WD 03/018821 PCT/JP02/08761 1 DESCRIPTION 5 COWGOSI TI ONS AND METHODS FOR
TREATI NG NEURODEGENERATI VE DI SEASES Technical Field 10 The present

i nvent i onwioedsangs1general ly to conpositions and net hods f arcgmogos7@el i very.
In particular, the present invention pertains to adeno-associated virus
(AAV) - based gene delivery systens for delivering glial cell line-derived
neutrotrophic factor (CGDNF) to treat preexisting neuronal damage caused by
neur odegenerative conditions such as Parkinson's di sease. 15 Background of
the Invention Central nervous syBEEERIBRKEPNJi sorders present mmjor public
heal th i ssues. Parkinson's disease (PD) alone affects over one mllion
people in the United States. dinically, PDis characterized by a decrease
i n spontaneous novenents, gait difficulty, 20 postural instability,
rigidity and trenor. PDis a progressive neurodegenerative di sorder that
predom nantly affects dopam nergic (DA) neurons in the substantia nigra

(SN). Gurrently, nany CONSPOSFFPIONS AND METHODSIFOR FREA¥ING admni ni stration
of a therapeutic agent. System c admi nistration, however, is often

i nefficient because of the | NERIROPEGENERATIYE DISEASESt hr ough t he

bl ood-brain barrier. Even if these conmpounds are successful in 25
penetrating the bl ood-brain-barrier, they may induce central nervous system
side effects. Thus, many potentially useful conpounds, such as proteins,
cannot be admi nistered systemcally. Currently avail able therapies of PD

ai mat repl Jethdcal Wieldi ne in the striatum to restore notor functions.
However, it is essential to develop therapeutic interventions WO 03/018821
PCT/ JPO®Y 08761 2 ThepresericiRvention relates eAnerally hefsmpayitinng apd methads for genes s
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(GDNF) to treat preexisting neuronal damage caused by neurodegenerative conditions
such as Parkinson’s disease. -
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Background of the Invention
7 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



DA neuron survival both in vitro and in vivo (Bjorklund et al., Brain Res.
(2000) 5 886:82-98; Bohn, MC , Ml. Ther. (2000) 1:494-496; Ozawa et al.,
J. Neur alwolsamssa1 Suppl . (2000) 58:181-191). However, admoTiJpbz/@tzson oOf
GDNF protein to the central nervous gystemis problematic. GDNF renains
active for only a short period of tinme and due to its relatively |large
size, GDNF does not cross the blood-brain barrier, making direct
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coi nfect | OnIﬂ{é Qreaaprﬂ%ﬂmately 145 base pairs (bp) in length. The ITRs have multiple
functions, including as origins of DNA replication, and as packaging signals for the
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viral genome. The internal nonrepeated portion of the genome includes two large open
20  reading frames, known as the AAV replication (rep) and capsid (cap) genes. The rep
and cap genes code for vir_al proteins that allow the virus to replicate and package into a
virion. In particular, a fafnily of at least four viral proteins are expressed from the
AAV 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. b
AAV has been engineered 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



virus (e.g.; adenovirus, herpesvirus or vaccinia), in order to form AAV
virions. In the 5 absence of coinfection with a hel per virus, AAV

est abl i shw® @/olgstent state in which the viral genone i nsecitspPizdsicia host
cell chronmosone, but infectious virioas are not produced. Subsequent
infection by a hel per virus "rescues" the integrated genone, allowing it
to replicate and package its genone into an infectious AAV virion. Wile
AAV can i nf geivinggéne exprassidn fil treeputientietarges cellshendee hpropilate wonditishs. be of
the same 10 species as the host cell. Thus, for exanple, human AAV w | |
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al ., Gene Therapy (1999) 6:1936-1951; Wnkler et al., J. Neurosci. (1996)
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thus clinically nore inportant to address whether GDNF gene delivered in a
del ayed nanm&ienre (097087 5:838-84 kisMande] et le, Pracn datloAsadaniti.i Uit (197

94:14083-14088; Bilang-Bieuel et al., Proc. Natl. Acad. Sci. USA (1997) 94:8818-

8823; Choi-Lundberg et al., Exp. Neurol. (1998) 154:261-275; Mandel et al., Exp.

Neurol. (1999) 160:205-214; Kirik et al., J. Neurosci (2000) 20:4686-4700; Bensadoun

20 et al., Exp. Neurol. (2000) 164:15-24; and Kordower et al., Science (2000) 290:767-

773). However, previouslstudies have shown that when GDNF is administered with a

delay after the insult, sparing 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 delivered GDNF gene via AAV vector-based systems in a

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



5 behavioral performance in animal nodels with extensive nigrostriatal DA
denervation already present. In addition, it is not clear. whether

vect or - dewiows®1€8DNF coul d be retrogradely transported fr e@rarponoszer m nal s
to cell bodies of DA neurons in the SM. Sunmmary of the Invention 10 There
is aneed in the art for an alternative neans to deliver. GDNF in order to
treat preexisting neuronal danage. The present invention is based on the

di scovery that AAVD/ﬁ(atdisordaChlﬁratchrMBy@@dég&est@d DArdegkheratidh, @alis W th
ext ensi ve nl‘%nost riatal EX-A nergi c (DA ? enervation, pronotes the
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connect iSons behavioral petrlfm'nmlgas psdrimal mbdmwmtenem migrbéteiatad DIAS et vation
nunbers of DA cells have been lost. Accordingly, in one enbodi nent, the
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virions conprising a polynucleoti de encodi ng a GDNF pol ypepti de operably
linked to expression control elenments that conprise a pronoter, under

condi tions &MMessu on of the polynucleotide in neural cells
in vivqg.to 25 prov;_ge theg‘i ig ic effect. In certain enbodi nents, the

preexi sti ng neur onaPeReIHAJE iagtior A alteraative @Pa@@&eﬁbv&ré}lab{j‘rmsardmat al
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further enbodi nents, the reconbi nant AAV virions are adm ni stere
striatum us ﬂﬁ@a@@m@fs}n enrRvatioad prenqtosihy syl of aellrpasmthmsnbhtamm s

t he subj ect rt enb e I hve

directed to nizﬁ' mi?‘%g gﬁg as[eP é%et ﬁi%%é%o%‘ Md‘%ﬁ tp‘Wt’tVﬁ % gﬁ’ﬂss @Pﬁ%g

neur onals dagR@HRoraldbeBhfBi] Shd BibcRGHE AN Rficits even after the degenerative process has
begun. Moreover, transgene-derived GDNF is 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  amethod 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 dopamiﬁergic (DA) denervation.
In additional embodiments, the neural cells are transduced in vivo and the

recombmant AAV virions are administered mto the striatum of said subject.



damage conpri ses noderate to extensive nigrostriatal DA denervation, and
the method conprises admnistering into the striatumof the subject a
conposi ti wo engmisi ng reconbi nant AAV virions that conpracIepaz/08761

pol ynucl eoti de encodi ng a GDNF pol ypépti de operably |inked to expression
control elenents that conprise a pronoter, 10 under conditions that result
I n transduction of neural cells in vivo, and expression of the

pol ynucl eotide by Infyetfiires eHbBEinTAY, Ble reImbinddt AAV iridds AYd AR%inftered to
therapeutic effect. ~ Additional Iy, the reconmbi nant AAV virions may Be

adnmi ni st er ethersgiatem usingrqoaventoofenhinsed delivery (CBPhg CED. In yet a further

enbodi nent, the in ene%g an ié iretCttﬁd tbo g.meghod of treating a 15
manmmal i an subj ect W FR2P EBRLEFRS Ao tBYFAS HAMEHL. The preexisting
neuronal — damage CRyWtifs@ifer BRMBEMRits, heSXT RS YEdiFlcfdqs b fJée i
denervation, the nethod conprises adm’eni stering ir?to thelhﬁl?(lig un%tg)ig%he

subj ect 7 usmagnGiidp subjeohwish préexisting aeqronalidamage.c Ak ipreeristiAdMentonalons t hat
conprise a polynucl eotide encoding a GDNF' pal ypeptide operably linked to
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that result i : Qﬁﬁﬂ@ e L V] .expressi.on of the
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t her apeut i crexbindidant A VARiticHs thfh%oﬂigfib@cﬁl/go@ﬁﬁaééﬁtﬁckn@bﬁﬁga GDRFOr onot er may
be a viral pronoter, such as an M.P, , or RSV LTR pronoter. If CED is

used, the apeiyRemrtiderapsmbiilinked toexpressiancoatrobelements that npmprisesmproffotérnf usi on
punp. e palynucleotide in of the nmethod further, conprise, a

secr et gby R & ﬂ%‘g‘gf’ﬂs ﬁﬁieregﬁp%btgarntsé%ﬁog R gn?qu';lrcggé mve-aafhsxpiession efthe
sequence engeNhidedtiR trafsduy &Pk Rell LB b, PraNillds a tBe: aﬂ}cym | eotide
may encode a human GDNF, such as a _human pre-pro- GONF. V\Op03 018821

PCT/ JP02/ 08761 6 AHditionally ike tepombinaetrA AV siriensovayfesadmivistgredtatthen f or

treating a g@iglrghme%#@%%g}ﬁ%n\g@)a di sease or disorder as described

above, conprising reco virions that conprise a polynucl eotide

encodi ng a GDNF polnypsptfuiBerenibiofiniddit the invkstbr i8 d@¥RES 54 AktHod Y tR¥lating a
el ements that conprise, )
15 1an 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
| 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 prémoter,
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 2 human GDNF, such as a
human pre-pro-GDNF.



a pronoter, under conditions that result in transduction of neural cells
in vivo to provide a therapeutic effect. The conposition of the present

i nvent i onwoams/obgs2a  phar maceuti cal conposition optional |y reamgent/ed7og a 10
pharmaceutically acceptable carrier. Accordingly, the present invention
provides the following: 15 1. Use of a conposition for the treatnment of a
manmal i an subj ect with preexisting neuronal damage by adm nistration of
the conposition to the central nervous systemof said subject, wherein the
conposi tion conprises reconbi nant adeno-associ ated virus(AAV) virions,

wherein said virio n ncodi ng a I|aI cel l

| i ne-derived neut?%? gﬁ%%%aggggf‘%%ﬁé) Higﬁyétgfeﬁiggsoﬁe‘r’ iFﬁRBdfPﬁ
expressi on contrelatehgrrarlhammaaﬂ.anosmbﬂeetew:ptlora)ﬁarsea%e Eﬁedl"!%r%r' Lgm 1,
wherei n the SUBJPeCt s a hunman. The use qf, either of itens 1 or 2,

wher ei n sai d 8E%i Fpn&bt‘?é’lfr'm%ﬂ W Hofrarel ¥ borst thatve
nigrostriatal geppeiLBer gacC ;(dl?)ndiﬂ[&b’ﬁdiﬁé Oéncaaiﬁg Recoie Cg fg%%géihéem;
oty

1-3, wherein the pol {nucl eot | furth conprises a secret ence in

the 5 posSitioRPeAARLYLiRied 9 $XRHesS 51 PR CORLTod Riemen b dbeitngombel SONF
WO 03/018821 Pgbi@ﬂ%‘tgﬁ'm%nd%ﬁo@dﬁ&l?ﬁ&fb that P GDNE‘LSLESQ% 1‘?’%119 uct:{:1 ht ens

1-4, wherein the  polynucl eotide encodes a human use I tem

5, wherein theoforgnusileselds dife 5P YuRRP e B dlepNpeutic effect

The composition of the present invention can be a
pharmaceutical composit:l.on - optionally comprising a
10 pharmaceutically acceptable carrier.

Accoi:dingly, the present 1invention provides the
following:

15 1. Use of a composition for the treatment of a mammalian
subject with preexisting neuronal damage by administration
of the doinposition 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(GDNF) 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. Theuse of any of 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



7. The use of any itens 1-6, wherein the conpositions 10 is adm nistered
to the striatumof said subject. 8 The use of any of the preceding itens,
wherein twe ospngsroter is a viral pronmoter. 15 9. The use- pafT/JP0E08781
wherein the pronoter is an M3, CW, 7or RSV LTR pronoter. 10. The use of
any of the preceding itens, wherein the reconbinant AAV virions are

adm nistered into the striatum 20 of said subject. 11. The use of item 10,
wherein the reconbinant AAV virions are admnistered to the striatum using
convection-enhanced delivery (CED). 25 12. The use of item 11, wherein the
adm ni stering i g‘&gﬁt dh an osmotic punp. 13. The use of item 11,

wherei n the adm ni Ing is 30 done with an infusion punp. WO 03/018821
PCT/ JP0O2/ 08761 8 These and ot her embodi ments of the subject invention will
readily occur to t f skill | view of the disclosure
herein. Brief Descri Cor%¥%e Eng%f?isgg I'—’irbeu %geinﬁ arct 4 bwhesedohetrieg i ¢
illustrations (ﬁo]@%ﬁdﬁﬁmde éncbdgsr & hamanl @oKFi.s under the ,
transcri ptéonal control of CW pronoter. In Figure |Ib, nmouse GDNF cDNA is
fused with the codi ng sequence of the FLAG peptide at the C—term nus and

i's under the transcrs,pu-herﬁaéeagrmt@h5waﬁéh§>emhgr dt|E’nvert
termnal repeat; CW, cytonegal Qvirus inmedi ate- early prom) erc TY
first intron o %@%‘Eﬁ% ormone; poly A, SV40 pol yadenyl ation

signal sequence. Figure 2 is a representation of a Western bl ot anal ysis of
cell extracts from 293 cells after transduction with AAV-GDNFflag. 293
celI's transduced with FB&us@ gfeany bremai1bc ¥harein theneomposdd iams

negative X®Nt r dls adiidisteraa eyr €naf seFiatum of sald subject.

