod
sequence enggprids bl inde¥ing m@mvm&hﬂp@fﬁamﬁé@a%ﬁosiﬁm&& | eotide

may encode a human GDNF, such as a human pre-pro-GDNF. 17 Febru ry 2006 WO
03/ 018821 PGTombRNDAAY1virignsithat gompsisea polynecleqtide encasting)s GONEEs a

conposi tion for treati a | ian subject with.a di sease or di sorder as
de;n(::)ri Ibel:l aBRYyRePtds %#@@Mk%@?ﬁmﬁ'%‘?ﬂ e ?}f&m@f ‘f‘?l'ﬂpnsﬁér’i’ﬁ‘?q’%tlér' a
pol ynucjeot yhder cORtiGsHs that festt trRAHYEHIR F Beuril ceRemaDaf ahd ElpR&lsibR oftHR! €SSi on

control elenents that conprise a pronoter, under conditions that result in
t ransduct i opolypuclentide & thedransdycad peural cells it vive, peovidesiactherppautit effedtf ect . The

conposi tion of t heaRkSEy Ha¥ERkBRaCARY Vi dhs RAAITRERHSRA0 BAPOST i on
optionally conprising a 1D pharnaceutically accéptable carrier.
Accor di ngl y striatuem off the eutiject nsieCEPn provi des the fol | owi ng:

In yet a further embodiment, the invention is directed to a method of treating a

15 mammalian subject with preexisting neuronal damage. The preexisting neuronal

damage comprises moderate to extensive nigrostriatal DA denervation, the method
‘comprises administering into the striatum of the subject, using CED, a composition
comprising recombinant AAV virions that comprise a polynucleotide encoding a GDNF
polypeptide operably linked to expression control elements that comprise a promoter,
20  under conditions that result in transduction of neural cells in vivo, and expression of the
N polynucleotide by the transduced neural cells in vivo, to provide a therapeutic effect.

In any of the methods described above, the promoter may be a viral prdmoter,
such as an. MLP, CMV, or RSV LTR promoter.

If CED is used, the administering may be done with an osmotic pump or an

25  infusion pump. '

The polynucleotide in any of the methods may further comprise a secretory
sequence in the 5' position and in reading frame with the sequence encoding the GDNF
polypeptide. Additionally, the polynucleotide may encode a human GDNF, such as a
human pre-pro-GDNF.



15 1. Use of a conposition for the treatnent of a manmmalian subject with
preexi sting neuronal damage by adnministration of the conposilfiFfshrues 2006
central nervous system of said subject, wherein the conmposition conprises
r econbi namto o3adsmo- associ ated virus(AAV) virions, wherei RCSAPa@/o8ia1i ons 20
conprise a polynucleotide encoding aqlial cell line-derived neutrotrophic
fact or (GDNF) pol ypeptide operably linked to expression control elenents
that conprise a pronoter. 2. The use of item1l, wherein the subject is a
human. 25 3. The use of either of itenms 1 or 2, wherein said preexisting
neur onal danmage conprises noderate to extensive nigrostriatal dopam nergic

DA) d i on. ' ' I d
(DA) denervation @ﬂe4p§@§éﬁ€0iﬂ%9€16rﬁfﬁ%o3pr&§9§&§ér‘af[maé’n%\fflclnne%t' €

further conprises a secretory sequence in the position S&di ng
frame with thetseatingea aamnalian subdeQt Withkradlsepse00s ABO3IGIER21 5
pol ypeptide. 7 / , ScompL18kg Ofeddhib i - rein
the pol ynucl egtgl gj?g%éogéégé hﬁ?rag GDNFg 68. Theﬂfjagiééq%‘% ?g%ién%vﬁe ag:l n the
pol ynucl eot i decompotiee aupeiyprelepbidpnencedinge a,;sGDNF Ppolypeptdds 6,
wherein t cog Lt S.lnléeQ% £8 exPFeBisI bR t e | '

subj ect. 8. Tthggé{%?rlany 0 tr?e pr ecedi ng i%&%ﬁ\ﬁ#ﬁ%ﬂ?ﬁgﬂ(w&?&%& er is
a viral pronpt @& prosogerThundes genditiens thade kesulithdmptaamsdudtdioan Mp,

tC't\1Ae/’ or RSV LTprﬁg@Birc:ei:Qs Thevios €6 provde t&'%h@ﬁ(b%‘yﬂ% e Per Wherein
. The composition of the 'present invention can be a
pharmaceutical composition - optionally comprising a
10 pharmaceutically acceptable éarrier.

Acco:.rdj.ngly, the present invention provides the
following:

15 1. Use of a composition for the treatment of a mammalian
subject with preexisting neuronal damage by administration
of the éoinposition to the central nervous system of said
subject, wherein the ' composition comprises recombinant
adeno-associated virus(AAV) virions, wherein said virions

20 comprise a polynucleotide encoding a glial cell line-derived
neutrotrophic factor(GDNl_“) polypeptide operably linked to
expression control elements that comprise a promoter.

2. The use of item 1, wherein the subject is a human.

25
3. The use of either of items 1 or 2, wherein said
preexisting neuronal damage comprises moderate to extensive
nigrostriatal dopaminergic (DA) denervation.
30 4. Theuseof anyof 1tems 1-3, wherein the polynucleotide

- further comprises a secretory sequence in the 5' position
and in reading frame with the sequence encoding the GDNF



reconbi nant AAV virions are adm nistered into the striatum 20 of said
subject. 25 11. The use of item 10. wherein the reconbi nant 14Rebryary LOMs are
adm nistered to the striatumusing convection-enhanced delivery (CED). 12.
The use Qfobif83:11, wherein the adm nistering is done wdTWPe8e&INDti C punp.
13. The use of item 11, wherein the admnistering is 30 done wth an

i nfusi on punp. 17 February 2006 WO 03/018821 8 PCT/JP02/ 08761 These and

ot her enbodi nents of the subject invention will readily occur to those of
skill in the art in view of the disclosure herein. Brief Description of the
Figures 5 Figures la and | b are schematic illustrations of AAV vectors. In

Figure |a, Lﬁgél*%ﬁﬁfﬁ the transcriptional control of CW pronoter. In

Figure I b, no is fused with the codi ng sequence of the FLAG
peptide at the CGtermnus and is under the transcriptional control of the

CW promoter. |TR Envgpted & BeNany 'SPCRhe %mscyipﬁg%gﬂﬁéﬁsr%}emne.

i medi ate-early pronoter; intron, first -intron of human 10 gro

poly A SV40 ppbivmenieatide engpdes s ueme GINEwre 2 is a representation
of a Western blot analysis of cell extracts from 293 cells after
transduction with AAV- GDNFfl ag. 293 cells transduced with nock (lane 1) or
AAV- LacZ (1l ane 2) wes Shesese of Hambi wheredn repoIyhncieotidh@mmeodst er

transduction w -ga%\!g_ SLgenf!| ane 3), expression of GDNFflag fusion
protein 15 w:%&ge ke y anti-CGDNF and anti-FLAG anti body, respectively.

Fi gure 3 shows increased survival of DA neurons in cultures transduced with

AAV- GDNFf | ag.  Nunbey G o ki deRoleDhty ELEIE 1 -69 SWEEHEI R k1 d) éﬂp@éﬁoggs

mesencephal ic cell cultures after days. transduced with AAV-

AAV- Lacz L0r ndekadmbelshersft taothy sHyiakam ffdtpkd suhiagte as positive
rcontrol. Error bars 20 indicate s.e.m (*P <0.01). Figures 4a-4e depict
expression of GDNFHB?QI‘I;Q usster Io%t g{pyaél 1:rheet i’ggggging items, wherain the

promoter is a viral promoter.

15 9. The use of item 8, wherein the promoter is an MLP,
CMV, or RSV LTR promoter.

10. The usa of any of the preceding items, wherein the
recombinant AAV virions are administered into the striatum
20 of said subject. '

11. The use of item 10, wherein the recombinant AAV
virions are administered +to the striatum using
convection-enhanced delivery (CED).

25

12. The use of item 11, wherein the administering is

done with an osmotic pump.

13. The use of item 11, wherein the administering is
30 done with an infusion pump.



transport to SN. Four weeks after AAV-CGDNFfiag was injected into |esioned
striatum rats were killed and coronal sections through st r i 1dtHeRTuRRY2

were processed for irnmunohistochem stry. GDNFflag transgene expressi on was
det ect ed wo @lligsai um with 25 anti - FLAG anti body (Fi gur esP@HIERE874D) .
Retrograde transport of CGCDNFflag in tshe ipsilateral SN was confirmed by
doubl e i mmunof | uorescence staining with polyclonal anti-TH (4c) and

nonocl onal anti-FLAG (4d) antibodies. (4e) Overlay of Figures 4c and 4d.
shows co- I ocal i zat These ahd sthémbudinéntpofitht subgechmvention wiil reddily SdturBoubl e-

positive neuyrons e detected in a hroad area of pars conpacta. This figure
shows t he 1%‘%@8?%@#9‘%@ %ewﬁr}&%%ﬂ“@‘ 4002108761 ar ea where nost
prom nent co-localization of TH and FLAG was observed. (a, bar= 100 m b,

bar=25 Eim c-e, bar=50,um,_ Figures 5a-5e show the effects of AAV-GDNFfl ag
i nj ecti on oBriEfiDervription of thei Figeres i at um Densities of TH IR fibers were

kedl d d . the | i d sid f.. AAV- <4 nject i
(P gur o2 50 and sofies 12 ABare ShEBaly st sRAVIER. o B8anst « at e
i ncreased deRpsyid GiRlePthe HinbdRiptioRa contrdl Jf CMV §Hohbtet. 2 Fighrel 13U e Ob and

5d). Figures 5c and 5d are high magnification views of areas i1ndicated by
arrows in tGDNEsDN s fsakwithhthefoding sequsaceaofdh&BLAGepeptide atvthe C-tefmigus e Se

et o oo apd iymast ieStstafpriof BRER B GRND Srombrer Frif iiyarted tominy o
=50 pm). Fi G5 @m@%ﬁa&m&%g&mﬁm&-@&g hrothotr! ftrdf, fifke iﬂ&%ggf %B

creation of OHDA ' esi on. Sections from wer e doubl e-staln
(Fi gur e$0 6a growithdwbrmose) poly-A( BV pelyadeiylatioh fighal seqNBaggosi ti ve cell's, both in

| esi oned (Figures Qa-6c¢c).and contrtal |, (Fiqures .6d: 6f i de,. were al so
TH IR positive, rept¥e H%&pﬁﬂeﬂﬁ?ﬂ%%é%@l%ﬁ&%ﬁ%%‘éﬁa&émgwes
6a- 6¢) , TH- RO3icklly/fitep AabQRuStivEwRh AXV-GDNERI 1930eiletaiucdd WAt Adbat i ng
sone DA neurons nmaintai ned a connection to the striatal lesion at 4 weeks

after | esi orflangil)or AAYCLAGE Grnecd) syareysedras pegpsive someolsndhisty-sirhops eft@f i s an

overlay of FEj : € = = 3 w the effects of
AAV- GDNFf | a %%J%%ﬁ%f?ﬂ*&ﬁ%@?@@ﬁ“@ﬁ%@oﬂ@f@%ﬁ?@?’Jﬁﬁ@ ‘°f’ R cor onal
sect i onss t hrypdsalatedied by ainti-GONFalke dnt-HLAIG 4dtibgdy,aespedtivekc) and CTB-positive
(Figures 7d-7f) nigral neurons 20 weeks .after AAV vector admnistration.

CTB was bi | at er al | ¥igusg 3 shewys ingreased surviyal af BAgepeons dn gulgires{ransdiced math
AAV-GDNFflag. Number of TH-IR (DA) neurons was counted in rat E14

mesencephalic cell cultures after 9 days transduced with AAV-GDNFflag, AAV-LacZ
or mock. The rhGDNF (10 ng/ml) was added to culture as positive control. Error bars
20  indicate s.e.m. (*P <0.01).
| Figures 4a-4e depict expression. of GDNFflag in striatum and retrograde
transport to SN. Four weeks after AAV-GDNFflag was injected into lesioned striatum,
rats were killed and coronal sections through striatum and SN were processed for

immunohistochemistry. GDNFflag transgene expression was detected in striatum with
25  anti-FLAG antibody (Figures 4a and 4b). Retrograde transport of GDNFflag in the
ipsilateral SN was confirmed by double immunofluorescence staining with polyclonal
anti-TH (4¢) and monoclonal anti'-_FLAG (4d) antibodies. (4e) Overlay of Figures 4c
and 4d shows co-localization of FLAG and TH-positive neurons in the SN. Double-

positive meurons were detected in a broad area of pars compacta. This figure shows the



were killed. Exanples of SN fromthe | esioned side in AAV-LacZ-injected
animal (Figures 7a and 7d), and | esioned side (Figures 7b aﬂJFF@IuaéYI%O%

i ntact hem sphere 25 (Figures 7c and 71) in AAV-GDNFfl ag-injected ani mal s,
respecti veygosoisszgures 7a-7c, bar =200 pm Figures 7d- 7PCTHRI2/0800 pm) .
Figure 8 shows a significant increasein the percentage of TH positive and
CTE-positive neurons in the |esioned SN of the rats that received an _
AAV- GDNFf |l ag 17 February 2006 WO 03/018821 -PCT/JP02/08761 10 injection as
conpar ed w hiea Avli¢rd most-proménehech-lpoalivation ¢fifFl )and BAAL weas ebservede(al dar=as t he
percentage of positjve cell's (lesioned versus unl esioned hem sphere,

*P<0. 01). Fﬂ%l‘@ébQQﬁgbﬁSA‘B{/\FT%gaﬁ#@é‘% of GDNFfl ag on - behavioral recovery.
Rats- with intrastg e icn] ' -ASPNT =2()). _ =16) or
vehicle 5 (n=8) V\El e %Qgﬁﬁﬁﬁ*%%ﬁ%}%}“ ne-?gnﬁéﬁlgééepg?%%ﬁgﬁaé%yl i nder
test. Signi id strintumd eDemsities of THAR fibers wenemarkddiyadduced ah itlisRsivae silsef ved i n
rats receiving AAV- CDNFflag. In contrast, rats in the AAV--LacZ-injection

and vehix| e AAY-Ea€% s {Eigres 57 abd.o0)s t1aIsPRtrast A VSADNFfigg-iniedsed wer e

expressed ag_.t Uk ' O g . f -'Leri H use after
6- OHDA | esi Oﬁ#ﬂmiﬁsr;&g@g%%%?%@ CVF\l;'af %ﬂe}q%kemgsy?i n%gr{ %%8&;%&% ggév’f'?:r e ﬁ%%e eat nent ,
rats denonsipah®Sd)IEFigaresispand 54 areHigls ndgnificaion views ofuié8 dhdichtéyby educed
frequency of contralateral |inmb use 3-25 % of total contacts). =~ AAV- GDNFf

2

ag-treated REewsimtbedesioned sides af Figuees 32 apdshagspestivelyioFigawe fershpowsfdensent al )
t 20 k -ast., t: . L

Dersisteq & NH-R fBs 8 e arkEAMiiea bl QRUERORAL of B BBACAIE F Pl O

f or epawl @ onFigiues 8456, Bar = mar RigdesSc-p6maeatagm)of total (*P< 0.01).
(Figure 9b). Figures 10a and 10b show Dopam ne_ (Figure 10a) and DOPAC and
HVA  (dopani ne netEigBresioaHf sPW@WWB?“BB&W@H&“%vrﬁ weehsaiter ersationeef -

striatum 20 ek - = : I@FBZ D= | O I on.
Data represen perlggrﬁ{l'agg gf%%’lc‘t% gé??@}eﬁ%’féﬁ%d. 0 (ﬁlgﬁ%%@g@l ( SEQ

| D NOS: 1 andn®THs{Figuses 6beandube) o @TBIpositivgLeells; dbotinik lesiomed (Fipures 6aebp)ande for a
human pre- pro- F. e matuyr F nol ec ans amno acid,positions
78-211. Fi gﬁ?‘é‘f%%%ﬁ @b@d"%ﬁ a‘é%i{'ig“f 19¥Fe F@B?SFHé“Bs’gé;Lﬂsﬂt@sand
anmno i dopaee fi3fohed Side gpfrggatﬁ Bh-S5cp 0 -polifive déuRorsalate SettIghiidelPlaBAY By SPaNS

amno acid 25 positions
CTB indicating some DA neurons maintained a connection to the striatal lesion at 4

weeks after lesion. Figure 6¢ is an overlay of Figures 6a and 6b. Figure 6f is an
overlay of Figures 6d and 6¢ (bar=150 pum). _ ,
Figures 7a-7f show the effects of AAV-GDNEflag on the number of TH- and
20  CTB-positive cells in SN. Corogal sections through midbrain revealed TH-IR (Figures
7a~7c) and CTB-positive (Figures 7d-7f) mgral neurons 20 weeks after AAV vector
administration. CTB was .bilaterally injected into striatum 3 days before the animals
were killed. Examples of SN from the lesioned side in AAV-LacZ-injected animal
. (Figures 7a and 7d), and lesioned side (Figures 7b and 7€) and intact hemisphere
25  (Figures 7c and 7f) in AAV-GDNFﬂag-injécted animals, respectively. (Figures 7a-7c,
bar=200 um,; Figures 7d~7f, bar=100 pm).
Figure 8 shows a significant increase in the percentage of TH-positive and
CTB-positive neurons in the lesioned SN of the rats that received an AAV-GDNFflag



Figure 13 (SEQ ID NCS: 6 and 7) shows the nucl eotide sequence and amno acid
sequence for a nmouse pre-pro-GDNF. The mature GDNF nol ecul e d g digbruani 296
acid positions 107-240. 17 February 2006 WD 03/018821 11 PCT/JP02/ 08761

Det ai | ed Bagexdipgzion of the Invention The practice of theCpHrR®Alsli nventi on
wi || enmpl oy, unless otherw se indicatiéed, conventional methods of virol ogy,
m cr obi ol ogy, nol ecul ar bi ol ogy and reconbl nant DNA techniques wthin the’

skill of the art. Such techniques are explained fully in the 5 literature.
See, e.g., Sajectiomks empaked mmacamm@mim)atmmmcm@w rent
Edition); DNA Coning: A Practi Appr.oach, Vol (D.. daqver, ed.);

aigonucl eot“"‘ﬂ@"@?ﬁf"*’r’egﬁ RoSYiRE cell Qesidpha Vera ylssionessPemlsaere MR B W) Ao d
bri di zat y
|z%drll'r ans| :’;I?Inon (B maéi@% w&géégﬁéﬁtg%ﬁégw&oﬂﬂgggqﬁ@ 3&7 %C“ ption

Handbook of mmwwsmmhoﬂw-nnmm dgRn=Di0),SAAV LA (hv-lE)Jaﬁ%méal

Virol ogy, 2nd Edition, vol. & |1 L-W&N ‘Fields_and_ D. M Knipe, eds.
Fr eshney Scul @78 wire axamiged @éIaPQmOIR mw%fomma@dwhmrmab S'(EWﬁCéI}'— Liss,

Biof ogy. (w1 SRt iy i pgfecs ik oS ohila B AR pg AR GV 2"

appended cl aGIINEflaRE IfiicofitetstIrafsGfi B AAV-LacZinje@idn aﬁﬂdch&lﬁ@rxeaﬂfn'gtd gpsP| ur al
ref erences unless the content clearl y dictates otherw se Definitions In

descri bi ng t¢rmqnstrated stablg\retatipesm  Rtaons syere oxpressedeas frnaiper %Mn@lgsyed and
ar e I nt ended,t,0 I N [ t ei n heterm
"glial cell ??)hﬁggtgﬁéfga?%gﬁrigt“?%éﬁ& é@‘é@?ogwm%pep@%ﬂwl@bc

pol ypeptiipde” tesef Béforet DAV treatifiedit) aphdemonstrdted marked ihilatedalside biavhdsch i s
substanti al | y horml ogous and functionally eciw val ent to any of the various

"known GDNFs. indisated Sy rediiced frequaqey; of epntrajpteral limbnise (23255 attotal cantactshhown i n

Fi gures 11, L?Ey e 12,
SEQ I D 25 NCfJ"%)V31 ﬁa-@&eal gure gJ e@% ﬁgq‘%&prg agfiol:rﬂl (giou 93% and
al | mamal i ammmmmwmelmm seduged frgfuenygsfaontrdlaterab timbaise pSisistedGRNFS
may exist as nononers, diners or. other nultiners in their biologically

active form rathisseiving AA Yl acZ opvelicls o Gogiplateral (right) forepavhrontacts ‘Bﬁéorrpasses
active n@nONBrL I NFRrcedfigdBE lotd$*P < 0.01). (Figure 9b).

Figures 10a and 10b show Dopamine (Figure 10a) and DOPAC and HVA
(dopamine metabolites) (Figure 10b) contents in 6-OHDA-lesioned striatum 20 weeks
after AAV-GDNFflag (n=8) or AAV-LacZ (n=38) injection. Data represent percentage
of intact striatum (P< 0.01).
20 - Figure 11 (SEQ ID NOS:1 and 2) shows the nucleotide sequence and amino
acid sequence for a human pre-pro-GDNF. The mature GDNF molecule sp.arls amino
acid positions 78-211.
Figure 12 (SEQ ID NOS:3 and 4) shows the nucleotide sequence and amino
acid sequence for a rat pre-pro-GDNF. The mature GDNF molecule spans amino acid
25  positions 78-211. |
Figure 13 (SEQ ID NOS:6 and 7) shows the nucleotide sequence and amino
acid sequence for a mouse pre-pro-GDNF. The mature GDNF molecule spans amino
acid positions 107-240. '



active multineric GDNFs, active glycosylated and non-gl ycosyl ated forns of
GDNF 17 February 2006 WO 03/018821 12 PCT/JP02/ 08761 and act i VieFabrugy 30@4
forms of the nolecule. By "functionally equivalent” as used herein, is neant
a CDNF polwepeidisste that retains sone or all of the neur ecraopbeos7qar operties,
but not necessarily to the sane degree; as a native GDNF nol ecule. 5

"Honol ogy" refers to the percent sinmlarity between two pol ynucl eotide or
two pol.ypeptide noieties. Two. pol ynucl eotide, or two pol ypepti de sequences
are "subst gydtaited| DesbripidrosfahsInvestionach ot her when the sequences exhi bit at

| east about 50% 'Tgrefer,abl at | east ahout,K 75%. nore preferably at |east
about 80% 85% pr eflBe AFACticeof the prasent dnysntiomwill emplgy ¢ss otherwise gadjcatad, | east

about 95% 9 SUhRenBRA AR R G oRE] mfitidlofl, allectit thA6E %:gﬁs%&&lggm%ef a

defined | ength of the nolecules. eln, ool ogous
al so refers DNAaeamﬁf&eWimhpmé sigill of bl 22t eSuctieedhniqyies aretekplatigd Gilly @che

pol ynuc| eoti de or polypeptide sequence. I'n general, "identity" refers to an

exact nu2l editergure.oSed; ¢l & obamirok etali Molesilati Claningad hebaeretony pondence

Cdent' 1y canCHReRLARn R DAPC RS £ Br B SpRRch: Vol FRERTD, Kok, F5 o
i nformati on OrgomeBofiduByrtHesis N £Gaibyeda| Cigrvent Edition); NeaILNA6T HybPditalio® t he
exact nunber of matches between the two all&ned sequences, dividing by the

|l ength of tHB- Hases & S. Higgirsneds,, GuraentEditiop);irawscripéon end Tranyigtiaro®. Readi | y

Sl ari ty BB SLHABAL AL Cubifas BRlo) RCHAI b MM idess vol B
Sequenceoandl (Bt Tijssén)red.)VFidameyiad Virokogy, 2dd Editierl, voB 13 B BN, Fisids agal

bi omedi cal Research Foundation, \ashi ngt i ch adapts_the | ocal

DC, wh
homol ogy al goM« kaiper cdsh Freshae ClareeanimaliGeiv denuahgf BasiaBedinique 452 489
1981 f irs | | . \ H P
similari vy QUG- ERC MR GEAOR Rk ot BE'CRATT) EhnsMiUSOls HM LGNS
@ggl ysi s \I;’\?)cﬁ?@gy(wmllmusﬁ;m\éﬁgbl e f'rb\g_lrpAGengtics Comput er Groyp,h I

i son, or exa . the r, a rogr.ang, whic SO
rely on the Snit h)ﬁé%'é‘fsrﬂﬁc ?@@Pi‘{'ﬁime amg@gd g@gﬁﬁﬁfgs arriéémga.? HQ
utilizegswi tiant hed *@ief Ailude PREATBIRiSey BEQTHRNGARN O cdlyAtiBmRRY baRwEET and

described in the Wsconsin "Sequence Anal ysis Package referred to above. For
exanple, percent simlarity of a

A. Definitions
In describing the present invention, the following terms will be employed,
and are intended to be defined as indicated below.
20 As used herein, the term "glial cell line-derived neurotrophic factor

‘polypcptide" or "GDNF polypeptide” refers to a neurotrophic factor of any origin,
which is substantially homblogous and functionally equivalent to any of the various
known GDNFs. Representative GDNFs for three mammalian species are shown in
Figures 11, 12 and 13. The degree of homoloéy between the rat (Figure 12, SEQ ID
25  NO:4) and human (Figure 11, SEQ ID NO:2) protein is about 93% and all mammalian
GDNFs have a similarly high degree of homology. Such GDNFs may exist as -
monomers, dimers or other multimers in their biologically active form. Thus, the term
"GDNF polypeptide" as used herein encompasses active monomeric GDNFs, as well as

active multimeric GDNFs, active glycosylated and non-glycosylated forms of GDNF



30 particular nucleotide sequence to a reference sequence can be determ ned
using the 17 February 2006 WO 03/018821 13 PCT/ JP02/ 08761 honid! Ibapyuaay §o06 t hm
of Smith and Waterman with a default scoring table and a gap penalty of six
nucl eot i dygaBmidgs2PNSs. Anot her nmet hod of establishing pereentpoiosicharity in
the context of the present inventiom2is to use the MPSRCH package of
progranms copyrighted by the University of 5 Edinburgh, devel oped by John F.
Collins and Shane S. Sturrok, and distributed by Intelli Genetics, Inc.

(Mount ai n Viagdvactivd)trudcated forfisof thel heledile.packages the Snmit h- Wat er nan
al gorithm can be enpl oyed where default paraneters are used for the scoring

table (for exarrpl eBy Jfppctiprally sawxalent” @uaes_ihem igmeants GRNFeprlypeptidé one,

Ceqnence ot Fe sOmE ek LG 98 SEyBRARIEbEPSiRL wt Hbf ko Bl o i .

per cent |de|agg,teg £a #dtve|GDNF YnoMbleeen sequences are generally known in the
art, for exanple, another alignnment programis BLAST, used.-with default

parametéfs. For exSHpmelogyl mErntothelparentiimilarity tstwaendwo polynucledtisle of b6 owi ng

cutor 2 cao5peie BN ToeitfumoBhR Ay folypefideselliifes 34 (200 T 00!
sort by = HraitstantifGIRmolbgdusbseach ahaanhen&ﬁum{ames ﬁmﬂi%di feast dDWE{-50%6 PDBJ +

PDB + GenBank Stranslatlon + Swi rote|n+S d + PIR Details of
t hese progr PR 3t Leastrabapt{ 53¢, mogepre tlgast shout g%ftzlP@&‘?bly at least

htt p: / ww. ngl Qbﬁ@e%,qgaaagﬂ prbfeabﬁlai\ﬁ&t aﬁbﬁt%%%%%lr ihor Qﬁnﬁ%\ﬂnﬁ@ch form

determ ned by hybridization of polynucleotides under c Itions

st ab: e H:Jpl émugnbmdm?m omerradiefigesd length of &QQ}OMQ\}IGBOM@SQMM@ sub?a?iﬁllmg Wi t[] .
single-stra ion e digeste
‘fragnents. %i%ﬂ‘ %%ﬁgﬂégef%g%@&ggg%sw%t %ﬁ% ted@orm 008@% gﬁ be identified

in a Sout hgolynbyleotidk arpolypeptilesequeneent under, for exarrple strlngent

bybri i 2t | on condi FEHE MRHOh AR L& aRr ke aie o |eokdge Bng e ©
Sanbr ook et t@laminatid Sorresptthdehceiof B ymmeaou&ucdr@b@pé}mddsecﬁén&&brl di zat i on,
supra. E{ "GDNF variant" 1s neant a Bl ol og |caII active derivative of the

referen EEIRECYSYR R Areent idently canbedatarmied by adicsct romparison\pf the seguencet ai ns
desired act 'lﬂfo}mano%»mw@e%mewl&M£B?hﬁgﬁfgm&5 eﬁd&stéaﬁn éxae?ﬁﬁﬁb ged

herein. In general, the term varian refers 0 conpoun haV| ng a native

pol ypept i de of oxpiches betmeen the twie aligned wequenass,alivdingdy 310 length Ofthe shorter
sequence, and multiplying the result by 100.