8. Thg use of any of the preceding items, wherein 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 use of any of the preceding items, wherein the
recombinant AAV virions are administered into the striatum
20 of said subject. |

11. The use of ltem 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.



transduction with AAV-CGDNFfl ag (I ane 3), expression of GDNFflag fusion
protein 15 was detected by anti-CGDNF and anti-FLAG anti body, respectively.
Fi gure 3 wihaamissacr eased survival of DA neurons in culturesTipeziesdeiced Wt h
AAV- GCDNFf | ag. Nunber of TH- IR (DA) ned@rons was counted in rat El14 ‘
mesencephalic cell cultures after 9 days transduced w th AAV-GDNF, fl ag,
AAV- LacZ or nock. The rhGDNF (10 ng/m) was added to culture as positive

control. Error bar ThestGnid othet @inbodintents of tHFsibjédl inveltti¢h WRBreddily' 6ccle R Ct
expression of GDNFflag .in striatumand retrograde transport to SN. Four

weeks af t er thoagyoEsfiin the apkia ey etthedisclpsurelbessidned striatum rats were
killed and coronal sections through striatumand SN were processed for
i rnmunohi stochem stry. CGDNFfl ag transgene expression was detected in

striatumw Bﬂiei@e@fﬁp'tidﬁb%(ﬂ]émgl' bedy (Figures 4a and 4b). Retrograde
transport of GDNFflag in the ipsilateral.SN was confirnmed by double
i munof Puor escence Figugeslagpdil b aresehepedtisrilustrations off NAMivgctensd ImFigure daal

ti-FLAG (4d ti ies. (4 |  Ei 4 d 4d. sh
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¥ G odbomescos
The. W0 03/ 0100 oey JblsPa R Gy SqupRl-o PR penkllefe Wt hbinblih'™

co- | ocal i zatandis widef theatnahsEtiptionaheontiot of thedCMVaproaster. ITROinVertéd tel@im> M
c-e, bar =50 m). Figures 5a-5e show the effects of AAV-GDNFfl ag injection
on TH IR fi B&Reat; GM Vs cytomegalovines, ipmediatepgartypromoterp intrpnyirss intgerk efinyman

reduced on | ' \/- sinj.ected animals (Figures 5a and
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5c and 5d are high magnification views of areas indicCated by arrows in the
| esi oned si @83 celis afteyuransdBtion wdthSHA V-GDMdgy £93. cells gransiubed withusockense
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and TH I6Fi gwassle®oted by ame) GDNFEandomitit FluAGoakibedy , respectively esi oned ( Fi gur es
ba- 6c) and Figure 3 shows increased survival of DA neurons in cultures transduced with
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 thGDNF (10 ng/ml) was added to culture as positive control. Error bars
20  indicate s.e.m. (*P <0.01).

Figures 4a-4e depict expressioﬂ 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 (4c) 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 neurons were detected in a broad area of pars compacta. This figure shows the



contral ateral (Figures 6d-6f) side, were also TH IR positive, representing
DA neurons. 15 On the | esioned side (Figures 6a-6¢c), TH positive neurons
wer e retrogradessgl | abel ed by CTB i ndicating sone DA neur eag/ipat/ed7ed ned a
connection to the striatal lesion at 4 weeks after |lesion. Figure 6¢c is an
overlay of Figures 6a and 6b. Figure 6f is an overlay of Figures 6d and 6e
(bar=50 m. ‘Figures 7a-7f show the effects of AAV-GDNFflag on the nunber of
TH and  20ared Brieesinostigofeidns co-Tocalizatioa o TH 2B FLAGal BoQyeda, 1 dhrai n
revealed TH IR (Figures 7a-7c) and CIB-positive (Figures 7d-7f) nigral
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AAV- GDNFf | afH(R-HB9rs in\ié-drex id{cated 1) the arreehead en tiz intaet Sile WEFRuAXSHI ned
for aponorphine-induced rotation and cylinder test. Significant™ decrease
i n aporBr phifigunes ageld barst himsrEigures Setiee be%a50 smat s recei vi ng AAV-

GDNFfl ag. In contr rat& oo th -l acZ- i nj i.on, and vehicl e injection
gr oups gdermnst rategos sé%r‘if SPQMFEE%@@E% 13@?15‘}% ‘gﬁg%é 3&%‘%"?‘5&&”&90?]8 ns
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limb use persisted in rats receivi ng LacZ or vehicle.
(right) for€pBvindicatizg semeBrAcneurons 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 6e (bar=50 um). _ v
Figures 7a-7f show the effects of AAV-GDNFflag on the number of TH- and
20  CTB-positive cells in SN. Coronal sections through midbrain revealed TH-IR (Figures
7a~7c) and CTB-positive (Figures 7d-71f) rﬁgral 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 7e) and intact hemisphere
25  (Figures 7c and 7f) in AAV-GDNFﬂag-injécted animals, respectively. (Figures 7a-7c,
bar=200 pm; 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



15 presented as percentage of total (*P < 0.01). (Figure 9b). Figures 10a
and 10b show Dopam ne (Figure 10a) and DOPAC and HVA (dopam ne

met abol i tw®)o3(0sgur e 10b) contents in 6- OHDA-| esi oned st rirp@murP2GB7eeeks
after AAV-GDNFflag (n=8) or AAV-LacZ (n=8) injection. Data represent
percentage of intact striatum (P < 0.01). 20 Figure 11 (SEQ ID NOS: 1 and
2) shows the nucl eoti de sequence and am no acid sequence for a human

pr e- pr o- GDNFnjedtivh asdoniparéd it MOA ¢ DUcE-iHRa8E afiiald(n=28), IDRASicrk gﬂ?se&éa adl.
Figure 12 (SEQ ID NCS: 3 and 4) shows the nucl eotide sequence and am no
aci d sequendke pereentagesof pasisivercellironetiversva tuntesioGBiNEemisphere| &P s1a0F). ami no
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the present (h#»8pmeroexanintd foripomorphine ducdddtationand f&?l'iﬁ&ér%bfc. Significant

conventional methods of virology, mcrobiology, nolecular biology and
r econbi nant decxqAse @mﬁmqu@gnwmﬁcw Xokasionk Wak observésbingrats. restiving tAeAWni ques

| ai kn t | | t, t S .e.d., k. et al.
Mot ecul ar CRINRE AT shilfast gels ARk ARV e kO and SO Wwstion sioum: A
P tical FioRSta | : { . | 1 da-.
Syntheo s ( euestiated Qable toitibhs. ( Rotalibil fére ffebeed 43 BIE 66 Wb Frigyre
Hames & S. a)gBSpentammus for€limberse affeli 6-OHDA Idsiemwas evlined it tHe sylaldes i on

(B. Hapes & S. _Hi ggiﬁrg eds., Current Edition): CRC Handbook of
Parvoviﬁses‘??Stv@efMF Y greafmens, rais ?%@QFa@é.n}afk ipsiiatensl side biasorngy, 2nd

Edition, vol; s ' ' ; hne lture
of | Alni mal V@]??léatégb*/é%@é:%h gﬂfghﬁéa{lg ' (9 ?gg%tﬁgri\)?‘tg/ll u‘ém%f"ég?‘%f’?% pﬂpﬁzﬁrc&né&p ‘i on);
and Ausubel AAVaGDNFHRRIreafdd ra linpPsvedqgadifally And/péRRet Afar iBBAIO@Y % ¥¥ | ey
Interscience, NY). As used in this specification and the appended cl ai ns,

t he si ngul artoeBraig0weeks. Isconsrast, sediiced firequency lofi dentralateral limdf wseqpecsistediinl es s
the content T tlser cgeliyin(g]I iA%VPl-tL%%Z %tr r\]rgﬂi\c,:\{e.s eContralateral (right) forepaw contacts were
15 presented as percentage of total (*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=8) 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 spéns 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. |



A. Definitions In describing the present invention, the follow ng terns
w |l be enployed, and are intended to be defined as indicated below 20 As
used her ewn,o3tohgs2t erm "glial cell |ine-derived neurotrophipCTi®el/8761

pol ypeptide" or "GDNF pol ypeptide" reflers to a neurotrophic factor of any
origin, which is substantially honol ogous and functionally equivalent to
any of the various known CGDNFs. Representative CGDNFs for three mammal i an

speci es ar eDetadled Dealcripti fthe Iiventidn and 13. The degree of honol ogy bet ween

the rat (Figure 12, SéQID 25 NO 4) and human (Figure 11, SEQ I D NG 2)
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pol ynucl eot Bédeg(Wiey Igtenseicaks, dBQuences, 15 respectively. Percent identity
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15  "an" and "the" include plural references unless the content clearly dictates otherwise.

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
‘polypeptide" or "GDNF pplypeptide" refers to a neurotrophic factor of any origin,
which is substantially homologous 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 homology 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



of matches between the two aligned sequences, dividing by the |ength of the
shorter sequence, and nultiplying the result by 100. Readily avail able
conput er woagnassel can be used to aid in the analysis of 2@cIvrl/@réty and
identity, such as ALI G\, Dayhoff, MQ2in Atlas of Protein Sequence and
Structure MO Dayhoff ed., 5 Suppl. 3:353-358, National bionedical
Research Foundati on, Washi ngton, DC, which adapts the |ocal honol ogy

al gori t hm ofndadtive tandatelio @i @théghotetaRs i N Appl . Math. 2:482-489, 1981
for peptide analysis. Programs for determ ning nucleotide sequence
simlarity and i deByi"fuynctiprallyeqguivalant’ asused dexaln,de msiant 2 GDEE pelypeptieal ysi s

Package, Vepsion .8 (availaple from Genetics Conmputer G oup, ., Madison, W)
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default paraneters reconmen manuf act urer and described in the

W sconsbn SequenctHémalogs? seftla tk thggetcehesiméldritybetbesnatwolpalyrRs ReRE€or two
percent simlarity of a 30 particular nucl'eotide sequence to a reference
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honol ogy al \ ] A ] S.COri I able,and a
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MPSRCH package af  prograns copyrighted by the University o 5_Edi nbur gh,
devel oped b%{s ??h 7= ?n%sm H§&5‘%&V %ﬂaﬁéa@m 85 -9k or Bie SRayeRdesimiaritypr

I nt el | iigenetd : ; | hi | Of K s the
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for the scohémglogbudileo tefers tescaupces slpying pempletenidenitity of the2peqdfied ext ensi on
penalty of one nd. ap,of .six). Fromthe data generated the "Match"

val ue refl eB&é’*‘“@ﬁ%{gé’f’%}Pﬁﬂ‘ %C%lezf?mf‘--o_t her 10 suitable programs for

cal cul ating the penfiferdl Idntty” eferslo/Hl Rhdt i oRBEIRRIRFANAL P SmlcFacia-

general ly known in the art, for exanple, another alignnent programis —
BLAST, usedtarimino agid eqrresperideacrcofdwe pobmucleatidgsioz polBpaRidd sequenBes)STP can be

d usi ' faul t ters: t] de = dar d;
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non-redundant, GenBank + EMBL + DDBJ '+ PDB + GenBan
of matches between the two aligned sequences, dividing by the length of the 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 are readily utilized with the
defgult parameters recommended by the manufacturer and described in the Wisconsin
Sequence Analysis Package referred to above. For example, percent similarity of a

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



CDS translations + Swiss protein + Spupdate + PIR Details of these prograns
can be found at the follow ng internet address:

ht t p: / / wwwonsiiss2ai m gov/ cgi - bi n/ BLAST. Al ternatively, hon®cagporesicbe
determ ned by hybridization of polynutd eotides wunder conditions which form
st abl e dupl exes between honol ogous regions, followed by 20 digestion with
si ngl e- stranded-speci fic nucl ease(s), and size determ nation of the

di gested f r agmeiigy.algdithmed Seritteadt Waterraaewith laslefunltisabring fableoind@oup can be
identified i %&ﬂa out hern hybridi zation experiment under, for exanple,
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appropriate hybri di art. See,
e.g., Sanbrook et a %{H Pﬁlem%itg%%%&&k oraﬂﬁlq e|é %L':o rese
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derivative of. . the reference GDNE nolecule,  or a fragment of such a

deri vat i've, Edinburgh, dgyglapedchy; Joba Fa@?llmmap ShanerS. Sturreke and distripmites l3{:t ivity
in the assaygfAf%H a ers to
conpounds hglstl ng aEiﬁ%felﬂ-{/cgﬁﬁﬁ yp ep‘?ﬁﬁ qgéorﬁ%gﬁ%;%{engXa{a§§Q&\ﬁn%%ne or
more 30 ani Watamah aigm&mmm beaﬂ;ﬂéyetltﬁhewdsefélgepmmbﬂevs 20 05y foPHe\sBor

nat ure) and/ qQr, Ejfel etqiugﬁs, WO 03/ 01 82% CT/ JP02/08761_ 14 relative to the
native nol eé‘gﬂl% OLEXAIG &3 @%P?RﬁgvP %59 5¥tension genaklyafons, WémgﬂPerphl c
activity. Pgghe

2ctivity o Phor Rip toe dobfpoiRlatcithe RAIA aRERAGRC Mol SHIRLELP ifer
encodi nkp forsultah‘ﬂFpmgranmfos caimdakmg)thn petcenttiientity br smnllaatyebeiwsars @éhckybdeher
bel ow. 5 For eletio ants, deletio ener al ran from about 1
to 30 resi &fRE ng’ﬁ %'S‘Flaa {Iblr SRl AmOthey E%“%BT ﬂGSFyB? edayitly
from about Befaﬁltii:arﬁ%ﬂéﬂsgpef@caﬁﬁ?é @L@STN%@BKASW’&%%&&‘&&%&% stat ed

ranges. N-termnal, GCterm nal nd internal deletions are contenpl ated.
Del eti ons arf@llcg@ns |dafa|u!,t mwmemquemandam Gilter + ound)cratdrg potki; chitod her

TG 0 super f LN eserve maxinum 10 bi ol ogi
activity. DeI s ar %aﬁ&%@@@?@&“@u% téb BYAMERTSF eSOt Ry T!e'ﬁfai[['%ry
struct urse OfSCIOEE ;GDhikbazeo+ abn-redupdatt! GedBdnker BMBICH BOBIPFPDB + &

cystei ne crossl i nki ng. Non-limti n%wxanpl es of deletion variants 1 nclude
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Alternatively, homology can be determined by hybridization of polynucleotides

under conditions 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)itions 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 a fragment of such a derivative, that retains desired activity, such as
neurotrophic activity in the assays‘ 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,