Readily available computer programs can be used to aid in the analysis of
" 20  similarity and identity, such as ALIGN, Dayhoff, M.O. in Atlas of Protein Sequence and
Structure M.O. Dayhoff ed., 5 Suppl. 3:353-358, National biomedical Research
Foundation, Washington, DC, which adapts the local homology algorithm of Smith and
Waterman Advances in Appl. Math. 2:482-489, 1981 for peptide analysis. Programs for
determining nucleotide sequence similarity and identity are available in the Wisconsin
25 . Sequence Analysis Package, Version 8 (available from Genetics Computer Group,
Madison, WI) for example, the BESTFIT, FASTA and GAP programs, which also rely
on the Smith and Waterman algorithm. These programs arc readily utilized with the
default parameters recommended by the manufacturer and described in the Wisconsin
Seciuence Analysis Package referred to above. For example, percent similarity of a

30  particular nucleotide sequence to a reference sequence can be determined using the



30 amino acid additions, substitutions (generally conservative in nat ure%
and/ or del etions, 17 February 2006 WO 03/018821 PCT/ JP02/ 087647 Fabrugrg240¢ v e
to the native nolecule, so long as the nodifications do not destroy

neur ot r opkcoz/agdk vity. Preferably, the variant has at | eastredms’@ane
neurotrophic activity as the native 18pl ecul e. Methods for making

pol ynucl eoti des encoding for GDNF variants are known in the art and are
descri bed further bel ow. For GDNF del etion variants, deletions generally
range from domology algoriZhm of Smithaed Waterman wsthal defaultrsooningttabie ahd & @afd 0

resi dues, and béﬁ(iélcalrlg%/ fr.ﬁm about | to 5 contiguous residues, or any

i nteger wit PR S QHClpUFe ROMIOISN t er i nal, C-terninal and internal

del etions are cont aipihat AdthoDRF BiABNSEInG pereaift BRRiRkityini thé EStidit 8fltHePr&eht€Ti ONS
of low honology with other TGF-P super famly nenbers in order to preserve

maxi num 10 bnvsnbgn istp use theMESRClibppckage pEprograms gepyeighted by dheldnivarsiy ofis t o

preservect he; ¢ Lyar ﬁ-tﬂe @@yg c§'s'| 4 he affected
domai n, 5e. geﬁﬁfg{/"g‘gﬁﬁ%ﬁ@%@é’ﬁf’ﬁﬁ% Non:- T rﬁ%'i ng Jg(kgﬁn(g g@)gﬁeag&l etion

vari ant s i nQhtetliGdneticss Bice(Mésinitin Miew,«CA). (Froxm dtis suitel ofl pdkages the Binithd O

N-term nal am no acids, ants.lacking the C-tern nal _residue

f F, '
of CDNF, or Wasmnanale ¥R %8?‘8{%?{!&“%@%% e s used don the seomingo aci d
sequence addig)i PP ekakii1& Fap Ypén PenhlBiFof 1Y, g@ﬁéﬁuﬁpbeﬁmwbgé,ugaggaﬂg?ngi ng in

| ength from one residue to pol ypeptides" contai ni ng a hundr ed e
resi dues, asiX)eFrom the detaegenenateddg Matol” waluesefiepts sequened simglarty.”a Rithes aci d

resi due I oy r < - resi dues, nore
oot ool 19 1 PO broBiita toP e BRI bokodr 0B oPRERI kol SRl e
resi dues, orgeaergllRnown ingthe antyi fohéxamiphes astther @tignment) pogranx BBILAST afsed\iwitar ni nal
‘addi tion varjants include_the fusion a het 0ogous t erm nal signal
sequence to 4"?@%&-@%‘@“&“@5‘%&@@@& and %ié’g'@sﬁagﬁ%“% v €aci d
sequences debilveihgidefailt ipaRnfeassi gofdtic @bdet Rrandard; YileE £ ApHY; stradd2<béthScut SIONF
substitution variants have at | east_one_anm ng acid residue of the GODNF 25
ani no aci d Seefiereest FOpMaiiem BLOSHME2 Desgriptions 7o sqansnses:sartiby 7 HIGH) ace.
Such  sybstigbRRIDNEbAsBIE Rol-Redubidhint, BehBhilCH ERBIZN DDBIMPDB -AGenBank

characterized by naturallé_ occurring nucl eotide sequence changes I n the

speci es popuFia$ translations ssprotein/*t fpipdatedRIR: Detpils of theseprograms cahdnge.

Particul arl ' ' SRS | I 13 i.e.,
thosla g ubst Y@%E‘?%ﬁéé @ﬂﬁ’%‘é’“&ﬁ%ﬁ{‘ﬁ#n a ?g%%?'\ég?}cglﬁ? lﬁ’?lf%:%sl that are
30 rel ated in thei Alterativellydianselogipmoibt idetainhivied Mybdd'aaﬁatsohméyrgmtmﬁdéd y

divided int Ounfdgruéonditions which form stable duplexes between homologous regions, followed by

20  digestion with single-stranded-specific nuclease(s), and size determination of the digested
fragments. DNA sequences that are substantially homologous can be identified in a
Southern hybridization experiment under, for example, stringent conditions, as defined
for that particular system. Defining appropriate hybridization cond’iﬁons is within the
skill of the art. See, e.g., Sambrook et al., supra; DNA Cloning, supra; Nucleic Acid

25  Hybridization, supra.
By “GDNF variant” is meant a biologically active derivative of the reference
GDNF molecule, or 2 fragment of such a derivative, that retains desired activity, such as
neurotrophic activity in the assay§ described herein. In general, the term “variant” refers
to compounds having a native polypeptide sequence and structure with one or more

30 amino acid additions, substitutions (generally conservative in nature) and/or deletions,



17 February 2006 WO 03/018821 PCT/JP02/08761 15 famlies: (1) acidic --
aspartate and glutamate; (2) basic -- lysine, arginine, histildilebruargf006
non-pol ar - al anine, valine, |eucine, isoleucine, proline, phenylal anine,

met hi oni Nyg o3lghssdi ophan; and (4) uncharged pol ar - gl yci peTaBRp8Tcagi ne,

gl utam ne, cysteine, serine threonime, tyrosine. Phenyl al anine, tryptophan,
and tyrosine are sonetines classified as 5 aromatic am no acids. For :
exanple, it is reasonably predictable that an isolated replacenent of

| euci ne wi t kelative! t6 ¢ iativemolealilie)sd, losgasah@ modificstions db nat dpstdyaneuretrophic
threonine with a serine, or a.,simlar conservative replacenment of an am no
and with a aetivityctPaefarably, theivariant basatienstibe srmepeurotiaphuciastivityasthe Bativer f ect on

t he bi ol ogi ¢al t iyl . ' up ta
about 610 Eeli Mibias HEnafig P Fuclbotle HbaRRRF WO PRk MWD 7 o,
even up to abthétartland afe descrited fartey below. non- conservative ami no acid
substitutions, or any_integer, between 5-25, so |l.ong as the desired function
of the nblecul e rekef @Wrﬂ%&‘?? ‘f@?é‘ts@_ﬁelgtI@“P Beqw&%@r@%‘}f’“ﬁééﬂ?py _
det er m ne r?%cﬁl& ﬂéreh?tﬁﬂ%ﬁf&go‘ﬁt Pto Id%ﬁﬁlli‘eéit%ddﬁgéicﬁt?fr&n? 8o ghange using

t echni ques kKnown 1 n e art. 15 Spec atrons of the F am no
aci d sequencentigwpus residhes; or anydntegeravithimthe istated rgges oNsteratinalC4érminglang. |

serine, threqnin r__asparagi ne). e absence . gsyl ation or .only
partial gl y&%tg?‘la'g‘hl%}?n'? ééﬁpﬁgmff%% 1‘%1?%8“%?? §°%%§§’tlﬁ{'¥ff“i°8cxmg°r TeEIRBP 8L i on at
any aspar agijge hbinblop§ wathystes IGR-f Sibet Rodilithérhbiis fi dréer @ prakerddMatkintuen Of t he
nol ecul e that is nodified by additiqn of an O-linked carhohydrate. An

aspar aglhe- biclpgigal agtvity. \Rcdetipna aredypically slaeted stesdp peeserymrpicitertigrystuetumept i de
sequence whigg @Dﬁ??%t&rﬁﬁ?g&du\& in'tRE SfdleAUdmBi, aggwm@&sssaﬁlhh lar -

gl ycosyl ati on enzyne e tripeptide sequencés are either Asn-Xaa-Thr or
Asn- Xaa- Ser Nomklemuingzaarpples bfdedatipn xatiants inclnde mudveeted GRANF protein produetsi et y of
am no acid substi UtiOﬂ)SN eleti . he, fr.st .or, third
am no aci dﬁ?ociqs’?gt | onﬁs! of g%aégéi/n%g? ‘.d%‘%’fgg’?ggéf?%ﬁ“g" eg( a%gfg?mg?f}i no acid
del eti on at rediduedT GIONB, vt combinations)theresflil t i n non- gl ycosyl ation at the

nodi fied tripeptidg s ce... Thus, the expyression of.apprqopri at ltered

nucl eot fﬁe sequencggrgﬁ% %aﬁ%ﬂ%m&ﬂa&ﬁ{%ﬂ%°“°%‘fdf'%'§gﬂ§€aﬂaﬂﬁ “g"t t hat

site. Alter 'W-hhdl@i&terhﬂ&l%s@iﬁgﬂ%iﬁ oné Rsiday toliplypepilddsi ed to add
e

gl ycosyl ation sites. Methods for jdentiftying GDNF am.no acjd residuyes or

regions for CRbIRERAYNdredy more residues, RY W 23 nterat addidonsof singleas multipled i s
known as " al3fthdgeid Fefifles OntertaR SdiEctls generdify fafigl) #6th ¥bri 9910 residues, more

typically from about 1-5 residues, and usually from about 1-3 amino acid residues, or any
20  integer within the stated ranges. Examples of N-terminal addition variants include the

fusion of a heterologous N-terminal signal sequence to the N-terminus of GDNF as well
as fusions of amino acid sequences derived from the sequence of other neurotrophic
factors. | |

GDNF substitution variants have at least one amino acid residue of the GDNF

25  amino acid sequence removed and a different residue inserted in its place. Such

substitution variants include allelic variants, which are characterized by naturally
occurring nucleotide sequence changes in the species population that may or may not
result in an amino acid change. Particularly preferred substitutions are conservative in
nature, i.e., those substitutions that take place within a family of amino acids that are

30  related in their side chains. Specifically, amino acids are generally divided into four



WO 03/018821 PCT/JP02/ 08761 16 See, e.g., Cunningham and Wells, Science
(1989) 244:1081-1085. In this nethod, an anino acid residue bfFehroapy 2606
target residues are identified (e.g., charged residues such as Arg, Asp;
H's, Lys, @B4s6s¥: and repl aced by a neutral or negativelpc1gfpas@9eh am no
acid (nost preferably alanine or polyglanine) to affect the interaction of
the amno acids 5 with the surroundi ng aqueous environnment.-in or outside the
cell. Those domains denonstrating functional sensitivity to the ,
substi t uti ongangilies:" @) héleid -Dysphartité a@dugutagateA@Y bisionaysing aidigy, Ridtidinee@) dues
at the sites of substitution, - Thus, the target, site for ,introducing an
ami no aci d sBeRrBelaE—Aamng: Vvalie; leucips, splenciae; proline pheay i methignineandom

nmut agenesi s e i : | of the
DA S0 Sequet TRORRE Shdth et pofef SRBRALE MpataBio e GRERY oPlpide Blril

opti mal conbihredrims) tyrbsinel cRhenpldlanine, tryptopham dnd Ggosine art samuétimestclassifibé asi t es
of greatest interest for, enesi s.i.ncl ude, site ere. the am.no acids
fougd i n “GONBORABCAHIO ?‘i’@%ﬁgﬂ °'§td§£qa§’§‘agl§' r@%@%h’fﬁ}lﬁya@flfferent in
terms of  si geglment dRublcine AR S6leuckitHr Valiky i RRAARE Giths pliddgie, 51 t €S Of

interest are those in which 15 particular residues of -like proteins,
obt ai ned f r othreeninewith 9 sedrnepor a simiar qeaseryatiyg replSgmentnd gh aminexacit withyaner al | y

| nportant f Oﬁg&ﬁrﬁﬁ%%}% é%ﬁ]\.}ml y1 i%hltﬁ'ot%veaarﬂgjgli gﬂf&t oh Hetbg@)%é/asl a t&h se sites

are substitu e onservati ve “nanner. C ubst it uti ons
result in a changeForexanplepthe GDNEmblecule yaytihcludenay t© abolt St E0ndansdrv athanges

exenpl a substitutions) are intrqQduced, and/or other Ltions Qr
fjel emo ong ma T BRA-ARRFErval ac‘é@‘%rsé‘g‘ﬁf’ﬁ’ ﬂb"VﬁPb‘ag‘é;@% ig'géﬁ%‘&"‘f‘@?"%&% ivity.
Assays for Chblrcafdetvativey amind akid@ubbtitutiohd) @r adky igg!'éér betwbendr23, 88 1cMRiak ity tO

‘increase dopam ne uptake in cultures of ‘nmesncephalic neurons and the ability
to increase desiredgurcsionf thermaejequlnremains intaghngne of skillinghe art mygseadilyg. | U. S.
Patent No. 6 ?{éa‘@ | : s é%§@% i VIR Rire usig! . cle
trenors, ~nrusg e l\%&i‘%@?@@gﬁ%ﬁﬁ ra {’/tkclléﬁéqzl a, al ter a@%%g&lqn%%ost ure
and equi | i br wethkndwmamtheartand |i ke synptons generally associated with

Par ki nsop. s di seaseqQl..0t her .neur.qd rative..di seases .By,"vector" is

meant any5 genetic e %ér’%% t,nu{saﬂglﬁ °£§’e§@‘§ﬂ§§%‘1‘“ ,ac%geag;gnce{nra r%%’(&‘éeon, cosm d,

chronmosone, widdificativny to@ngly@sylationvsite (dg.| srinethizbingfor agjardgine).i Dive aiseiice30

associ ated wi th the proper contyol elenents gnd. which can transfter gene

Sequences. 17 oEBFORHpoBGE @Rt By st e Hrl B g 2 subsiition or
deletion at any asparagine-linked glycosylation recognition site or at any site of the
molecule that is modified by addition of an O-linked carbohydrate. An asparagine-linked.

20 glycpsylation recognition site comprises a tripeptide sequence which is specifically

recognized by appropriate cellular glycosylaﬁon enzymes. These tripeptide sequences are
either Asn-Xaa-Thr or Asn-Xaa-Ser, where Xaa can be any amino acid other than Pro. A
variety of amino acid substitutions 6r deletions at one or both of the first or third amino
acid positions of a glycosylation recognition site (and/or amino acid deletion at the

25  second position) result in non-glycosylation at the modified tripeptide sequence. Thus,
the expression of approm‘iafe altered nucleotide sequences produces variants which are
not glycosylated at that site. Alternatively, the GDNF amino acid sequence may be
modified to add glycosylation sit&‘e.. '

Methods for identifying GDNF amino acid residues or regions for mutagenesis

30  are well known in the art. One such method is known as "alanine scanning mutagenesis."



17 between cells. Thus, the term I ncl udes cl oning and expressi on vehicles,
as well as viral vectors. By an "AAV vector" is meant a vect o7 Rebruape20G6r om
an adeno-associated virus serotype, including without limtation, AAV-1,
AAV- 2, AAUyg.03/63%214, AAV-5, AAV 5 6, AAV-7 and AAV-8. AAPormerrbaessecan have
one or nore of the AAV wild-type genes deleted in whole or part, preferably
the rep and/or cap genes, but retain functional flanking rM sequences.
Functional 1TR sequences are necessary for the rescue, replication and
packagi ng ofseeheg AB¥nithgtiaiand TWelts, SaitncbA8IRZ441 08151 038T Tk MERSd, Ant O

i ncl ude at | east t hose sequences reqU|red in cIs for replication and

packagi ng ( erfno acid resigusor sioup of targss residuesse identified (v1ge qragdwséaemph be t he
wil d-type nugl sertlon
del eti on or LL‘(s'éu t%ﬁdn%‘%ﬁgﬁé ?g@ydgﬁ ﬁk&neaﬁgpnegtﬁﬂ%lgcw TS pr ovi de

for functi orseid (hestpeferabdypalaming oxcpolﬂmmatdm@mgc m&mmmmﬁm atidons”
refer to AAV-%_\(‘arlved codi ng sequences whi-ch ca,répgltpa Xpressed to provide AAV
gene pr oduct¥ith thesurpynding aquequs cpyIronmenin or Qst ‘ﬁﬁ 36 qpaalnss AAV

replication. dﬂ&haﬂﬁ?mbﬂﬁ%eﬂsitﬁ’i&'t&ﬂx% shbMGhitidRs Retrbrll vyherdmiaE AAV open

r eadi ng franes (ORF rep and Rep expression products have been
shown to posidisiopalorralternatesesidugs at thmtea of supstitutiom gThoashthe targat sitofomi t i on,

bi ndi ng and N f [ 8p DNA hel i,case
nctivi Ty ar it gl oid i Vafldtn i B tR, A8 Reanas o BovBRs o1
pronot ers. Thatageresie itondedtalonthe doredspomlinprthigetXddor oeregivh\of fRANG4I NY

functio AAV hel per, functio re used herein tq c | e AAVY functions
"t r andO; hAeTuFREe FPL S RPHERSh GURVE VA0S SRR dprine AP Sopbimabamer r ot
refers generﬁsﬁydidﬁvﬁxlﬂbu?d@k& ofakbwhiy0l ecul e that includes nucleotide
‘sequences providin functions, deleted froman AAV vector which is to be

used to produce a t %ﬁﬁflgffgtmﬁﬁﬂ%Q“HQW@@rWlﬁeﬁteﬁUéﬁé&q%’é}n@equence
25 of i nter%ﬁdsf@@éxﬁ%l@ﬁg}afb‘?&ﬁéfr&ﬁ%&fs LANsi ent
0

expressi on or ca enes t ITEI’I'[ m SSI ng uncti ons

AAV 1 an
that are necmécseha;n b‘dﬁ. chhsge, imd/mw pllquw &fher Hmfemtereﬁell‘q)@pseanmﬁnchjct S
| ack AA rrRs n eI ve hel per
construc aré earlr “Pﬁg ig'ﬁ;#olffa&mc% age uggﬁspcg’s%ﬁldeeﬁA%
virus, or VI $uohlposermJarbgenetéllyAAVOhait ﬁﬁﬂhe&ﬂol@gﬂaltacucm)soﬂmmetcmdmﬂﬂ ,Crl bed,

such as the CoNTRes dre SR luRedia T relsa Ry Consetvae miannér: 1F sizh $ubsBaions reautt o2+

in a change in biological activity, then more substantial changes (exemplary
substitutions) are introduced, and/or other additions or deletions may be made, and the
20 rcsuiting products screened for activity.
| Assays for GDNF activity are known in the art and include the ability to
increase dopamine uptake in cultures of mesncephalic neurons and the ability to increase
the survival of sympathetic ganglia neurons. .See, e.g., U.S. Patent No. 6,362,319.
"Parkinson's disease-like symptoms" include muscle tremors, muscle
25  weakness, rigidity, bradykinesia, alterations in posture and equilibrium, dimentia and
like symptoms generally associated with Parkinson's disease or other neurodcgéncrativc
diseases. ,
By "vector" is meant any genetic element, such as a plasmid, phage,
transposon, cosmid, chromosome, virus, virion, etc., which is capable of replication when

30  associated with the proper control elements and which can transfer gene sequences



PCT/ JP02/ 08761 pl M29+45 whi ch encode both Rep and Cap expression products.
See, e.g., Samulski et al. (1989) J. Virol. 63:3822-3828; and MbGaary 20@4
al. (1991) J. Virol. 145:2936-2945. A nunber of other vectors have been
descri bed whisflisgpcode Rep and/or Cap expression producpgr/ st 9., u. S
Patent Nos. 5,139,941 and 6, 376,237. 1» The term "accessory functions” refers
to non-AAV derived viral and/or cellular “functions upon which AAV is
dependent for ‘its replication. Thus, the term captures protei ns and RNAs

that are reguivesslcdR. s, HRPEhE Hciudbs clbiifg b é?@r&ﬂ@ﬁ%lﬁab@taé ) a.F Qual ved ' n

activation of AAV gene transcri ption, stage specific AAV MRNA I Cl ng,
DNA r epl i caveaors. synt hesi s of Cap expreSS| on products and AAV capS| d

assenbly. 10 Vi raI ase \ C. n ved fro of the
known hel per vi rus W&e%ﬁ) diréx% rL\;ecf% rpesﬁ%}%?{ SPHaTsof pes

si mpl ex vi ry@oweqnamﬁgdnma@tqmmmmvmusl A]Bne-zt AAV-3 aCAVSS mwvfsum on
vector" refers enera nucl eic aci-rd nol ecul e that i ncl udes

nucl eotite §& dw %E%%%@r%?"? Wﬁﬁrl%‘?ﬁ of the AV wildetyBegenesunct i on
vector can vector is

t hen capabl g%@%%&%ﬁ"?ﬂ?’% VITi onﬁzg %ELJ b?%da&k'%? tm]?'} Expressly
excl uded f flankingETR sequennes. Fmice'omald)’ﬁ&soqumdes pemecasbary farthd fesguepxi st in

nat ure, such aden i EUS vacc a Vi ru art.icl es Thus,
accessory f @ @WM&EW %8'? 85‘!?1%8&’

transposon Q{cl\fdésaﬂledsttﬂ&els&;\ﬁﬁédskﬁ\ﬁrédmddfohﬁb@hmﬁaﬂ@ siba(&g, that t he
ful | -conpl enent. of _adenqvi rus enes are_not reqU|red or accessory hel per

functiois. finchgnal TERS)SE thearmioFhe IERs need aotbs thawidrimeaueleo t[Mt‘ieﬁlmﬂc$‘=él;at|on
and | ate gegg

Tepl i cati on iy A7 bRaRSe KRl byAGe RacO Aclcfiod i sl Hiclb s Y 1o

- (1971) Vi rohsggesd@eﬁaeipr@dafoaMOMtqmesmhmmmanmpacEm and E3 regl ons

have been 25 shown, V, [ at| I tha he E213 and

E3 regions are pr okfé‘gvémppl%ﬁfml ﬁAnSI 5° W"@?fw&d%&g ctapgﬁs.

tCﬁr t Erl et abxpreiswﬂﬁpro\oﬁde wﬁgggeﬁbaﬁoﬁgﬁ that,l-ﬂnmn,eﬂmctmﬂ&mg;ahfprmdﬁeﬁﬁ{:t :Axs/ . in
e gi aving.a de| ete re e por

repli cai ﬁ?hcﬁf% Ebﬂlﬁé’ﬁ‘%ﬁﬁ@n MF;’ F‘éﬁﬂﬁ?@ﬂ%&‘\v

replicati Onre &di(ORFE), )‘%Diudcﬂ Imk?/ex{beweb ptoduéts hiVe beert 153 tod -

Virol. 41:868; 17 Februar 03/ 0188 PCT/ JP02/ 08761 19 Janik et

al ., (1981) Ppssgss mmtfpmcq&@adnc wling, among pthersoresognition, Bindingand nickinpas)the
Virol ogy AAV origin of DNA replication; DNA helicase activity; and modulation of transcription

from AAV (or other heterologous) promoters. The Cap expression products supply

20  necessary packaging functions. AAV helper functions are used herein to cothplemcnt
AAV functions in trans that are missing from AAV vectors.

The term "AAV helper construct” refers generally to a nucleic acid molecule

that includes nucleotide sequences providing:AAV functions deleted from an AAV vector .
which is to be used to produce a transdﬁcing vector for delivery of a nucleotide sequence

25  ofinterest. AAV helper constructs are commonly used to provide transient expression of
AAYV rep and/or cap genes to complement missing AAV functions that are necessary for
lytic AAV replication; however, helper constructs lack AAV ITRs and can neither
replicate nor package themselves. | AAV helper constructs can be in the form of a
plasmid, phage, transposon, cosmid, virus, or virion. A number of AAV helper

30  constructs have been described, such as the commonly used plasmids pAAV/Ad and



, 126: 505. Ot her characterized Ad mutants include: E1B (Laughlin et al.
(1982), supra; Janik et al. (1981), supra; Ostrove et al., (179bjuayy 2@l6ogy
104:502); E2A (Handa et al., (1975) J. Gen.Virol. 22:239; Strauss et al.,

(1976) J. §sRhss21 7 140; Myers et at, 5 (1980) J. Virol. p¢rhro2eem: Jay et
al., (1981) Proc. Natl. Acad. Sci. UgpA 78:2927; Myers et at, (1981) J.

Biol. Chem 256:567); E2B (Carter, Adeno-Associated Virus Hel per Functions,
in | CRC Handbook of Parvoviruses (P. Tijssen ed., 1990)); E3 (Carter et

al . (1983), paMpHads whieH eficbde bothiFep 88 C efp}%ﬁh,pr&daefsas&aa k99 ) -

Al though studies of the accessory func |onsﬂgrow enovi ruses having

mut at i Ens i al. lt(h%39ld Erd. @&322@;3&289‘-1-06@4% g5 Glﬂ?ébfd’dml-lmsﬁﬁg?d%éﬁ Ats,
S
Semy oK1t o P i SRR R G L

addi tion, | preduest iSesal.g US| Pﬂéﬁthb@ 3% 12446376)2d7. Mat shushita et al .,
(1998) Gene Therapi_g3 938" 945, descri be ccesso_e%@functlon vectors encodi ng
various Ad genes ¢ toapn;"pecasaFy Kinghops'are ERHOROBAAY deriyeshiral and/orcslylaz

conprise a”fgﬁj&ﬂ nsvg{ I V, 6 coding
region, an a enow{r'é}is ﬁh%%ﬁ@%@ng?%é&?ggﬁ%hr@@%ﬁ a eheg\%%?% codi ng
region, and pmtemdend)RNnﬁsshdﬂB rr:@gr'edun AAdkrepgcauaxn, maludmg theaBmbletiepdi ng
region. Such v rs ar | nter n onal i C

01/83797. 20 Ya§° F‘ﬁ‘b“’ﬂ?‘?‘?"c YF@#%PB’&%&. on" is
neant the QQAVIDNAQEPMu&p Sﬁﬁ&fs)bfbdﬁﬁpré&@wﬁ%dd%ts%dw e4Psidlashériaptyde

accessory functions that are sufficient to conplenent rAAV virion

product 1&n iViral-basadiacesssery finsenscan pe derived |ﬁ@ve@ycgmmwneyvumva| ent to
or greater td Fyegmlg erqgél!ﬁ #2‘9 afy host
cell with annadaegnic?\%?us hel’per virus t Q’B It o an aag%:l%?sory

function 25 wvwmstor or systemto support eff|C| ent rAAV virion production can

be determ ned by arl,n r AAV, viglon ers obtaj.ned usin e accessory
vector or systemw 3&“"’0 tﬁ’é’d'ecttgrt ef?‘rﬁegs?‘il%ﬁo%ﬂ gﬁ"&nf ectious

adenovi rus]c f:ﬁ&leaﬂ@ﬁfat inelmki&r:iuyleoﬁdb ?qmeespwwgi‘nglaedessmy fimctios. Q[nl system
supports, efficient rAAV virion produ t|on subst uival ent to, or
greater % harfSCesRoRy fustigp yemionfap b %Fﬂ%%%ﬂ@ﬁﬂé%ﬁvl}» 0@ thevgetonis’
February 20QRen/¥g Q@é@?&%&nﬁ@ﬂ&\?@@kﬁ f&fhctioiOn N3t call BiptdsQy exahlial ned

from an equi val ent nunber _of host cells is not nore than "about 200 fold

| ess than t Heom Histerm anstinfeetioys yisalpgrtisles asthey exist in paturs, sich asedenoyiras,er abl y
not more thap ahaits FQcdifth firkERRticl &N nIDSkceRliof) RinBlbn v iidtan!td in e 9 €L €

t han, the
form of a plasmid, phage, transposon or cosmid.

20 In particular, it has been demonstrated that the full-complement of adenovirus
genes are not required for accessory helper functions. In particular, adenovirus
mutants incapable of DNA replication and late gene synthesis have been shown to be
permissive for AAYV replication. Ito et al., (1970) J. Gen. Virol. 9:243; Ishibashi et al,
(1971) Virology 45:317. Similarly, mutants within the E2B and E3 regions have been

25  shown to support AAYV replication, indicating that the E2B and E3 régions are probably
not involved in providing accessory functions. Carter et al., (1983) Virology 126:505.
However, adenoviruses defective.in the E1 region, or having a deleted E4 region, are
unable to support AAV replication. Thus, E1A and E4 regions are likely required for
AAY replication, either directly or indirectly. Laughlin et al., (1982) J. Virol. 41:868;



anmount obt ai ned using adenovirus infection. 5 By "reconbi nant virus" is
meant d virus that has been genetically altered, e.g., by th¥ Eebauarydp0or

i nsertion of a heterol ogous nucleic acid construct into the particle. By
"AAV Vi ri Gog od/ersgant a conplete virus particle, such as pTwebzlesteipe (W)
AAV virus particle (conprising a linear, single-stranded AAV nucleic acid
genone ' associated with an AAV capsid protein coat). In this regard,

si ngl e- stranded AAV 10 nucl eic acid nol ecul es of either conplenentary sense,
e.d., "sensganiRlet A198 NBSE., Na. r/ﬁj&dsSczCHBAllQ 1paskegmiaaltq1983') WVrsloyAV

Vi r| on and both strands are equally infectious. 'reconbi nant AAV Virion,

or "rAAV vi l28i905; Other shaagtenispbAd Tianthinclude: Z1B H&lghlﬂe?ﬂl ﬂc@?B@nS@Uﬂect ive

hucl cot Pﬁé“iéw%gﬁ@e’?@élﬁ’ P QsEls ool BT RICERoh s0h? AR RO A", 1.
A TAAV vi rl ?meﬁmm 191239; Stratiszlek &1. MS'VG)(DE|Wrdl\/ﬂl’Ft\4mM di@@lt Aal) AAV
vect or, per functions and accessory finctions int roduced therein. In

this maniler (198%-’ Werol. 35¢465; Jay atahd E1988) E’&)ﬁaﬂﬂté\ Agade S6io YSAJ 8RN TpMyepept i des

Ul cot | de SeqfeBICT RE Ehath 2S5soe B ERY R e Bl ke Mol on

particles f Quunetibse s ECRCH DO DN;K\F%P% rB'é@(PeTmseﬁé&nﬁ%)LEy‘%ah‘ér&sed to
a

refer to the uptake of foreig cel and a cel een

"transf ect edl. (1A8D), exrgk m@&r@ﬂmn& ab@@r%). sepradGeger (1A8NYeAltheughcel |
menbr ane. f transfgction_tecg u ac ner aII known .in the
art. See, éE@T‘O hATEEP %?@ ‘{}/ﬂbga@ “gﬁg %ﬁ'f%l&“@(" al .

(1989) hpl ecmlnaéod@f have §§>dh@éa fawISamGQkﬂetSamr (19B8yiar Pipb1.
Labor atori es Davis et al. Basi ¢ Met hods i n | ecul ar
Bi ol ogy, El $2306r2105nereutiy repprted thay E leémlrs@forg‘mvsunwmodummques can

be used to i or X
nucl eoti de |‘%“Iegra I°0 kﬁ?\‘f}%tctlgrm&?aﬁ %ﬁ%%@&ﬁyﬁﬁ ﬁ&ﬁggnél nto
sui t abl e ho¥askishita etldlg, (1998)Gehe Theragy) 5:93810t3)t descrifecicca¥aryFhsiction vectors

m croor gani sns, yeast cells, insect 30 cells, and manmalian cells, that can
be, . or have “peeding M%’é‘!}‘sa‘sdl!@éf-pi ents of an AAV 17 February 2006 WO 031018821

PCT/ JP02408761 21 el ner ﬁ@% &k ”FEE“‘ AGEEROT Y

functro%gvect or, ofr ot(ﬁer trans er&xﬁl\& eo\bt er@hﬁ; es the pr ogeny of

the ori gi naIRNAchdwgrrcglodqasa&emmruermﬁRFﬂceﬁngrcﬂumsan addhbmntsmvz kBs used
has be n transfe

exogenots. DIRUSEIHERER HEeqERE R PR ot PSP OaE ¢ LBrosiot e
parent al an intact E1B55k coding region. Such vectors are described in International Publication
No. WO 01/83797.
20 By "capable of supporting efficient rAAV virion production" is meant the
ability of an accessory function vector or system to provide accessory functions that are
- sufficient to complement rAAYV virion production in a particular host cell at a level
substantially equivalent to or greater than that which could be obtained upon infection of
the host cell with an adenovirus helpef virus. Thus, the ability of an accessory function
25  vector or system to support efficient rAAV virion production can be determined by
comparing TAAYV virion titers obtained using the accessory vector or system with titers
obtained using infection with an infectious adenovirus. More particularly, an accessory
function vector or system supports efficient rAAV virion production substantially

equivalent to, or greater than, that obtained using an infectious adenovirus when the



cell may not necessarily be conpletely identical in norphology or in enom C
or total DNA conplement as the original parent, due to naturdlE e BEEY

or deliberate nutation. As used herein, the term"cell Iine" refers to a

popul at i oRyPds0esht S capabl e of continuous or prolonged gcowedrogrsd di vision
invitro. Oten, cell lines are clonaé 10 popul ati ons derived froma single
progenitor cell. It is further known in the art that spontaneous or induced

changes can occur in karyotype during storage or transfer of such clonal
popul at i ons.ambhatcffvirions obtalided frbar an/epiviatentminiteer o€ host bcltsas n&tfmtoredlehnt 0 may not

be precisel o the ancestral. cells, or .cul.tures, and t eII
line referr é‘g ‘ftgwh?,lﬁ%éih Q}Q?Sgﬂpgdu%aﬁqgow ﬁ@Pe?‘STedﬂ'B{‘]iEab s it
relates to muﬁhef&hﬁpavéusmm% mmo@?reffamlpgqumguﬁg&a& gl ggont rol
sequences, denotes seguences that are not nornmally joined toget her, and/ or

are not normopyt Quirug infeptioncul ar cel I. Thus, a heterol ogous”
regi on of a nucl ei g.,a¢] ?’Hﬁtt d cleic acid
within oé attachegyt gécgtr?g Jl}r‘:lgc géeg&aacﬁgﬁ%ﬂtecu%eﬁgg@@mf fe 5§ in
associ at i on byithdraddittonadr iesertidi ofalheterdl@zonnnueddic aeid cﬁmmeoiﬁmﬂleparacle

het er ol ogous regio f nuclej c acid construct co i nclu a coding -
sequence fl anked b§ygéﬁ6€ﬁ’€8§$ﬁd¥°@b‘lﬁﬁnﬂqﬁe YIuHRaTig ?’éHclwst W’?ﬁ&’i’é&m)ng

sequence i n ARV is pASEle/(SimHE el sgRABiAU200Y BuORUBE g3fgHENCe i 5 2

construct where the codin se uence itself is not found in e (e.g.,
synt hetic s@qmmwwﬁamhg eapsid protein toat). dnthis regand; singlastrindsd feié) .

Simlar t S nprmally
present ll?‘n ugl%ce %Jﬁ@é%@é%&%é%sﬁ%@eﬁ%ﬁ%g ero ogd%ungg ‘;’pﬁ‘{rl‘%%% of this
i nventi on. /ktrhmds; can\terpaekaged inte m)edeVymmndbothgmdsareamallyevents do not

‘give rise t,0 eterol ogous DNA, as used herein. A "coding sequence" or a
sequence V\hllﬁft‘?" ®icodes” a particular protein, is a nucleic acid sequence

which is transcri bﬂd'rédomathmﬁmek%wvmbmldaﬁmxe}dmm 30 case of
mMRNA) into a polypeptjde in vitro or_ in yivo when placed under, the control

of 17 Febr udpigctiqyscrepiisaion-defsatve vims inckdmann AAY Motarﬁﬁb@ibpn@psd@w atory
sequences. Therd %Hiﬂ%él@éu&fseﬁusg hiefks SRR RIRnREFor IR LLNGAAARY a start

codon at the 5 term a translation stop codon-at the 3

( car boxy) tIERm vamuw@wd@n%@n@hh hpsteel sbichihas hadsam AV vestored t o,
CDNA from prﬂ@’rﬁé c@&m&%&%&é&é%ﬂxﬂ% i%000BathdE FEAUSALER:, O™

pr okaryotic ‘or eu yot I C
host cell is rendered capable of encoding AAYV polypeptides that.are required for

packaging the AAV vector (containing a recombinant nucleotide sequence of interest)
20  into infectious recombinant virion particles for subsequent gene delivery.

The term "transfection" is used to refer to the uptake of foreign DNA by a cell,
and a cell has been "transfected” when exogenous DNA has been introduced inside the
cell membrane. A number of transfection techniques are generally known in the art. See,
e.g., Graham et al. (1973) Virology, 52:456, Sambrook et al. (1989) Molecular Cloning, a

25 laboratory manual, Cold Spring Harbor Laboratories, New York, Davis et al. (1986)
Basic Methods in Molecular Biology, Elsevier, and Chu et al. (1981) Gene 13:197. Such
techniques can be used to introduce one or more exogenous DNA moieties, such as a
nucleotide integration vector and other nucleic acid molecules, into suitable host cells.

The term "host cell" denotes, for example, microorganisms, yeast cells, insect

30  cells, and mammalian cells, that can be, or have been, used as recipients of an AAV



5 even synthetic DNA sequences. A transcription term nation sequence w ||
usual ly be located 3' to the coding sequence. A "nucleic acildFebrupmepe®
refers to a DNA or RNA sequence. The term captures sequences that include
any of theykgnymsi@ase anal ogues of DNA and RNA such as, Houtseopds7dii mited to
4- acetyl cyt osi ne, 8-hydroxy- N6-net hyladenosi ne, 10 aziridinyl cytosine,
pseudoi socyt osi ne, 5-(carboxyhydroxyhnethyl) uracil, 5-fluorouracil, )
5-bronouracil, 5-carboxynethyl am nonet hyl -2-thiouracil, 5-carboxynethyl- -
am nonet hyl Uefifer bonsttudty sii AWVadctor plastii, ae acchisorysfapetivneveytor; @€ 6théftransfer

1- net hyl adeni ne, 1- nethyl] pseudouracil_ 1-pethyl guanjne,. 1-nethylinosine,
2, 2- di met hy| JAniThe ,termzmﬁlsﬂwﬂaa@s?waf %Wpﬂﬂyﬁwhél?s beepEppsiFdsd: osi ne,

5- et hyl cyt ogj " " I ' et

5- et hyl am ﬁgﬂrrl%&yqjogtréaggi F?H%X&@&%e&%ﬂ%o rrg%/iy: - g ?%P%st}’reg%msmtcd

bet a- D- mannowifh speagemms DNA sequencey dtis nodeystoast thet the proigkny of2-singldyarsnialaci |,
2- met hyl £hi o- N6-i sopent enyl adeni n uraci: -5-oxyacetic acid npethylester,
(ot | 5ol dRavcndh BRss i,  Fos e adeSlies TR AGneae ey O Bsstpmis or ot

2-thi ocyt 0SIPRA cendPiéniotit as’thie dkiginaBsardnt, dre tdhauraR Gédidental ld? idetibepstt | | _
S-methyluracil, 20 -uracil-5-oxyacetic acid nmethylester, uracil-5-oxyacetic
aci d, pseudome@@den. queosi ne, 2- thiocytosine, and 2, 6-di am nopurine. The

term DNA “control %ﬂf‘sg#gﬁ'ﬁ&'é" {h‘éft&ﬁ:stc&i)iiﬁé*%ée%é‘ﬂgl){ gkﬁn%%@ﬁs capabiE of >

pol yadenyl ati on sign tranhscription termnation sequences pSt ream
regul atory cbatinnous or praleyiged gafwth emd dieiztonamyitrionOftenadelllinenarertonaht ry sites

"| RES" h . .and the 25 |ike whi |lectivyel ide for th

Fepl i catiPon, PPRZRGE S o ppROEaRs elb itk S g BB R n o

reci pi ent cedgontabtius 3t indated dhagges c&édcOt ink@HE/PE aﬁﬁﬁgﬁdmgé ¥R¥ahsREof fcRSENt
(0}

so long as the sel ected codi n% sequence i s capabl e being replicated,
transcri bed clenad pepulstiqns: dBerefore ge ¥ost from the sl ding geferredith amayaotbe pr onot er ™

is used hergﬁ%a,( iecigﬁ?&w& 8 a¥ceS 38U ey, aﬁzﬁth% cBli Sh& A to B! ON

conpri si ng ulatory sequence, wherein the regulatory sequence is 17
February 200€chwad8it018821 PCT/ JP02/ 08761 23 derived froma gene which is
capabl e

capabl e gl 0,119 SR RARRS M MM b ARSI s S
i ncl ude "i ndsequdrices davatrel sefuenobspdenotes pequendes thabireaopndrnally jodaddi de sequence
AR AR IR e A TN TR e T A
pol ynucl eot i fgioheFd anEleicARRY cdkstruct or a vector is a segment of nucleic acid within or
attached to another nucleic acid molecule that is not found in association with the other
20 molecule in nature. For example, a heterologous region of a nucleic acid construct could
. include a coding sequence flanked by sequences not found in association with the coding
| sequence in nature. Another example of a heterologous coding sequence is a construct
where the coding sequence itself is not found in nature (e.g., synthetic sequences having
codons different from the native gene). Similarly, a cell transformed with a construct
25  which is not normally present in the cell would be considered heterologous for purposes
of this invention. Allelic variation or naturally occurring mutational events do not give
rise to heterologous DNA, as used herein.
A "coding sequence” or'g sequence which "encodes” a particular protéin, isa
nucleic acid sequence which is transcribed (in the case of DNA) and translated (in the
30  case of mRNA) into a polypeptide in vitro or in vivo when placed under the control of



| inked to the pronoter is induced by an anal yte, cofactor, regul atory

protein, etc.), and "constitutive pronoters". "Qperably | i nkledfcbruarg2@0a o

an arrangenent of elenents wherein the conponents so described are

confi gur edyees@ss2io performtheir usual function. Thus, ptQ/Jeenisral

sequences operably linked to a codi ng2sequence are capable of effecting the

expressi on of the coding sequence. The control sequences need not be

contiguous with - the codi ng sequence,. so long as they function to direct the

expr essi gndtabpll’opﬁitc regulitoryfsequeneesaThe Eounidmids lof el codingrsequensd &t eetemeﬁhgld ]

transcri bed sequences can he present . between a pronoter seqguence and the
Fgmimeg Y

codi ng Asequéﬂtﬁét%ﬁ)df’ﬁé“ﬁ : ?P%ﬁ“i@lsmﬂé%@%t ?'(ﬁ‘?—f\ﬂéﬁ‘)’)
"operably |igkaghs, t@cc?isﬁ%e&ggéﬂég cﬁ?ﬁ%‘ﬁgﬁ%ut i@)‘lot"lhgigédatBeéﬁNﬂ}fdﬁx f)ﬁi(ﬁ':é/ﬁﬁ@g. to a

nucl eoti de sequence, nt that I ndi cat nol ecul e is present in the
subst anti al onleskarpeticahRNAL genolmio DOGA seqhencesitorn podkaryotie or edkatyodic DN, andpe.
Thus, an_."isol ated nu Lc acid l.ecul e.:whj ch. gencodes a rticular

ol ypept§ deevPRpERstE DA feebfndes REHBHOT I Bingfintranen sblpaaly 161, 20
free of ot hq&mvm@eemgggﬂhe@éj es that do not encode the subject

pol ypepti de; however the mol ecul e may include sone additional bases or

moi et es whi ch do Heinuglsicacidr sequence refsrsita aDNA or BNA sequenseatheterst i cs of t he
conposi tion. j 1'&?«,1{ ' P f

nucl eoti de se @ger?tge e?%gsgﬁi glgﬂqegﬁiggdhguc elﬁﬁgéﬁ%}lgggﬂg %{qﬁgﬁéﬁ% t he

i nst ant applasgait notlimied-to 4aaetyloytosime 2&-hydroxyi-Néimethyladenesine,de sequence i s

describ as _bej.n i tuated, ".upstream’ "do tre "3 "5 " relative
to anot Egr sz@mfié‘ﬁg@,i"ﬁ‘?“ peeug %ﬁ"tﬁw&g%&ﬁy\'@ quﬁ?”é%l) Pﬁgﬂ’&gé\‘?r?‘ﬂfﬁc‘gf t he
sequences i rs-blegousdRilSS carbéxynictlilafinombth @Az thiduracilDbldarBokpreth@-t hat is being
‘referred to as is_conventional in the art, A "functional honpl ogue," or a

"functi onal ¥fpempethiracilylihydroyrec inesipedib-papsateyladgring.iecmethrladerine dul es
derived fromidigpRalibyiacih BB NEhHeS SMLEfiRosiAS 2/96dinetiylghiniiE LT Uary 2006 WO
03/ 018821 24 PC?PJPOZ./ 08761 ?g@ nbi nant I'y pr?)sduée’d or ¢ em caF’I y synthesized
pol ypept i des2-migthytedenine 2rmethylguanine;dmertiyleytosines f-meghyleidosied, er ence AAV

nol ecul gcto ' | . | I oque of AAV
Rep68 o‘ris Reprgﬁ"mee%l oarfd%%ig g’?s'ﬁ]g%ﬁ at L%Igén-[a a.né%g]m{i ﬁ"eusracqgs -I?%%@&mﬁ)%—

pol ypept i desmethyll2ithiowyadily pets-Daglanmasylqnedsine ' enetimixycarbenydmetiglutaciins, 5
i;?;g;;“t O B iradlf 2 ety hiS R pentinylidening tiradil-8 oxFhcetid Scid ™ MO ©"

methylester, uracil-5-oxyacetic acid, oxybutoxosine, pseudouracil, queosine,

®)

2-thiocytosine, S-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil,
20  —uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid, pseudouracil, queosine, 2-
thiocytosine, and 2,6-diaminopurine.

The term DNA "control sequences” refers collectively to promoter sequences,
polyadenylation signals, transcription termination sequences, upstream regulatory
domains, origins of replication, internal ribosome entry sites ("IRES"), enhancers, .and the

25  like, which collectively provide for the replication, transcription and translation of a
coding sequence in a recipient cell. Not all of these control sequences need always be
present so long as the selected coding sequence is capable of being replicated, transcribed

. and translated in an appropriate ho'_st cell. |
The term "promoter"” is used herein in its ordinary sense to refer to a nucleotide

30  region comprising a DNA regulatory sequence, wherein the regulatory sequence is



thereof-so long as integration activity remains. A "functional honol ogue,”

or a "functional equivalent" of a given adenoviral nucleoti de/ Fekgpasy 2006

i ncludes simlar regions derived froma heterol ogous adenovirus serotype,
nucl eot i dewpH@gbes derived from another virus or froma catwipbpes7source, as
wel | 10 as reconbinantly produced or mhenically synthesized pol ynucl eoti des
whi ch function in a. manner simlar to the reference nucl eotide region to-
achieve a desired result.. Thus, a functional honol ogue of an adenoviral VA

RNA gene r egi&ive@frofa gaﬂweu alcaﬁm Mmgrlemwmmﬁﬁﬁaﬁﬁr i vatives
and anal ogues of such gene regions-including any sin or multiple

nucl eoti de bEarscrptinn afgdownsiieasm (¥-directinn) Cé’ﬁﬂ’/géf’qltfé?"et rmnawmrpmﬁgrw thin

the 15 regio &E‘D%% ovide its
i nher ent accé@so‘?gdé?ﬁ%cc ohn’& suppor %ﬁ@%dr?orﬁb rogjebuli%sr?ha evels
det ect abl e abpersbly Hinkeirto tiredpromb e irviaditced by emiraiyte dofietor, regulitoryafretein, t 0 any
ents. In_the context. of . th sent invention,

- del f ;
exanp o5 Jof Eh SOV ORICHREIAAEY GoPe FagLBrtp PRSP IR sBceorIEd by
i nfusion purrnaceartomeﬁéﬁekffsmaby&m&,@efaaw% gqﬁaempew%af CED is

found below. The term "central nervous system i'ncludes™al | cells
and tissue ofcontiutive promotems!. spi nal cord of .a vertebrate. Thus, the term

ol udes, but 18 nOlol i il okOreredRBAbe Rk it B whghbitpg 25t 00V 85

cereobrosplnal fl ui I'nt er aces Bone.~ V¢ ge and the

| i ke. Regi ongofiporichts sw&chbwubemﬁmamlaatepbrMhhmmdlﬁha%Qﬁ s 25
and/ or functions. For exan@e1 e, basal g ngli a of g\ﬁ n .has been
associ at ¥ weemHrol seusnces gperably finked g acoding sequsncearq fapatle o HE&f-he The basal

ganglia i S CoRRAIRR dPthedotingBildite. NTIE Bhtrolls e84 BB&Pndl BE tEitipuo mﬁ ut amen,
‘the gl obus pgﬂil dus (or pal Ig:%adln), the nucl gtgls accunbens, the subt tgl am c

nucl eus and thecodingSequenee splogeAs WM@WE%&@TCCHHEP’EE@SQH@IW%%W. ferl t hough
separated by} Q% LR em cal and
physi ol ogi ¢ proper ?%es ané%g@g%deﬁpwerreﬁxé‘%ﬁgégﬁgg%g ?thvg%hgnZOOG WO
03/018821 PCﬁtohRﬂﬁ/se@.%ﬁée artbthe codings sequenica andithe pmnﬁitmbquebcermnssntl bat um" The
subst ant j ch S Par ki nson' s pat I ents, provides major
dopam' ne gic ﬁglf‘f?)qﬂ RP%"?‘HS‘”E%%%&R BT t er s "subject”, "individual"
or "patient" are usB;zl"lsdslhed\tbaékg&whn’g h@rmbnoqum@f:eﬁs ineam that tHeebr at e,
preferably a, ' s include,. but, are not mted to, 5 nurines,
si mi ans, nﬁ‘}r}’éam Ip ﬁdﬁr?ems‘ﬁg?‘[ ﬂ?“r?&\a%bs?r?&%)%#‘?b‘ﬂﬁg’célffect i ve anount "
is an amou Nt nivdfokdotécBRs of the@hhe fped THES, bk 'iddlated neléit b& 8 molecule which

encodes a particular polypeptide" refers to a nucleic acid molecule which is substantially

20 free of other nucleic acid molecules that do not encode the subject polypeptide; however,
the molecule may include some additional bases or moieties which do not deleteriously
affect the basic characteristics of the composition.

For the purpose of describing the relative position of nucleotide sequences in a
particular nucleic acid molecule throughout the instant application, such as when a

25  particular nucleotide sequence is described as being situated "upstream,” "downstream,"

. "3'." or "5" relative to another sequence, it is to be ﬁnderstood that it is the position of the
sequences in the "sense" or "coding" strand of a DNA molecule that is being referred to
as is conventional in the art.

A "functional homologue," or a "functional equivalent" of a given AAV

30  polypeptide includes molecules derived from the native polypeptide sequence, as well as



results. An effective anbunt can be adm nistered in one or nore

admini strations, applications or dosages. 10 B. General Met hddsbimey Osent
i nvention is based on the suiprising discovery that AAV vector- nedi ated
GDNF gene‘ggw%&ﬂ in a del ayed manner reverses progressip¢g aeapnar ati on of
dopam nergi c ( § neurons, while presgrving a functional nigrostriatal
pathway. In particular, as detailed in the exanples, an acceptabl e ani mal
nodel . for Parkinson's 15 di sease received injections of AAV vectors '

. i : . . . N tosi d
(AR Lacz) FriomiRRes Bl drfianicRplniftel 00 pRdet St BB 0%, Mot e
retrograde tmaneysimilarib teDkfgrehag AAY/ mrokeculethadhiave adesiregresultSWhus,Bhe density
nunbor of | THERIERR PBOMERE B ABY:RE R R PRI VHLE G pragves
tracer)-| ab%%saﬁamﬁdﬁi%ﬂgm%%mmmm&m £@difdnsi N the

AAV- GDNFl ag group | LacZ group. Dopami ne | evel 5 and those of
i ts met abol istkstitutions andordelstionsioacwming internalix obatyheamine or ¢asbexyderuivi GDNFf / ag

group conpared W he. : rol: gr. A nsi stent with anatom cal and

bi ochem cal tﬁ%ﬁ#ﬁé@}éﬂg%hﬂﬁ)&g&g tac%gﬁ%\ﬂa@rg'al recovery was observed foll ow ng
dAAlv- GDNT) ??g i nj ecw'tfmcu'abﬂmemdn;tga%,%rgm?j@?nmenyMiocatgmhlaﬁnoaiﬂel ayed
elivery of a GDN ene . usi AAV- base el.ivery, sysiens is efficacious
even after t _°B§‘f£e"g@8¥1 “ﬁ?ﬁ&?@@%@g@éﬁéﬂéﬂﬁ°&¥hﬂ 8@’8?% "’rﬁiﬁﬁ_’?/‘{mlﬁhe present
I nvention prs@ﬁbb%?n&lé&ﬁé‘&%i&?ﬂeﬂ%@%uﬂ&mﬂ%bﬂ&e&% REAMRarSbRESE WeNd

other nerve disorders after nerve damage has already 17 February 2006 WO

03/ 018820 2@srEPmbionlly producedor ghemigally synthesizes pobmueleetides wehighsfunction iner ve
damage is d ek ' | I ' yf.yncti oni ng
“dopam ner gi t:h? annérgtvgggtﬁ:lg ﬁ'ﬂzﬁ’&rﬁcﬁsﬂé? ﬁ%gop?g géﬁfd@%@gﬁﬁ%&n%&;%k’u&ﬁ’%o del i ver
pol ynucl eot ifamsionsidmdiobsgue GDhlFadenbyipat MA RNA gene regionemntis aderfolizali BBy denom any
of several neurode enerathve di sgrdﬁrs i n Iugi ng, Withoui\ .mtatiqn,. .
Par ki meon s TBPRRANDTPBRPS SoRe st P gies PEmuch it areits Hondipd sy ndp,

Al zhei ner' s d¥infigisle nudlastide basd ddiRtions, RulsstlitiohOdhd/dr deleRbB SR Bhrring Wit fhen can
be used to deliver GDNF to patients suffer] ngwf)rom, nerve damage due to

t enpor al¥ orrcEHeRsER long 28 thedomolngue Fetang,ibg abifify jo PE Ve itsdnharent pecessary ous

system  as ifinctidht®kGpoRTAAVSiriod fRoRREsE & 1EWRIsTTRIELAbR b batkigBuas the cancer
chenot her apeuti c agent S
- "Convection-enhanced delivery” refers to any non-ma.nua.l delivery of agents.

In the context of the present invention, examples of convection-enhanced delivery (CED)
of AAYV can be achieved by infusion pumps or by osmotic pumps. A more detailed
20  description of CED is found below.

The term "central nervous system” or "CNS" includes all cells and tissue of the
brain and spinal cord of a vertebrate. Thus, the term includes, but is not limited to,
neuronal cells, glial cells, astrocytes, cereobrospinal fluid (CSF), interstitial spaces, bone,
cartilage and the like. Regions of the CNS have been associated with various behaviors

25  and/or functions. For example, the basal ganglia of the brain has been associated with
motor functions, particularly voluntary movement. The basal ganglia is composed of six
paired nuclei: the caudate nucleus,' the putamen, the globus pallidus (or pallidum), the
nucleus accumbens, the subthalamic nucleus and the substantia nigra. The caudate
nucleus and putamen, although separated by the internal capsula, share

30  cytoarchitechtonic, chemical and physiologic properties and are often referred to as the



10 taxol, cisplatin or vincristine, and Al DS chenot herapeutic agents ddl or
ddC, as well as nerve damage from chronic netabolic di seased7 FsbhimhryzX)06

di abetes or renal dysfunction. As explained above, GDNF is a protein that
may be identfi in.or obtained fromglial cells and th Lol L S
neurotropm%o:‘é(’é?qq&l/i ty. Mre specificgkly, GDNF is a dopgg:nﬁr%g&r}glp(,:ﬁtl
neurotrophic protein that is characterized in part by its ability to

i ncrease 15 dopam ne uptake on the enbryoni c precursors of the substantia-

Survi val o P sGiBERy @ harinhe sHhE T8¢ shishuae bierd ytkch GloRiREs iy °

appr oxi ][mt euyarniasdﬂzsgﬁmrsspﬁmdm@[demamm irpuit $t6 tesbasal ghegtiadi Imer in ijt s
native form GDNF is initially trans|ate s .a pre-pro: GONF 20 pol ypeptide

and proteol ytic pr Ji"éé%fmﬁgs‘ﬁ’ﬂg:‘fhrema!"ﬁﬁéf °§&$&€W¥Eé’°&ﬁ€fﬂ%¢haﬁgwbg’d&ﬁmon of

the ol ecul gqeRttda wtesfa&ég&tférmyahmﬁ Maﬁmmsfﬁbﬁhf,i@gggrepbnmums and

rodents, a single gene givéS rise’to alternatively sp orms. Seé,
e.g., U S. PRaurns, $imianscn@ds,Iagn afimals, fportesimatsdandipstsa consensus' si gnal

pepti de sequence and a_.consensus.,.sequence far. proteol yti ocessi ng.
Proteol ytic cl eavaq‘gu ﬁféf%lvseai“%?é’m i‘ﬁﬁ‘f%‘ﬂﬁ?‘gﬁi to @QQW‘:&%&?"% due
forms. Thus, rebilies. AANTreR@Ve/abINE Odn adhdmistere@ ir Ghel d?@ndie a&BinistrAddhsyect or s may

encode either or both of these forms, nmay encode the entire

pr e- pr o- nol edPplisations er §esag¥ol ecul e, the pro-nol ecule, the mature GDNF
pol ypeptide, or biologically active variants of these forns, as defined
above. 17 February 2006 WO 03/018821 27 PCT/JP02/ 08761 A nunber of GDNF

pol ynucliéot i He GenerabMetlipdaci d sequences are known. Three representative
manmal i an GDNF sequences are depigted in Figures, 11, 12 and 13 _ herein. In

particul ar, a hurmnReRUEseRtayension dxbasedon fhe Turpsising discqyem dhat AA X yedtpr-i n
Figure | | ( OBRE : Ay - . an ..
sequence i s é@ﬁig\%’] I'n ge%%elmf? [?Saé%ialyD ﬁl‘&l: 39%‘%%?&%5 g@% sg&ggﬁlF

nucl eot i de aofidopamimergia (D4) sewjans,; wdile prestryving 4 funétiopal wigdBtriaBEQathwap O 6 and
7). The degree_of. homgl ogy.. between. the rat d hunpn pr.qteins, i s ,about 93 %
and al| mmmeATHSHRTCARRLARGL B the SXamplesoeh sormishlc ampRLmol TthaRinggns °
Addi tiongl Gihast réckived ifjéctidnslo LN VOvedorSlexpelsitig GDINF elgBed WRIFIIAGt he art.
See, e.g., US. Patent NOs. 6,221,376 and 6,363,319, 10 and Lin et al.,

Sci ence (199psptide (AAY3GDNFEFag) on f-galectosidast (hAN-Insgl it the lesionedstriatums.
Immunostaining for FLAG demonstrated rctrogradc transport of GDNFflag to the
substantia nigra (SN). The density of tyrosine hydroxylase (TH)-positive DA fibers in
the striatum and the pumber of TH-positive or cholera toxin subunit B (CTB, neuronal

20  tracer)-labeled neurons in the SN were significantly greater in the AAV-GDNFflag
group than in the AAV-LacZ group. Dopamine levels and those of its metabolites in
the striatum were remarkably higher in the AAV-GDNFflag group compared with the

control group. Consistent with anatomical and biochemical changes, significant
behavioral recovery was observed following AAV-GDNFflag injection. These data
25  unexpectedly indicate that a delayed delivery of a GDNF gene using AAV-based
delivery systems is efficacious even after the onset of progressive degeneration.
Accordingly, the present invention provides a method for treating

neurodegenerative diseases and other nerve disorders after nerve damage has already



NCBI accession nunbers AY052832, AJ001896, AF053748, AF063586 and L19063

for human sequences; NCBI accession nunmbers AF184922, AF497634 Fekopno¥)06
NMO19139 for rat sequences; NCBI accession nunber AF516767 for a giant panda
sequence; loi@e¢€SSi on nunmbers XML22804, NMD10275, D883b6#3o200#3921, 15
u36449, 45@, U66195 for nouse sequences; NCBI accession nunber AF469665
for a N pponia ni ppon sequence; NCBI accession nuirber AF106678 for a Macaca
mul atta sequence; and NCBI accessi-on nunmbers NML31732 and AF329853 for
zebrafi sh sgeuueiREL préfered RinBbARRNBAY Berveddmade i$ HEHtO PRAGHOA'S Afea®Dr Vel | as
variants thereof, such as sequences substantially honol ogous and

funct i onal | $amagad\esimproperdy functiopiagdopapinergeRervesslls. fi nd use in the present
met hods. The effic - ' = ' : .tested in
any of a number o ammrfaq%é kggﬂk’g&{@? %@gﬁ@h%@ﬁ@éﬁ&ﬁ%ﬁ%@ﬁwe art.
For exanpl e GDMP polypéjtidex teputienss |sufferipcirarn anpof seveial fewvbddgaderativeon’ s di sease
replicate the neurodegeneration of dopam nergic neurons usually by

adni ni st¥ at disardsrs ingeding, withoutimitatien Jfarkinsoncs disnase (PLY), appyetsephik lataralne

n cho | psi PAFisRR ST B0k Akt s flerd. aff e b, IFuAR, PRl (70"
change in Cﬁ%ﬁﬁéxﬁ&ﬁ%@us&ﬁ@@ﬁhﬁ@@i&ﬂdﬁaﬂt&mﬂd‘iﬁgfﬁﬁﬁ)hﬁ'ﬁaﬂagﬁ?cidﬁéwed

neurotoxicity results in neurodegeneration of dopam nergic .
ser ot oni ner $FURPOTARY(F BFENARFRY °F%saﬁ?ﬂf&fibé%deq(;’“bﬁ? Paf3 Qkthg peyRys System, eHi@ art to be

closely alig ,deﬁehﬁ eRPUERIL 18 helrBlokita shct? Qe Mc%h%gggéaggtgyp 3 ¢ P02/ 08761

condition. Efficacy of a therapeutic a%ent may be eva avi or al

out conel0. usitaxgl, cksplatip onwingtisting, indAIDSchemotheiapeidic agettaddior dd@ astwall as

Par ki nson' s _di sea del . is.const huct ed i th r ot oxXd Na N ..
ot byt = e ek RS R ploRicTRORIE SRSkt Mk bR A BB atron o 1o
5 mammal s, such asAsegglaineditve BONRiKprptein thamay b4 ideitified i0br ditdiked O

nonkeys results.not only in |oss of dopam nergic and serota r.gi ¢ neurons
i'n subst ant FEmEEAl gells 2 that Geribils neuentophic apthaty, Magg spestisaly. SRR YA or

mani f est at i @Barfindigicieutdirophie PPoteif Uht is dhatibieRredRa Hldt Bgit&l'alﬁlitiﬁ to fy&aspat | ents,
such as_akinesia and rigid posture. See, e.qg., _US, Patent No. 6, 362,319. .
10 I'n obht r 49parmins uplake R\ YL REEIEPrT RIS SRR PP ORFABEES ) sease,

a nunber O}mheng,%ﬂd iRt BpitdlbilllyG8 pRfotdtia kR fof it npiRdishiat € a

gradual decline i'n '
sympathetic nerve cells.