15 For GDNF addition variants, amno acid sequence additions typically

I nclude N-and/or Ctermnal fusions ranging in |length fromone residue to
pol ypept i wesn3/0egm2t ai ni ng a hundred or nore residues, as wedr/ms2es16er nal
additions of single or nultiple am not acid residues. Internal additions
general ly range from about 1-10 residues, nore typically fromabout 1-5
resi dues, and usually fromabout 1-3 am no acid residues, or any 20 integer
within the sdatvedotiengive ntoledsuld, 86 16ifg AHhembllifiahticid dotriof Bestdyimdiictrdpifd ude
the fusion of a heterologous N-term nal signal sequence to fhe N-térm nus
of GDNF as egivity. fseferablysthe vitianthasat keastdhe sraueemeticetraphic aativitl me thet iative

sequence of _othe urotrophic. factors. . F substitutjon variants have at
| east one am°:l. uLeC {}getﬁlgé g)ggla%}ngtquyr@g%ﬁu %nﬁ?f#jﬂé%%f%@eﬁ&é?féémrmd
and a diffeppihe aHOhdAHeCddsBssdd Rethérbeldw. Pl ace. Such -substitution variants

include allelic variants, which are characterized by naturally occurring
nucl eot Pde sequencEBorGRMNFedelétiont vadastsadsletionp generallyi range fremn abayt bto 3ty not

Y

Conser vati yEeskibe induSu S i oI irdlioes i EbicRll Bpmabopt hiss vi thi n a
fam |y of . apbitfibudas £8idubslor ahPindyef W:itlﬁfnetﬁe k@t Rl des SNOR ' 'ﬁ%tf}-%%%d

Specifically, amno acids ar€ generally divided into four
PCT/ JP02/ 08 rearnatidelétions kiessontefriplated.i Deletions axe generaitycintroduagt unte megions ¢£2)

PoTl JP02/ 8T o B e B e el o B enegiens 4)
Poucine, 1 LBeiemAloRy SHBFseh TGHE DPen iy bR prerdo PredpiyR eespvam and
(4) undbar geibleEtaactivityd! Delktichs BSBPicaly Bélected s A PleseR¥Thelchfry SELIRS

threoni ne, tyrosine. Phenyl al anine, tryptophan, and tyrosine are sonetines

classified 85ths GPYHwrotsinprpdust inthgsfferted demaitipe-g., cysteine crogslddingh| v

redi ctabl e i an i St it. Qf . l.euci ] I sol euci ne or
Vet ine, - an: Nobdlmfe'eRitufled Be stBRoRPEINRR inlyge SHERRE (ONF prdfimiothy "y
sim | ar contaekitgtfrom 1r40NaemiiRaltantho adldesT GDNEFS belvatahts lackisg the@-termliday
related amno, acid, will not have a majaor effect on the biol ogical
activity. FW‘@MMiW&OWW@@WG may include up to about 5-10
conservative 10 o NREE ' ) i AN . Q. eyen up
to abo\ll}'? 15- 25 conggfgg Ive Oro\ﬁa\?]a(ﬁ)'fré_ﬁtgg%ﬂsx@?\?g}?lls\%@éﬁ%@%&xg@;ﬁ&?@lﬁ%& Hcﬁlt Cons,
or any i nt eYeandjert @eemibal Fosiomsaahging imlengtheromlené residué tpolypeptidés t he

nol ecul e remai ns.i nt@ct. One of skill in the art nmay, readily _determne

regi ons of FHUARYIER or ere residues aswelbas iptsmal additiensof single prygultiple

techni ques amino acid residues. Internal additions generally range from about 1-10 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



wel |l known in the art. 15 Specific nutations of the GDNF am no acid
sequence may involve nodifications to a glycosylation site (e.g., serine,
t hr eoni newoas/oasspar agi ne) . The absence of glycosyl ati on ecTambyoeggerti al

gl ycosylation results fromam no aci dissubstitution or deletion at any
aspar agi ne-1inked glycosylation recognition site or at any site of the

nol ecul e that is nodified by addition of an O-1inked carbohydrate. An
aspar agi ne- Ifamiizg: (Dlchliy casyirtits and gletangty; (2)dasisi-t Fsine/arginies histidiep@yt | de
sequence which is specifically  recognized by appropriate cellular
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at the nbdi fYBalG apMGECHls. Sererampde, it gepsonabhpradistablethatangsolatedr opri at e
al tered nucl L ol i:ant | ycosyl at ed
Gt that of ¢ oy Pt BFREERE S BISERR SUa1EE HD Al B8 o il 70N Tl
to add gl ycdhsebninevittsa Seeie, drt similar donserivativetreplycengenCoRin amdnocibwiih a

resi dues or regio f or nut agenesi 30 are well known in the art. One such
method 15 kiHAMEAT rsfaied Jmain e&ﬁnwﬁbn Yﬁ)%ﬁ’é‘lﬂ@.ﬁlécw hepiplegical activity.

PCT/ JP02/ 08761 16 . the G ' {0i& .
244:1081-1085. In t@?g"ﬁﬂé‘?lﬁ’o@? an g%m%gieg% d‘\ﬁ@é‘??a‘{i?&%@%?aup %?’t"%‘%"geet
resi duel) ar erindeston$areativeantng acid subtithtions, iod eeen wpohaboats1 572§ cordefrativ 65
Lys, and du) and regﬁaced b a %eutral ~or negativ Ig@char ed anino acid
(oSt pr ef erRBSPRSFERVRETRIRO Beil Ul ioas, o Su feRcr SEEPeR Ardh a0 Imgrashe  he
anino aci ds dedirdd fulcliifo i hRRHicSmale GRHS. OIJFeRNERhd it Blay Qtasl,de the
cell. Those domai ns denonstrating functional sensitivity to tKe

subst i t ut i ordsteaming rsgions df the moelecubziofintegest thaticani tolesdte ohangk using ddchniqass dues
at the sites ngiubstit&lution. Thus, the target site for introducing an
am no acid svgea ERLPEAY on is detern ned, al ani ne scanning or random

nut agenesi s i s condpetifié miitafidit of He GDNPNEING atidsefiencOMAP iBfol¥edi On of the
DNA 10 sequence, and the expressed GDNF variants are screened for the

opti mal conBnedificaipnsto a glspsydationsite (¢:gy sering, teepnine, or asperagine).y Thershsendet es

of greatest JethlogihtdLbr SHY BHBRLRY Sosh LN Fuftt k6 AMEH Gt EndNER 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  glycosylation recognition site comprises a tripeptide sequence which is specifically
recognized by appropriate cellular gljrcosylation 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 or 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 appropriate altered nucleotide sequences produces variants which are
not glycosylated at that site. Alternatively, the GDNF amino acid sequence may be
modified to add glycosylation siteé. |

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."



acids found in CGDNF proteins fromvarious species are substantially
different in terns of side-chain bulk, charge, and/or hydrophobicity.

O her sitw® wfoigsat erest are those in which 15 particul ar rreIvoEes76f

GDNF-| i ke proteins, obtained fromvariéous species, are identical. Such
positions are generally inportant for the biological activity of a protein.
Initially, these sites are substituted in a relatively conservative
manner . | f $e6.g5 (irhnirghin®Ad WeISkionde1989)2300081.1088 OBl IE Y LY.
then nore substantial changes (exenplar substitutions) are I ntroduced,
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or ot her nesdREGHEBLIGIrhae resliusS MRS st f sitREhMon. ThudRBSMargRMitORREL | C
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proper cont i£h n.transfer gemne sequenc 3/018821
PCT/ JP02/ os@’g‘haggﬁgf‘ ’g%%%%gegg?‘l tﬁ? °‘%fﬁe&§§n Iaf & ?r?@%‘f’dg@gné’?ﬁwiﬁt}&nd
expr esd0on segendecand the exgressed GDINF @hriantefrt Ocfeenéd for he difivnal @6iBinatibs of £aNt
a vector derived from an adeno-assqciated virus serotype, including

wi t hout | i nfi¢sted aetiviapddegmenof activalXy- 3, AAV-4, AAV-5, AAV- 5 6, AAV-7 and
AAV- 8. AAV vectors : . 1 d- e genes. del eted
I n whol e or part, lp#e teergggg?ggﬁzeﬂgeé%lf’gog &éegg%éa‘@gﬁfgg ,SH%SL‘%‘R?S% gfumno
functional #didnfound i GRNIeprotsisefom Faricus specibs dré Bubstaitiallg difém i RERS Sl Y
for the rescae, .rﬁghéec tion d ﬁ%cka .ng of the AAVY virion. Thus, an AAV
vector is dufiffagn Fharee, anf/or hydraphabiqifys Qtherwites oL intarest aesthpsejniwhieh i n
ci s forgrepli | : L , [ . i rus.
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so | ong

these sites are substituted in a relatively conservative manner. If such substitutions result
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 resuiting 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, €.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 neurodegenerative
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



as the sequences provide for functional rescue, replication and packagi ng.
"AAV hel per functions" refer to AAV-derived codi ng sequences which can be
expr essedwoospigsei de AAV gene products that, in turn, fun®@dromroi/es7sr ans for
productive 15 AAV replication. Thus,17AAV hel per functions include both of
t he maj or AAV open reading franes (ORFs), rep and cap. The Rep expression
products have been shown to .possess many functions, including, anong

ot hers: rechgwetn &lls, sl thetermdndliddsiclehind ardEpredéiyn FEhigied, £ fw NG virafl
replication; DNA helicase activity; and nodul ation of transcription rom
AAV (or ot hegctardter ol ogous) pronoters. The Cap expression products supply

20 necessary packagi ng,f tiong. AAV hel per .functi ons are used. herejn to
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to conpl _errenanmmmsecﬁe&e‘su Fahétinal MRedeqaétoes HeRREAEMy 0 the kakkbhg AAV
replication; however, hel per constructs l'ack AAV | TRs and can nelther

replicate nPlipationagd pepleaging efdbe AAN virionp dhus enAAV vestot tsrdefimed herehretof or m

of a plasm 1.d, . Vd rUS,. Qr virion. A nunber of AAV
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pl asmi d§ pAfivtAcnaA TTRY)QIES GBS 2he PTRS AREPANI BE e wﬂ@-tﬁe"@l%kﬂﬁd@!‘@éq%?n&@wde
both Rep and Cap expression products, See, e.g., Samil'ski et al. (1989) J.

Virol . 63; 3gbmapbgalterad, eve by thy irsertign, deletiamgr spbstipntien of resleptides, 20 Idng A

nunber of o ' ' .and/ or Cap
expr essi on H;@(%g%@t%g%s?égaagf%%&ﬂgga%ac?gﬁf%ggn qug%%gefgand 6, 376, 237.
5 The term "accessthiVihelperifinwtions"abfer o AAVnderived\dodiap isv@@nydsivihicik B5H B¢
cellular functi ogs ulp?@ wgh AAV i s dependent for_its replication. Thus,
the term caftRiFesed (qRIgyiee gnGRIadugts fhat, ip Birp.ynctiondnimens foy predudtivat i on,

i ncl udijgg t Eidn N ' 4l i t i ption,
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expr essi on readgdiancs(OREL) remmsd aipa heRupyexpiedsivh pridutia hevt beenahswh to

functions ngssgses ngr{yl ﬁﬂg&ignrs,o' Qcﬁlﬁ%g,o gmgﬁlgeotﬁgrgmcgg%lit?oex{, bﬁdriﬁjgsa%% nicking of the

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 corhplement
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 transducing vector for delivery of a nucleotide sequence

25  ofinterest. AAV helper constructs are commonly used to provide transient expression of
AAV 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. | AAY 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



such as adenovirus, herpesvirus (other than herpes sinplex virus type-1)
and vaccinia virus. The term "accessory function vector" refers generally
to a nuclwiomn3aessdi nol ecul e that includes nucl eoti de sequenaa®Popesowi di ng
accessory functions. An 15 accessory fsunction vector can be transfected

into a suitable host cell, wherein the vector is then capable of
supporting AAV virion production in the host cell. Expressly excluded from
the term ar pmmm Whith eitddRIboREREp ﬁi@@aﬁ&ﬁr@b@%n@fb@icté rselaaé o Samilikietas
adenovi r us, esvirus or vaccinia virus particles. ccessory

function veak 6]r 9 dnVipel. @382%33283MM0Q@WIQ§911{1:991b%a@691 ﬁ&?&ﬁa@%ﬁa Ar
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particul ar, predieeRyiSeds.g. Ul Phtent N6@ 330940 fan@ 3 7628l cati on- and | ate gene
synt hesi s have been shown to be permssive for AAV replication. Ito et

al ., (1970) J. GenTheierm "acepssory funcipns)gefers tetnoa+AAV(dpmq vivilraooggeltla3 17.

Simlarly, t hav. en25 shvvnto
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probably  netoteéiny ahd RWAsthitragy teduire idCAAVIepNcativhGhélaamg tﬁ@b@ﬁﬁleﬁés al .
(1983) Virol og%( 126: 505.  However, adenoviruses def ectrve in the E1

regi on, or YF@ ip agléyation @f AA Y egpedranseription, stags @W’@CMH@RNAA*Xphcmg,
| t
Fepl i cat | on AV ERIA T, b Bk O CarPblbresstR plod Eft ot Hn\ YopsidgSiprpty.

Vrol . 40: 86N1ra‘!{\ﬁa£):3/dd&éb88r31 fmraﬂoﬁpear Wedepived Edmlaiyi df thé kidwn hélp&8AsEy OC.

Nat|. Acad. SA 78 1925; Car et al., (1983) Virol o 126: 505.