GDNF is an approximately 39 kD glycosylated protein that exists as a
homodimer in its native form. GDNF is initially translated as a pre-pro-GDNF
20  polypeptide and proteolytic processing of the signal sequence and the "pro" portion of the
“molecule result in production of a mature form of GDNF. In humans and rodents, a
single gene gives rise to alternatively spliced forms. See, e.g., U.S. Patent No.
6,362,319. Both foriﬁs contain a consensus signal peptide sequence and a consensus
sequence for proteolytic processing. Proteolytic cleavage yields identical mature 134
25  amino acid residue forms. Thus, the
GDNF polynucleotide for use in the present AAV vectors may encode either or both of
these forms, may encode the entire pre-pro-molecule, the pre-molecule, the pro-molecule,
the mature GDNF polypeptide, or biologically active variants of these forms, as defined

above.



dopam nergic cell nunmbers. For exanple, a D2 receptor-deficient nouse has
been generated by honol ogous reconbi nati on whose behavi oral GHabawre?®ics
resenble those of patients afflicted with Parkinson's disease. Fitzgerald
et al. (199g)s/Msgdn Res. 15 608:247-258. A second exanpl edrardhm7sreaver

mut ant nouse whi ch shows a gradual d=&cline in nesenchephalic dopam nergic
neuron nunbers over tinme up to 40% Verina et al. (1997) Fxp. Brain Res.
1.13:5-12; Adel brecht ‘et al. (1996) Mdl. Brain Res. 43:291-300; Mtsunoto
et al. (1994) Sci encgumbér ol GDNHAdIPnuclddtiddarRismiifo Soid sRjuescey aRdnbia. Sauer and
Certel partial PD nodel (Sauer and__ 20 Certel, Neurosclence (1994) '
559: 401- 415) ThregrepresentatiysanammaliandEPNF sequences predepisteddn Figurastiibal2 artlibes
progressive L0 gen ' . nl to
D vecks: af ¢ g B ARAERERGE GOREhuCBdGHIARd (W sdblichte SRR

depl eti on ofFighit 1N¢SEQITD N@§:1md2hr A rat GDNE nu¢leotide and amémridrequenss isof PD

and nore _appropri,ate as [ oAl el for ther tic study .than the
conpl et e3modP! hﬂ‘?’? @mﬁﬁs%J)ﬂgﬂm% ﬁ&”ﬁ“ﬁ‘@ |2TTHBQ ebr ai n
bundl e, therghysgasite 1dsHeWnin 'F?d%}éjlw ROSHundf7).Dfhe Bég%é)&lshandiowe

experinments detai'led bel ow, rats had exhi bited conSistent behaviora
deficits beflbatweencthe rat and jhuman proteifhis ahoi 93 Faandeallhampelian GHINTs-Hamelaced

Gopan o contBRAtY higdbare of bamotogy, ARATREY CHNE AR adAniaa3al pnover
studi es on PRBAHEEIHNeInBR iR i, Jeé, EGOWS! PareftQGosVVE, 23/ H5884 5,363,319,

PCT/ JP02/ 08761 29 nodel s have indicated that there m ght” be note &urviving
DA neur d@s t &mshLinte¢ al. eScierse ¢1993)260111 3021132 dorerat andl iuivansequegices, es wall as

Neur osci ence 90) 38: 245- 253, E nl . Br aj

(1991) 114: 22%’&3-1323 ssog RS AYOSZRE “g@%_ﬁg(ﬁ%@%?’@ﬁ?@‘g’é%% L19G63 he
model used hgyr@uhan s&fieftésDRCBY hededsiodRibet 3 AF BN DNAFATT 6B ExdR@soned si de
of SN was 5 28.9 % of contral ateral value at 4 weeks %)st-lesmn.- This is

consi st ent WNMD19139 fasuat sequangese NCGR]jagepssion oungeps| AF 16897 fosargiant padal abel i ng

t hat denonstrated 2 % g - ' I i ot . FXp.
Neur oL ( 20003‘%&&?1@33%5 #%ﬁ*?éé*&%@%?@&é@ﬁ‘@é?@éﬁ(@ﬁﬁ-‘@si tel,
Neur oscignceUBs) U3T259 66195 ¥oraholsesafughdes VNCBE hdcassioh rusher AFR696550 SN. | n
addi tion, nost CTB-|abel ed neurons_were TH-positive, suggesting that 10 part

of the ni groffrd Mippenip pipper s¢qyances NGB aecepsiomeumber AH06 r afMagaga vect or
I nj ection. ' ' N&ﬁ ' i I ni ng
portions of %ﬁﬁl’;alggtg Eq‘%ﬁ%‘r?gg‘?rl at a é’eségrjf[)%;#e%%ﬁlﬁé?ﬁﬁndeﬁﬁéﬁg%g%ferVe as
substrate fogebrefishrsequencesn Aoekpldinedcabove)ahy ofihesecsequentéss s GElNas Yatits
delivery.

thereof, such as sequences substantially homologous and functionally equivalent to

20 these sequences, will find use in the present methods.

The efficacy of AAV-delivered GDNF polynucleotides can be tested in any of
a number of animal models of the above diseases, known in tht;: art. For example, the
most extensively used animal models of Parkinson's discase replicate the
neurodegeneration of dopaminergic neurons usually by administration of toxins.

25  Unilateral injection of 6-hydroxydopamine (6-OHDA) into the substantia nigra of mice
or rats results in neuronal loss in the ipsilateral striatum and substantia nigra pars
compacta with little change in cofn}ralatcral hemisphere. Similarly, methamphctainine-
induced neurotoxicity results in neurodegeneration of dopaminergic and serotoninergic

neurons and is considered by those of skill in the art to be closely aligned to the human



Ani mal nodel s of other neurodegenerative di seases have been described and
15 are useful for evaluating the therapeutic efficacy of AAvdéElHeharass2QEONF
pol ynucl eotides in the treatnment of neurodegenerative disorders in addition
to PD. Fokyo &¥@gRhe, Martin et al. (1995) Brain Res. M pézuodsdqascri be an
ani mal nodel of epilepsy, Matheson eg al. (1997) NeuroReporr 8:1739-1742
and Qppenheimet al. (1995) Nature 373: 344-346 descri be nodel s of

neur odegenerativn that results from 20 physical trauma, and Sagot et al

(1996) J. Neypsaen. t@ﬁi&%?%f £ fifblapd8CadeRmay BOE\RMuatd by BehaVioAE BiRBme di

degeneration 1 n aninmals.” Reconbinant "AAV Vvirions conprising GDNF codi ng
sequences nwyingdhe apombrphide-isiucey] mtatianal delavidr. ar t - r ecogni zed t echni ques

d i bed fully hel . Wl d:t \VA d hel . Vi dt
bt ovi de. t he necessAnpeE Srikinspr's dsskBrmddel s et Sio s BRtom N1 1 ons
(see, e.g., d,#u?éri?%&gtm%,sém&%%,d?@?g%mgwam ¥o adtniRsReed

cont ai ni ng he nct1on genes, i'nation wth 1nfection by one of
t he wel | § knanamnmnals psrchas mies; sats,candhmonkeysd  Administrationi o MPAP to maquikiepsat i ve

functions (see_e.qg., U.S Pa%?nt' No. 5,622,856, and U:S. Patent No. .

5, 139, 941. SFW‘F&‘%F?‘,‘IMHEHS%E QRW&FP& SRIOLQRINEREIGREprong R SEbstaAnga MiEFacan be
din 17 E / : . . O ' ' ith

used 1n ﬁ?&r @%ﬁ%@ﬁm@ Bt @R %ne E’t YibER 2B fe R dtions § ikt Shtn’

i nfection b provi e necessary replicative uncti ons.
These t hr ee inhpman Parkdnsontsaliseaseqritients, caclh asnaktinesia and teigidpostidy, Beetap., are

each sufficient to produce rAAV virions. O her approaches, well known in the
art, can alld8- BateBhNpo%af2.819-t he skilled artisan to produce rAAV virions. 5

In a preferred enbedi f I L’Bﬁ%ﬂ&]. ' fection
met hod ?gescri bed ﬁb e%?@?%%vgﬁg%gpgt - g%‘iﬁ%%gj)&én:s E%g%ét% pr oduce
r AAV  vi ri onmndber afl imbrédnitinself ltick ate available whichidemsonstrate agradufal declinafiect i ous
hel per viru enabl i ngel[]_AAV virpons to beelg{ oduced,w t hout a det ect abl e

hel per Vi ruzdoﬁf“@?émi‘? ymbers,  Eorexapples adt I5yeRieielicieptmouse Has bgeny  or r AAV

virion prodyghé@id tyhoidYogttls RRbRBInalisH WhosRbeNA5dral chafidtesE&Ten 1{; unction
vector, and a rAAV éxpression vector. One of skill in the art w

appr eci at e, thessof@atienthafifliatédewithy Phekinson!s idisease g Fitagaraldet alo (1293) ByainiRese
vectors . can jded on two or. npre vectors in variou onbi nat.i gns. As
expl o nd8 hRBATHRE R aSHond Fatble ibe wefves Sobast Mot MBER sEBR s flc) per
function” sefdRRECRSmésenéhephdlid MopdtfinEpi) ncurdhl Mitntety Wiet €itheiup th409%S WVefina
productive 15 AAV replication and encapsidation. Preferably, the AAV hel per
function vecatel (1997) Exp. Brain Res. 113:5-12; Adelbrecht et al. (1996) Mol. Brain Res.
43:291-300; Mitsumoto et al. (1994) Science 265:1107-1110.
The present examples used the Sauer and Oertel partial PD model (Sauer and
20  Oertel, Neuroscience (1994) 59:401-415). In this model, intrastriatal injection of 6-

OHDA induces progressive retrograde degeneration of DA neurons that starts between 1

to 2 weeks after lesioning and continues over 8 to 16 weeks. This ongoing depletion of
DA neurons may be more similar to the disease process of PD and more appropriate as an
animal model for therapeutic study than the complete model, which is constructed by

25  destroying the medial forebrain bundle, thereby causing more rapid degeneration of DA
neurons. In the experiments detailed below, rats had exhibited consistent behavioral
deficits before vector injection. T‘t.xc appearance of apomorphine-induced rotations is -
generally assumed to represent > 90% depletion of striatal dopamine content (Hudson et
al;, Brain Res. (1993) 626:167-174). However, studies on PD patients and animal



supports efficient AAV vector production w thout generating any detectable
w AAV virions (i.e., AAV virions containing functional repladgbrap Y¥Res).
An exanple of such a vector, pHLP19 is described in U S. Patent No.

6, 001, 650.wdJhsok@k and cap genes of the AAV hel per funcipicegpisrgi@ar can be
derived fromany of the known AAV 20 serotypes, as expl ai ned above. For
exanpl e, the AAV hel per function vector nay have a rep gene derived from
AAV-2 and a cap gene derived from AAV-6; one of skill in .the art wll

recogni ze t habddlé Réve ihdiBatethaCthbre MighEbeRGiRIsIALVIAE DAAhQIrORSBADING levelieof
defining feature being the ability to support rAAV virion production. The

accessory f udnpamire spggested (Eavopdiegid eladl Newrpshience (LP9038245025 ) disartey and5

repl i cat i on Loebr et (58D u5nss Gk BReMRO R Htal B 17 SHERTRE htene 00 e
those functigpgeluséihersid, theRumbANVof CPB-p6iiveOsburdidUntBé REion¥d i bE SN was
limtation, those noieiies involved in activation of AAV gene

tr anﬁ cripti ]9218.9% efcpontrplaterdl ivalupabd weeks popt-lesivmy ',l'hi:Az/cmﬁQtent Fﬁhipsfaﬁblfsn,
: . . vV / 17
Febr ary 200BiEs SR BBIoEo RO et liny il BEninsBRRI S0 8% (3 one can

be derived f%ot- %ggﬁz ﬁg%zthﬂgsk\p@g 417, K9 VWeubsT 2000)MisEUS$S) o@é%‘(@@eél&%@t\-’i rus,

her pcsvi rus rpes sinplex virus ‘type-1), and vaccini‘a Virus.
I n a pref erredsion){Saderrand Qertel) Newrosdawe (19984).58:401611 )| oA $1G-positiveceello in the used

det ai | di Ladenas ibed in U S Patent.No. 6,004, 797).
This 5 pl asnieOBRESNGS S BeRest G 1BdeDr deats iore d FaRRBE PEeRRHE s 1 or
AAV vectir  pirPdEfie inftostiathl prdfekSod fRfaeaRRAE 3t the HRRSTIOAY veQof HjdR

replication-conpetent” adenovirus. In order to further an unders anglll'ng of
"t he inventi oWithautibring bisindibyapacticitan skeonn thése remaining @drtivas ofiintastar di ng

recombi nant AAV expr.essi on vectar,s, AAV hel per an 0,-gccessory.funcgtions,

Commosi 11 onsMEHHHAERS eieY G PArieurcay o sPV% o Aihsfdie 2o FRetetqnang.

Reconbi nant ﬁﬁmmf&a%@@ﬁmpm%ﬁeaM}ﬂant AAV (r AAV) expression vectors
15

are constructed using known , techniques to at |east provide as
operatively |inked &aimabmodels of etherrreurpidegenerative diseases bave deenpdasoribedoandt r ol

el ement s nc ' t I RL ] | Niek1.at i KREG) t N@DNF
pol ynuclslesot [ é%q%?ﬂll ﬁo[réz&gsﬂgﬂi{&ntgé gh%%glhtg:crkrfﬁﬁa 8ﬁ§1mf'gér:ﬁrggﬁcgt‘?§n regi on. The
control el enpéliysuclévtidesial tBe trediment dfedrodepeharatve disordersinadditicntoRI3.CIFer cel | .
The resulting construct which . ) \

éxample, Martin et al. (1995) Brain Res. §83:172-178 describe an animal model of

epilepsy, Matheson et al. (1997) NeuroReport 8:1739-1742 and Oppenheim et al.

(1995) Nature 373:344-346 describe models of neurodegeneration that results from

20  physical trauma, and Sagot et al. (1996) J. Neurosci. 16:2335-2341 describe a model of

motor neuron degeneration in animals.

- Recombinant AAV virions comprising GDNF coding sequences may be
produced using a variety of art-recognized techniques described more fully below.
Wild-type AAYV and helper viruses may be used to provide the necessary replicative

25 functions for producing rAAYV virions (see, e.g., U.S. Patent No. 5,139,941).
Alternatively, a plasmid, containing helper function genes, in combination with
infection by one of the well-known helper viruses can be used as the source of
replicative functions (see e.g., U.S. Patent No. 5,622,856 and U.S. Patent No.
5,139,941. Similarly, a plasmid, containing accessory function genes can be used in



contains the operatively |inked conponents is bounded (5 and 3') with
functional AAV 20 I TR sequences. The nucl eoti de sequences ofl7A&bUnlafR006
regions are known. See, e.g., Kotin, R M (1994) Human Gene Ther apy

5:793- 801, . L' Tarvoviridae and their Replication",d nt al
Vi r ol ogy, ‘55@5@8’? ion, (B.N. Fields agd D.M Knipe, eds. )Pé?%ljrﬁwtaﬂgreAAv- 2

sequence. AAV | TRs used in the vectors of the invention need not have a 25
wi | d-type nucl eoti de sequence, and naybe altered, e.g., by the insertion,

e, A PR AR e R

derived fromany of severa serot ypes, I'mtation,

AAV- 1, AAV- 2funéeidhs3, Theéd/thdee abprbabhes, wlidh Gsed Adbonibiamibn/With 8 rAAM vector, are
Furthernore, 5 and 3 |TRs ich flank a selected nuc|eotide sequence in

an AAV expr eeashsnfficiant i produce rddtV wisioas s Qther gppreaches Wik kpows indbe g8y Faned
fromthe sa V se (! I S function as intended,
I.e., 17 Fegﬁﬁgﬁﬁeéabg%ﬁ&%/ﬂ%ﬁk&fﬂ@Bﬁ%gﬁbﬁ%t o allow for excision
and rescue of the spGsefeeredlembodiglefSdf the Present vehticif; lal ripRtfNEfetion Vect or,
and to allow integration of the BDNA nolecule into the recipient cell genone

when AAV Repethod ddeseribrbindetpildn BF.8sRatent No. 6,01e650) is used taproduceDMAY

| | eoti de, les. f i vegt ill .he | 5.th bout 5
P 1 Bbases.( kETioPR DEESE hia AuiP fods Bl Yol ik 66 o 4 tnseBfiodReloer iy o v
linked to COEﬁdbﬁh% eA ANVEVIkiSnd (e podueed withéutlah aseéthble helpePVin@pteanti ON

thereof in the subject in vivo. Such control elenments can conprise control
sequences noThiglis gccomplishedibydisevof threervgetosefos eAAY vitian prosjuction) aan AV,

het er ol ogpus, contg ol . sequences e f et er.ol ogous contr ol
sequenc egp g eH@P 4 11!“9‘:9 c‘fq%%é’ %@%Q?fg &H/“Jégh 8 ?‘g‘?ﬁ’ sag(c&:g zﬁ%‘é’s Q’?ﬁé&?&o‘@ {R1(ey

~mammal i an or Ovk b kkill 9 @fe arEwaIEHpe&idtd) Bowever, idt themacleRtacid s¥iphdirded Shcoded

neur on-specific enol ase pronoter, a GFAP pronoter, the SV40 early pronoter,

nouse manmmaPby theseisectans can be provided 9B twe Or EMQENVRFIQIE N Yasjoys combinationsrot er ( Ad

M.P); a herpes si A . . | WS

pronot er such as tgg g@#&nﬁ%ﬁ%%‘?@%%& °§‘)r/‘;°?§gi‘q'g¢?% I-M rous
sar coma Vi r uhelp&tSuhctiond sequences {he.S yept dndtdap), whictofuaction ihytunis forprodadtives, and
the like, In addition, sequences derived fro onviral genes, such as the
muri ne nbt al Agth F%#@??P"g@aé}l‘%sﬂﬁu%- s%egq%.@%w belper fpction VsFi9Fot er
sequences ar kal | | ; : Eagt 1,800, CA).
The AAV exprgus@iggggsfgé%Mmyﬁﬁéﬁgéﬁgééﬂﬁ%&é%@eﬁénuicyg&(;:%alﬁ) e rﬁ?f‘\égul e of
i Nt er est boumitivas ifiye. AAM VL Virions centaihing fumctibnal cepeghdogapienes)t [An éxampld ofng t he
selected . ha vector, pHLPI19 is described in U.S. Patent No. 6,001,650. The rep and cap

genes of the AAV helper function vector can be derived from any of the known AAV

D

20  serotypes, as explained above. For example, the AAV helper function vector may have
a rep gene derived from AAV-2 and a cap gene derived from AAV-6; one of skill in
the art will recognize that lothcr rep and cap. gene combinations are possible, the
defining feature being the ability to support rAAYV virion production.

The accessory function vector encodes nucleotide sequences for non-AAV

25  derived viral and/or cellular functions upon which AAYV is dependent for replication
(i.e., "accessory functions"). The accessory functions include those functions thuired
for AAV replication, including, without limitation, those moieties involved in activation
of AAV gene transcription, stage specific AAV mRNA splicing, AAV DNA

replication, synthesis of cap expression ptoducts, and AAV capsid assembly. Viral-



20 sequence(s) into an AAV genone which has had the major AAV 0 G‘Fpen readi ng
frames ("ORFs") excised therefrom Oher portions of the AAVI1g gBrRRCEY0al so
be deleted, so long as a sufficient portion of the ITRs remain to allow for
replicati %&ngsﬁgckagr ng functions. Such constructs capcpgeddesisgned usi ng
t echni ques nown in the art. Seg;y e.g., US. Patent Nos. 5,173,414 and
5,139,941; International Publication Nos. WO 25 92/ 01070 (published 23
January 1992) and WO 93/ 03769 (published 4 March 1993); Lebkowski et al.
(1988) Ml epase@albessdpy HhnctiSrsTARBe #8HPed Yor @By bf @ik vall-krloWaMRIpeYfraidges 90
(Cold Spring Harbor Laboratory Press); Carter (1992) Current Qpinion in

Bi ot echnol ogwh&s&@&n@ﬁ@s hmmtksa(omgm héxpes simipleXoqiius sypenl ) \Vand vm:rcnha and

| munol . 1_58:97-129; 1994)  Human e Thera heI l'ing
and S h (750 D Peslie Ahotigent, e BECPBOT) B oARKALA DLAdeBOR uised Exp
Med. 179.18 é% ég 18821 / 8 33

Al ternatrvel% ytéé%gg%&ggﬁi%?ge%@f&gjmgt he err?)gg oggg%?rg Erﬁ&from an AAV
vector cdnt plasinidptovitles acemplett stusfedefoviras dccdssonf fuactimrisdot A4 Vhvertari ¢ aci d
construct that is present i n anot her vector uysin standard ligation

t echni ques, PsfRtion, bup lacks the garmponsaty Ws%ﬁ’rg’ licgtion-campgtent For exanpl e,
|'i gations C%Peﬁé)gxggconplrshed in 205 MM Tris-Cl pH 7.5, 10 MM Mgd 2, 10 mm

DTT, 33. g/ 10 M50 nM NaCl, and eithei 40 M ATP, 0.01-0.02 (Wi ss)
units T4 DNA i gasmartlez(io fur(hienan ﬂmlerstdn;lmgmﬂme ihvegtion, amrore detdiled\idcissio). 3- 0. 6

Ve ts TA. t 14 "plunt end" | || i .

I er whl eoulSprovide prlow Sekamting raonhinash AAY cHFrpaderton AAY Blborend 00 g/ m

t ot al ch%é&{ﬁrf'ﬁdcﬁdiﬁ ¢dmplsitionddniiridin GaTYne Usvadll BkliveM¥f Vect or s
n

whi ch 10 cont ai TRs have been described in, e.g., U S. Patent no.
5,139,941, M9Mrticul ar, several AAV vectors are described therein which
are avail able fromthe Anerican Type Culture Collection ("ATCC') under
Accessi on Nunmbers 53222, 53223 53224, 53225 and 53226. Additionally,

chi neri ¢ geRecomhimahtcA A = trcal ly to include AAV 15 TTR

sequences arrangengc ngbriglmg’d;( J(%lo%@gtogca&ggo&%&gdm iﬁd sequences.

Preferred codons fOr expression I merrc gene sequence Yehmal i an
nuscl e 1%el Itechoﬂ]uem ati east proMide asmmiaﬁv&ynhkdd&bmpomqimmhnedueenmsﬁnbl ed from

over | appi ng nucleot es prepa ed b d. nmet hods e g., Edge
(1581 Nt crtBossponconyLeirasems iBqding » Fesgytoas| isRBO #pors % OO ot o
(1984) J. Blpalynﬁbl@mde(ok%&):st&néaﬂnscﬂen&m tefrhifation TBEISAS THE conlid] klemeRisi on,

suitabl e host cells for producing r
are selected to be functional in a mammalian muscle cell. The resulting construct which

contains the operatively linked components is bounded (5' and 3') with functional AAV
20 ITR sequences.

The nucleotide sequences of AAV I'TR regions are known. See, e.g., Kotin,
R.M. (1994) Human Gene Therapy 5:793-801; Berns, K.I. "Parvoviridae and their
Replication" in Fundamental Virology, 2nd Edition, (B.N. Fields and D.M. Knipe, eds.)
for the AAV-2 sequence. AAV ITRs used in the vectors of the invention need not have a

25  wild-type nucleotide sequence, and may be altered, e.g., by the insertion, deletion or

substitution of nucleotides. Additionally, AAV ITRs may be derived from any of several
AAY serotypes, including without limitation, AAV-1, AAV-2, AAV-3, AAV-4, AAV-5,
AAV-6, AAV-7 and AAV-8, etc. Furthermore, 5' and 3' ITRs which flank a selected
nucleotide sequence in an AAV expression vector need not necessarily be identical or

30  derived from the same AAYV serotype or isolate, so long as they function as intended, i.e.,



virions fromthe AAV expression vectors include m croorgani sns east cells,
insect cells, and mamualian cells, that can be, or have beenl71f.%>élulfh%006
reci pients of a heterol ogous DNA mol ecul e and that are capable of growth in
suspensi ofwgddloigsee. The termincludes the progeny of thecoopogiosmh cel l

whi ch has been transfected. Thus, a 3host cell"” as used 25 herein generally
refers to a cell which has been transfected with-an exogenous DNA sequence.
Cells fromthe stable human cell line, 293 (readily avail able through, e.g.,

the Anmeri cagallow torCutisiohanCristrUfitiRbegines ofiReeasrom dNoshRll ghhbhe 6RLL 573)
are preferred in the practice of the present invention, Particularly, the

human cel | [Vester, 208 tq allowsintegratian efthe molgcyledptoths yecipisnbcalhganomgavhisn

t ransf or ned PG fragments (Grahamet al . (1977) J.
Gen. Virol. ﬂ{lgeg%%{}géQOBﬁ%(%% gess%s%?% adenoviral 17 February 2006 WD

03/018821 PCT/ J POZSGRM&GDNF ;Ell)mualadndé halegdesfor (xstlmlAlﬁdJ etctas will be 33

Virol ogy,24: 4 line.s fected and rowdes a
particul3rl P@O&N)Eﬁ@? asgs )dP e nT%ﬁ%&g@ IIYPB °rsﬁ9¥\9“°°\/‘ﬁ OPEFARY 5 AAv
Hel per Functinadtolédnirol&bthénts BBt ditedi thE trhid@rifthstVat-etfiesdioPBekeSYIY tRXRIbfE! ON
vectors nust be rendered capable of providin hel per functions™in order

to replicat dnivg Snelngrsirgbelementyeantouipasn mgog%pqume%eormlaumsgcmtpdmﬁ: AAV

| TRs to pro \/ r

AV der i ved S ot ARBRaeR heBRIGIBts LM LB BRI RG. aay gene
product s t hdfseful heﬂermgduunmuobsbq'umcu mﬂlgmmmine@Aﬁcbm &e;mbnaaat i on.

AAV hel per funcfions are use ere| e nece ar functions
that ar igm SOPRE M Wagﬁfﬂeé‘s IBH%E;%“WEIQM mg/dﬁéi per

functions i neledespedific emlasePrdindiér, & GF AP r@:hot%‘dlmme A Péiotetl ndus® and cap
codi ng regi ons, or functional honol oagges thereof. 15 By "AAV rep coding

region" is mmmfemarwéc PrOMSET; m%méfnwéatwmoger(eﬁm éh encodes

the replicat Qihg; K@M@g
expressi on pﬂr%c ﬁlave been E ovvn to possess ma fuﬁtr:o?l?oo%rss-a mcﬁhudl ng
recognition CMVndmgixaqdarlmmkmmgr mgwnlﬁ@MMIi),@rmgs m@bnamm (RYY) pmatioter, DNA

et er of Gfoudy FTRRRIRLE 3y r8 R MR el Moy Buliter GrivB B0
required fomoneipdligends, sightab theAiiring ewepalidthiodedn g@cﬂﬂﬂlﬂlsq:ﬁndlﬁe hbrei) SudAV 1 ep
O g 1 oS ot s bt o masho s bie, U5 °01 1
The AAV expression vector which harbors the GDNF polynucleotide molecule
of interest bounded by AAV I"I'Rs, can be constructed by directly inserting the selected
20  sequence(s) into an AAV genome which has had the major AAV open reading frames
("ORFs") excised therefrom. Other portions of the AAV genome can also be deleted, so
long as a sufficient portion of the ITRs remain to allow for replication and packaging
functions. Such constructs can be designed using techniques well known in the art. See,
e.g., U.S. Patent Nos. 5,173,414 and 5,139,941; International Publication Nos. WO
25  92/01070 (published 23 January 1992) and WO 93/03769 (published 4 March 1993);
Lebkowski et al. (1988) Molec. Cell. Biol. 8:3988-3996; Vincent et al. (1990) Vaccines
90 (Cold Spring Harbor Laboratory Press); Carter (1992) Current Opinion in
Biotechnology 3:533-539; Muzycéka (1992) Current Topics in Microbiol. and Immunol.
158:97-129; Kotin (1994) Human Gene Therapy 5:793-801; Shelling and Smith (1994)
30  Gene Therapy 1:165-169; and Zhou et al. (1994) J. Exp. Med. 179:1867-1875.



Therapy 5.:793-801. Suitable honol ogues of the AAV rep coding region include
the human herpesvirus 6 (HHV-6) rep gene which is al so knowl7tKebnedy 2006
AAV-2 DNA 25 repli cation (Thomson et al. (1994) Virology 2Q4:304-311). By
"AAV cap gion" is meant the art-recognized regi b AAV
genone V\/nmﬂ&@g%sgges the capsid protgins VP 1, VP2, and V ngﬁ’(focz){o functlonal
honol ogues thereof. These Cap expression products suppl y the packagi ng
functions which are collectively required for packaging the viral genone.

For a. description m{]?g, %E? czka, N.
and Kotin, R M (s‘ﬁ% ﬁgAéN/ruary ggbq&% @f@@?ﬁgﬁg@#ﬁ’% 61 35 AAV
hel per funcWAMseMre:omaimmghheedne atddfutedes’ imisY' of @ kéledbed nuckixsdcid tomsudthe host
cell with a AAV heI nstruct ,either priqr to, .or concurrently with, the
transfectio HSP“ESF;% tgi’ﬁ’ﬁ‘é@’s?%?ﬁ’@@ﬁﬁlgamtqq@‘ﬂw'% a3thess s are t hus

used to pro&és@ﬂb&fm'%&ooﬁ&%%hﬁ%t FoX EXaaiphd, ﬁ@aﬁ}fns/éﬁybé’ﬁﬂoﬂ Hf it 8P 9enes

to conpl ement mssing AA nctions that are necessary f productive AAV

i nfectidn. i ThistGleH 260K mMcMgCladk mMRITY me%dom&ﬂm HpCl,cat e

phagb. 11 anEbEOR: 4 U AP OG) ﬁ@?%ﬁ%\wﬁi‘%ﬁ@“ s 0. Gnreeky o™ ©
I AAV/ Ad
and pl MpO1ABCur Eh encode Born. %%fﬂﬁ“&??%%“ﬁ?ﬁ:ﬁfﬂ?ﬁﬁﬁﬁ“ see,

e.g., Sarrul &‘E@hoé\b Intermolegnlas "sticky £nd, 1gations arg s al .
(1991) J. 'DNK%?%?&@%&S Ao 106kl Ha Bhéairall tmbé’c&ﬁﬁb@mp descri bed

whi ch encode ep an Xpression products. at ent No.
5, 139, oW1, Bmmnmswmgd@mb@onmgs,Uﬁde noeh 39, 94‘Jorin1pamuhr,can be

constructed_to ont.ai n re opt e, nar. ker Sui t abl e
‘markers i ncﬁﬁ&éalé‘é%‘@%?rséﬁ‘{%&%ﬁfé&%m htafec Y %i‘%f’&ﬂ?ﬁ ¢ fme Eﬁ?% Wity to,
i npart col oiCultfire CulleciciUATCDS) widdet Yeuession Niabers 58222553223, s522uhsascel | s

whi ch have been transfected with a nucleic and construct containing the
sel ectabl e 8¥26uhen the cells are grown in an appropriate selective

medi um Several se}j@gitieRdlfy, BRmERE w%wﬁéd@wsﬁﬁwﬁw@dm@%ﬁvﬂce of
the invention 20 include the h ygrorryC| n Bresistance gene (encoding

Ani nogl Y& os THR seansaess arrrge St anda3’ of oneiqr morgsplectad nuglsicasidesseananges. n  manmal i an
cells by co Loui s,
o) A bty S8k i1 Al e
cells can be used. The complete chimeric sequence is assembled from overlapping
oligonucleotides prepared by standard methods. See, e.g., Edge (1981) Nature 292:756;
Nambair et al. (1984) Science 223:1299; Jay et al. (1984) J. Biol. Chem. (1984) 259:6311.
20 For the purposes of the invention, suitable host cells for producing rAAV

virions from the AAYV expression vectors include microorganisms, yeast cells, insect
cells, and mammalian cells, that can be, or have been, used as recipients of a heterologous
DNA molecule and that are capable of growth in suspension culture. The term includes
the progeny of the original cell which has been transfected. Thus, a "host cell” as used

25  herein generally refers to a cell which has been transfected with an exogenous DNA
sequence. Cells from the stable human cell line, 293 (readily available through, e.g., the
American Type Culture Collection under Accession Number ATCC CRL1573) are
preferred in the practice of the pre:s_ent invention. Particularly, the human cell line 293 is
a human embryonic kidney cell line that has been transformed with adenovirus type-5

30  DNA fragments (Graham et al. (1977) J. Gen. Virol. 36:59), and expresses the adenoviral



25 AAV Accessory Functions The host cell (or packaging cell) nust also be
rendered capabl e of providing nonAAV-derived functions, or "&tEessayg006
functions,” in order to produce rAAV virions. Accessory functions are
NONAAV- dery yeshi¥di 2l and/or cellular functions upon whi cBcrAdhd/dsssidependent
for its replication. Thus, accessory sfunctions include at |east those 30
NonAAV proteins and RNAs that are required in AAV replication, including
those 17 February 2006 WD 031018821 PCT/JP02/ 08761 36 involved in activation
of AAV .gene b BEA H | Fib S ,fggb\lﬂc[m il Gine i .
replicati on,élééﬂ?ﬁgglggd%?m&%%g% ﬁggg)l ﬁgt&%@%ﬁct S and %&né&gf)gﬁ?y% senbl y.

Vi r al - based tmuosfestedy rand pravides aiparticularly eonyenientaqdatformrin avhjchdb ptadueck AN hel per
viruses. In _particular, accessory functions can be introduced into and then
expressed i 1M %Shost cell's using methods known to those of skill in the art.
Typical ly, accessory functions are provided by infection of the host cells
with an unrel ated hel per_virus. A nunber of suitable helper viruses are
known, ihcl AhWdelpeskunctionges: herpesviruses such as herpes sinplex virus
types 1 and 2; and ] Al )RV L lons,.will also
find use herein, sai\é %gpkﬁ%%g{ng?%\sﬁbggga%;ﬁce ?Rg%%éﬁrg%#%ﬁ%% tstfeng any of
various 10 kasaisredagpailsof freeiding AYAY helpet fanctizins &l ordérlt8éplicdte avd emdapsidate

4Q 241-247; MPhersgn et al. _ (.1985) Vi 147:,217-222:. Schl ehof eret al
(?986) Vir o|‘g%9“°i°r§ﬁ§g6€eqff%°s ﬂﬂd(“fegg’ﬂgi’i“‘r %ﬁﬁ%é‘b@‘é@w@%}m& Onegg :
provided us iH&Eaeﬁﬂm@ﬁ&&séééébef-ﬂ!?%vmeﬁ%atc@mng% hédd phiRQAH Be \?%ﬁ‘gsffg é‘%%

U S. Patent No. 6,004,797 and International - Publication No.
Nucl ei ¢ 18ci dreddeAAYegenspordugisithat in surpclretiop iy ransfor praduetie AAYn be obt ai ned

from nat ur alrﬁéﬁ)c%gn?SAAWetl})acg gﬁigépyén?ﬁsg?ﬁgﬁm%% gﬁgﬁg%&%ws rticle, or

constructed I'ng recomnbi I'C nmetho { art. As
expl ai ned alfowetions thabhare niesinp flermtinsAAdtexpresdiad vectoes. f Thus; AAVHelppeent of

adenovi rus nes are, not required for .ac hel per, functions. In
particul ar, ‘ﬁ’é’ﬁ%\ﬂc}‘{k °Hfrt°g$ff’é’ q(}ﬁkeéggméﬁ%?%nwg&y&gfp Gﬂé SFRIeqdinge gene
synt hesi s h3¥goRe 8PfudCtisHaPhembIo thieeeor) Ssive for AAV replication. Ito et
al., (1970) J. CGen_ Viral. @Q243; |Ishibashi_ et al, (1971), Virol og{ 45: 317.

Simlarlly, mut ant s B WY remeodingeginn’ ismeantthe yirtecpguizcdegian ef ¥ support

AAV T epl i catdeRdme WhEnGRESRE e Yehlidafibn FréBiRTEpH8, RESER, 52%afid bl'y not

i nvol ved in g rovfdi ng ac.cessoepsﬁf unctﬁgns. Il%a?rter&gt g{I}.ﬁ, .aﬁlggg)%\ﬁ rol ogy

126: 505. rb\/ﬁxm Remenpression psasdiicly reacheen shown toipessess manyl fynctions, including
recognition, binding and nicking of the AAV origin of DNA replication, DNA belicase

activity and modulation of transcription from AAV (or other heterologous) promoters.

20  The Rep expression products are collectively required for replicating the AAV genome.
For a description of the AAV rep coding region, see, e.g., Muzyczka, N. (1992) Current
: Topics in Microbiol. and Immunol. 158:97-129; and Kotin, R.M. (1994) Human Gene
Therapy 5:793-801. Suitable homologues of the AAV rep coding region include the
human herpesvirus 6 (HIHV-6) rep gene which is also known to mediate AAV-2 DNA
25  replication (Thomson et al. (1994) Virology 204:304-311).

By "AAYV cap coding region" is meant the art-recognized region of the AAV
genome which encodes the capsid proteins VP1, VP2, and VP3, or functional
homologues thereof. These Cap e;gpression products supply the packaging functions
which are collectively required for packaging the viral genome. For a description of the

30 AAV cap coding region, see, e.g., Muzyczka, N. and Kotin, R.M. (supra).



E4 regions are likely required for AAV replication, either dl7Eeirhary@006
indirectly. Laughlin et al., (1982) J. Vrol. 41:868; Janik et alL, (1981)
Proc. Natl @;ﬁngci. USA 78:1925; Carter et al., (1983rrNbdRkagy 126:505.
O her characterized Ad nutants include: E1B (Laughlin et al. (1982), supra,;
Jani k et al. (1981), supra; Ostrove3dwt al., (1980) 17 February 2006 WO

03/ 018821 PCT/ JP02/ 08761 37 Virol ogy 104:502); E2A (Handset al., (1975) J.
Gen. Virol. 29:239; St ; ; ; ; al .,
(1980) J. Virol . 3??8{52?&?5& ctfBhs gre ?’“%?é%‘f)‘ﬂ‘&ﬁ.’ﬁc‘?&* St ot ectdh? nefe 2
78:2927; M eeld with aal AAV (help@d JondtrucBeittier pibrtm; or.cad@ure6ly withothe traifedtion of

(B T e o AV exgeRsion pEtor A el dopstRictsaiod S e provite it BASt car tor et
al . (1983), n%uﬂea:exgﬁssi@ﬂ of ARYFp andPbridap 'geikes 8 stthSiemeNt ibinBKRKBSOT Y

functions provided adenovi ruses having mutations in the ELB codi ng
regi on have finctignethat arompdessary fogprod@metﬁsg,k/sefmnogk iAASY helper copstogg)lack Virol .

32:206- 210, d Lred for AAV virion
producti on, Wﬁ%ﬁ% |eisﬁ%5%§m§tﬁ§g§%@ﬁ eﬁl,wn?s%wg%'nat i onal 10 Publication
WO 97/-17458 and MaThésesbhitacticambe in thd i )of @plasmid) phagey trdnsPdAdndebsmid descri be
accessory function,yectprs enc ?’l‘b&g arious Ad erke?s. Par.{)i ularly preferred
accessory leFF(‘:‘P’i‘EI’lect‘%Pgmgﬁr?g ' ehén“&a%%mﬁslhg? £ desgR eﬁav tB%i on, an
adenovirus %m%ng(ﬁ&ﬁipmmicﬁ%m Aﬂ%&%ﬁﬂ@ﬂﬁ%«%@cﬁcﬁ@nk@ﬂ%@@sﬁ egion, an

: /.
adenovirus ElI A codi ng region, and an adenovirus i on l'acking 15 an

i ntact K0 B53kpressiemprodueys.ofee, agcbamulsid ot dl. @P89)de Kirel. 12382213828 endhat i onal
Publ i cation Ty u ' ' of the host
cell with a }ﬁe ?)‘g)rlg\?? %@,ﬁ%rmrﬁ%ﬁgl(?ig%nﬂ%bﬁéo%}gg?k’(@éﬁ'ﬁ%\?ﬁ“ﬁn

accessory f ulesdribed which encodecRepemed/lor Cap expréession pragiucts. Seep egs IB8L Ratént No.
transacti vat lqtgé%uAAV hel per construct to produce AAV Rep and/or 20 Cap
proteins. The expression products excise the reconbi nant DNA (i ncl uding
the DNA of intere$oth ARMRxpheasionVectorp ARbA AT TheYRE Edtstrudth CantRitoRstalceddts al so

serve to_ duplicate the AAV, genone. The expressed Cag protei ns assenble into
capsi ds 13 anopin oner sase ARtiDakselscgbleanarkers SuitaRlegnarkers insluds genesyehiels. Thus,
productive AgNfer atfbibaebiondebt Yamitivit) %o, i 115, AW dnlialnik ALY
virions. 25 Folelrowi r§g reclgﬁ%(i%nant M@yrépl cat -on, rAAV Virlon Q%En be
purified fr oharacteristics of those cells which have been transfected with a nucleic acid construct

containing the selectable marker when the cells are grown in an appropriate selective
medium. Several selectable marker genes that are useful in the practice of the invention

20  include the hygromycin B resistance gene (encoding Aminoglycoside phosphotranferase
(APH)) that allows selection in mammalian cells by conferring resistance to G418
(available from Sigma, St. Louis, Mo.). Other suitable markers are known to those of
skill in the art.

25 AAV Accessory Functions :
The host cell (or packaging cell) must also be rendered capable of providing

nonAAV-derived functions, or "accessory functions," in order to produce rAAV virions.

Accessory functions are nonAAV;_deﬁvcd viral and/or cellular functions upon which

AAV is dependent for its replication. Thus, accessory functions include at least those
30 nonAAYV proteins and RNAs that are required in AAV replication, including those



the host cell using a variety of conventional purification nethods, such as
colum chromat ogr aphy, Csd gradients, and the |ike. For exaMkHdMU%W2006
plurality of colum ©purification steps can be used, such as purification
over an arRy@pyGxshange colum, an affinity col um and/ orpcg/spadidsosy exchange
colum. See, for exanple, International 17 February 2006 WD 03/018821

PCT/ JP02/ 08761 38 Publication No. WB602/12455. Further, if infection is
enpl oyed .t o express the accessory functions, residual hel per virus can be

i nact i vat ed,inybiyéadn 4Opation B AAdsg ene'ﬁ@ﬁscﬂ?ﬁdip k@ge SHeEITie WAV $nFOAN sPEcing, .
i nacti-vat ednégx‘éheatl ng to tenperatures o approxi.mately 60C for, e g., 20

m nut es or DN#Aireplicatéen, srhesisiaf £ap icyrression predustsiapd AV eapsid assembiz! per

Vi rus since {AA I virus i s heat
| abi l e. The Y%ag&a?ed%éé %°B§§%ﬁ%§?%§°%°§wﬁﬁfﬁ% uctf%g’%? 95"; gequence
of interest can theparﬁadusmieésofymﬂﬂmnsleddbeanuodmed\mdhﬂth@féﬁpramn
descri bed bel ow. .10 .Cor nQo igrllons Corrpo? ]Efé h_ rise sufficient
genetic frat diostgells using H’&ﬁ’é’gs oW torthgse of 5 é*tf ¥PIcly, a¢RsERTY BINCHONS GDNF
of Interest adp dc@ﬂamo?mefﬂoﬁc%ﬂi ﬁ@mﬁﬁ@u@ﬁ@;peﬁml A BlfberfPt s of

t he di sease st te I'n question or an anount sufficien to confer the desired

benefit. Theuitabipbelptrvimsessare mMmmmmmrm@mmch ai hepesept abl e

exci pi ent. Suc exc:| I ent e an har eut i .hat S not
et ST PR VRO e Fi bl Sae e ARBE G ol pesSEhy BincliR wilE8Fo
receiving thind \fs@li&@ﬁi Eichras tlﬂi@épW@idé&bﬁMlé}ﬁcﬁdﬁkﬂi@ttﬁﬁﬁ%%fhﬁiﬂusundue
toxicit Phar maceut i cal | y acceptable eX}fment s. include, but are not

i m ted){Po kg agents. 246y -85 Boller o ak (1580 4024178 ¢itcPhexsen ef Algui ds such
as water, 146} E&@) [ ceptable salts
‘can be i ncI ué9?§%§%§ﬁl4@f2&?&2§2§#§?&2@f«mﬂﬁ%r al acrv:% m%a%g'% gi%tﬂgp

hydr ochl ori des, hyddishratinelieascessory Spietionsscan bg proyided usms@natmsslomﬁ;ncmd t he
salts of or t e eI benzoat es,
Sal 50" O R B S5 B O PueONRIC0% A5 bR D

emul si fyi ng mpticition Né] WO 01583797. Muclkid fdid sgmerives! pioviding dﬂe,acdasorpe present
I n such vehicles. A thorough discussion of 25 pharmaceuti cal l@é accept abl e

exci pi edfs | MogioRs cambeohtaned-fommAERlsourseRn NACRs fToreAe g5mpmEcE®n ( Mack Pub.

0 N3 19khovifR Bafitfd, of Ubdkiduhel B4 kech b ihYr 9 ER BEMSESloRAHP! NaNt

the art. As explained above, it has been demonstrated that the full-complement of

adenovirus genes are not required for accessory helper functions. In particular,
adenovirus mutants incapable of DNA replication and late gene synthesis have been

20  shown to be permissive for AAV replication. Ito et al., (1970) J. Gen. Virol. 9:243;
Ishibashi et al, (1971) Virology 45:317. Similarly, mutants within the E2B and E3
regions-have been shown to support AAYV replication, indicating that the E2B and E3
regions are probably not involved in providfng accessory functions. Carter et al.,
(1983) Virology 126:505. However, adenoviruses defective in the E1 region, or having

25  adeleted E4 region, are unable to support AAV replication. Thus, E1A and E4 regions
are likely required for AAV replication, either directly or indirectly. Laughlin et al.,
(1982) J. Virol. 41:868; Janik et al., (1981) Proc. Natl. Acad. Sci. USA 18:1925;
Carter et al., (1983) Virology _1L65505. Other characterized Ad mutants include: E1B
(Laughlin et al. (1982)., supra, Janik et al. (1981), supra; Ostrove et al., (1980)



conmbi nation wth one or nore dihydric or polyhydric alcohols, and,
optionally, a detergent, such as a sorbitan ester. See, for &xEabpragy 2006

I nternational Publication No. 17 February 2006 WO 03/018821 PCT/ JP02/ 08761
39 WO 00/ Rr1882P is apparent to those skilled in the aprmzmﬁ;w of the
teachings o th| s specification, an effective amount of viral vector which
must be added can be enpirically d&erm ned. Representative doses are
detail ed below. Adninistration can 5 be effected in one dose, continuously

or intermttygaidgy 1045500y ERA (Hi@aeOAl!,XE973) J. GeRIiFiRU9:239 SRAS ephi.,

determ ning the nhost effective means and dosages of “adm nistrati on are wel |
known to thds¥6pd. ¥icol. 1171140t wearqtahnﬂ%ﬁ)lll W@!y_jm&ﬂ:hmtah, (t381) Peet.or, the

Snole and ¥k AL SEhrrd 182307 Rl ATl B 7 Bigt e 2S8R bt { cat o

and pattern «c3Qeb Aibib-2BbeRIAVIRY Hel r%bhﬁgnﬂmﬂh%oo{c/bjt‘ﬁb%

under st ood that frore than one transdgene can be expressed b ellvered
reconbi néint (Pi Tijsen ed\, 1890)xtE3 (layter etab (1983, supro);and Eéa(GMﬂMab(sl%Bp one or

diff t t | dtot CNS, d bed
horei . | Fursibre Ganec 19y < Adfeley S%&%o&aﬂ%té%s%m Rpb s SRy ael | ver ed
by the net h%ﬁénog&uﬁéa%téggﬁ B il A1 BBinRGe veSstodlidell cOhfiiEtin rgu'tab' e

conposi tions an er apl | nst ance, % nson s di sease ca
treated by aesultsjSamilskiieng.,a(1988)dnirok6R: ?AQAZIOyracemly repgntedthat Bl BE5KHs | nt o

t he CNS t dat I t d
addi 1 onal 60HE 05 AAY HEOR AR, AR SRSk 5 In pddlfon, Tolemaiapds "
i nhi bi t g5s fsztmmwe WWBQ%&M%%M%%@QW@MGeﬁe%kMg%ﬁrﬁs(gﬁdOpam ne

cat abol i sm e.g., MaOB inhibito opani-ne agoni-sts ant agohi sts can
“be admi ni st alesatiberaccassayy furstibs gepiens endodingrvasionsiAtlgenssus| y with t he

reconbi nant virion_engcodi F, For t he gene en AADC can
be coadni ni st ered W@%@%Wtﬂ%ﬂd@ﬁfef sﬁ@“%&?"‘gﬁ%ﬁl arly,
L-dopa and, joRAicediakegior; ah RidePitus BPORPE codslicRion! & Afnsimt BYACAI Ly | N
this way, the dopamne which is naturally depleted in PD 25 patients, is

restored, apedingregion,sn adenovirghE bk W%HSB’@M@“@@MW BB zegion bCkIGEpam ne.
Vhere t ri'§ t rﬁgﬁ@&rﬁﬂﬁk%ﬂﬁg rér%b”n suc tor%re"i‘t@sérﬂg&'ﬁ{ Imc?na%ﬂﬁ%ﬁﬁcatfbﬁr tain

system cal | I vered conpou as nuri sterone, ponaste
tetracyline l‘eb VEOfaL/B37%Ay be administered in order to regul ate expre55| on of

the transgene. As a consequence of the infection of the host cell with a helper virus, or

transfection of the host cell with an accessory function vector, accessory functions are
expressed which transactivate the AAV helper construct to produce AAV Rep and/or

20  Cap proteins. The Rep expression products excise the recombinant DNA (including the
DNA of interest) from the AAV expression vector. The Rep proteins also serve to
duplicate the AAV genome. The expressed Cap proteins assemble into capsids, and the
recombinant AAV genome is packaged into the capsids. Thus, productive AAV
replication ensues, and the DNA is packaged into rAAYV virions. _

25 Following recombinant AAV replication, rAAV virions can be purified from
the host cell using a variety of conventional purification methods, such as column
chromatography, CsCl gradients, ‘gnd the like. For example, a plurality of column
purification steps can be used, such as purification over an anion exchange column, an

affinity column and/or a cation exchange column. See, for example, International



17 February 2006 WO 03/018821 PCT/JP02/ 08761 40 Delivery of AAV Virions
Reconbi nant AAV virions may be introduced into cells of the GNFebsiang2006
either in vivo or in vitro (also terned at vivo) transduction techniques to
treat pregy foiuﬂxg neuronal damage. |f transduced in vitpeydebRsdesired
reci pi ent ce Will be removed from 5 the subj ect, transduced wth r AAV
virions and reintroduced into the s3fject. Alternatively, syngeneic or
xenogenei ¢ cells can be used where those cells will. not generate an

| nappropri apgylicatibi Mol HEO0RA2453) Flehes Uipjiffedtion A¢lethplopétlol expreds ifeal
progenitor cells can be transduced in vitro and then delivered to the CNS.
Sui t abl e neateessory functions, thsidualhe)penvirus eanrhsdnastivated,ofsing knesmumettiodsel | s i nto

a 10 subj ect, have been described.. Faor e I ells can be_transduced in
vitro by co Tﬁ’faﬁﬁ’?e’rag%“ﬁﬁ?ﬂ m#%%%% O keappegatyies of transduced in
appropri at ey kiﬁ:ate?ﬁéoiéﬁﬁ?e.ﬁ,eidﬁmhé%'a?ﬁiof& Tﬁ@n%eﬁfeffé&ﬁ%lﬁst can be
screened usihg conventional teéechni ques such as Southern blots and/ or PCR
or by usi ngimetivat¢sadnlyethedielper girusTsinoesAMY dsiextesimiely beah stable whileethd helperl at ed
into phar rrac&éjti,cal, onposj tions, as described above, and the conposition 15
i ntroduced @ vag’ﬁfﬁ € by various techniques as described below, in one
or more doses. Foind fsii@rARN ﬁﬁaasacoha&iﬁg%éfemmaéxemde'se@&gww' at ed
into pharmaceutical conpoSitions and one or nore dosages may be

admi ni st er ednteliesteoat thenibe usébfar pdneddlivery usingribe techniques daseribed belotvy ef f ecti ve
dose will include on the order of from about 106 to 20 10" of the rAAV
virions, nore preferably 10' to 10", and even nore preferably about 10" to
101 of f{¢e %ﬁb@ns (or viral genones, also terned "vg"), or any val ue
within theSe ranges. Cenerally, fromO0.01 to 1 ml of composition will be
‘delivered, preferaGbmpositionswillcompriseasuffinient genatic materigh teprodude &/ about 0. 05

t bout O. m h 0.08, 0,0 . t.c. d i nt i t hi
theae r angeiereufisfiy sBesvs, stiqunt Ofthe GUNE of loferesd o B AmAL MOBREY 91 1| ons.
or cells tragfdyeesmtibrite!sy@ptoiit dfthetitdaieiAtllin Qiekis bvjad dindub® sifiSielt brain

by injection into, e.g:, the ventricular region, as well as to the striatum

(e.g., the dacenfercthedesizeddensfity Thacompesitians avild alsp gontain a pharmadeutically and

l ar | ' el | ar. W . | h
el at edt ey Aessp B dxaenty ST SbicnR pBi o ot s el bR S0 "o by
st er eot act i GtséljdGéd BB preCtior36E MtiodiesHapiful € thelindividualiresdivid@tng424- 3429,

1999; Davidson et al., PNAS 97:3428-3432, 2000, .
composition, and which may be administered without undue toxicity. Pharmaceutically

acceptable excipients include, but are not limited to, sorbitol, any of the various
TWEEN' compounds, and liquids such as water, saline, glycerol and ethanol.

20  Pharmaceutically acceptable salts can be included therein, for example, mineral acid

' salts such as hydrochlorides, hydrobromides, phosphates, sulfates, and the like; and the
salts of organic acids sucﬂ as acetates, propionates, malonates, benzoates, and the like.
Additionally, auxiliary substances, such as wetting or emulsifying agents, pH buffering
sulistanccs, and the like, may be present in such vehicles. A thorough discussion of

25  pharmaceutically acceptable excipients is available in REMINGTON'S
PHARMACEUTICAL SCIENCES (Mack Pub. Co., N.J. 1991).

One pariicularly useful .f_ormulation comprises recombinant AAYV virions in

combination with one or more dihydric or polyhydric alcohols, and, optionally, a

detergent, such as a sorbitan ester. See, for example, International Publication No.



17 February 2006 WO 0 3/0 1 88 2 1 PCT/JP02/ 08761 41 Davidson et al., Nat.
Genet. 3:219-223,1993; and Alisky and Davidson, Hum Gene THegrFebruary 2006
11: 2315- 2329, 2000). Cerebellar injections are conplicated by the fact that
st er eot axiyg, ggdinates cannot be used to precisely targetriib@ostéie of an
injection; thereis animal to animal variation in the size of cerebellar

| obul es, as well as their absolute 8hree 5 dinensional orientation. Thus,
cholera toxin subunit.b (CTb) maybe used to deternine the exact |ocation of
the injecti oggoamyisz@geal the pool of transducable neurons at an injection
site. Injections may fill the nolecular layer, Purldnje cell layer, granule
cell layer and whiAisds apparent tapthosdhskilledlin thewdrt ineview wof the teashings pthds t o t he

deep cerebell ar, .nucl ei . e node of _adninistration to the C'IS uses a
convect i on eRFRificatign g ¢ifcefiye amgunt ofwF V&‘Pé?ﬁ%lqhﬁ'ﬁ%i%e%%ﬁm €onbi nant

o7, SRS BB, TS AN AN IR B, |,

Mor eover, the I cient.ly express transgenes in
(e.g., ngur deeffectedlin ahe dask) contindouslycrrimermittentlyethibaugheut thetouwrserof devi ce may

be appropriate for deJivery of 'viral vectqgrs. In a preferred enbodi nent,
t he device i%ea%emoé‘gﬁ{“?dé 9 drts ¢ PostatsRuYs Means 8BS Aoseestf ¢ and

I nfusion pu s 2L i13h) | & ' ; lers,
for exanple @i ze'?éﬁgg?gﬁlgh,%@%/ﬁ#&@o@p%r at Ia%%%&iv?&&xﬁfﬂtgﬁ alo Alto,
Cal i f or ni a) .veétpp, the cbmposition ofathe therdpyy the sarghet|cells; rand thel subjeCHRinfetreatal as
follows. A catheter, r qther [njection device is inserted into OCNS

annul a o A §

tissue in t@n@ﬁag@w@%? lminisgadonsrcan b Farriedh opt withy the dosg, leyeland grattgrn

determ | € Sena R + Of S is an appropriate target. For
exanpl efisv\hm@rf&%eﬁel ver ibﬁgm%kg/ﬂ?gp to treat PD, the striatumis a suitable
~area of the brain foshoalddetund&istaod diat atore tham pse tramsgeqeocantticenpregseddyithes ar e
avai l abl e, for, ex le fromASI Instrunents, Warren, M. Positioning may

al so be cono‘i}i‘f’%"&g!ﬁ binagt gﬁ&?o#@&faug& S Yf'éf?_r%fa&e’?ﬁﬁf’_b‘g on

i magi ng of txﬂ@re%iﬁéx‘éﬁﬂ&a?:s?én@é,rbah‘ilsb% Relvrdiolthe CNY B el ?ibed el O the
chosen, target. Moreover, because the nethods described herein can be
practiced suirthepmore; Blisialsy itgnded thatthgeviral vestors fleliviereddyy-the mettiods ofthehe vi r al

vectors, fewer ipfusion,.cannula .ar. eded.,, Since.surgical conpldcations

are rel deq Trosenh Y ERiRE BbRddtR. Qe i RBRGiRH ok BerapET P e Vot o
reduce the sipstgnf PAKiMSos’s Aetdeicin 60 fH¥ARI by BstdmifikterSy ¥ récofBiagt/ AAV For a
detail ed description regarding CED delivery, see U S. Patent No. 6,309, 634.