Ot her charaék1 CSPRSW% M@%EM%VM&YP ¥a%dlm)n,lasupra;
Jani k et al y;{,d981), supra OCstrove et al., (1980) Virology 104:502); E2A
(Handa et al., (1975) J. Gen.Virol. 29:239; Strauss et al., (1976) J.
Virol. 17: 140 l\/yerl‘he tdrmellaccesfory f\%ﬁ)m Fectdi"rrefers génefato d avcleic aald , (1981)
Proc. Natl. 'ﬁé A 78 29, ers et al (1981) J. Biol. Chem
256: 567) ; 918 ?féérr pinc b RCOYPFMEJIng PRRSFSOTE fitipBhsAD n | CRC

Handboqls of a@&"sé’d}y hrétieR v@&or il lfestf'a?lsﬁgbed S %Q)J.l)tablgﬁogt Q@l’i t e{%.b %anivector is

(1983), supra) and E4 (Carter e supra; Cart er
Al t hough sthﬁdlr@nabif: of hmpaﬁmsdsAleﬁQmpmdmtmnpn@he lhesticddl Exinessly excheied

?Z\Slhln,?s ut a%??fg%eltglp’g gli% m.gft%'ggéfrag ar&;lr egs t?x e)?i\s/temFt)ltatcl)l(géJ %1?81 elnl)\%}'lisng
herpesvirus or vaccinia virus particles. Thus, accessory function vectors can be in 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 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

25  shown to support AAV 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
AAV replication, either directly or indirectly. Laughlin et al., (1982) J. Virol. 41:868;



62: 206- 210, recently reported that. E1B55k is required for AAV virion
production, while E1B19k is not. In addition, International Publication WO
97/ 17458 wods/okdseshushita et al., (1998) Gene Therapy 5: 93a12#by/08descri be
accessory function vectors encoding Warious Ad genes. 15 Particularly
preferred accessory function vectors conprise an adenovirus VA RNA codi ng
regi on, an adenovirus E4 ORF6 codi ng region, an adenovirus E2A 72 kD

codi ng regi Immik etnalad@0o®1)i Pres. R Aeud. Sgi. TESH 7811928) Cater *ESNOUMOBIISVIFIBgy
region | ackin an intact E1B55k coding region. Such vectors are described
in Inter natl%ﬁgiéoiPQimfc@N?@FﬂlZNbAd\mf@mS : E18 @aughlimpetial o(1982) wpprar; t i ng
efficient r Vi ni oduction” is bility. of cessory
functi on ve%\bif el g{%ﬁg’rﬁ‘?ﬁa’ﬁﬁﬂvﬁgt Q‘éﬁ@@é@?@’ ?@%Mﬁgﬁt IE?’B é—fa@da etal.,
sufficient GeRB Mol Y39 igH r,9d ' ' B . st cell

at a level U?tzg)s)‘twgnti'alll ;l/ —e‘ciw%l/’aslrdgggk ?c??c’)'refgg?rézg't X?O?hla?f{dhwe\%lec “coul d be
obt ai ne@ up(U98ONT.eVirob350665; Tayeetrads (1981) \Proe. tNurh cade Sty USYSIS7BIATE Myér§ US -
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ef ficient r#@k (P8 JHekl ChemoR36:a0Th E2BLCarter. rtdenpyissenisted Vimg Helper

virion tite i i h essory v [ _Oor sy W titers

obt ai ned us%cq}l%ﬁ’e@ﬁ? %ﬁéﬁ‘gﬁﬁ’?ﬁ‘ @%a&ﬁzg%gs Qflglﬁ-ﬁ@?nr‘fi’ f%%&m%rl Y,

an accessor ¥, (19839} sipra) 968 B4 (Qartsy &l /11 9839 Pk, @i&ér‘“('l%)?irw ygH ' on

production substantially equivalent to, or greater than, that oBt | ned

usi ng an i n$tudies ofi theaateessory functivns iprovided y edvn0yRBe: hRCHE MR 36 the 20
obt aj ned from an e%val ent nupber. of host cells is not

anount §f v'g@bona.

more t fHn (fodBigFegiondaye produred Candicting SESHIts o Bmmpskicet &b RPN dn¥irok us
i nfection, ) [ af : f . nost
preferably %39?%19: fIF'E:‘):‘r@mrree tB g(%d ﬁ%g,lh?%mqg%erﬁﬂ glﬂ@}’ S’éﬂd‘?@’i’%g&g novi r us
i nfection. Whidg ElBd6kivhoarin additiea, Irntérnateial Pablication WOV 171138 dagen
genetically_altered, e e addition or insertion of a heterol ogous

.g., by th
nucl ei ¢ aci Ma&h%hi%%ttalgrﬂ%‘?& @naﬂlﬂa@y 8:938y945n Agsoyibeiageessory fumetion wectors
conpl ete vi Eﬁ&pﬂ%r\;a{r%ugﬁdsge@@gas a wld-type (mt) AAV virus particle
a li -

(conpri si ng Irear, " Sing tranded AAV nucleic acid genome associated
Wi th ansAAV capsi dpaftiRhRily freffred abdesidiy FurcB8AVEetoss dbBhpRisS hh ABURN ARGV ALO
nucl ei c acid nol ecul es of "éither conplenentary sense, €.g., "sense" or
"ant i sense" RNA coding region, an adenovirus E4 ORF6 coding region, an adenovirus E2A 72 kD

coding region, an adenovirus E1A coding region, and an adenovirus E1B region lacking
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 rAAV 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 TAAV 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



strands, can be packaged into any one AAV virion and both strands are
equally infectious. A "reconbinant AAV virion," or "rAAV virion" is

defi ned hwoaisnigian infectious, replication-defective vircagprpzied7edi ng an
AAV protein shell, encapsidating a 18 heterol ogous nucl eoti de sequence of
interest which is flanked on both sides by AAV I TRs. A rAAV virion is
produced in a suitable host cell which has had an AAV vector, AAV hel per
functions anvhonntoessmons dbtained foorm ahrulmvdlenamm‘tkwbéhdsst ctlls ishosmordthes . t he

host [ 1 bl f d ti t hat
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subsequent gene delivery term"transtectio O reférto the
upt ake of f emehgtobbtitedysizg adenbyirusinfecioel | has been "transfected” when
exogenoys DNA has IBeen in rod ced i.nside the cell nenbrane. A nunber of

transfection technPuEEC Wé‘t‘%{ll? ?eﬁﬁ&mn‘?ﬁhﬁthésmgese@allyehged e®-aham
et al. (19733'%5&?1&@(9&’& é&rﬁ(ﬁ@of aﬁ?éf&ﬁ%%ﬁuseﬁuc?élc a&l&%%kﬁﬁﬁ%k%ﬁﬁ&om ng, a

25 | aboratory manual, Cold Spring Har Laboratories Vis et .
al. (1986) Basic BM"IAd’d% vmoan meantarcoBiphdtogiyys ;Elrmlmsach asunohildhtypetwty! .

(1981) GCene 197. Suc t echni qu can e use ntroduce, one or nore
exogenous DI@AA tP fés(ﬁ?,lﬁplay%a E?&%FGE&’?(%@ tnPE)]ﬁlc\Pé 4 FNOmEd ot her

nucl ei ¢ aci UhiBts t h I [ "

denot es, fo(rasfgiaaggl e, %nléggg?@gir\cﬁ%%ﬁl%gstlﬁéﬂg ar-ﬁ ﬁng s’iﬁ’ag@@ﬁsAﬁ s, and
manmal i14h ceuq:lslc ackdmoleanlegof either tompleientary senseegs "smse'boxé‘rannsenﬁe"an AAV VO
03/018821 P 876 é I}e[aﬁer C ru.ct &ctor lLasm d, an
accessory fﬁ ??1’&’6?&38 ageh Mg %Pn? E‘B&IEP AR ]IYudes t he
progeny of trfectivusgi nal ceII whi ch has been transfected. Thus, a "host

cell" as used herein generally refers to a cell which has been transfected
with an exogenous MAC%@@PJ@%@AVWHF@, déAéNoUuon'hlétdeﬁhedlmrugeaaymof a

singl e paregtal t sary | C t dentic

nor phol ogy or |t}1°$15e rlﬁagi%}érdg?ec lo‘?sﬁ%\ﬁ 188%15 ng qnﬁ?ﬂ‘?é‘ﬁmﬁgraent

due to Ifat uheﬂerolagmmdmalbaﬂlde sequelrRk iobafterea whith iBiflagked ASboth 8RlcHBY QAW t he

term"cell Illi_#ﬁe Al ers.to .a popul ation_of cells capable of continuous or
‘h

prol onged g ‘GVV}O& iy pradyceg ipasuitahle best celd IWIhlth hes had gr AA G vegtor,
AAV helper functions and accessory functions introduced therein. In this manner, the

host cell is rendered capable of encoding AAV 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



10 popul ations derived froma single progenitor cell. It is further known
in the art that spontaneous or induced changes can occur in karyotype
during stwoag®igeitransfer of such clonal popul ations. Themeiror/aecel | s
derived fromthe cell line referred tz may not be precisely identical to
t he- ancestral cells or cultures, and the cell line referred to includes
such variants. 15 The term "heterol ogous" as it relates to nucleic acid

sequences shelperconstoatit/gn AAMEEE lashid] 20QDEdsSIry FREON&88tor, 98 BRef Fansfer
sequences that are not nornally joined together, and/or are not normally

associ at ed WNA Zhe term; in¢lndes tb%ptogemhqusthe anginak eelloviigh has'been éngnsfiacted. a

o . ' ; o e
ot tached ¢ o 15 ubH Rl Phs e B eonbeally ERTED s Bl xS B35 o8 rondidied 2 Pon
with the ot iéth xopémus DNA Sedighes: dt is%ﬁe@mmﬁm@prbgé@f@a%%lgp%&ﬁﬂapn of

a nucl eic aci? construct could include a. coding sequence flanke y
sequences n6&ell M3y Rt necessatbrhegamepietalyidentical in sentabology eniargeaomic erdotal e.

Anot h | ' ' tfuct. — wh th
codi ng. sequonis opreRrftEl & &L BARA GRM A MER Rl BRI s onces

havi ng codensatibnf f erent fromthe native gene). Simlarly, a cell
transformed with a cons@;uc,t 5 which is ot normal Iy present in the cell
woul d be consi der e®S HEEERSFB G ety cell ling refess to pamilation pf eells eapablalofel i ¢

variation o , ' n jve, rise to
het er ol ogougo Q&Bﬁié}%rgfeb&‘éﬁ%?gpﬁh q%i&l(%sg#?\lls ﬁ%u@%&gﬁeg?ﬁgglﬁﬁhﬁﬁe whi ch
"encodd®' apppulationsiderived fromi asingls progemitaricell.c Itds fidthee MhGae i B bethhdts
transcribed (in the case of and trapslated (in, the 30 case of nMRNA)
into a pol yﬁé‘fi}t?‘%@u‘?ﬂ“\? pged Cgle‘fgeﬁ C3 QRSURHERTYAtERG TN Rioragser teansfer of sush WO

D3 0u8621 PEbLAPREOBER. TRABACOR doRyEd hEBLBLAN Kno AR S oy I be |

boundari es of the coding .sequence are determ ne a start

5 (am no) praciselnidentivdl to the amesstatlicolls artaupturesdond the célhbnefdrredtd dachides
termnus. A_coding sequence can include, but is not limted to, cDNA from
pr okaryoti c SUDY VR ryotic nRNA, genom ¢ DNA sequences from prokaryotic or
eukaryatsi c DNA, anghé teeChetey " 8o 1 i b B3 A :

term nati on sequence wl | usudgf)%@gbgs lwgfgd%g%%lﬁ@gﬁg%%%%gﬁge. A
"nucl ei ¢ acPefucHeRg 3 centralfsequentes, deTOks soqueRdes thatquenctaiormihlly jodned capt ur es

sequences t Pc?gtetﬂep,cgn%? aft Yot %erﬁeﬁ?y AIPERE apa e ° u%',\lﬁ‘ ''f.:ilgt(ejrollzf)l\é%ug'}J ch

region of a nucleic acid construct 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'a sequence which "encodes" a particular protein, is a
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



as, but not limted to 4-acetyl cytosine, 8-hydroxy-N6-nethyl adenosi ne, 10
aziridi nyl cytosi ne, pseudoi socytosi ne, 5-(carboxyhydroxyhnethyl) uracil,
5- f | uor ouwaaisto18825- br onour aci | , 5- car boxynet hyl am nonet hylrca/xphi/aaasaci | ,
5- car boxyni et hyl - am nonet hyl uraci |, 20 hydrouracil, inosine,

N6- i sopent enyl adeni ne, 1-nethyl adeni ne, 1- nethyl pseudouracil,

1- met hyl guani ne,- 1-nmet hylinosi ne, 2,2-di nethyl guani ne, - 2-nethyl adeni ne,
2- et hy| guaspprepridte rapulorg\se@sinbes. Themidddriey bPfetBding3edlintBhik\d-AtaR e
7- met hyl guani ne, 5-net hyl am nonet hyl uracil, 5-nmet hoxyam no-

et hyl > 2-1 hPB skl Godonat the ! (FaHRRSYI Al ecanslation stop codon at the 3' (carboxy)

5' - met hoxyc I ' - ethoxyuragi.l .. .