I n the case Vifiowpxpressing GPYE igto; the EINS) (e @: sintoHthe candaterniiclens er puthmen pfjthe

0 2L il R Sy I o £k

. inhibitors of dopamine synthesis (e.g., carbidopa), inhibitors of dopamine catabolism

20  (e.g., MaOB inhibitors), dopamine agonists or antagonists can be administered prior or
subsequent to or simultaneously with the recombinant virion encoding GDNF. For
example, the gene encodiﬁg AADC can be coadministered to the CNS along with the
gene encoding GDNF. Similarly, L-dopa and, optionally, carbidopa, may be
administered systemically. In this way, the dopamine which is naturally depleted in PD

25  patients, is restored, ipparently by AADC which is able to convert L-dopa into
dopamine. Where the transgene i.s under the control of an inducible promoter, certain
systemically delivered compounds such as muristerone, ponasteron, tetracyline or aufin

may be administered in order to regulate expression of the transgene.



WO 03/018821 PCT/JP02/ 08761 42 by the tinme a subject exhibits visible
synptons of PD, nbderate to extensive denervation has occur dédehndyxd00east
about 60% 70%to nore than 90% of existing neurons have been |ost. By
"nmoder at ewglgngsseat i on i s nmeant, therefore, a | oss of ate¢eamboseput 60%
70% of neurons while "extensive" denervation refers to a | oss of at |east
about 90% of 5 neurons. One measur é®f neuron loss is by referring to levels
of doparnine activity in the CNS. Thus, "noderate" denervation refers to a
| oss of at |D¢iervodfoAlA VODirie®% of dopami ne content in one or both striatal

hem spheres whil e "extensive" denervation is_ reflected by a |oss of at
| east. about 90% i nRepRMPRan MAV yirjongmay be introdysed inte .cel?cpfr%“agHSé“@E dopamni ne

content . 2 | aig) #9ublo? b TR0 b bR kbR Wb bs o B HREGHON O

the label is indicative o opam ne actrvity. Preferably,

tracer is omeuidnaldab@ugebdf tranisdwued in vitre) tiodésired reeipienacell will ke refnol&l fagth nal |
for exanpl e, by positron em ssion t,om)gr-ﬁph (PET),.scanning or other CNS

i magi ng ? ecHhe bisct, transduged with pAAVvinens apd peinttadpcediinte the swdjsct.i ncl ude any
) . o . T hor cal
composi tion Eﬁ&ﬁfé@ﬁbgn@ﬁne?@@gfehﬁg%gag{cen&ogggis eféggweqes@éms 18 Wivpgchem ca

electrical, optical em S In the present

i nventi on i rgeherdte anankipprapliefesmfming respdrise i the subjéct. 'AdditioRallygmedral enzynes,
colorineteric - |abel fluoresecent .dy.es, d e like., | preferred
embodi ment , ;{rﬂ%enﬂ% sc?#%uﬁgé'ﬁeaﬂ%ﬁoﬂﬁe? éggggﬂ{??w am ne activity.
Thus, in this enboduitEblé methads fie Gieailivdry andintrodudtion 6f trénsi®Ra ¢e@intesd Ng

["F]-fluro-DOPA as the tracer. Another neasure of .20 dopam ne actjvity uses
the | abdPed Supiseidiaveb esqribge, §or exampley F@?‘P“F‘&F?&W o biycombining cel | s

that utili Z&edQRad AAVoRionEwith celld t9 be FahsBded IR apfRoptite fddia ghods of

~neasuring dopam ne content in vivo. Regeneration of ‘neurons and hence
treat ment ofcells barhomngithy DNA of interesbednchersergened wsing sornentional techmijues sichvel s as

deser | 000 S Bt DASIRARHCR ISR b BSteR® DA o B L
t he regener did formulited to phamaddutisal campasitions, dseesdribedpabiove, and theseongpositiont t o
e IR ey VRO GO BB B e, o
treatment. Ildoskgbruary 2006 WO 03/018821 PCT/JP02108761 43 Neural Tissue
Analysis and Bioc h%rgir ;’:natl'ivoAc?e?ilvgrssli, ale rAAYV virions will be formulated into pharmaceutical
compositions and one or more dosages may be administered directly in the indicated
manner. A therapeutically effective dose will include on the order of from about 10° to
20 10" of the rAAYV virions, more preferably 10’ to 10", and even more preferably about 10°
to 10" of the rAAV virions (or viral genomes, also termed “vg™), or any value within
- these ranges. Generally, from 0.01 to 1 ml of composition will be delivered, preferably
from 0.01 to about .5 ml, and preferably about 0.05 to about 0.3 mi, such as 0.08, 0.09,
0.1, 0.2, etc. and any integer within these ranges, of composition will be delivered.
25 Recombinant AAV virions or cells transduced in vitro may be delivered
directly to the CNS or brain by injection into, e.g., the ventricular region, as well as to the
striatum (e.g., the caudate nucleus or putamen of the striatum), spinal cord and
neuromuscular junction, or cerebellar lobule, with a needle, catheter or related device,
using neurosurgical techniques known in the art, such as by stereotactic injection (see,

30 e.g., Steinetal.,J Virol 73:3424-3429, 1999; Davidson et al., PNAS 97:3428-3432, 2000;



Ti ssues can be harvested fromtreated subjects, and processed for eval uation
of neuronal degeneration, regeneration and differentiation ukikepruanldtfe
procedures. In this invention it is useful to evaluate, for exanple,

vari ous ceyd es/qags2i he striatum and substantia 5 nigra (SNpcT/SRIRh8®ES exam ni ng
coronal sections of the striatumand SN. Measurenents performed over tine
can indicate increasing correction % cells distant to the vector

adm nistration site. Levels of dopam ne and its netabolites, |1VA and DOPAC,
can be eval tladvédkonusilnd\f&ri@ﬁepeizﬂmmnem,ldnqmﬂdkpmdihandxgna‘ﬁ)&m GefRLC) as

d bed 10_Y. H Ge Tl 0 11 1509 1519
o ean s e A3 s 2325 honoy e PR BresPmPHcAt Y Bt G .
activity, p%&b&%ﬁ&&&aﬂw& BAnYEsd REd RPTOGRE 1Brgefht Shad! & lﬁjeww{he@?k'F

Subj ects can also be tested for rotational behavior periodically
i ntraperi t oreadhalito paiotal variation apthnmzp bf ¢eschieltir lotngdesCas \E«lbewthmemmluteélrm are

exanpl es (of eC|f d| r e i.nvention.
The exa Ies‘f %Vfg?%ga‘) Gg PRt e&%ﬁ§5§3§§£ﬂﬁf€§egﬁ@a%ﬁgmﬁgp
Ih nt enged tctgé b;mct loEit&n%thﬁnﬁﬁhéMdnﬁmBmé pool\of Bansd ﬁ%dbte mn\g/ayan 20 Efforts
ave been ngde to ensure accurac th respect to nunbers used (e.q.
armount s, ter#B‘éF%?‘lﬁ*@s Injggtiony may tﬁ%welee&lp@aymmw} &yeamﬁm ﬁt i on
shoul d, ~of raﬁ@whﬁ@nfﬁ'ttle:od(ﬁﬁ’e srssmixawtrdoafi&eﬁam twi éﬂ% &, and
u 250 wer e

sur gi cal proc ures Ad Wstar rats (weight 20
mai nt ai ned in a 12-QOnehodprafadministrgion to the C s‘;wﬁrhemmenmmdweass to

food an | re t he Ji chi

Medi calc1 cho@fEDg?I;?ggfli E% wwéﬁnn%&ggﬁégﬂfﬁgbgg eg’t% Fnan%ft’g#(%g’i of PD

, mv\%sog; gpgggdm msogjhg8®m6 yh&m«,ahmﬂdﬁ&grbewqctd\buﬂinm?ﬂpemesk iraﬁga;beamd/ 2006
L 1 P 761 4 401-4 | e rats receiye

st er eot act i ccﬁggéliste@n§°ﬁ’i°nﬁﬁrﬁ}é}%&si]yg?%‘3&9&ﬁéﬁ M% ?ﬂ"EEﬂaé{t &d as
free base; Sigygbriafe!for délivesy dfWiralVesoey. mdpraena@bom@tmw&@ﬁl ne

(0.05% in the left striatumat the follow ng coordi nates: anterior-'
osmotic pump or an infusion pump. Both osmotic'and infusion pumps are commercially

15  available from a variety of suppliers, for example Alzet Corporation, Hamilton
Corporation, Alza, Inc., Palo Alto, California). Typically, a viral vector is delivered via
CED devices as follows. A catheter, cannula or other injection device is inserted into
CNS tissue in the chosen subject. One of skill in the art could readily determine which
general area of the CN S is an appropriate target. For example, when delivering AAV-

20  GDNF to treat PD, the striatum is a suitable area of the brain to target. Stereotactic maps
and positioning devices are available, for example from ASI Instruments, Warren, MI.
Positioning may also be conducted by using anatomical maps obtained by CT and/or
MRI imaging of the subject’s brain to help guide the injection device to the chosen target.
Moreover, because the methods described herein can be practiced such that relatively

25  large areas of the brain take up the viral vectors, fewer infusion cannula are needed.

Since surgical complications are related to the number of penetrations, this mode of
delivery serves to reduce the side effects seen with conventional delivery techniques. For
a detailed description regarding CfE:D delivei'y, see U.S. Patent No. 6,309,634.

In the case of PD, delivery is to subjects that demonstrate existing nigrostriatal

30  dopaminergic (DA) denervation, such as moderate to extensive denervation. Generally,



posterior (AP) +1.0 mm nedial-lateral (M) 3.0 mm dorso-ventral (DV) -4.5
nun. The 5 stereotactic coordinates were cal cul ated rel ative t7%oFebreary2@fma
and dural surface. After 4 weeks, aninmals were tested for

aporor phi meo éandseeed rotation (0.1 ng/kg administered inPCagREz8TNeal |y) and
only those animals exhibiting seven_or nore contralateral rotations/mn in
a 60-mn period were included in fdlzt her study. To assess the extent of
nigrostriatal degeneration, neural tracer CTl B (1!o in distilled 1120, 1 1;
Li st Bi ol ogibyahe tifie h&bbjéﬂfeﬂhb%msﬁﬁ@bﬂdms JERD, biodpratects extensied @sheBiatian eral |y
into the striatum

deat h.. Thi s ba#e éﬁa 6?4@&" °P%%%é&8l@%go?ﬁge% Slbgﬁé 81[ eDA

neurons in %E%DA %@demtawehu&sﬁéﬂeademm%ﬁﬁ& 12068 &fatrebﬁasadt'sewm at 4

weeks after esion. PD aninmal nodels were randonmly assigned to
receive MV?G%\lFﬁnea;pnsmhﬂQ)gxtmiﬁeLdm‘(amQEafm tora baemfcat eastaboat IDWHPBS; n=8)
injection in the left striatumat three different sites (2 piper site, 10"
vect or ggnor?gur(?ijl es/m) using the foll ow ng coordinates: (AP-i-1.5 mm +1.0

nmand +0.5 MM MOmeZaeasu¥Ebf soufor 1638 By feferifigito IM@ogsﬁmmeEBﬁvltwmﬁé i on

rate was set at | I/mn and the needle was left in ace for an ‘additional

7 min bef or €% Hhuss [‘Bogeyate’s M@F@H’ef%toéﬂaﬁﬁﬁbleﬁéﬂb%ﬁﬁd’em/ﬁ aﬁsport of
GDNF17a r [ 0: : ,@égv,g;)yg j ect ed
gr oup, gzﬂ%%é?%@%{@%?%%%@%&dﬁ%%ﬁ%n or hrs ogy at 2,4
and 8 weeks refi¢oted A losng et tdastrapoutSSfeintony et Yotk ﬂiwatai lycqumcsesaflbeneasmect or

I njecti ts were nd ouped, and kil | ed far biochem cal .or

i nimnoh?@t oc‘ﬁEMIcoﬁ{ﬂ %@gl%dﬂﬁc ? pstered to-the spbject #@B&&@"qu@ﬂ%r ally
into the Stlﬁbeﬁﬁﬁﬁi&aﬁi&)b‘fdbﬁirﬂﬁeadﬁ&yh Pr&&a&@’hﬁ&ﬂaﬁb@ﬁh tlafrlis oM théticah bAAV

vector injection, rats were tested for tatlonal behavi or every 2 weeks by
i ntraperi toﬁ’é@”“'ﬂﬂ@@tmgﬁmﬁgwpﬁhaﬁgn ‘f’@mP lex By ReFFLroOrPRISEigR a| nunber of

conpl ete bo 0 mn, as
descri bed g% pgﬁgﬁ usl y (Shen tﬂlf—lﬁrrl?ﬁ ne Thg‘tlés E‘S%Hg&é&?iﬁl%ro 91519)

Spont aneous SQRC%MWIMYWMWMMMPMP Whemcal,se was
d t
ZCor e ST MRS A ALk VA b Bl 0

| arge enougthnninoéwlemdxelM (e. g%f‘ffér‘H,t‘Ffé,;?’S’n&El qle) énzynesi cdzmnmmm: during
i oh they BLR%e HupRbuf i, QIR Wa bl dlGnelf e b %y TRy ©f Dot
with DOPA to quantify dopamine activity. Thus, in this embodiment, the degree of
neuron loss is measured using ["*F]-fluro-DOPA as the tracer. Another measure of
20  dopamine activity uses the labeled tracer 6-['*F]-fluoro-L-m-tyrosine ('*F-FMT). FMT
binds to cells that utilize dopaminc.' See, e.g., U.S. Patent No. 6,309,634 for methods of

measuring dopamine content in vivo.

Regeneration of neurons and hence treatment of disease may also be monitored
by measuring dopamine levels as described above. By treatment of disease, as used
25  herein, is meant the reduction or elimination of symptoms of the disease of interest, as
well as the regeneration of neurons. Thus, dopamine levels prior and subsequent to
treatment can be compared as a measure of neuron regeneration. Alternatively, visual

symptoms of disease can be used as a measure of treatment.



5 the cylinder was counted at |east 20 tines. The data for contral ateral
forepaw contacts were given as a percentage of total. Bi ocheh? BebruanaDg6i s
Tne rats were killed by decapitation under sodi um pentobarbital anesthesia
10 and br ajypospmea | edi ately di ssected and placed on drpci/f@zostBe striatum
was punched out bilaterally using a sharp-edged, stainless steel tube. Wt
ti ssue sanples were weighed and st#8ed at -80C until subsequent anal ysis.
Level s of dopamine and its nmetabolites, HVA and DOPAC, were estinmated using
hi gh- per f or nixieaml Tissme Analysi Rigchenti ki€) as descri bed previously
(Shen, Y., Hum Geng, Ther. 000) 1:.1.509- 1 .15 1 nohi stochem stry Rats
were perfused with €8 Aeye ted ffom ﬁ%&@“ﬂ?ﬁs(ﬂg%%ﬁsﬁeatmﬂwamﬁ A,
Brai ns were dj t add : il 0 e
cecti ons. (30 SR e onchlitn, 1BEEAAGh aid SEEreifiiof wing Rouie Ble 8. ks, 50
H202 in PBS mvéntiait is usefubtd evatuate3fiar £xanaple, lyatiouscceeof the §tHBSM and sBRFatial %

Triton X-100_for h, Sections. were then.incubated wth aripary antibodi es
for TH (2 1086 (D0steRRs PerRiipd EaBmaliarons ot B sttt L MPadfiBenr e, on
USA), CTB ( 1pdforefeQ ovetihe editindiosty Mckdasiag Borrdetich of &1l dRRtint o thaviast! |, CA
USA) or FLAG (1;1000; anti-FLAG M2 antibody, Sigma, St. Louis, M) at 4C
overnight. TR uppffeoned by i ncubation with biotinylated 25 secondary

ant bod e (10 SPeci Eude dBphlis Yyt BABIAS) FAAL e BOPAC! GRYDd SERGA U1

(1: 400, Santa Cruz, nta ections were visualfze

avi di n- bi ot i nyibghisli-geeoonamte liquidchpieogoaphy SHDLE) {s\destribet! preaviokSly (Bhéms ;

Vect or boratorie rli . ) in - di.am nobenzi di ne_ ( DAB)

as a ¢ om?ﬁ%ﬁ@@%%ﬂ%&l% 6%‘1%3?‘%@9%@%@%6&‘?@@5 'fﬁéAG/ TH

~ doubl e i Mungfdtein 1aLRD efzydierdctiitg gaﬁi@ﬁlaﬂ?ﬂ&hd@éc&r%ﬂéﬁd@@i scRtetable formyrat ed
wi t h bl ocki n%‘psol ution containing 5%normal goat serumin PBS for 1 h at

roomtenpera NF. nonocl onal nmouse anti - FLAG ant i body (1:250, Sigma) and

pol ycl onall v abbi t agiiechLaANsolbaWatda foriifhkionl Behvith pebdiddiy 13"

r hodam ne- conj ugat ed g goat anti-nouse |gG (1:200; Santa uz, Santa

Cruz, . CA) anintrparitonenh injeption of gpomorphing-HClabbi t 1gG (1: 200; Santa Cruz,

Sant a Cri.éz, CA) for 2 h at roomtenperature.

C. Experimental
Below are examples of specific embodiments for carrying out the present
invention. The examples are offered for illustrative purposes only, and are not intended -
to limit the scope of the present invention in any way.
20 Efforts have been made to ensure accuracy with respect to numbers used (e.g.,
amounts, temperatures, etc.), but some experimental error and deviation should, of

course, be allowed for.

Materials and Methods
25
Animals and surgical procedures
Adult male Wistar rats (weight 200 to 250 g) were maintained in a 12-h
light/dark cycle in cages with ad libitum access to food and water. Experiments were
conducted in accordance with the Jichi Medical Schoo! guidelines for animal care. The
30  partial rat model of PD was prepared as described by Sauer and Oertel, Neuroscience



Sections were exam ned and vi ewed under confocal |aser scanning m croscopy
(TCS NT; Leica, Heidelberg, Germany). For CTBI TH doubl e-i miuhiddbruany 28@ence
staining, anti- CM (1:5000, goat antiserumto CTB) and nouse anti-TH (1:500)
ant i bodi esyo\eyfasgesed. 10 For quantitative anal yses of THppogpdog®r1neur ons
and CTB-1| abel ed neurons, sections at 300-mintervals throughout the SN
bilaterally were counted. Optical ddnsity of TH IR fibers was quantified on
sections every 300 mrostra-caudally throughout the striatumusing N H

mege 159 0994p3020(1415] Bk, et reived BRotablt itions3000),g 06 1-15) . 15 |
nal y

Statistical Sis Results were presented as nean s.e.m_ Data were

statisti cal ibyden¥depamine (& QDA palenlated arefien hase; Sigmea, §§|19ux§fM%dlsmit¢ed IRANOVA)
foll db t. /i 5.0
sof tvar e) - S0 sespoiREolint (GOOR} in AR ek BHRE oy RyoldiBles' BBl
AAV .vect )1 1L, ldteﬁDmLQM\inmde@ml AES TH
P-ga?/:gtgslsé%go m?g. QZ?SF?IE‘%?B {S‘ﬂ'\}é\ﬁé‘(’aﬁfzo sérregrﬁé qsa‘gugjléf;%‘t\l}vsﬂﬁ Ase 6- 25
OHDA | est on 3‘1‘5’%1‘;9% dn of
CDNF (Ont @ Gfeefd aninRildGBR Tbstdd rm-mm&au é *éia»chhOU et
al . Neur or eport (2000)11: 3289 293), I'S. necessary to | st1 ngui sh

transgene denﬁmp@dton@lﬂl}aﬂdWMQMMSﬁwe@mmm@mhbtwﬂf ect of gene

del Th f f d

Const r uet ed Mol a s058isHerod B A BUERSE R b Bieapeci Me 50 f o

pl asmi d pAAVGEbfialabdegencratiia hetesl tiataOTB ar"/eiu distﬁlc;i i, 065 al; il Bip1oA¢alCONF
T e ARG A A b e
tagged by F%ﬁ%ﬁf%ﬁ@&é@ﬁ&%é%ﬁﬁéﬂ&ﬁ@e&h&&ﬂ %&@M&mw{om nus 5

under the human i/torre%al ovirus (CW) 1 medi ate-early pronoter, wth human

gr owt h. hor ngaEogradely labelithesubpepnlationiof PA/meysonsdn (hsﬁbmmwuywﬁmymmail on signal
e opUBARgh AP 4 65 ke S 000 bl gl oo
randomly assxgned to receive AAV-GDNF/flag (n=32), AAV-LacZ (n-22), or vehlcle
15 (0.1 M PBS; n=8) injection in the left striatum at three different sites (2 pl per site, 10"
vector genome copies/ml) using the following coordinates: (AP=+1.5 mm, +1.0 mm and
+0.5 mm; ML=2.6 mm, 3.0 mm and 3.2 mm; DV=-4.5 mm). The injection rate was set at
1 pV/min and the needle was left in place for an additional 7 min before being slowly
retracted. To evaluate retrograde transport of GDNFflag protein, some rats (at each time
20  point: AAV-GDNFflag-injected group, n=4; AAV-LacZ-injected group, n=2) were killed
for histology at 2, 4 and 8 weeks after AAV injection, respectively. Twexity weeks after
vector injection, rats were randomly grouped and killed for biochemical or
immunohistochemical analysis. In eight rats, CTB was injected bilaterally into the
‘striatum 3 days before death.
25
Behavioral testing
, After AAV vector injection, rats were tested for rotational behavior every 2
weeks by intraperitoneal injection' _df apomorphine-HC1 (0.1 mg/kg). The total number of
complete body turns was counted during an observation period of > 60 min, as described
30  previously (Shen, Y., Hum. Gene Ther. (2000) 11:1509-1519). Spontaneous



were described previously (Fan et al., Neurosci, Lett. (1998) 2, 41 :61-64).
Pladcno5 is 10 described in U S. Patent No. 6,004,797. Subcdfffebmary 10¢an
293 cells were transiently transfected with vector plasm d and hel per

pl asm d usio@roisse: cal ci um phosphate co- precipitati on neptodro2®eteent y-t wo
hours after transfection, cells were harvested and |ysed by three freeze
and thaw cycles. AAV vectors (AAV-@3NFflag and AAV-LacZ) were purified

usi ng two sequential continuous CsCl gradients, as described. previously 15

( Mat sushi t alimbtuséilvas §adred eVb@rapUeké ﬁﬁﬁ@ihe&yﬁﬁc&r&éﬁmemma(xmmhl Jarticle titer
of the AAV- GDNFfl a vector geno /m and AAV- Lar - Z was
> 1 X 10m vEErret G488 -0 Rats FerCR AT ACEY SRS FYPRGRE R DA

dot-bl ot hyfr | [ Ff 1 ag
To detect tE@%?ﬁ%é}gn@%g{%t:&cﬁ&%%#%%#ggfﬁ pr%t e@%h&%@ﬁ}é[eé s were
transduced ufiledst sue/paRDMiFfthie aglimier wal/- thammﬂ(disbﬁbbthé'onpnwgmmtﬁetodhq)weﬂbﬁel ).

Thirty fter tr t es re arated,b

15%pol y cryH’& f}’é‘? c%qngﬁsa?geﬁﬁt(}?ﬂgq: ﬁadg?gﬁﬁgﬁéﬁﬁmww dene

di fl uori de mma( 1aPObBotak> Bedford, MA, USA). Residual

protei n-binding sites were | ocked with 5%nonfat dried mlk in TBS for 1 h
at room tenperature. Menbranes were incubated overnight at 4C using nouse
anti - FLAG ;.1000, Sigma, St Louis, MO or rabbit anti-GDNF
ant i body (%%@%ﬁ}é &'aé'} uz, Santa Cruz, CA), followed by incubation with
a secondary anti - n'Bhsmtsavemhiﬂxbdbyaﬂtdapitaﬁonjuu(};atsediumq:ehmb&bitaicﬁnséthﬁér oxi dase

Cem | R no 8L yepe ety Aec s 4 Plsoniiios ThOsPoRRR et nal <

~were det ect o6k HilatdrAlBy vsfdg aSth ed, AGRIEH 8] tutsd) W@t&is@tﬁeﬁzaﬁip% vesn@ wighed

GDNFfl ag fusion protein was tectedlnthel sate

AAV- GDNFf | agod ftared @t BqC ot eérqqmsyn%ﬁm IeﬁYF“@JPP“&%aﬂé‘rltsr metabolites,
anti bodi es. iR asd @%'A% ‘%ﬁr&tﬂ%g@egi o g ﬁ%ﬁéﬁgghzzg%hﬁﬁi\ﬁ%%gt ransduced

cells (Figure 2) 0 assa act 1 vit deri ved
GDNFf | ag f u€iBkC) vrttesmhqipmwomlwsm Yud‘é‘!ﬂ Glene Therf QOE0) 1D 598uk TN wer e
preparefg Briefly, the ventral nesencephal on was di ssected out from day 14
W star rat enbryos, mnced and incubated wth 0.25%trypsin in PBS for 15
m n. |sol at édmerdlisoskeméstipl at ed i n 35-mm di shes pre-

Rats were perfused with PBS under deep anesthesia followed by ice-cold 4%

PFA. Brains were dissected, and then post-fixed for 4 h in 4% PFA. Coronal sections
(30 pm) from the striatum and SN were treated for 30 min in 0.3% H202 in PBS and

20  blocked with 3% fetal bovine serum (FBS) in PBS/0.1% Triton X-100 for 1 h. Sections
were then incubated with primary antibodies for TH (1:1000, mouse anti-TH monoclonal
antibody; Chemicon, Temecula, CA, USA), CTB (1:10 000, goat antiserum to CTB; List
Biologic, Campbell, CA, USA) or FLAG (1:1000, anti-FLAG M2 antibody, Sigma, St.
Louis, MO) at 4°C overnight. This was followed by incubation with biotinylated

25  secondary antibodies (to species of primary antibodies) for
1 h at room temperature (1:400, Santa Cruz, Santa Cruz, CA). Sections were visualized
with avidin-biotinylated peroxidase complex procedure (Vectastain ABC kits; Vector
Laboratories, Burlingame, CA, UéA) using 3,3-diaminobenzidine (DAB) as a

chromogen.



coated with poly-L-lysine, at an initial cell density of 10' cells/dish, and
i ncubated at 10 37 C with Neurobasal - SFM Medi a (G bco BRL) suppickmem 20w t h
B27 (G bco BRL), 100 units/m penicillin, 100 gg/m streptonycin, 25 nM
KCl, and 2Zvorddigksriami ne. In  AAV.vector-treated di shes, EQTARA2&876her e
infected with AAV- GDNFfl ag or AAV-LacZ (5000 vector genonme copies/cell). In
the positive control dish or negat i4Pe control dish, reconbinant human GDNF
(rhGDNF, Santa Cruz) or BSA was added to cultures at a 15 fi nal '
concentration of 18ongLAG/THdotble mmundfluoneseesce sdining,sectidng wead Seqhiersially medi um

at 3-day intervals..wth.rh or BSA kept at,the sane njration.

Al ter o daydheian St ipdkite sotbon Sonising S v el e Ben PRSAT | B 30 i n
and pr ocess §gorh¥mpérifite) fonbA6HAE ot anGtRIAT Adtiboly €250, Segnid)@néxpr essi on of
GDNFf | ag and TH. e nunber of TH IR cells present was counted as descri bed

20 (Sawada eaolyglonabrabbit gnthd Heantibedy(dp0)oyemight an4 %€ pnd thpdamingeconjugatsdy| ase
(T 1 Ry Bl ok BiRaba 15 (Fot: St St Cot B TR RN AV Lac 2
transduced camtitrabsbdsIgGHi1RO0pS Atk CiiaSantar @uyCA) foo hiat rooch telmperafdd/- GDNFf | ag
and 25t hat. SRRORIUACE PEAPIBP 0 ARG SoPiTee JElr ARRiaR FRToRREY oS BTk ophi c
xpr essed GRATT ‘;‘@idf‘l?ff%ﬁ‘éf‘;?’?%'e‘?‘*ﬁ'"Sm”gﬁt‘%°??i’ﬁi%“§ﬁ??‘h“§%§?ﬁ°f?‘*%§§%§§z2006

WO 03/ 01882 1CTRAY:J¢, g0 zgtisennn toGHB) ad npouse e TH{(1 5P0)amiibedies wereiused. he

Striatughand Retro : : e j.on was
det ect egbi n the st%irog uma\{/ﬁﬁpﬁ%mr#séﬁﬁgp ant%rkg%ygﬁg?gagbegﬁe > weeks

af t er AAV- GDINettiang at 3(0=piniintervalsitixGughoutithe Sdthilatevally voeré Bauniadl R)ptivel densityer e
detected aro i njection.siLtes t.hrough the stri These cel |'s

i spl ayed 1+ (i LTI BbF s GHETHSR) O Rechight STV aiiD A st shElal i yapotn e, ng
4b) . Fur t hesimia usihigaVTH Kiage 015h somese ReAowdkietul N BxpliNelra(2000)H and

anti - FLAG anfj bodies detected double-positive cells in the pars conpacta of
i psilateral MELdSK and 8 weeks after intrastriatal A kV-CDN fl ag
injectiqe (Figures 4c-4c). At 8 weeks after AAV 10 vector injection, 13.1 f

2.4% (n4) of THIR cells overlapped with FLAGIR cells dispersed through
t he SN, i ndi&atitieg/ angfwsist r ansgeni ¢ GDNFf | ag obt ai ned access to DA neurons.