2- met hyl t hi 0~No- 'sgéeg_n%eé%%géledﬁ icﬁ'[g?Eﬁ}dggt#}%géégwg&t?tc%ﬁoﬁmﬂﬁfm?er ,
uraci | - 5- oxypeiaryotie hRINAQ ¥yiuhhie DA BequeRces frban! prtkhdyotitl 6 8BlaRfotic DNA, and
2-thiocytosine, 5-nethyl-2-thiouracil, 2-thiouracil, 4-thiouracil,

5- met hy Pur agYen synthetig seqIeBsssa delfanscrptian temmingtiensteguence vl iusudllydeyacet i ¢

aci d, pseudw&.&éﬁig} to tﬂ%'@&'ﬁhgge u%‘éet hi ocyt osi ne, and 2, 6-di am nopurine. The
term DNA "control” sequence P& s coll ecti vel y to pronoter sequences,

pol yadenyl ati on si griausleictacR1sequents Rfers & DN bORNACKRYBEHES Thé R’ €am
regul atory domains, origins of replication, internal ribosone entry sites

("I'RES"),  efAPiHRes eduensrg that énchure any of thedmewncsse analoanes of PN\AWERNAr suche

replication Lptdan 1] @ | seguence in a

reci pi ent Cgﬁ,}&?ﬁ%{ﬂ%ﬁd%}[ﬁ ?%g'ské&%%?\éfrgo %ﬁu@%%@ﬂ%‘%ﬁoyﬁays be present
so | ondOas utiridingloytdsine, peettoigocytaite) S ¢carboxyhpatkeintdthylpiagil; RRLbGaER],
transcri bed__and traj sgéat ed in ar] appropriate host cell. The term
"promoter” P OTHRAYFARL DRy mathy Wﬁ’&ﬁ?’l'@éh@@r%c& Psmdpxymethyhucl eot i de

30 [ IS : € l-n.t | at or
coquonce i o ROk BuAe ol Giad), SR NS R it IBCARRMGEREI, |
capabl e of pietigilpsgudiidaqihy 1ymethylgeamns) 1imethyliddsirg, 2 2+dimethylgianies, of a
downstream £3' -directio codj ng .sequence, Transcription pronbters can
i ncl 3de " néﬂ?‘ﬁw@gﬁ%ﬁr@)ﬁ?ﬁg@%é?’ 9‘39%}’]8&9?%’8 %P{eﬁlyg%ﬁ?ﬁgw eoti de
sequenqs o1916tﬁbdhylahéxnh@,d@em&%%@h@%})@ggg&ﬁg@gﬁrm, g%m%r?é?'e

cofactor, regulatory protein, i pronot ers
expressi on BrethylZohiovasilebeth-dmapuesyiqueosings Shiviethoxy¢atbay methylueagil; onot er i s
ooneet o SanaRatg, S MnARBo-NeHopilenl taaBiiRe, Tribin- Sokydeen€ Acla

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

2-thiocytosine, 5-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'gt 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



"Operably linked" refers to an arrangenent of elenents wherein the
conponents so described are configured so as to performtheir usual
functi on. wohis®188210 control sequences operably |inked to @caoerigs7eequence
are capabl e of effecting the expressizn of the coding sequence. The control
sequences need not be contiguous with the codi ng sequence, so |long as they
function to direct the expression thereof. Thus, for exanple, intervening
untransl at edeywdd frérasgehe ReEthsie daRBRAST HARINGRNA FSI9Mer:08 bNERItiAingP ONOL er
sequence and the codi ng sequence and the pronoter sequence can still be 15
consi der ed @pEraEPY of p drwastream Bhdirestignhepdingyiegnence. Byanseripticn prdthoteren

referring t . | et sequence, .. hS_mea that t i,ndi cat ed nol ecul e

i s present ?%J?%nﬁieﬁ(\dgubn&ugﬁel éram%egsér{g&e{)efcn ﬁ%*?%f%?gl@%%{?&“f?é&ﬂ‘&%? ecul es
of the sameopytably likes to thié promolepisafduted beah andlie, sothaen kepullos proeicodes a
particul ar polypeptide" refers to a nuclelc acid nolecule which'is

subst antdi al [ele-)2(repressiblgprempisrs” Kwbersiexprgssion ofn palymusieotida seqhenemepesatipde

t he subj ect i.de; ' ec i ncl ude ,so ddi.t i onal
bases or ot Sfet 18k ptinorRlsed o} F P et qR e B ol ie ) il

char act eri st'testitutive peoraetegzdsi ti on. For the purpose of describing the
relative position of nucleotide sequences in a particular nucleic acid

nol ecul e t hr oughout Operablylinksdt refasp i anarrapgement of elemeptsemhezeinshear t i cul ar
| t i d i i - I I n .ll
Mownst r eanPIApILHs SSIAET 28 Porfiulddl s 3o UL met RSk Hillion, This,,e

under stifod icbatrolisequencésepepabdy lihlosd tof colling sequpnenaresapablé Sfeffans te OF

"codi ng" strand of a nmol ecule that is being referred to as Is
convent i onalCXPRssigofthe coding seqpence, ntie oqutiel ssguances rged ot beeentigyaug with

equi val ent " ool V, | L& X : ri from
Che mat fve 1oy ool 3a0edcl ccting O B Blcfitn Lo B3 SHBIsB R Bl THES 160 O™,
r econmbi nant leyamppledintardening viteaniskatddl yet fymtiibeai sequenwes yamechet préseat bétiveén a
function in a nmanner Si ma%to.the referepge AAV nol ecul e to achi eve a

desired res#f m?‘%iF_él}‘e%ﬁeaP SosHng seABTASP CEFORAlGT pRQYBRCESANRER PS
enconpagses cefdfidetdd orReatd AnRiiP kO Hikddinglsequdtns€ pol ypeptides--including any
single or nultiple anm no ‘acid additions,” 5 substitutions and/or deletions
occurring internal By "gsolated't Whenanefeningto anuckeotigle sequence, is memnt dot tteo | ong as
'ntegration;agtl¥d LbideRlRs B?e'sent in the substantial absence of other biological

macromolecules of the same type. Thus, an "isolated nucleic acid 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 understood 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



A "functional honol ogue,” or a "functional equivalent" of a given
adenoviral nucleotide region includes simlar regions derived froma

het er ol ogwox3adssaovi rus serotype, nucl eotide regi ons der ipcadPbr/@tsianot her
virus or froma cellular source, as wal| 10 as reconbi nantly produced or
chem cal ly synthesized pol ynucl eoti des which function in a manner simlar
to the reference nucleotide region to achieve a desired result. Thus, a
functional hosRbRaHy ffodafeddRRBMidaty s%ﬁh&'}ﬁd%%%eg&%s%g&& ﬁﬁ‘@ﬁ@ﬁ gpviral
E2a gene region enconpasses derivatives and anal ogues of such gene

r egi ons- - i nEADRKT sYnRanto shengfazence A Awviimaledude towachiewe & desitedseswdid dituspms

bstituti dlor _del eti i Lthin the 15 regi ons, |
the horol oghiefetaliuolose of ARV BEpes ernltkn/s enramupasirebaietursced soplgpues
function t OO%BM&yMHdUé-fmélﬂdiﬁ%ﬁgylﬁhgl%%r?ﬁult'i;fﬂ! endndiShi®ed ARG, above

background. " Convecti on-enhanced delivery" refers to any non-fanual

del i ver§ of subgttutions and/erdsletions esqurxing intermnallyeoreat thei amino b carboxextenmings of
convect i on-&ghﬁaggce del i ver N CED). ..of AAV can be achi eved by i nfusion
purps or by "SR5t 1% OB Ap SRR ALY ISRADS- 50 descri ption of CED is found
bel ow. The term " canfiritkioRdMéRisTognk? @ A AlictiofaSquiv et 885 pleh AiBhdvirafNd

tissue of the brain and spinal cord of a vertebrate. Thus,” the term
i ncl udes, butcleatidgaegipn includgs similar regionsiderivedfrom a hpit¢ralogowd ddenowisus ocyt es,

cer eobr ospi ' F) ..interstitial spaces. hane rtilage and the
li ke. Regi o%eg&g&’tﬂ?gleé@ ‘?1675\1/0@5 Aenpe ﬁ%@?&‘@&ﬁ“ﬁsﬂ%&?&? ?8%@"1?}'65?9 eo?%“’?]g
and/ or 1buncég &B&nbﬁ@ﬁtl}e?@ﬁﬁ&efd, orlchémitaf{ kyriiet et poBmnutlesti s WHcH ARCREEH a
associated with potor functions, particularly voluntary novenent. The

basal gangl Manng sEBiyde dhe tsference nuplsptidaregion|te pehieves desiredirasultuThey, t he

putamen, th : | i | eus accumbens, the
Subt hal i o an o BoRRipeng'd? b RlcdBBlr ATRAA bHEE reBldh AR SRERYRERZ: eong

put amen, al teginnEncompassas édtivayivés undianhlogiesl of ea¢ISgdne regibiiy-anclfding any single
cytoarchitecht 0{1j ie chenj cal and. physi ol ogic properties and are often
referred t oHEUHR %lm%ﬂﬁ?ﬂdﬁ@#xﬁﬂbﬁl%@q@@@ delghonssoosuring; within ghe

si npl y 15t he ' o =T it GRVEIRS S

Par ki nslts)n' sre%f’;l({dls’Zéndtjlg%l & 6%- glgih?g{s%%r%egé oplﬂ%rnﬁllé&gé gltbl npu%qlﬁir’ll%o taﬁke:é%%?al
gangl i a. Thénctemto suppbit AAV virfdnptodhatioalat levels dptattabletabove Backgemind.

I nt erchangeably herein and refer a yertebrate, preferably a mammal.
Manmal s i ncl ude, but® F‘én%?nl\aP‘fﬁdt‘%ﬁ"?’HYref?sﬁ%fni%’é%“,‘méwﬁlQﬁg‘,’erﬁl?ﬁrﬁ%ﬁj{ts-f arm

ani mal s, SPH the@BhER! of tAOPreB&H Tuvention, examples of convection-enhanced delivery (CED)
of AAV 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,ﬂ 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



An "effective anmbunt” is an anmount sufficient to effect beneficial or
desired results. An effective anobunt can be admnistered in one or nore
adm ni st raDismsss21 appl i cations or dosages. 10 B. Ceneral Metrhimososioe
present invention is based on the suiZrising discovery that AAV vector-
medi ated GDNF gene delivery in a del ayed manner reverses progressive
degenerati on of dopam nergic (DA) neurons, while preserving a functional
ni grostri at @bm@akﬁi&wn dridimp zr"ihe(‘sﬁﬁa%ﬁm "a%&lgibatahﬁﬁinigﬁa,%cr%@gféﬂéﬁ
acceptabl e ani mal nodel for Parkinson's 15 di sease received inj ectlons of
AAV vect or s @ﬁ@n@@sﬂmem\lpmva@gmmdomammlcmruuetl(emw@mgiﬁd ag) or

(3-gal actosi dase (AAV-LacZ) ,i.nto A on,ed triatu ni ng for
FLAG denonstr at ed Fiﬂ aé‘ébjfclla E@gvr‘?“ TGBREFH A ﬁret%gi Wéer%ﬁg"ﬁéﬁbﬂﬁl%l gra
(SN). The dengiréfyr ©fa Vertebfitd) rdﬂrdbl? ma(mm&md fnbMile, Mt BleldR Bind %%té he
striatumand the number of T g ive or.cholera toxin subunit (

neur onald 20 Dyritesy simianp.diuaeang asimals myt@nmabraeldsxegm ficantly great er in

t he. AAV- GDNFf | ag Q n e AAV- Lacz m | ev nd
those of its net ab%?nl !{é@f&{@e ar’bﬂ’é“s‘fﬁ?&f”@ﬁﬁﬁé‘ﬁ@ %ﬁ%?g‘g%n Fﬂr he
AAV- GDNFf ag regults p AaQffeati darbirld ciliBe adiRiisteéd T GHéfor nfdRd %&&hﬁs’&aﬁ&h& h

anat on cal and bi ocheni cal changes Si gnl ficant behavioral recovery was

observed folapbhﬁﬁﬁgnwcé‘%ﬂsf | ag i njection. These data 25 unexpectedly

i ndicate that a del ayed delivery of a GDNF gene using AAV-based delivery
systens is efficacious even after the onset of progressive degeneration.
Accor ditgl v ,B.t GendthERMRtHods Nventi on provides a nethod for treating

neur odegenerat 1 ve di seases and ot her nerve disorders after nerve damage has
al ready WO 03/ 0188The pOsenrae¢oRnds based ondbe surprising discoeéryrthatd AWbadioient s,

the nerve da rkinson's disease or danmaged or jnproperly
functi oni ng %@ﬁ# ﬁg}ggéeﬁ‘%&é@e@eﬂ %deiq?f?gémqnﬁ’érﬁyfe%%Hfogir?ﬁﬂé’ﬁtqeg?ﬂeé%twnbe
used to deli qﬂgg r@gl %]ngﬁl ag j.ent

suffering frog%E) ny o ISR hﬁﬁﬁgﬁro egd}ger at vefﬁg I sor gﬂﬁs 4 aﬁ'g Th

wi t hout [i mpaaioum anntkﬂeulsmnhcsethiﬂman(aE@btablmMﬁmaDmbda foﬁP@l@dson s

scl er os]j ﬁLS) epi |l epsy, Al zheiner's disease, and the like. In addition,

the pr iseasrnsesived indgrtions 0EAAV vecters evpressim\BDNF peged mith BuAGer i ng
from ner ve ORPREE AN -6BNFflag) or B-galactosidase (AAV-LacZ) into the lesioned striatum.

Immunostaining for FLAG demonstrated retrograde transport of GDNFflag to the
substantia nigra (SN). The density of tyrosine hydroxylase (TH)-positive DA fibers in
the striatum and the number of TH-positive or cholera toxin subunit B (CTB, neuronal

UU)

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 presérft invention provides a method for treating

neurodegenerative diseases and other nerve disorders after nerve damage has already



tenporary or permanent cessation of blood flowto parts of the nervous
system as in stroke, or due to exposure to neurotoxins, such as the
cancer chwooBhessapeuti c agents 10- taxol, cisplatin or vimrcmi®di/essér and

Al DS chenot herapeutic agents ddl or dwC, as well as nerve danage from
chroni c netabolic diseases, such as diabetes or renal dysfunction. As

expl ai ned above, GDNF is a protein that nmay be identified in or obtained
fromglial eeitrsdahtprefiatedexttiodirhénts) eher irvedimapeds dud/ ot Barkiln® disease or

speci ficall GDNF iis a dopam nergic neurotrophic protein that is
characteri zé&“?g‘? ﬁéwpwewgmﬁspmpgglomwwwcel - dopani ne uptake on the

mbr yoni nd
Further by i te abr 1oy e pEst Vel Eurlhi<Ba 6 BN BOR b RGHER oot
synpat het i CGDNF/pol@pbﬂtﬁlcs @blﬁwnss e AR FOM 28) 6f sév@ﬁl K&%ﬁ&&h@é ed

protein that exists as a honodiner inits native form Is initially

transl abed @goréeﬁrﬁclpdmgmommmﬁmmoammm GHDMamyopoph:eslaeng of
th | d t.h f th | t
bt oduce ] on SHHHRLRESE SrPo st S (SFisheand ndlkFode Atdition, the pregst gene
giyes 11 Se inQeidriaie/ised b dublybCOBNEQD Matient Suffeind franknetve BARERL Al

s signal pé&ptl

6, 362, 319. Both forns contain a consens e sequence and a
consensus &BPOETY Or pammapeniicesdation of hﬂoo@ﬁswituq;aﬁ%b&enbmbussystm\aage yi el ds
i denti cal 5 am no aci re e forns. Thus, the GDNF

pol ynucl eo%«i{ f?frdg‘l?gg KROSFRto SR &%?@C?We@?meﬁ‘i“t fgentsor bot h
of thege fmaﬁclsﬁmgaoﬁ;@ﬁsﬁﬂ&eaﬁlAM@cmtﬂé éﬁ‘ﬁl:%g eddf ﬁd]?fﬁs%h%&“' €,

t he pro- nol ecul e, the mature GDNF pol ypepti de, gl ca actrve
variants ofDnervedemags fiem chQndemmabdlc dibaxges, sma@wm@emmaarmmeﬂml 27