No FLAG IR cells q{ g, iBRRGE hiederitdll 4sMfeaii 15 6 3L 920 Werd Seltfisldify CONtral ateral

analyzed using repeated-measures analysis of variance (ANOVA) followed by Tukey
honestly significance difference (HSD) test (StatView 5.0 software).

20
Example 1
- Construction of Recombinant AAV Vectors

Recombinant AAV vectors expressing FLAG-tagged GDNF (AAV-GDNFflag,
Figure 1a) or B-galactosidase (AAV-LacZ, Figure 1b) were constructed as follows. As 6-
25  OHDA lesions or injections of apomorphine induce endogenous expression of GDNF
(Ohta et al., Biochem. Biophys. Res. Commun. (2000) 272:18-22; Zhou et al., -
Neuroreport (2000) 11:3289-3293), it is necessary to distinguish transgene-derived
GDNF from endogenous GDNF té' evaluate the effect of gene delivery. Thus, an AAV
vector that expresses FLAG-tagged GDNF was constructed.



. side, nor in these regions in AAV-LacZ or vehicle-injected r L In

AAV- LacZ-injected rats, although X-gal -positive cells were E’Z?E@?@éfzpﬂ(st he
striatum from 2-20 weeks after 15 injection, no P-gal actosi dase signals

coul d be o exai8selin SN. These results indicate that AAVPCDNPAYMEHL s capabl e
of driving the expression of GI)NFf{,’ag fusion protein in the striatum and
that GDNFflag fusion protein, not the AAV vector itself, could be
retrogradely transported to the DA neuron bodies in SN-from termnals in
the striatum 20 BfdhpVector niasgud pAdy-BRNAfleg Wpadeyed; Fom p gresiquskyt um | n or der

to determ ngeuitle rq]q%_W\E p:tg}@ r : i vagion in the
| esi oned st(raieat u‘rlna?’t e g:;ten E%?iﬁ H- | &3@%&%?%;&%?%9\2%%62%% g?aﬁ on 25
sl i ces throplgsmid containg theimpuaerGRINEQIN tsushitalet e2e (1898x20h14%157
injection. In AA =1 nject b Ve Of « TH IR fibers in the

| esi oned st ﬂgﬁeﬂ;ﬁyﬁ‘?ﬁ é‘f@?’f?ﬁgﬂ}i&%gg&@?ﬂ{)@ $4the arBoxy feTiS; 1 act

si de (Fi gur e®dethe REm@e ¢ytothsgalevidus FONV) iimediate—edriyipeih6ter, Withhui¥- CONFf | ag,
the density of THIR fi byet‘r).ségvvas Significant I@/ relgt er, r.eell%:fhi ng nearly 48.7
*7.3% of t hegroyithcharmaneifirst intrgy ardssimian vixys 46 ‘é‘gg)pomerwbaﬁnme@cefi ber s

were distri e i.nJ | ' | O | that innervation of
TH IR 17 Fe%&ﬁ%ﬁ%‘gﬁg%q%g%ig@?Egﬁwg&%&?| ber was rescued by

t he GDNFfl ag expr egsfd vectort glesnid pAdMabacZ Iikiliary lplasmizbp HIoRL 9 and pladenslccur at e
in the assessnment afniqgrostriatal function  th Lo JH nost ai, ni ng

al one, becad¥@® a‘i‘ﬁﬂp‘a&oﬁfww &af’ﬁéals RS ot t?#é’g?i‘{hgﬂgﬁtéﬁmﬁ%ﬁ‘@g iHnal

ni grost 10 at ajesdiived & Ui Patentib. 6008107 - TirbdobTlbki® Sludad29R0c el vete/ transient]
denonstrates the presence of, TH enzgme in neurqn bhodies. In the AAV-)(,EDNFfIag

‘group, nor e Rapsferte Sntbrepiar plagmidad Blperirlasmidiusing thecalciugpphosphigieee-i ng t hat
CDNFi ag  ex g{réagi%oh P diht. Nebdrdy-Hi G ther GaffEHOR &ﬁy%&%&g}s&gﬁp aga;gt e

functi onal ojections to the striatum In addition, succe cue of
t he ni gr ost rlyseddiy thies frepzeapd ithawt cystes. ABM vectors (AR GEHNE/ig andoAAViLarZ)as

supported by, hi - . gggg ] @89 ' g%ﬁbn i 10 in t.he,striatum
I ndi cating I%rfﬁ-gpgisiﬁ/‘%gga@{oisv | g%\l%g oBéaér‘??Cnl I'n 1§£ g?sgc?oesfftgrf‘él?‘éﬁly system
Exanpl e15 My (Mudtanhits et aif GedecThesdpy i(H098) 508 $1945). | TheSinal particle titer of the AAV-
GDNFflag was 1.6 x10" vector genome copies/ml and AAV-LacZ was 2.1 x10" vector
genome copies/ml, as estimated by quantitative DNA. dot-blot hybridization analysis.

)

xample 2
20 In vitro Bxpression of AAV-GDNFfla
To detect the in vitro expression of GDNFflag fusion protein, 293 cells were
transduced with AAV-GDNEFflag or AAV-LacZ (5000 vector genome copies/cell).
Thirty-six hours after transduction, cell lysates were separated by 15% polyacrylamide
gel electrophoresis and transferred to polyvinylidene difluoride membranes (Millipore,
25  Bedford, MA, USA). Residual protein-binding sites were blocked with 5% nonfat dried
milk in TBS for 1 h at room temperature. Membranes were incubated overnight
at 4°C using mouse anti-FLAG M2 antibody (1:1000, Sigma, St Louis, MO) or rabbit
anti-GDNF antibody (1:2000, San'ta Cruz, Santa Cruz, CA), followed by incubation with
a secondary anti-mouse or anti-rabbit conjugated to horseradish peroxidase (1:2500,
30 Afncrsham, Arlington Heights, IL) for 2 h at room temperature. Chemiluminescent



Chol era toxin subunit B (CTB, neuronal tracer) (Lerman et al, %rai n ng
Brain 15 Res. Frotoc. (2000) 5:298-304) was injected bil at bt Ee rgary g0 ¢ he
striatumto assess the extent of the remaining nigrostriatal pathway. The
same coowai ;3atss2nf the 6-OHDA injection was utilized 3PAByROZHO6Hr e deat h,
to retrogradely | abel a subpopul ati on of DA neurons maintaining projections
to the striatum At the tinme poi nt4®f AAV vector. treatment, i.e., 4 weeks
after 6-OHDA injection, the nunber of CTB-positive neurons in 20 the

| esi oned Skignals wees ¢etatebbythe EQGD systeme (Amershandl at eral si de (n=5). Doubl e

| arge. CTB. pos 11 08 el et i CDNIhce sl LR PhEded g i pfalec, 0"

per cent age ofA ANHGONF Mgttramsducedi293 ¢x1ls bg bothadti IDINF wadartidFOAG ftibodicd) of the
i ntact side, These results . d rTPnstr?t hat sorrg pgrtions of _nigrostriatal
connect i onyq%&%i‘ﬂ%\!ﬁeéﬁt"%"%\é& Yade @ A;@-%WF yeed sells(Eiguze 2kt er the AAV
vector 4 njection, ' ho y : D%ﬁ?f/ 1 ntact side)
and CTIE%5 positive g‘gi&%%??&fﬁgb@é%(%@%?%&‘?@g&lt%'égﬁﬁgé 0 e(%\?telsdl’?n rats

i nj ect ed wiprdteiaMtithary Zultines efrat fetab DA nenjons wiererpregarodi\Brigfiy-fheavgntralesul t ed i n

i gni ficant i in THIR CTB- posi t i | | '
57756, 2oatmdeo e sl SR AP o e ven MG d g lSRH gurcs 7
and 8, P<0vd#)0.25% tiypkinUePBS 26106 nvif). (sdldleitdtRd weke iateDid/ I3EmimldiSHes phese

results denonstrate that intrastrjatal AAY-CGDN '

: Y- (I):,flag injection at 4- weeks
post - | esi ofoated Withpohyk-lwsine, AR nigal qoll depsity 9 40 s¢llp/disk, ond snrybafedabt ed t he

mai nt epgNCca~o ' AL b O : ' I overy
Atar Tt r oy CoRiRaEbhsal M Ml CHbAIRT Fouppi SRBAEs HFHIN IR BRELD
adm ni st r atl06 mpitsiinl penicitlin, H0Q jrg/mi bireptomyciny 32§ oMAC], SNFnMglutamife; IMAV- LacZ,

n=16; and [,Cl = nst.r. a_si T L r ' ' both in
t he aponor \mgeﬁﬁﬁﬁgagéd @g&g’tcﬁ%‘r‘ﬂ%g’g % zglﬁtgh iﬁ&]t‘ﬁ‘g‘gbméért%\’rﬁ ‘ |
suggest ih_ng (5000 weator gtndnsedipies/oéll) Din gxerpba'ﬁiéoq:nntrél didcoﬁaggﬁ\?dbonuzl'a\ c{}shéDNFf |
aponor phi ne-1 nquced, rota erv I N IS receLvin - ag,
bggi nn!ong é?wl“c{(k%aé‘g U @b%ﬂﬁr@%?vfmh‘quf% }YI"’ﬁﬂfdéd Q’aﬁ".gm’f‘ﬁiaéa decr eage
proceedsd dnatsthcbitratiofl o B0 fg/ml.eCultize RiediaiWasirefesh¥dBy haTEfibsh(rACdiwmedts) - I n

contrast, rats .in the AAV-LacZ or  vehicle injection group denonstrated a

fairly statfrday imtsryaly withshGDNF of BSA ket stithe Smecopesaiaipn. After 9 days, cells
were fixed with 4% paraformaldehyde (PFA) for 30 min and processed for
immunocytochemical staining to examine the expression of GDNFflag and TH. The
number of TH-IR cells present was counted as described
20  (Sawada et al,, J. Neurochem. (2000) 74:1175-1184),

Tyrosine hydroxylase (TH) immunostaining revealed that about twice as many
TH-immunoreactive (TH-IR) cells survived in AAV-GDNFflag transduced cultures than
in AAV-LacZ transduced cultures (Figure 3), These results confirmed that AAV-
GDNFflag could drive production of the bioactive GDNFﬂag fusion protein in vitro, and

25 that the addition of the FLAG peptide did not alter the neurotrophic effects of GDNF on
DA neurons, allowing identification of exogenously expressed GDNF/lag fusion
protein by anti-FLAG antibody.



The cylinder test was used to neasure spontaneous forelinb use in |esioned
rats (Figure 9b). Before AAV treatnent, rats in each group sRwkebruarys3aoo| ar
marked ipsilateral bias after a 6-OHDA | esion, as indicated by a reduced
frequencywasosgssairal ateral |inb use (23-25% of total coptwsge)osism t his
test. In rats receiving AAV 20 GDNFfl ag, significant inprovenment was
observed from 4 weeks after injecti 4%, devel oping gradually and reaching
near normal levels (47% of total contacts) at 20 weeks. In contrast,
contral ateral use persisted at the saBrahgledl throughout the 20 weeks in
rats receiving AA -L%Z Ore 4§ Lcle. Statisticgl anal s'sé OfrtAA - GDNFf | ag

¢ p s d E : LOTLITE 4N

Injected rats vers zs P < Setias el
aponor phi ne-i nduce €l exdressivh wid Qetet 188 In the MiBaawith 8- t
ST e e)lgplrieser vation. of Dopgtrﬂri ne Oonfglgﬁn?t'%@t he

di fferences (P< 0.01). "Exanple 7 o
Lesi oned St rantibadya¥3, 4,8sandRRavdeks aften AAYEGDNEf uglinjeetony FLAG indrundreagtive

AAV- CDNFf | ag.d Rj i 30 corr ed.; W t. Lar riatal .dopam ne

pr oduct i%n, ?E%ggmégﬁsewfé"%?ﬁ‘a&%%ﬁ%&ej‘h&”{?ﬁ“?n%?g%‘@@%%‘bfd&“%b 63?5918821
PCT/ JP02/ 08¢6fls &isplapidahetypicabmbmphélogy of hediid Bhink@eiread(Figurés 4Gind 46§7VA) and
3, 4-di hydrogphe?ylﬁ?get i%’paci d lli.( Dd%yAC) . _wergplggs,a ed qgtléfgol weCdgk;GgE/t)er

i nj ection. Fyrthavionsdual igguyneflueressqneg staiping withpnti{ HALAG petihodiesn t he

| esi oned si I K TS <9 < & I I LNt act

si de, whil e%&&%@bﬂ%&%@%&l nj ectthggarg%ﬁ‘%%iféfgpﬁr@g%{tﬁeﬂa%@ée 11.54. 8%
of the cont rafienintasttiatal AAVEGD)Eag ijectioa(Figurks 49-ric)adttid wesks ateAAY of HVA

and DOP. were higher_i.n t _ga%\[l: - 40 € Q i gni ficant

di ffereflt(g::es VeftﬁrPge\?gf% 1§f1 :Ddg'ég‘f?én orﬁ'?gc%e@togg%fpﬁfggw%}@w%ggé ed on the
“intact side didpesstd thabugh thOSNyindiatinpesomeaaragsgenie GDNRfageotasinddercelst@bDiAed above
I ndi cate that AAV vector-pediated delivety . of a 10 F gene into_the
striatum of n&l‘l”&t‘:ﬁﬂ%%@ﬁ?@ﬂﬂ%l gwegf‘.}/ %BSWB'&%%#QB?W?e@rom
further | at gjflepqne Hké fAigiondii AR VIRI-ZIoR vBkifIE-ihjBaed ratd TR AAV-2AcE-thitda
striatum In the present study, CDNFflag was detected in SN cell$

i psi | ateral e, altheughXigatppgitivesglls wrsdetceted in te striatym Gorg 2@ weekstafier
| nof Fhior a3 ason B BiFalabolfth e @l cbUTRE e NS 18 U0 T i ee, CFLAG | R
cel | s were observe@hese rasults dlicaterthat AAViGRNESagsis capaplecfdriving tifs ewpedssionf t er
AAV vector treahiiERte fulloh BRER id AE «RERES M PBE CDNEMSrBnGRot S, SSThE

AAY vector itself, could be retrogradely transported to the DA neuron bodies in SN from

terminals in the striatum.

20

, Example 4
Rescue of DA Innervation in the Striatum .
In order to determine whether AAV-GDNFflag would rescue DA neuron

innervation in the lesioned striatum, the extent of TH-IR fiber terminals was examined on
25  slices throughout the striatum at 300-pm intervals at 20 weeks after injection. In AAV-

LacZ-injected rats, the density of TH-IR fibers in the lesioned striatum was remarkably

reduced to only 13.5 £3.0% of the intact side (Figures 52 and 5c). In contrast, in rats

injected with AAV-GDNFflag, the'e_ density of TH-IR fibers was significantly greater,

reaching nearly 48.7 £7.3% of the intact side (Figures 5b, 5d and 5e). Maintained TH-IR
30 fibers were distributed around the injection sites, indicating that innervation of TH-IR



low (13.1% of TH IR cells). As GDNF exhibits extrenely potent effects in the
pi conol ar range on DA neurons, small anounts of GDNFf/ag pr df/dichruary 2006
transported transiently and not detected by i mrunohi stochem stry at the
time of doaéyoks@ht protect nigral DA neurons 20 agai nstp¢toxemmsmduced cel |
death. In contrast, rats injected with AAV-LacZ in the striatum
denonstrated no O- gal actosi dase sidgifal in the SN. In agreenent with a

previ ous study -(Chanberlin et al., Brain Res. (1998) m 169-175), AAV

vect or per seﬁb\emasmhcuedbyumgﬁmmgé:dpeaswdcintlﬁiuﬁammhe central nervous

system but GDNFfI ro, n .wWas retro rade trans orted fromthe striatum

to the DA neurons &%Bt%?ék %ﬁ%ﬁ%‘i" ﬂ@%ﬁﬁ@g@ﬂ@ﬁ Bigraspatal fugstionot ei n

in the stri t fhis
Lk chg %ﬁgg a@n@fbeeaqseﬁ@?hqab%isﬂ thE@NerfeE&dh@];hat

persi stence I on provided | ong-termrescue o
ni grostri at a:halmy:mtfemtwhalangmstaatatprejems \mlulecantxr'l’ij{ anmumstaﬂhgmteaiysl ty of

T A S AR G AR Y, T

ef ficaci ous morfOCTBLUAKRMIT & Gbiryes GES&! thiCinaBy SN sug%ﬂﬂ G@N}?&?
degeneratlvega(‘dﬁllp?eases 17 February 2006 WO 03/018821 g’0210876

Accor di ngl y cxpissssd ihbe siristumn euld reseneiD/y nensonsrnd peoraots fing torpl prajersions tar e
br ovi ded., Addaalnd 1R hAKGS SAIBARN IR tho LRI Gterd BY BbLA(AVE bEEN

described in sonme detal I'S under st 1'ONS can be
made wi t houtAAEsGPNFfige infjaction Whesuppomtad bydngh lehals sﬁdq;mrmﬁ dnll étsinneyabiotitesn as

defi ned h nded.cl pdystri b | I ti
and ot Ko 1 B BREAR gy o BsoukanSiatBn or Bovsnlie e hvarostinl oy

di scl osed. The conpositions and met hods use adeno- aSSOCIated Vi rus
" (AAV) - based gene delivery systens for _delivering glial cell line-derived
neutrotrophic factor (GDNF) to subjegﬁgﬂﬂﬁéh neur odegener ati ve conditions

such as Parkinson's di seaseyaihtendiel PR el M5 1. Use of
r ecombi nant adeno associ ated virus VI T1ons,
‘ Cholera toxin subunit B (CTB, neuronal traccr) (Leman et al., Brain Res. Brain

15  Res. Protoc. (2000) 5:298-304) was injected bilaterally into the striatum to assess the
extent of the remaining nigrostriatal pathway. The same coordinate of the 6-OHDA
injection was utilized 3 days before death, to retrogradely label a subpopulation of DA.
neurons maintaining projections to the striatum. At the time point of AAV vector

treatment, i.e., 4 weeks after 6-OHDA injection, the number of CTB-positive neurons in
20  thelesioned SN was 28.9 £3.7% of the intact contralateral side (n=5). Double
immunofluorescence with anti-CTB and anti-TH antibodies revealed that most large
CTB-positive neurons in SN were also TH-positive (Figure 6). The percentage of TH-IR
neurons on the lesioned side was 34.9 £2.6% (0=4) of the intact side. These results
demonstrate that some portions of nigrostriatal connections remained at 4 weeks after
25  lesion. At 20 weeks after the AAV vector injection, extensive loss of TH-IR cells
(19.5 £2.0% of intact side) and C’I'B-positivé cells (17.9 £1.6% of intact side) was
observed in rats injected with AAV-LacZ. In contrast, injection of AAV-GDNFflag
resulted in a significant increase m TH-IR neurons and CTB-positive cells, reaching 57.3
+6.2% and 50.8 £8.5%, respectively, of the contralateral side (Figures 7 and 8, P<0.01).



wherein said virions conprise a polynucleotide encoding a glial cell

| i ne-derived neutrotrophic factor(GDNF) pol ypeptide oper abl yl7 Fabkeagy 2606
expression control elenents that conprise a pronoter, for the preparation
of a nedi cegesdisAr adm nistration to the central nervouwTapsi/@mif or t he
treatnment of a mammalian subject wth pre-existing neuronal danmage. 2. The
use of claim1, wherein the subjectsils a human. 3. The use of either of
clains 1 or 2, wherein said pre- existing neuronal danage conprises noderate

to extensive nigro¥esd ebils RRBAMKAAARE ifrdsRAal ASOEIGDIFMIE injéctiokg ause of any

of clainms 1-3, wherein the polynucleoti-de further conprises a secretory

sequence in w%ssost-lm reseugd Hecurvival e&@AmmmeﬁNw@m@m@@nce encodi ng
the GDNF pol ype 15& Ts'ﬁ?atﬂ%@ﬁ{goﬂ%y of the clainms 1-4, wherein the

pol ynucl eot i de enco The use of claim5, wherein the
pol ynucl eot i de encodes human pre-pro-GDNE. 7. The use of any clains 1-6,
wherein the nedicanent is in a formfor -admnistration to the striatum of
sai d sul§j ect. 8. The use of any of tlé@@?g&di ng cl ai ns, wherein the

promoter is a vir alB&fa@Wlﬁeco&s Eﬁ@n’lﬁ%gﬁige%n%f%r - gﬂﬁ%@g claim 8,
wherein the pronoter s an pronoter he use of
any of the precedi ngchmhmﬁemﬁ@Iﬂ?madm@lm%tmeunﬁﬁmthsthrw grodpsr(AANGT
adm ni strati S S L dell r (
11 The uee SPNEPabrF207 AL, 3| Qb RNAE b BURABRAES s Sty fealed S0 1
punp. 12. Thigapaient bath i the Afomorprineindutddarondon tesistaad imifie blindern@sts,

10 suggesting equivalent levels of DA depletion.

Dey

A decrease in apomorphine-induced rotations was observed in rats receiving
AAV-GDNFflag, beginning at 4 weeks after the vector injection (Figure 9a). This
decrease proceeded gradually and persisted throughout the experiment (20 weeks). In
contrast, rats in the AAV-LacZ or vehicle injection group demonstrated a fairly stable

15  rotation rate during the same period.

The cylinder test was used to measure spontancous forelimb use in lesioned
rats (Figure 9b). Before AAV treatment, rats in each group showed a similar marked
ipsilateral bias after a 6-OHDA lesion, as indicated by a reduced frequency of
contralateral limb use (23-25% of total contacts) in this test. In rats receiving AAV-

20  GDNF/lag, significant improvement was observed from 4 wecks after injection,
.developing gradually and reaching near normal levels (47% of total contacts) at 20
weeks. In contrast, contralateral use persisted at the same level throughout the 20 weeks
in rats receiving AAV-LacZ or vehicle. Statistical analysis of AAV-GDNFflag injected
rats versus AAV-LacZ or vehicle-injected rats for both apomorphine-induced rotation and
25  cylinder test revealed significant differences (P< 0.01).

Example 7

Preservation of Dopamine Content in the Lesioned Striatum
To test whether the behavioral recovery following AAV-GDNFflag injection

30  correlated with nigrostriatal dopamine production, dopamine levels and those of its



wi th an infusion punp. 13. A process for the preparation of a central
nervous systemcell wherein said cell is transfected with rEtbelsiaragf06
adeno- associ ated virus (AAV) virions, wherein said virions conprise a

pol ynucl esto ehmigmacodi ng a glial cell line-derived neutr ®CT/dpiiog7stact or
(GDNF) pol ypeptide operably |linked to expression control elenents that
conprise a pronoter, for the treatrent of pre-existing neuronal damage. 17
February 2006 WD 03/018821 PCT/JP02/08761 1/7 SEQUENCE LI STI NG c110> QZAWA,
Kei ya MJRAKKETBOliteSin the striatuny; hate vaillie@sid THUAS aadiB)4ndiTdoRE pheky13deiAddilG

O RN i sl s SN0 s L,
Saas (). B o L T an DN
<400> 1 " the contralateral intact side, while in tlE)e AAYV-LacZ injected group (n=8c)] it remained at
5  11.5+4.8% of the contralateral side (Figure 10, P<0.01). In addition, levels of HVA and
DOPAC were higher in the AAV-GDNFﬂag-‘injected group. No significant differences
* in levels of dopamine or its metaboiites were observed on the intact side of striatum
between the two groups.
The examples detailed above indicate that AAV vector-mediated delivery of a
10 GDNF gene into the striatum of an acceptable animal model of PD protects SN neurons
from further late degeneration, while maintaining their connection to the striatum.
In the present study, GDNFflag was detected in SN cells ipsilateral to the
AAV-GDNF{lag injection side from 4-8 weeks after injection. These SN cells were
confirmed to be DA cells using double immunofluorescent staining with anti-FLAG and
15 anti-TH antibodies. FLAG-IR cells were observed in a broad area of the pars c;)mpacta at
8 weeks after AAV vector treatment, although the percentage of FLAG-IR ccl.ls seemed
low (13.1% of TH-IR cells). As GDNF exhibits extremely potent effects in the picomolar
range on DA neurons, small amounts of GDNFflag protein transported transiently and not
- detected by immunohistochemistry at the time of death might protect nigral DA neurons
20  against toxin-induced cell death. In contrast, rats injected with AAV-LacZ in the striatum
demonstrated no B-galactosidase signal in the SN. In agreement with a previous study
(Chamberlin et al., Brain Res. (1998) 793:169-175), AAV vector per se was not
retrogradely transported in the central nervous system, but GDNFflag protein was
' retrogradely transported from the striatum to the DA neurons in the SN. Substantial
25  expression of GDNFflag protein in the striatum was also detected at 20 weeks after
injection. This persistence of GDNFﬂag production provided long-term rescue of the
nigrostriatal system after a single AAV vector injection. The density of TH-IR fibers in
the lesioned striatum was preserve*:c_i after the AAV-GDNF/lag injection.
, Thus, AAV-mediated GDNF gene delivery in the striatum is efficacious as a
30  neuroprotective gene therapy of PD and other CNS degenerative diseases.



atg
Leu
gcc
Pro
ctc
Arg
t at
Asp

Ser
cag .
Al a
336
Ser
gtc
Thr
aag
Gn
acg
Asp
gac

tta tgg gat gtc gtg gat gtc tgc ctg gtg ctg ctc cac acc 48
Asp Val Val Ala Val Cys Leu Val Leu Leu H's Thr 1 5 }ﬂ)Fql%u%NSéQ:c

ccg ctg ccc gcc ggt aag agg act ccc gag gcg ccc 96 Ala Ser Al a Phe
Prwo ad/e1sgly Lys Arg Pro Pro Qu Ala Pro 20 25 30 R§dé™8H@B7¢jac cgc tcc
cgc cgc cgc gag ccc ttc gcg ctg ago 144 . Ala Qu Asp Arg Ser Len Ay
Arg Ala Pro Phe Ala Lau Ser535 40 45 agt gac tca sat atg cca gag gat
gat cag ttc gat gat. gtc 192 Ser Asp Ser .Asn Met Pro-Gu Asp Tyr Pro
Phe Asp Asgocerdingly, 5gvelmeghads furrepting neprodegenegptive diserdsrsiaraaa aga ctg

an agg tca C;ggvxggé %ﬂlg%xgyggefé?éa %dixﬁ&ts%ﬂhﬂuﬁ;cl vidifon'hive tﬁ&fcﬂ dggc“bgis Arg

Pro Asp
gat gca iA86me dytail Gt is urderstdbd thdnbbvicus vRriatios ganegmadewitiomt Asmrb&@ An A a

85 90 95, get. gcc.a cca at tee a e ga ggc cag agg
17 Febr ui%i?‘?&mﬁ'l\?é ﬁ%%fﬁwjpezg@ﬁggbz%%% 4&8&1%5 Pro A u Asn
Arg §ly Lye Ay Arg Arg dly Gn Arg 100 105 110 ggc aaa aac cgg ggt tgt

caa atg gca gtg ctt ac aga aga g

t cgg

act gca ate cat ttamm_wi_txs Asn Arg Ay eye Val Leu
Ile H's Ley, Aan _Va |3aﬁ§ t cta ggc tat gaa acc

gaa ctg at;bf”f o8 T’m %g ]tﬁg gé?cckvgﬁg%’? ougerphr Lys G u
I'le dahﬁ géag dﬁdosé&.o'mé& ﬁbgsmdgncﬂmis nkcﬁdehefasgﬁf t&éqnget gag aca
gac ata ttg P!rg Cys  Ser é{Ser Qys Asg@q,:é u Thr Thr Tyr
Ile V)Ihﬁée d geme debivory Systams fordelivering glial goll, erivgd negtepteadplhicgt g agt

9t 2 Qogr RAINFYLS subjects with neurodegenerative conditions such as Parkinson’s

10 discase.



Lys Mh Leu Ser Arg Asn Arg Arg Leu Val Ser Asp Lye Val Gy Gn 165 170 175

gca tgt tgc aga ccc atc gcc ttt gat gat gac ctg
eye Arg Pro Ile Ala The Asp Asp Asp Leu' Ser The
ctg gtt tac cat att cta aga aag cat tcc get aaa
Tyr Hs Ile Leu Arg Lys His Ser Ala Lys Arg Cys
Cys Ile 210 <210> 2 <211> 211 <212> BRT <213>
<223> Description of Artificial Sequence: human
Asp Val Val Ala Val Cys Lou Val Leu Leu His Thr
Pro Leu Pro Ala Ay Lye Arg Pro Pro Au Ala Pro
Ser Lou Ay Arg Arg Arg Ala Pro Phe ALAIM8BuU Ser
Met Pro Gu Asp Tyr Pro Asp G n Phe Asp Asp Val
Ga Ala Thr Ile Lye Arg Lou Lye Arg Ser Pro Asp

tcg ttt tta ghf FersaryR086 Cys
Leu Asp 180 185 190 gat aac
agg tgt 624 Asp M Lou Val
195 200 205 gga tgt atc dy
Artificial Sequence <220>
GDNP <400> 2 Met Lys Len Trp
| S 10 15 Ala Ser Al a The
20 25 30 Ala Gu Asp Arg
35 40 45 Ser Asp Ser Asn
50 55 60 Met Asp Phe lle
65 70 75 80 633 Lye A n Mt

Al a Val Leu PYeeArd Arecd@inigmgt Madang-assoaliatalda vigsu90ARE) 17 ikebngar y
2006 WO 03/ 018821 PHT/5IRQ2/ P86 5 comprise a polynucleotide encoding

a glial <cell 1line-derived neutrotrophic factor (GDNF)

polypeptide operably 1linked to

expression control

elements that comprise a promoter, for the preparation

of a medicament for administration to the central

with pre-existing neuronal damage.

nervous system for the treatment of a mammalian subject

2. The use of claim 1, wherein the subject is a human.

3. The use of either of claims 1 or 2, wherein said pre-

existing neuronal damage comprises moderate to extensive

nigrostriatal dopaminergic (DA) denervation.

4. The use of any of claims 1-3, wherein the polynucleotide

further comprises a secretory

sequence 1in the 5

position and in reading frame with the sequence encoding

the GDNF polypeptide.

5. The use of any of the <claims 1-4, wherein the

polynucleotide encodes a human GDNF.

6. The use of claim 5, wherein the polynucleotide encodes

human pre-pro-GDNF.

7. The use of any claims 1-6, wherein the medicament is in

a form for administration to the striatum of said

subject.

8. The use of any of the preceding claims, wherein the

promoter is a viral promoter.



3/7 Ala Ala Asn Pro Uu Asn Ser Arg Ay Lys Ay Arg Arg Ay G n Arg 100 105
110 Gy Lys Asn - Arg Gy Cys Val Lau Thr Ala Ile His Lau Ass VdlFeprtary 2006 120
125 Asp Lau Ay Lau Ay Tyr Uu Thr Lys"Ju Uu Lau Ile Phe Arg Tyr 130 135
140 Cys Ser Ay Ser Cys Asp Ala Ala U u Thr Thr Tyr Asp Lye Ile Lau 145 150
155 160 Lys Mh Lau Ser Arg Asn Arg Arg Lau Val Ser Asp Lys Val Ay A n 165
170 175 Ala Cys Cys Arg Pro Ile Ala T Asp Asp Asp Lau Ser The Lau Asp 1S0
185 190 Asp Asn Leu Val Tyr His Ile Lau Arg Lys H's Ser Ala Lys Arg Cys 195
200 205 Ay Cys Ile 210 <210> 3 <211> 633 <212> DNA <213> Artificial
Sequence <220> <221> CDS <222> (1)..(633) <220> <223> Description of
Artificial sequence: rat GDNP <400> 3 atg aag tta tgg gat gtc gtg get gtc
tgc ctg9gtg g &€ Sdc Admud, MHte 1A e TR rPrRepeval svark MLE  v&MVeye Lau

Val Lau Lau Hirs rRBYr LTr0 p@mbredcg tat gcc tee ccg ctg ccc gecc ggt aag agg
ctt etc gaa gcg ccc 96 Ala Ser Ala Phe Pro Lau Pro Ala Ay Lys Arg Leu Leu

Uu Ala Pro 20 25 30 gcc gaa gac cac tee etc ggc cac cgc cgc gtg ccc ttc gag
ctg acc1d44 The use of any of the preceding claims, wherein the

medicament 1s in a form for administration to the

striatum using convection-enhanced delivery (CED).

11. The use of claim 10, wherein the administering is done

with an osmotic pump.

12. The use of claim 10, wherein the administering is done

with an infusion pump.

13. A process for the preparation of a central nervous
system cell wherein said cell 1is transfected with
recombinant adeno-associated virus (AAV) virions,
wherein said virions comprise a polynucleotide encoding
a glial cell line-derived neutrotrophic factor (GDNF)
polypeptide operably linked to expression control
elements that comprise a promoter, for the treatment of

pre-existing neuronal damage.



Al a
gac
Asn
caa

- Thr

cat

Uu Asp Ro Ser Lau Ay H's Arg Arg Val Pro Phe Ala Lau Thr 35 40 45 agt
tee aat atg ccc gaa gat tat act gac cag ttt gat gac gtc 13Febmary 896 Ser
Met Pro Uu Asp Tyr Pro Asp G n Phe Asp Asp Val 50 55 60 atg gat ttt att
Sac ackO043/@18821a aga ctg aaa agg tea cca gat 240 Met PAFPPEES74lle G n Al a
Ile Lys Arg Lau Lys Arg Ser Pro Asp 65 70.75 80 aaa caa gcg gcg gca ctt
CQgsS- aga gag agg aac cgg caa gat gca 288 17 February 2006 ‘WO 03/018821

PCT/ JP02/ 08761 417 Lye Gn Ala Ala Ald7Leu Pro Arg Arg Uu Arg Asa Arg G n

Al a
cag
100
384
125
Lau
agc
Ser
ctg
Arg
cog
Al a
ate
Arg

Ala 85 90 95 get gcc agc cca 949 S a ggg aaa ggt cgc aga ggc
agg 336 Ala Ala Ser Pro U u Asn Ser EA;g&an Lye dy Arg Arg Ay Gn Arg

105 110 ggc aaa eat cgg ggg tgc gtc tta act gca ata cac tta aat gtc act

Gy LisofvzafK IxEtya €ye Val Lau Thr Ala Ile H's Leu Asn Val Thr 115 120
gac ttg gotmukAMhAISUC Shdf-i¥Rd acCc aag gag gaa ctg atc ttt cga tat 432 ASP
Gy Lau Ay Tyr Uu Thr Lys Uu Uu Lau Ile Phe Arg Tyr 130 135 140 tgt

ggt t c320ytCOYBRSIFEONS) AND JETYHORS OFQR YRBAFEINGSac aaa ata cta 480 - Cys Ser Ay
Cys U u Al AERRGPEGENERRREVEPELSEASES ASP Lye |le Leu 145 150 155 160 aaa sat

tct cga_agt aga agg cta aca agt gac Sag gta ggc cag 528 Lys Asn Lau Ser
Ser Ar‘d':‘ﬁ\?g“ﬂghwfﬁr“%er Asp' Lys Val @y Uu 165 170 175 gca tgt tgc agg
gtc gcg,.hl Gndasigag gac ctg tcg ttt tta gac 576 Ala Cys Cys Arg Pro Val
Phe Asg fSPohshod-ad Ser Phe Lau Asp 180 105 190. Sac age ctg gtt tac cat
cta aga aag cat tcc got aaa cgg tgt 624 . Asp Ser Lau Val Tyr His Ile Lau
Lys Hi as8ersopbes,lsp8 Arg Cys

<151> 2001-08-29 :

<160> 7
<170> PatentIn Ver. 2.0

<210> 1

<211> 6313

<212> DNA

<213> Artificial Sequence

<220>
<221> CDS
<222> (1)..(633)

<220>
<223> Description of Artificial Sequence: human GDNF

<400> 1
atg aag tta tgg gat gtc gtg gct gtc tgec ctg gtg ctg ctc cac acc 48
Met Lys Leu Trp Asp Val Val Ala Val Cys Leu Val Leu Leu His Thr

1 5 10 15

gcg tecc geec tte cecg ctg cce gec ggt aag agg cect cec gag geg ccc 96
Ala Ser ARla Phe Pro Leu Pro Ala Gly Lys Arg Pro Pro Glu Ala Pro
20 25 30

gecc gaa gac cgc tcc ctc ggce cgc.cgc cgc gog ccc ttc geg ctg age 144
Ala Glu Asp Arg Ser Leu Gly Arg Arg Arg Ala Pro Phe Ala Leu Ser
35 40 45

agt gac tca aat atg cca gag gat tat cct gat cag ttc gat gat gtc 192
Ser Asp Ser Asn Met Pro Glu Asp Tyr Pro Asp Gln Phe Asp Asp Val
50 55 60

atg gat ttt att caa gcc acc att aaa aga ctg aaa agg tca cca gat 240
Met Asp Phe Ile Glm Ala Thr Ile Lys Arg Leu Lys Arg Ser Pro Asp
65 70 75 80

aaa caa atg gca gtg ctt cct aga aga gag cgg aat cgg cag gct gca 288
Lys Gln Met Ala Val Leu Pro Arg Arg Glu Arg Asn Arg Gln Ala Ala
8s 90 95

gct gcc aac cca gag aat tcc aga gga aaa ggt cgg aga ggc cag agg 336



195 200 205 gga tgt atc dy Cys Ile 210 <210> 4 <211> 211 _<212> PR] <213>
Artificial Sequence <220> <223> Description of Artificial $@(§GEW&’§’SZQOQt
GDNP <400> 4 Met Lye Leu Trp Asp Val Val Ala Val Cys Lau Val Lau Lau Hi's Thr
1 5 10 15VQ0H0:881 Al a Phe Pro Lau Pro Ala Ay Lys Arg LRACTIRNR/Q7¢t Al a Pro

20 25 30 Ala Uu Asp His Ser LauGy Hs Arg Arg Val Pro Phe Ala Lau Thr 35
40 45 Ser Asp Ser Asn Met Pro Uu Asp Tyr Pro Asp G n Phe Asp Asp Val 50 55
60 633 Met Asp Phe Ile Gn Ala Thr hlfg Lys Arg Lau Lys Arg Ser Pro Asp 65
70 75 80 17 February 2006 WO 03/018821 PCT/JP02/ 08761 5/7 Lye Aa Ala Ala
Al a Lau Pr a1Anga Asg. £id) G (RsASSerARLy GLyn LAb BN ArgasrPHBLPBIAI Al a Ser Pro G u
Asn Set Arg Ay Lys @9 Arg Arg Ay ®% Arg 100 1051100 dy Lye An Arg Ay
Cys Val Lau Thr Ala Ile H's Lau Ann Val Thr U S 120 125 Asp Leu Ay Leu Gy
Tyr G u ThESE a2 @as €9 98RIF| &<t hed AF%Q'F ratajeay E%‘Saiﬁ@tgy%’tser:’@ y Ser Cys
Gdu Ala A glb s-lﬁg s GWI‘CYASFILy%l ITP Aﬂ.gl}le His Leu Asn Val’'Thr

125

gac ttg ggt ctg ggc tat gaa acc aag gag gaa ctg att ttt agg tac 432
Asp Leu Gly Leu Gly Tyr Glu Thr Lys Glu Glu Leu Ile Phe Arg Tyr
130 135 140

tgc agc ggc tct tge gat gca get gag aca acg tac gac aaa ata ttg 480
Cys Ser Gly Ser Cys Asp Ala Ala Glu Thr Thr Tyr Asp Lys Ile Leu
145 150 155 160

aaa aac tta tcc aga aat aga agg ctg gtg agt gac aaa gta ggg cag 528
Lys Asn Leu Ser Arg Asn Arg Arg Leu Val Ser Asp Lys Val Gly Gln
165 170 . 175

gca tgt tgc aga ccc atc gecc ttt gat gat gac ctg tcg ttt tta gat 576
Ala Cys Cys Arg Pro lle Ala Phe Asp Asp Asp Leu Ser Phe Leu Asp
180 185 190 )

gat aac ctg gtt tac cat att cta aga aag cat tcc gct aaa agg tgt 624
Asp Asn Leu Val Tyr Hls Ile Leu Arg Lys His Ser Ala Lys Arg Cys
198 _ 200 205

gga tgt atc 633
Gly Cys Ile
210

<210> 2

<211> 211

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: human GDNF

<400> 2 .
Met Lys Leu Trxrp Asp Val Val Ala Val Cys Leu Val Leu Leu His Thr
1 5 . 10 15

Ala Ser Ala Phe Pro Leu Pro Ala Gly Lys Arg Pro Pro Glu Ala Pro
20 25 30

Ala Glu Asp Arg Ser Leu Gly Arg Arg Arg Ala Pro Phe Ala Leu Ser
35 40 45

Ser Asp Ser Asn Met Pro Glu Asp Tyr Pro Asp Gln Phe Asp Asp Val
50 55 60

Met Asp Phe Ile Gln Ala Thr Ile Lys Axrg Leu Lys Arg Ser Pro Asp
65 70 ) 75 8Q

Lys Gln Met Ala Val Leu Pro Arg Arg Glu Arg Asn Arg Gln Ala Ala
85 80 95



145 150 155 160 Lye Asn Lau Ser Arg Ser Arg Arg Leu Thr Se
Gn 165 170 175 Ala Cys Cys Arg Pro Val Ala the Asp Asp Airf)ésﬁ—ﬂ%gpxﬁhe Lau

Asp 180 185 190 Asp Ser Lau Val Tyr His Ile Lau Arg Lye H's Ser Ala Lys Arg
Cys 195WO@p08205 Gy Cye Ile 210 <210> 5 <211> 8 <PGDIPOPESToLo 13>
Artificial Sequence <220> <223> Description of Artificial Sequence: flag
<400> 5 -Asp Tyr Lye Asp Asp Asp Asp Lye 1 5 <210>.6 <211> 720 <212> DNA
<213> Artificial Sequence <220>. <224% CDS <222> (1)..(720) <220> <223>

Description IC e, > ttc ggg cca
ctt gga gttng%t“%t cs];lcgéb %1"%%333‘% T @ggﬁgai“é: Aréla}@r Cffte%ég%ay Pro Lau Gy
Val Asn Val Gn Lau Ay Val Tyr Qy 1 5 10 15 gac egg etc cga ggt gcc gce

gee gga egycnalys Glsnamsy 8lyg @agraut FeuwOfhrl K14 ahe uakyLa20R6m W& GRF018821
118 120 125

Asp Leu Gly Leu Gly Tyr Glu Thr Lys' Glu Glu Leu Ile Phe Axg Tyr
130 ' 13§ 140

Cys Ser Gly Ser Cys Asp Ala Ala Glu Thr Thr Tyr Asp Lys Ile Leu
145 ’ 150 155 160

Lys Asn Leu Ser Arg Asn Axg Arxrg Leu Val Ser Asp Lys Val Gly Gln
165 170 175

Ala Cys Cys Arg Pro Ile Ala Phe Asp Asp Asp Leu Ser Phe Leu Asp
180 18s ' 190

Asp Asn Leu Val Tyr His Ile Leu Arg Lys His Ser Ala Lys Axg Cys
195 200 205

Gly Cys Ile
210

<210> 3
" <211> 633
<212> DNA
<213> Artificial Sequence

<220>
<221> CDS
<222> (1)..(633)

<220>
<223> Description of Artificial Sequence: rat GDNF

<400> 3 :
atg aag tta tgg gat gtc gtg gct gtc tgc ctg gtg ttg ctc cac acc 48
Met Lys Leu Txp Asp Val Val Ala Val Cys Leu Val Leu Leu His Thr

1 5 10 15

gcg tct gec ttcec ccg ctg cec gecc ggt aag agg ctt ctec gaa gcg ccc 96
Ala Ser Ala Phe Pro Leu Pro Ala Gly Lys Axg Leu Leu Glu Ala Pro
20 25 30

gcc gaa gac cac tec cte ggc cac cge cge gtg ccc ttc geg ctg acc 144
Ala Glu Asp His Ser Leu Gly His Arg Arg Val Pro Phe Ala Leu Thr
3s 40 45

agt gac tcec aat atg ccc gaa gat tat cct gac cag ttt gat gac gtc 192
Ser Asp Ser Asn Met Pro Glu Asp Tyr Pro Asp Gln Phe Asp Asp Val
50 S5 60

atg gat ttt att caa gcc acce atc aaa aga ctg aaa agg tca cca gat 240
Met Asp Phe Ile Gln Ala Thr Ile Lys Arg Leu Lys Arg Ser Pro Asp
65 70 75 80

aaa caa g¢g gcg gca ctt cct cga aga gag agg aac cgg caa gct gca 288



PCT/ JP02/ 08761 6/ 7 Asp Arg Ile Arg Ay Ala Ala Ala Gy Arg As% Sex s Met
Lys Leu 20 25 30 tgg gat gtc gtg get gtc tgc ctg gtg ttg ctc 12 ebry %/))96 tct
gcc 144 Trp Asp Val VvVal Ala Val Cys Lau Val Lau Lau H's Thr Ala Sex Ala 35
40 45 ttc wOg3mlIsg2iccc gcc ggt Sag agg ctt ctc gaa gcg cccP@edrogagréyac 192

Phe
tcc
Ay
gaa
Tyr
aga
Lye
aat
Gn
ggc
Arg
act
Lau
t at
Ser
aac
180

Pro
ctc
Hi s

gat

Pro
ctg

Arg

€gg
Al a

cag

Lau Pro Ala Gy Lya Arg Leu Lou Gu Ala Pro Ala Gu Asp 50 55 60 cac

ggc cac cgc cgc gtg ccc ttc gcg ctg ace agt gac tee 240 His Ser Lau

Arg Arg Val Pro Phe Ala Lau Bl Ser Asp Ser 65 70 75 80 aat atg cct

t at cct gac cag ttt gat _gac gtc atg gat ttt 288 Asa Met Pro Gu Asp

Aspl§ A ‘PH‘&M&BA& Lg4| Pigerdndtp Che 738 A9 Br9 §ip ‘%%a" c acc att aaa
g

aaa agg tca cca aaa caa gcg 33% 1ledn Aa Ile Lys Arg Lau

L P oty P

Ala Ala Sgjp 115 120 125 CQ& gag aat fee agao ggg aaa ggt cgc aga
agg ggc aaa aat 432 Pro Gn Aen Ser Arg Gy Lys Ay Arg Arg Ay A@n
Lyegginpad 33ty $d49 tegootggttd get gtd athacagcttyeet gta ;ac tasd aat gtc
tt QG Ly @G Xy GLY \CySy¥alvhgu [Chy A¥drIla|Bis| Len Wsy Va3 Thann Val Thr Asp
145 . 15055 160 ttg ggc %’a"t gaa ace aag % gaa ctg ate ttt cga

age 528 au d ya‘gy acc Ih e Phe Arg Tyr Cys
gaa (o] k}

165&%& %ﬁ ﬁ%; acagl %ﬁg §é aLe%t g?ﬁ ,ﬁéa &% cta aaa

576 Sgh o@! er y“Asp Lys e 'Lau Lye Ann Lau

tgt agc ggt tcc tgt gaa gcg gec gag aca atg tac gac aaa ata cta 480
Cys Ser Gly Sexr Cys Glu Ala Ala Glu Thr Met Tyr Asp Lys Ile Leu
145 150 155 160

aaa aat ctg tct cga agt aga agg cta aca agt gac aag gta ggc éag 528
Lys Asn Leu Ser Arg Sexr Arg Arg Leu Thr Ser Asp Lys Val Gly Gln
165 170 175

gca tgt tgé agg écg gtc gecc tte gac gac gac ctg tecg ttt tta gac 576
Ala Cys Cys Arg Pro Val Ala Phe Asp Asp Asp Leu Ser Phe Leu Asp
180 185 190 .

gac agc ctg gtt tac cat atc cta aga aag cat tcc gct aaa cgg tgt 624
Asp Ser Leu Val Tyr His Ile Leu Arg Lys His Ser Ala Lys Arg Cys
195 200 ‘ 205

gga tgt atc 633
Gly Cys Ile
210

<210> 4

<211l> 211

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificlal Sequence: ‘rat GDNF

<400> 4
Met Lys Leu Trp Asp Val Val Ala Val Cys Leu Val Leu Leu His Thr
1 5 , 10 15

Ala Ser Ala Phe Pro Leu Pro Ala Gly Lys Arg Leu Leu Glu Ala Pro
20 25 30

Ala Glu Asp His Ser Leu Gly His Arg Arg Val Pro Phe Ala Leu Thr
35 40 as

Ser Asp Ser Asn Met Pro Glu Asp Tyr Pro Asp Gln Phe Asp Asp Val
50 55 60

Met Asp Phe Ile Gln Ala Thr Ile Lys Arg Leu Lys Arg Ser Pro Asp
65 70 15 80



tct egg agt aga agg cta aca agt gac aaa gta ggc cag gca tgt c 624 r Arg
Ser Arg Arg Lau Thr Ser Asp Lye Val Gy Gn Al a eye Cys 195! b?’@@’%@g ceg
gtc geettc ac C gac ctg tog ttt tta gat gac aac ctg 672 Arg Pro Val Al a
Phe Asp AP 83 Hu Ser Phe Lau Asp Asp Mh Lau 210 215 22§TgPo¥Wisicat att
cta aga aag cat tcc get aaa egg tgt gga tgt ate 720 Val Tyr His Ile Lau Arg
Lye Hs Sir Ala Lye Arg Cys- Ay Cys Ile 225 230 235 240 <210> 7 <211> 240
<212> PRT 17 February 2006 WO 03/018871 7/7 <213> Artificial Sequence <2203

<223> Descri Lt f q J 8761 <400> 7
Met Gy Phe %%O‘gr IAJf‘gfj“tl %Aﬁ\ﬁ% §§° H(e/g%ﬂa uﬁ”f? %w Eﬁ%ﬂr ’ﬁq‘ 15 10 15
Asp Arg Ille A_rg Ay Ala Ala Ala Ay Arg Asp Ser Lys Met Lys Leu 20 25 30
Trp Asp Val Vah Aaasdalpr&sEulmeh Séd akewiiaysHiy Ty Aty s1Pedinfhey 35 40 45
Phe Pro Lau Pro Al a Glyotye Arg Lau Lauo&8 u Ala Pro Alar@d u Asp 50 55 60
Hs Ser Lau Ay H's Ar VaI Pro Phe Ala Leu Thr Ser Asp Bar 65 70 75 80
Asn Met Pro @ lasph YA%xﬁI @hhmé’%ap&s BA LeptAspcYrlPEer 85 90 95
lle Adn Ala Thr 1le? :_2//5 Arg Lau Lys 1Afg Bar Pro Asp!tys @ n Ala 100 105 110

Asp Leu Gly Leu Gly Tyr Glu Thr Lys Glu Glu Leu Ile Phe Arg Tyr
130 135 140

Cys Ser Gly Ser Cys Glu Ala Ala Glu Thr Met Tyr Asp Lys Ile Leu

145 150 155 160
Lys Asn Leu Ser Arg Ser Arg Arg Leu Thr Ser Asp Lys Val Gly Gln
165 170 175
Ala Cys Cys Arg Pro Val Ala Phe Asp Asp Asp Leu Ser Phe Leu Asp
180 185 150
Asp Ser Leu Val Tyr His Ile Leu Arg Lys His Ser Ala Lys Arg Cys
195 © 200 205
Gly Cys Ile
210
<210> 5
<211> 8
<212> PRT

<213> Artificial Sequence

<220> .
<223> Description of Artificial Sequence: flag

<400> 5
Asp Tyr Lys Asp Asp Asp Asp Lys
1 5

<210> 6

<211> 720

<212> DNA

<213> Artificial Sequence

<220>
<221> CDS
<222> (1)..(720)

<220> ) :
<223> Description of Artificial Sequence: mouse GDNF

<400> 6
atg gga ttc ggg cca ctt gga gtt aat gtc caa ctg ggg gtc tac gga 48
Met Gly Phe Gly Pro Leu Gly Val Asn Val Gln Leu Gly Val Tyr Gly

1 5 10 15

gac cgg atc cga g9t gecc gee gee gga cgg gac tct aag atg aag tta 96



Al a
Pro
Arg
160
170
185
200
215
230

Ala Lau Pro Arg Arg Gu Arg Asn Arg Adn Ala Ala Ala Ala Ser_ 115 120 125
Gu Asn Ser Arg Ay Lys'Ady Arg Arg Ay @n Arg Ay Lys AffFebnzay 3409 140
Gy Cys Val Lau Thr Ala Ile H's Lau Ann Val Thr Asp Lau Ay 145 150 155
.Lau §/osfadgs2ed u Thr Lys Gu GQu Lau Ile Phe Arg Tyr PCYygrP@#876¢H y 165

175 Ser Cys G n Ser Ala Qu Thr Met Tyr Asp Lye Ile Len Lye Ann Lau 1S0O
190 Ser Arg Ser Arg Arg Lau Thr Ser Asp Lye Val Ay @n Ala Cys Cya 195
205 Arg Pro Val Ala Phe Asp Asp é¢p Lau Ser Phe Leu Asp Asp Ann Lau 210

220 Vval . T Hs lle L Arg L Hi Ala L A I 22
23g ZZOAspyrkrg II?Le Areg Giayu Alg gAlaylfla Clﬂsy I%regr Asp aSeryI?ys ;!gt %g L(eguy s © °
30

20 25

tgg gat gtc gtg gct gte tge ctg gtg ttg ctc cac acc gecg tet gece 144
Trp Asp Val Val Ala Val Cys Leu Val Leu Leu His Thr Ala Ser Ala
35 40 45

ttc ccg ctg ccc gcc ggt aag agg ctt ctc gaa gcg ccc gct gaa gac 192
Phe Pro Leu Pro Ala Gly Lys Arg Leu Leu Glu Ala Pro Ala Glu Asp
50 55 . 60

cac tce ctc ggc cac cge cgc gtg cce tte gecg ctg acc agt gac tce 240
His Ser Leu Gly His Arg Arg Val Pro Phe Ala Leu Thr Ser Asp Ser
65 70 : 75 80

aat atg cct gaa gat tat cct gac cag ttt gat gac gtc atg gat ttt 288
Asn Met Pro Glu Asp Tyr Pro Asp Gln Phe Asp Asp Val Met Asp Phe
- 85 90 95

att caa gcc acc att aaa aga ctg‘aaa agg tca cca gat aaa caa gcg 336
Ile Gln Ala Thr Ile Lys Arg Leu Lys Arg Ser Pro-Asp Lys Gln Ala
100 105 110

gca gcg ctt cct cga aga gag agg aat cgg cag gct gca gct gce agce 384
Ala Ala Leu Pro Arg Arg Glu Arg Asn Arg Gln Ala Ala Ala Ala Ser
115 120 125

cca gag aat tcc aga ggg aaa ggt cgc aga ggc cag agg ggc aaa aat 432
Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg Gly Gln Arg Gly Lys Asn
130 : 135 : 140

cgg ggg tgc gtt tta act gecc ata cac tta aat gtc act gac ttg ggt 480
Arg Gly Cys Val Leu Thr Ala Ile His Leu Asn Val Thr Asp Leu Gly
145 © 150 155 160

ttg ggec tat gaa acc aag gag gaa ctg atc ttt cga tat tge agc ggt 528
Leu Gly Tyx Glu Thr Lys Glu Glu Leu Ile Phe Arg Tyr Cys Ser Gly
165 -170 175

tce tgt gaa tcg gcc gag aca atg tat gac aaa ata cta aaa aac ctg 576
Ser Cys Glu Ser Ala Glu Thr Met Tyr Asp Lys Ile Leu Lys Asn Leu
180 : 18s 190

tct cgg agt aga agg cta aca agt gac aaa gta ggc cag gca tgt tgce 624
Ser Arg Ser Arg Arg Leu Thr Ser Asp Lys Val Gly Gln Ala Cys Cys
195 200 205

agg ccg gte gece ttc gac gac gac ctg tcg ttt tta gat gac aac ctg 672
Arg Pro Val Ala Phe Asp Asp Asp Leu Ser Phe Leu Asp Asp Asn Leu
210 215 220

gtt tac cat att cta aga aag cat tcc gct aaa cgg tgt gga tgt atc 720
Val Tyr His Ile Leu Arg Lys His Ser Ala Lys Arg Cys Gly Cys Ile
225 230 235 ' 240

<210> 7
<211l> 240
<212> PRT



WO 03/018821

<213>

<220>

<223>

<400> 7

Met
1

Agp
Trp
Phe
Hisa
65
Ile
Ala
Pro
Arg
145
‘Leu
Ser
Ser
Arg

val
225

Gly
Arg
Asp
Pro

50
Ser
Met
Gln

Ala

Glu
130

'Gly

‘Gly

Cys
Axg

Pro
210

Tyt

Phe
Ile
val

35
Leu
Leu
P;o
Ala
Leu

115

Asn

cys

Glu
Ser
198

Val

His

Gly Pro Leu

Arg

20
val
Pro
Gly
Glu
Thr
100
Pro
Ser
val
Glu
Ser
180
Arg

Ala

Ile

5

Gly

Ala

Ala

His

Asp

85

Ile

Arg

Arg

Leu

165

Ala

Arg

Phe

Leu

Ala
vVal
Gly
Arg

70

Tyr
Lys
Arg
Gly
Thr
150
Lys
clu
Leu

Asp

Arg
230

Artificial Sequence

Cly

Ala

Cys

Lys

55

Axrg

Pro

Arg

Glu

Lys’

135

Ala
Glu
Thr
Thr
Asp

215

Lys

777

Description of Artificial

val

Ala

Leu

40

Arg

Val

Asp

Leu

Arg

120

Gly

Ile

Glu

Met

Ser

200

Asp

His

Sequence: mouse

Asn

Gly

- 25

val

Leu

Pro

Gln

Lys

105

Asn

Arg

His

Leu

i8s

Asp

Leu

Ser

Val Gln Leu

10

Arg
Leu
Leu
Phe
Phe

90
Arg
Arg
Arg
Leu
Ile
170
Asp
Lys

Ser

Ala

Asp

Leu

Glu

Ala

75

Asp

Ser

Gln

Gly

Asn

155

pPhe

Lys

val

Phe

Lys
235

Ser

His

Ala

60

Leu

Asp

Pro

Ala

Gln

140

val
Arg
Ile
Gly
Leu

220

hxg

GDNF

Gly

Lys
Thr
45

Pro

val
Asp
Ala
125

Arg

Thr

Leu
Gln
205

Asp

Cys

val

Met

30

Ala

Ala

Ser

Met

Lys

110

Ala

Gly

Asp

Cys

‘Lys

150

Ala

Asp

Gly
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Ty
15

Lys

Asp

Aap

Gln

Ala

Lys

Leu

Ser

175

Asn
cys

Asn

cys

Gly

Leu

Asp
Ser

80
Phe
Ala
Ser
ABn
Gly
160
Gly
Leu
Cys

Leu

Ile
240