A nunmber of GDNF p cle m no _.aci ences.are kno Thr ee
representative man&ﬁ%’fg V§e§§g¥€§§p§9t8 ﬂ?‘g' jdgnt W%O%neﬂz and
13 herei n. frbm bélﬁtﬂnarthat%ﬂ%ﬁ@ﬂem&iaﬂiwéﬁ%&&l dfore quence
I's shown in Flgéiaie 11 (SEQID NOS:1 and 2). A'rat GI%F nuc e%tﬁl eégnd

ani no aci d SQRFTERTEIC DU EARbiG PrPtginthaf s eharactqm@m Parmibits ahitidly tb)inemedsea

d ' 13 (SE ,

D Nos TR, ancbtiit B 08 e By R bR B S BF B o B R HetoRAHEER or ot 61°ns

i s about 93néifrmsdami furthenbyits absilisWpsoieté thedsurvival of parasympathetic and :
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 forms 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.



simlarly high degree of honol ogy.. Additional CGDNF nucl eotide and am no
acid sequences are known in the art. See, e.g., U S Patent Nos. 6,221,376
and 6, 363w®1B/0121 and Lin et al., Science (1993) 260: 1130rCTB320f/@76r at and
human sequences, as well as NCBlI acc#ssion nunmbers AY052832, AJ001896,
AF053748, AF063586 and L19063 for human sequences; NCBI accession nunbers
AF184922, AF497634, X92495, NMOL9139 for rat sequences; NCBI accession
nunber AF516767 f oA rungherdf GDINKpolysesestideand MaBlo R6E Smbmies AE1BRYW.
XML22804, NMOL0275, D88351S1, D49921, 15 U36449, U37459, U66195 for nouse
sequences: MNEFSe repieteniatiye mammakian GRdFsequences are dapipted i Bigurgsgdn12 anphéhce

cceser on b SRR OPR a SONE ARTRSRe YRl R P AfTRR b Soalle”

expl ai ned aPbixee IB(SEQfIDtN‘COSﬂ @d QY AGASGDAF MRldotids andirhola2id sIeHﬁérﬁ:@fls such
as sequences substantlalzré honol ogous and.functi onal I¥ equi val ent to 20

these sequefken infigureti2{EQID NOXH andyf)andramonse mupleotidef andaacmanof

ot e SPRenBOlobtah SOHIAEE £ R D NN: dnd ). Pl Heredlof hiSiogy |
nost extens bmlem st and Hﬁhaﬁfpfiﬁéﬁs iaf abBay 93 % 20 af riiEREss GONFEORNVE ot he

neur odegener ati on of dopam nergi ¢ neurons usually by adm nistration of

toxins. 25 Gimilastychigh dtgtjeeof hgmobgyamwwi\mnmwtﬁie@ﬂmmnmadt he
substanti a n ra of ce rats esults | Qaeur

i psi | at er al SSTFREEHT Hbgieé’ﬁ'tl £en £ fr aUphriatent aétﬁ?ﬂmﬁnﬁiﬁtﬁ%ﬂ%ange
i n contygal a e

|1, Contioe 2 sl el shice 1Bk oy 18 A TRNGH AR chdEES wen

ser ot oni ner N@BI aveessiomsumitibrs A YOS5P832] @1J001896, ARQS8748, &m&3|586 B.ndl goes3 to
be closely aligned to the human WO 03/018821 PCT/ JP02/ 08761 28 conditi on.
Ef fi cacy of for Kumansseguences;diehl aGrgssioRmanbars AR §4%2, WﬁMaX%cone

h Kk
i sease oD LABSTE KR SHERSCE NERTARL s8R IR ARSR676 for dYiaie anda °
met hyl - 4- phegyende; N@Bﬁaccmﬁdﬂmﬂs@pmmsm(m“t'ﬁbms\/ﬁmasqsgdﬁhgépﬁt ered to

5 mammal s, such as mce, rats, and nonkeys ‘Admi ni stration o
m)nkeysl5 r emm9,nus74ﬁ?|, w&6ﬁ95 fersmovse Sequeniase Nﬁm aocksparminter AF4GD665

neurons in ntia n ars acts .and s ut also in
Dohmoior ol TbE Nion SnBodsecbitce: KO AR kEsBn aptiber AF 108678 or & Macaca

mulatta sequence; and NCBI accession numbers NM131732 and AF329853 for

zebrafish sequences. As explained above, any of these sequences, as well as variants
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 thé art. For example, the
most extensively used animal models of Parkinson's disease 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 striaturn and substantia nigra pars
compacta with little change in coﬁ_tralateral hemisphere. Similarly, methamphetainine-
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



I n human Par ki nson's di sease patients, such as akinesia and rigid posture.

See, e.g., U S Patent No. 6,362,319. 10 In contrast to the

above- deswoii@assani ral nodel s of Parkinson's di sease, a maT@n2/a@761 nbr ed

strains of mice are avail abl e which d®ronstrate a gradual decline in

dopami nergic cell nunbers. For exanple, a D2 receptor-deficient nouse has

been generated by honol ogous reconbi nati on whose behavi or al

charact eri Sténitiére:S Efiday of B¥RaRiutib afd May B dvaiualedthybeny el uRDaE S

di sease. Fitzgerald et g¥. (199 Bralgn QR%%. 15 608: 21\;‘-) 258. A sgb?éﬂr%d

exanpl e i s using tkeaapomarphiaedindused eotativnahbetawios. a gradual decline in

mesenchephal i ¢ dopam nergi ¢.neuyon nunbers over time up to 40% Verina et
Anttig Barkinss

al . (1997) Exp. Br n5 diseasennadel ig copstrpted using theypguratorin Br ai n

Erez-sentAfBiaigilr%ﬁg'gﬂﬂéﬂgg@# ’et’ggﬁ'%rﬁg%%fg@?@? &;S)Ig? ? ?SPZ%" #é%ﬁ%ég%{ohgnd 20

Certel , SNeunpamhascsuch 49 9fde, Tos 40dd thdReys. A dohinftraBEEbs MPT‘F@%&&J&?@'
ion of DA

injection of 6- OHDA induces progressive retrograde degenerat
neur ons t hafessits oo iméass of dopamigergiseind sefateninérgis neureny iasubstantiai nigras

over 8 to 16 _weeks. Thi ngoi ng depl.eti on.of DA _neurons, mpy be nore
oimilar to BHS canpagedns sHEdin, H ol i habiw mppieiAtions Sitalar 4n thoas shen
nmodel for therdRsyPhkisbH i e'ﬁ?eng cosgl taﬁidéﬁ 0 ' sgructed
by 25 destroying t}ge ITEB#&N 1% ore atrdatl':ﬁtrsl’ %{?rﬂlda?e, t g%é%)f%ﬁ%u% Crrél@%?éé‘rga’pi d
degener at i olJ.8f Pidént Neu§,362,319n t he experinents detail ed below, rats had
exhi bi ted consi stent behavioral deficits before vector injection. The

appear 3fce of aporb ftRst torthe akeverdsserihednimal modelspfParkingen!s disdasep a

b o Ros. (OB GO, o hick b ndRE Wt ARl MG Sectisin 1o
WD 03/ 01882 fop¥elindfie tABHERberd? mpelﬁxﬁplaaa/miregepe@{@%demhohm§ Beeght Dbe

nmore surviving DA neurons than the |evels of Opam ne suggeste
(Javoy- Agi d geaerated by hemodegsius mecombiggion va®se hehaykaal dharacteristicaredemblees,

Brain (1991), 114.2283-2301. Schul zer. et al.., Brain 94) . 509-516). In
the nodel }Jtéoéﬁ Of, BRKATS gﬁ?@e‘ﬁ}m‘ﬁfﬂﬁfﬁwwlﬁ?'t ?%g‘?&éare&ﬁ]s]d#ﬁ KiraincResoned
si de of15SN ¥B8:2272889 A4&iond RRAMAEA Bl s b 654 -
This is conSistent with prOIelvi ousﬁ‘1 st ugi eegvgﬂs#kﬁtgﬁf:P%gﬁggﬁge?%L-lgg%dr&glgr ade
| abel i ng t hdecliberin mdserdheph2ie. ddpHnirebgic ayron moatbetsapico tine(Ufon! 4085 K iVezinaal . |,
Exp. Neurol. (2?009)7 166: 1- 1_5}e or 34%%4 weeks post - :

et al. (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. Ti_xe appearance of apomorphine-induced rotations is -
ggnerally 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



| esion) (Sauer and Certel, Neuroscience (1994) 59:401--415) of FG positive
cells in the lesioned SN. In addition, nost CTB-|abel ed neurons were

TH posi tiwe,03sugggest i ng that 10 part of the nigrostriatal poToPexds7en

remai ned intact at the tinme of AAV vetor injection. Wthout being bound
by a particular theory, these remaining portions of intact nigrostriatal

projections and -DA neurons may serve as substrate for regeneration and

functional nedeldiaye aidictedIBRFhef Bighebé wiITY suﬁwl.?bﬂmdﬁbﬁs @hn ﬂié"l%(lels of

neur odegener ati ve di seases have been described an 15 are useful
eval uat i ng dnpaminesuggssteddJaybfiAgid gt df, Neskosdiehea/d #80) M—Zﬁmlfiaandéyemd des

example. | Nalerh Been 19D IIERPRE A0l Seril eReaT: Brai B 10T 0h 516) e e
model of dd%Pﬁ%?l ‘?eﬁl‘g?‘l‘}ﬁfgegl}%‘:@%ﬁ‘g@?em BR'the B ﬂ%ﬁg’c? Pﬁ@ 8 S8 Was

Oppenhei m et al scribe no

neur odedene 2819 % wf contralatesl vakie at $wedls povy-déstoal. This irEonsivteht HatiPredous| -
(1996) J. Neurosci, 16:2335-2341 descri ‘a_nodel of notor neuron
degener at i oftudieSsmgdl §0roge@ﬁ§i)ﬁaﬁegrwab¢hngoﬁhgt damqrstraied R8ATR3S dajng

desoribed mavurtpR G SR By R Rhlp @i T EH AR I VR i e

to provide Y§&gd)qSAREhd OchBl, N@ﬁids&enc%!ilégng%lmmmrofmﬁgkfeqlwca the

virions (see, e’g., US. Patent No Al t er nat asm d,
cont ai ni ng hesiqred SNintt additios mest ATB-Iabeled mewrons were TH-positive; sﬁg‘gebtmg)mat of
t he well - known og%é)er viruses can be used as the squrce of_ replicative

functi orfs (é’éﬁ nigrpsgiatpl prajection remainegintasiat the timeof AAY sigctogdnjection.

5139, 941 SRtk il 330 S OB LI VB SEBSARY UG PIhSNeD o2n e

wi | d-type AAdigrostoiaal projettionh endDeescuRons mePhdre@hs wbstrhieTof tepoferatibed®i t hr ee
approaches, when used in conbination with a rAAV vector, are each

suffici ent HengsioBalreeovernafter GDbngenadthefappr oaches, well known in the

| b Kill dyc AAV
gr} n gagr e?e??edeem%ﬁ?eq%# grslﬂﬁlné% R’i‘@n@? sol?aa%f"?ﬁeg? éesg: Q?é?‘&gt i on
met hod (sdesard Bl for Sdiditingithe Hefapefdd @ﬁ'iEa f RAVQde1fefth GPNgsed to

produce rAAV virions because this rret hod does not require t e use of an
i nfectious Ipelypucleofidasdn the treatment of neurodegenerative disorders in addition to PD. For

example, Martin et al. (1995) Brain Res. 683:172-178 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 AAV and helper viruses may be used to provide the necessary replicative

25  functions for producing rAAV 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



enabling rAAV virions to be produced w thout any detectabl e hel per virus
present. This is acconplished by use of three vectors for rAAV virion
producti owo @m1g84V 10 hel per function vector, an accessor Ydnmre1/es061 vect or,
and a rAAV expression vector. One of3mskill in the art will appreciate,
however, that the nucleic acid sequences encoded by these vectors can be
provi ded on two or nore vectors in various conbinations. As explai ned
herein, thecdAdbinagdmpithfinfectidboby W;?l@ttﬂ?e ARRORAE prévige theAcedIfyRBplidadRet | on”
sequences (i.e., rep and cap), which function'in trans for productive 15
AAV repl i cafunstiosnd Alree @ppioaches Pwhérensed| i comhinatigiy whithl 20X A Vvectar pare

vector supports f.i ci ent \% or. producti on Wit hout generati ng any .
det ect abl gpﬁﬁc ICI?/‘?trt?(Pﬁ%dAu?F réS&} WRQDSj ﬁ%l&ﬁ'ﬁsap@&ﬂﬁf%ﬁsn?”ﬁgq@ﬂw&tmélﬁamf@ﬁ and
cap genes). : VS, cribed in U S.

Paltoe%t No? %@g(ﬁ)&%ﬁﬁlﬁ% ?igﬁgﬁﬁaﬁggﬁwﬁrﬁgﬁ%@ "hel per function

vector Gan be deri keslpfefemedenbedimeiicofithe presdd invatic ! Dirile randectivap! ai ned
above. For exanple, the AAV helper function vector may have a rep gene
derived frometod descrided v detail émbl. Sidtatens NG (66PR14650) d3s useddoprodiiceIrAAWV  t he
art will recognize that,.other .r and ca ene conbinations, are, possible,
the defi ni ngﬂgi’?fﬂuée o] efdz%fﬁfl?tirte9u‘?%mgd}§f>8??n ‘%‘(\}‘Pth]@ﬁrBFgﬁuction.
The accessopyablinBGAIAWN vitRik b be PEORBE] WitAbR ! 1aRERS Vi pAY 25
derived viral ang/ or cgl | ul ar ftli}nct I ons upog&\xhq?geﬁﬁgAv 1S Jg%éﬁg%%?éﬁor

repl i cat i onThisiis @acconiplisbedbynye 6f thrdei veowty for TAA Vawiriomsprogudtione tanoAa Vi ncl ude

t hose functjions required for AAV replication, including, wthout
| i t ati0on, HEIRE BINAPLYEGLr, AR AGPeFsRIY IWPCHIOR Veslor cid 2A AV xgeassion vector.

transcripti R i f s a?ﬁ%{;@Nﬁ [ Cial) PNAqrepl i cation

synt hesi s o?ﬂgggtsexprzgglﬁ%rwgt e S, gﬁgb%\k}{}g%@ﬁ‘ lassel%%ﬁ“.en sregco%
03/ 018821 P6¥4Hd30 Z£68mEcan BRIprbeided oR 606 66 Rioye {¢ui6ksii® NariG@ cotbiftiionyed from
any of the well-known hel per viruses such as adenovirus, herpesvirus

(ot her than her pesAsicxplaiged\herain, thy AV helpenfingtion venter engodesshe 'AAYV
preferred e | gent.. 4fhe accessory function .pl.asm Ladenop i s used
(details reggl%gﬁ %‘cé@éd%e%%mg? §-%e§%’rﬁ“§ec&l’1’ t@“@“ﬁﬁ?’gmg e POS, YD) .
This 5 13 asm AN RESICaASS afd ERAPSi@AtTONS qﬁrefefratﬂﬁ,etﬁewzs(%eﬁﬁfi RRRALY vEUBFL | ONS
for AAV vector production, but |acks the conponents riecessary to form

repl i cat i onseppoptstedficientadldNovectonproduction without generating any detectable wt AAV

virions (i.e., AAV virions containing functional rep and cap genes). An example of
such a vector, pHLP19 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
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 .other rep and cap. gene combinations are possible, the
defining feature being the ability to support rAAV virion production.
The accessory function vector encodes nucleotide sequences for non-AAV
25  derived viral and/or cellular functions upon which AAV is dependent for replication
(i.e., "accessory functions"). The accessory functions include those functions required
for AAYV 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 products, and AAV capsid assembly. Viral-



In order to further an understanding of the invention, a nore detailed

di scussion is provided bel ow regardi ng reconbi nant AAV expressi on vectors,
AAV hel pewoan@1ss21 accessory functions, conpositions conpriPsivIgoRdv i rions,
as well as delivery of virions. Recodthi nant AAV Expression Vectors

Reconbi nant AAV (rAAV) expression vectors are constructed using known 15
techniques to at | east provide as operatively |linked conponents in the

di rection obased bectasuTy Micbions 62e @drivell 1O bty b WHIEnow hAP&CHiRES Onal
initiation éuigron, the GDNF pol ynucl eotide of interest and a

transcripti |as adenavins i arpesyirus fothditthar berpeosimplexrmintssypad ; andlvacdisid t o

be functional in a na lja scle cell. The resulting cqonstruct which
contains t h¥ el PVE%T@G‘# ?ME@HMH?%OW@B?}MBSW'P%W@? B uged h
functi onal : [ u vV I TR

regi ons are no&ﬁ?gdé-‘e@?%%ggs‘?’%%? F%&ﬁb%&‘@i ez)élg%n% ﬁﬁbﬁgm%ghﬁ@r‘%py
5:793-861; Plasmil, prisvides 4 Ramplevd st d8adebadirhd gdcessoRefilncaéds o AAW vEstBgament al
Virology, 2nd Edition, (B.N Fields -and DM Knipe, eds.) for the AAV-2
sequence. Apredpatren, pyklacknthe fompenenss secgssanhty formaeplicationeentpetent have a 25

w | d-type ”5‘&' eoti de sequence, and may be altered, e.g., by the insertion,
del etion or4“@Q¥EYSt uti on of nucl eotides. Additionall y, AAV I TRs may be

derived from any ' I | -y ik [,on,
ARV T AR, Ay SR SRR e SRR of (B VAN b Mlailel b idsf
Fur t her nor eis psovidedibgow raiReding iresombirzank AA V5 etpressioa veatord, AV Helpseandence in
an AAVlsxpr sc%i an é@g%or need not necessarily be.identi (iﬁilf-&;(fqli.l 30 derived
fromthé saffe-mRY Q8 EOTBROSLRYS SPRPTIEIgE VRIS SV yery L

i nt ended, i vigions. WO 03/ 018821 PCT/JP02/ 08761 32 to allow for excision and

rescue of the sequence of interest froma host cell genonme or vector, and
to allow integration of the DNA nolecule into the recipient cell genone

when AAV ggﬁgﬁ r@ﬁ;ig . ent in the cell. Suitable CGDNF
pol ynucl eo{?R ¢ il réifion Vecd V vectors will be less 5 than about

5 kil obases (kb) i Recnttfinant A @AV Pekppetsion Wettof! drél CorsBubied aSing knoRar abl y
| inked to conir.ol elenents that direct the transcription or expression

t her eofl?i n teRRNIGYES;ta @t leastipronideas aperstivelyrlinkse cemporsatssindbedisestioniofe cont r ol
sequences NELIRELYoRISACI B entd fn@luding a transcriptional initiation region, the GDNF

polynucleotide of interest and a transcriptional termination region. The control elements

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 ITR regions are known. See, e.g., Kotin,
R.M. (1994) Human Gene Therapy 5:793-801; Berns, K.I. "Parvoviridae and their
Réplication" 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 AAV serotype or isolate, so long as they function as intended, i.e.,



the sel ected gene. Alternatively, heterol ogous control sequences can be
enpl oyed. Useful heterol ogous control sequences generally include those
derived fwomsgesgaences 10 encodi ng manmal i an or viral genesT/JBREIRIbES

i nclude, but are not limted to, neu3on-specific enolase pronoter, a G-AP
pronoter, the SV40 early pronoter, nouse manmmary  tunor virus LTR pronoter,
adenovirus major |late pronoter (Ad MLP); a herpes sinplex virus (HSV)

pronoter, atsyleNEsaxeisiontmd T oPthe IBGRhcS O RteASt Bf 2 LW cdl bl g early

pronoter region (CWIE), a rous sarconma virus (RSV) pronoter, synthetic
promot ers, KNpeier, @ng foailave indegratinn efithe DNdemoleguleduiotthe recipien celh gesomewhee d

from nonvira nes. such as the rine tal | ot hi onein gene, wll also

find use helAé'%‘X%eegtﬁ?He pboﬁggsta%erprg%egxg%gggggre commercially available from
e.g., Stratagene ( Saflatl GNF 5élnuciffideMo1Ecuéseds L in VA Vectdhl will traklor s
t he GDNE pol ynucl eotide nol ecul e of interest bounded by AAV I TRs, can be

const ruct ed ot kilgbaseskb) invize: heselected palynadestidp sequencs js operablpn AAV

genone whi ch: |.ar \Yj n_reading franes .("ORFs") excised

t her ef rom @1& g‘?“;% ;AF %gglg&!é# 8 t“hdgé}&ﬁ%%g"e‘ﬁ%“%%‘ﬂ‘ Y& 3“’538?1 ggéet"’é & S"Séunge%g
as a suffi ciievivopSuéh eshtel elefifents BRE coraphéatontrobédqa¥ick® hornfillyi asdticiAdk it
packagi ng functions. Such constructs can be designed using'techniques well

known in t hdh&gelectedegene. Altgmatively, heterplogeusgpatrobsenuences sarbriersploged. 941 ;

and W0 031 03E8H Aetefosdt Db M chles By fnct B ey 2 PR RenGEs oo
Cel | . HOl . eAc@BfiBmanilianioneitalgents. Exan{pld30dluigbat Moot BRitt@rd,d Spri ng

Har bor Laboratory Press); Carter (1992) Current Opinion in Biotechnol ogy
3: 533-539; R?ﬁ%ﬂ?&zspsmgi GoOIRSeRIPMIFE, Promoter, dhodY 40 earlrprometernmbuse

(3503 30" o st g L AL,
179: 1867- 18 hrpes\Enti¢:0 tB8AH N promot, s Htcmegabvitul 6CNEV) premyter MY ds Hs can
be exci sed fdl\g.s?.t he viral .genone or ,frg(En n_. AAV vector containing the sane
and fused 5' dl%nedbﬁte&arggpré’é‘i"éﬂ TERIeR M@L&@%@r%mm&@ﬂ)@rwe@ém

I n anotjwper ' t hgat | Ny :

dosori bod. 1 57 Cooc HShiers HFBAR poroBR i ing F i biiior? Mol WA fom
acconpl i she@onyird @esesyichrasshadnurine Mmetllothioneid gdpelRill 4160 find DeTherda. Sgét

|BngAés (ZIa.Oa[ﬂVB %g?wFIN%SPF%%g ta‘%r@rgxg&r:ial )9 a%iégg’ﬁ'oorh,oe%é.?sggta e\ﬁ%'@asﬁ Dlijergo} (SfA-)r.4 DNA

The AAYV expression vector which harbors the GDNF polynucleotide molecule
of interest bounded by AAV fTRs, 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; Muzyczlka (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.



ligation) or 1 nmM ATP, 0.3-0.6 (Weiss) units T4 DNA |igase at 14C (for
"blunt end" Iligation). Internolecular "sticky end" ligations are usually
per f or medwato3®@sst00 gg/ M total DNA concentrations (5-10@arMponesaél end
concentration). AAV vectors which 10 &ontain | TRs have been described in,
e.g., US Patent no. 5,139,941. In particular, several AAV vectors are
described therein which are available fromthe Anmerican Type Culture

Col | ection (" ATCC' AlterRdevel \AAVITRE chB® EXcSsed Fote theddrl Senorildrom 3425  and

53226. Additionally, chineric genes can be produced synthetically to
i ncl ude AAVAAMVECHIY contpiing ge sameand &eped 'S’ and' of a s¢legtednunlcinueid constart ed

nucl ei ¢ aci u ) referred. codons f.or..expression of, t chimeric
gene sequen@é‘?ﬁg’r%lgﬁmﬁélapgﬁe & crrélsm.gésga'n aréi&}gaggn %é: :cluqﬁ,lgu césFe chineric
sequence i sd&@sHBEDINSAntYTOoR E1\4E! 5:1aPR] Bér exdhriply ligsti SHalchal B8 alioRBAREN #Y20
standard net hods. See 1981) Nature 292:756; Nanbair et al.

. e.g., Edge (
(1984) Bci ombd Tois€CipEhds; JayMMelL,, {00udaDTT, 38iaimi BHAMO tSOmuENsGa11.

20 For th ' 44 - Syj t.ahl t || R qduci
R e
celI's, inseligationybt $ mMIITPHBYOI6 (Weissy uhiss T4 DNA Gamkee 14T (RavEluResar used

as recipients of a_ heterol opgous. DNA nol ecul e and that are capabl e of

growt h i n shig¥iondi Briermolecyias "sticky end' kigatiens argasuallyperforogd lﬁ'ly3QaiOQ hg/nal
i gi nal ' ! . 25
her o1 - geneo SR LoHARRRED (< rHONE Corhond ESHGEnnion) AT Nekiord Vit

exoggplcbOS Dbdﬁc?tainld'dmeﬁmbeﬁﬂldb&r%emh},]@@eA[iSa.bdtentm_?m3gllﬂ. mmcg??% .

, €.0., . t t
ndor AbcosSei KN arcimbats Esbiboiiorsinavhish RapRUBbIe fFoprboghaeiandyos ¢ he
present inv Wolre -1 ' WTye:TeN [ '
enbryoni c kiegtr?g%rt(::oeq%?ﬁ?lii gg'[ﬁ%?uﬁg%%%en trlgﬁ?bgr%ég?%%? %igég%e:ﬁrgggstype%
30 DNA fragameh$3226G aham et al. (1977) J. Gen. Virol. 36:59), and expresses

t he adenoviral WO 03/018821 PCT/JP02/ 08761 34 Eta and. El b genes (Aiello et
al . (1979) Virol oggﬁél%.ﬂa%&ﬁﬂféwﬁge%% eIpF‘_?ﬂélcF fmcﬁ}yt‘{mﬁh‘# ¥d, and
provi des a DR kédudhéds!atrafi Vs Bh@ 3t ofidha bf Riofe dlectdd rﬁf&leti@ia_lo‘e?&g Efic ARV

virions. 5 AAV Hel per Functions Host cql' s containing t - descri bed
AAV expr essPrsfervesteodons fonsxprossion of the chimeric gene sequence in mammalian muscle

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 AAV 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



rendered capabl e of providing AAV hel per functions in order to replicate
and encapsidate the nucl eotide sequences flanked by the AAV ITRs to
produce rwd\03wiss2ons. AAV hel per functions are generally peAsPdBOSTYEd
codi ng sequences whi ch can be expressa&d to 10 provi de AAV gene products
that, in turn, function in trans for productive AAV replication. AAV
hel per functions are used herein to conpl enent necessary AAV functions

that are mESh&ﬂdEwgbﬁdQQAMM 4D BB PirolRy081450 Tmbszw%ﬂlhﬁhp%adn
functions include one, both of the major AAV ORFs, nanely the rep and

cap coding ﬂ’é‘éﬁ%?é ang prqvl!df@tal nsrtigulasbrasnveniens plaiforman which Byproduae tAAY
codi ng regi 9{}1 Fs meant the art-recognized region of the AAV genone which
encodes the replication proteins Rep 78, Rep 68, Rep 52 and Rep 40. These
Rep expression products have been shown to possess nany functions,

i ncluding recognition, binding and nicking of the AAV origin of DNA
replicadi on&ﬂ&EMEEEMaCt ivity and nmodul ation of transcription from
AAV. (or other hete Pr o b reSS| on rodu S are
col l ectively requi %@gt ﬂg%mjﬂf Ca ?n%ovteh‘{e)esﬁﬁie?dagﬂg res%%‘? v%{: ?E?I on of

the AAV r eprenddied@apatgé Ofprosiing AAY helpdt Fwrictions Mrdér]tSQ?ﬁhcﬁlérzhﬁ%hca -Eﬁﬁte.cs
in Mcrobiol. and | munol. 158:97-129; and Kotin, R M (1994) Hurran

Therapy 5: 78% Wkouéﬁﬁﬁ%m‘eesfﬂ?ﬁ%?%‘@h% AdyV {RRs ﬂsmww 0 NglqnéglAd’:Vl ncI ude

:[Ag\e/i 2 " mn 2 g aﬁ’g‘gﬁﬂ cation .%éﬁgg%@%ﬁg?degﬁ@& f %ﬁ? ‘f\‘}? r%F 3’&1/&?%2?: ‘P%%da}o By

"AAV cdf copfowddAgJ\bgeneipSOdt&w‘thatt iretusy, furiceion gniraesdior pdactivf ARNe AAV
genome whi ch ncodes the ap5| d proteins, VP1, VP2, and VP3, or functional
horol ogues T durstigpe atsiused heteide pemplenient necksapad A¥gi ng

Lonet L ane i e tﬁeumsi& ﬂa%ggx?ﬁqegsmnﬁ%@%mg I ipg) genom:

For a description o regi on, see czka, N

and Kotin, Rlﬂktho(lsmphml): onH)@r%tH)dﬁBemaRﬁWAWMﬁﬁﬁelyﬁe #sp\dndelp ebding
functions are.intro &9 he host cell by transfecting the host ceII
with an AAVTT‘%?IHePr ﬁg‘f ?m8°§H%sr pPor to, or concurrently with, the

transfestion of - tig "M/ eXPESSSE fé@lo‘ﬁe?stxﬁéantﬁﬁ\érh?éc ERiBloh\ TR AAY | hus
used to provide at [east transient expression of ep alid/ or "cap genes
to conpl eme8enome which ensndes thmhcamwa prdteins Rep 7&d&qsé&rﬂppf5drmnrknptﬁﬂt ive AAV
| nfection. eseri-gepD ee)crpress{(])%tpw&ucgs haYe ll()een shown to possess many functions, including
recognition, binding and nicking of the AAV origin of DNA replication, DNA helicase

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
T opics 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 (HHV-6) rep gene which is also known to mediate AAV-2 DNA
25  replication (Thomson et al. (1994) Virology 204:304-311).

By "AAV 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).



AAV | TRs and can neither replicate nor package thensel ves. These constructs
can be in the formof a plasm d, phage, transposon, cosmd, virus, or
virion. Awoushess2of AAV hel per constructs have been descr iPloadiposesobn as t he
commonl y used plasm ds pAAV/ Ad and pl M29+45 whi ch encode both Rep and Cap
10 expression products. See, e.g., 88nulski et al. (1989) J. Virol.

63: 3822-3828; and MCarty et al. (1991) J. Virol. 65:2936-2945. A nunber
of other vectors hawy heper ﬁlﬂﬁﬁﬁl@bﬂﬁﬂh’%ﬂ&ﬂuﬁﬂwsm%ﬂ@ fecEﬁche\;;ost
expression products. See, g., US. Patent No 5,139,941. Both

expr essi on G&kwithanAV helpeneonsarcteithen prics e, annawrenﬁyx Mnﬁluﬂleeﬂnsfectldrﬁof

Ot onal rk | ud
gence whi cniSeoRPaoRRbgReE AT R BRLCEBre R b2 opaov1$ Il ool or

to, or changgnsidif eRprecsINbCAAV P ABUDE bdp gdies & cdnhi&RemhissingAioh have been
transfected with a nucleic acid construct. containing the se ect abl e nmar ker

when t hé cefunstignsthat aamesessay, fqmmwnvaAé\énﬁmmnvéA%dpmomm back
_sel ect abl e r\k?nggr;Heg td@ﬁﬁeﬁr C%G‘kgﬁ’éa{!‘ég@bcg%ﬁ Cti ce of the_ i nvention 20

i ncl ude t he hygionyci h 8 TFesT s thHEes “Ami nogl ycosi de

phosphot r anf er ase Théb?ths&d&&tcaﬁbee&Bﬂrﬁﬁfapmsmm pﬁggmh §cﬁi,|c§sr£§)ﬂ,
conferring resistance to 418 (available from Sigma Low S,

O her sui t aBireS; Ok Vitims A pemRereifrAAY belpst eonstructs have been dpw@bs@,tsucmss t'hAv

capable of  StabloBR st RISl SEM/ASEMEARIRTUS bl ol Bb R BRm Sobons

in olr ddOd'; oexpreslxtllmzlepmdwas er’ej ags Samﬂbﬁa&ﬁr(wgps\l\)/ UcVirgns:;aggz.ltaMf d?er i ved

vira an (0] C ul a ctlons, upon |1 S ependen or 1ts

r eplt i cati oné“’f‘fﬁ‘&@ S-L&@QBJ & an@{) 2952949 | A gumber of orler Vﬁﬁ@?éasgbmmAAV o
roteins an s%%éd (0] C Se

03/ 018821 PESTTR) Ge%w%egﬁé}inédvgfd? cci’B| en%t\a%{l:&\%toﬁgﬁg ?eeAﬁ% wjg ﬁ&eﬁt%

transcripti 6;1,39,94th specific AAV nRNA splicing, AAV DNA repI i cation,

synthesis of Cap e roducts and SI d assenbly. Viral- based

accessory functi onégwe’@ ?WBHe‘ftPﬁrﬂngm elPRECODSBHFTS fall brgonsiragtedto | n
articylsar, I sed

p ulsar , cHRERTHe anfdi‘é‘S% ms&&&b@@mm#&t Ose@ﬂﬁtgﬂ'lo Sﬁgﬁﬁf&n&d&%ﬁ&%ﬁﬁ

in 5 host cells usin ods known to In the ar
Typi cal |y, a@tfelsaumb;ottqmastamesor sensitivity to, impart color to, or change the antigenic

characteristics 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 nonAAVAderived 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



are provided by infection of the host cells with an unrel ated hel per virus.
A nunber of suitable hel per viruses are known, including adenoviruses;

her pesvi rowoas/0sgseh as herpes sinplex virus types 1 and 2;pcaraox@soei ni a
viruses. Nonviral accessory functions will also find use herein, such as

t hose provided by cell synchronizati3én using any of various 10 known
agents. See, e.g., Buller et al. (1981) J. Virol. 40:241-247; MPherson et
al . (1985) involvell dgctivifion 4T AAA2genBaiahediphion, sigeabecifid A6) mMANA!BHYn

152:110-117. Al ternatively, accessory functions can be provided usi %’g an
accessory faac DO (epdictiors synibesisnfCapieapressigeproducty and WAS/ capsideasserbly.

6, 004, 797 a i ubl i catipn WO 01/.83797. Nucl ei c acid
sequences p?gﬁ-\% 'ﬁ%sﬁg '&?%3?03@ (If:.“en < §8psycan%§ @HX%?%W@X 8 ﬁlfé“’(?@?&f‘“‘?@& VEE
natural sources, skpariiculdr 8teisosy BANMIER ch bathtroddediomid 443 (R iprbBed BY
constructed using reconbinant or synthetic nethods known in the art. As

expl ai néd abesieells usingmethodhkrpyymioshessraf gkillinthe 216 Typitallyo aqresaoen fungfions

denovi ar e ' f ' f ions. . |
par 11 oul ar , HeRonBt by e B e o S B BBt MR CRfiobert gene
synthesi s hsuitabhetelpez diraksuife ktowas; intfuding sdenevinies; M¥pes Giblses AldhQR helge 1

al., (1970) J. Gen. Virol. 9:243;, |Ishibashi et al, (1971) Virology 45:317.
Sinmlarly, PHRPAHREINSYPES ade2; ppgvagsiniEviruses g Nopwiral gacassass anctiooswill also
support AAV. | 4.0 W]t ] | t . . regions.are

ot obabl y nofhd Byt Yheh o el 5 celt ncheohiltGn ing 187 of Vil
(1983) 10i r oknmyyn 4Gt BFee, g Bubier,et all 1981 ) JUSes. 4RD4TRUT MEPhekddd dehl. r €9i on,

or having 2 et ed reqion re_unabl e to support AAV replication.
Thus, E1A aa&%ég%@é'gbﬂ’zﬁ‘g&& @?Ofeéﬁmlré&sﬁb}”m&@'i&j“%ﬁ{on, ei t her
directly or indire ; | t . . : : ewaani k et
al., (1981) Proc. Alteabatib i HRe4doy ﬂﬁ?ﬂ"%?’%ﬁz@p’ sd iib'an ac%%?s%??mgyn
Virol ogy 128eckaas defihed atmivar Se¢,erg., /8.8, RdtentiNan6 D047 waid IntefBtiofdlaughl i n et
al . (1982), _supra; nik et al. (1981), supra; Ostrove et al., (1980) WO
03/ 018821 PRIY Qﬁégﬁéﬁ() 0483797 iq geid seguencesproyidingthe eeceasory (1975)
J. CGengsVir 20" : : tal o 7 | . - 14Q; Myers et
al ., (1380) ﬁlj’."“@%@?“s%@fﬁ?g‘yme.Ialaﬁ°.“,£°]e?’1 E%S%Eﬁ*e st Skan ) °e;
USA. 78: 2927 addvipeirss partiele, or EdEhted usiBy @bcontBigiit of BRItE&C) methdd laldwWil &' -
Adeno- Associ ated Virus Hel per Functions, in | CRC Handbook of Parvoviruses

5 (P. Tijsst§ aH. As explgined abgve, dthas deerederaonstratedabat the fiyll-egmplementrof ( Car t er

et al

- ( 19832\denovirus 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 i243;
Ishibashi et al, (1971) Virology 45:317. Similarly, mutants within the E2B and E3
regions-have been shown to support AAV replication, indicating that the E2B and E3
regions are probably not involved in providing 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 78:1925;
Carter et al., (1983) Virology 126:505. Other characterized Ad mutants include: E1B
(Laughlin et al. (1982)‘, supra; Janik et al. (1981), supra; Ostrove et al., (1980)



supra; Carter (1995)). Although studies of the accessory functions provided
by adenoviruses having nmutations in the EL1B codi ng regi on have produced
conflictiwgosnessaits, Sarulski et al., (1988) J. Virol. 62cCAD®eR2d0¢1
recently reported that E1B55k is required for AAV virion production, while
E1B19k is not. In addition, Internati’onal 10 Publication WO 97/17458 and
Mat shushita et al., (1998) Gene Therapy 5:938-945, describe accessory

function vetirolsgycl0amBtiNIEYAR (Hakth A4 gEISTS) JPEEA. Ve, 229: 239”Sﬁfaﬁ§§ adi.,
accessory function vectors conprise an adenovirus VA~ RNA codi ng redion, an

adengw rus EPTORF6Virokildyl40e dysns etaal., a(b%ﬁfg\.lt Virol. 3506652 Jk)Det aiqc(lilﬂsjll?rlep@bi)g

E
Mtact 1SR aah ot s as B0t Wl SRBthe BTt spedy BB anal
Publ i cati on(cd¥er, WReRLASSLdled VEuHEDBSEENARGS iR CRY HalGf mf?’ Phorihifes 05!

cell W|tha el per virus, or ction o

accessoby f @ cTijsen edzc t1990)) PES ¢Cartariet AU (L9839 \upra)e an@Eﬁr(Qlﬁﬁ@xdetVdI' i(£483),
transactivate the AA per construct to produce AAV Rep and/or 20 p

proteins. TW’ReEaﬁﬁfp@@ga)orﬁlﬁmﬁﬂhémgleé?& ﬂ@eacpmow@mmm@mvmwbx. ncl udi ng

th DNA of t \ t t |
1o TR AR IS B b S "

t d dnfifls d
[t o capsi dfesuficinaski ceELIAOBEYY. WA GR06RI0 s“’e%ﬂf&’é i Eiesoe %S'r AR
virions. 25r¢qnuned\fomgAF\émm| praduanA\AvhﬂaanilB 8k mot.r M\hﬂdltwm ,dafergA{dpnlE

i f f | f

et hoadd s Hbtcates o7 Eidssirma Mrsbla ciah, (ol Game Tmeram S948-94%c.  For
exanpl e, a BLdsrBk aEé’es§Ur¥%’ﬁdt‘i'5H veltdEd Jdcﬁ&h%%n&ﬁse,gﬁ £ nﬁ# be used, such as

purification over an anfon exchange colum and/or a

cation exchange coPumiculafg@referred emswrye ﬂ:ﬂcﬁbﬁﬁzﬂ@bts%&ﬁipn‘é@a@ﬁ&%%ﬁ%&VA
PCT/ JP02/ 08761 38 Publication No. WD 02/ 12455. Further, if infection iIs

enpl oyed to%ﬁ@@@gm@n,aeeémrys Eﬁﬁl&ﬁémdmgrre@pmmmewms E2A 72kPan be

I nacti vat ed Qvliru
i nacti vat ed %y %P%ll Ag to %R/mgeirgzli uresggéﬁggﬁglp ﬁ%ﬂ%}fy g&%éﬂ@%}a"@’& ,
m nut edSor ewimact B1BS5k beahgwgoxefstﬁﬁtvlemi’swré ded&ﬁbéd Wehfenabiohyl Fubficigddoer
virus since,p nely heat stable while the hel per

| bﬁ%&%ﬁ?%f 'y h ble while the hel

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 TAAV 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, ‘e_md 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



adenovirus is heat labile. The resulting rAAV virions containing the GDNF
nucl eoti de sequence of interest can then be used for gene delivery using

t he techmvoguemissescri bed bel ow. 10 Conpositions ConpositipamaPod/észéiconpri se
sufficient genetic material to produce a therapeutically effective anount
of the GDNF of interest, i.e., an afBunt sufficient to reduce or
aneliorate synptons of the disease state in question or an anount
sufficient Pallication Bo. WO 02424560 Haether,iif infattiondo empkiyed tmexpsedsl thal so
contain a pharnmaceutically 1 uaggcept abl e excipient. Such excipients include

any phar mac¥GESOL MOGHORS, TEs glperprus Gandeinactivaisd cusing knowe methasls. of

ant i bodi es 21 11d], Vi . Lving. t siti.on, and which
may be adm ?”@r;%{eakﬁé) ’\%Id. (())vl}#dg Sér%&g'i‘?ﬂ(%}%f’%?@%%&%@é%@?% ?%/o accept abl e
exci pients ambmmeéjaapo@rf@r,reog., R0 Fih@es bPmofed! Phis HeatrAdhy e?ffect‘i‘}ézy various
TVEEN conpounds, and liquids such as water, saline, glycerol and ethanol.
20 Phar fraceinattivatesyondy thephedper oiruaisinse AV iscextremielyibeht tstabteewhile fherhetpeanpl e,
m neral acid, salts, uch]g hydrochl ori des, hydrobroni des, phosphates,
sul f at es, a?ﬁ?nf’ﬁ’éuq’isa‘@?t ﬁﬁe't he salts of organic acids such as acetates,
propi onates, malo e Sirs Afidd R uxid i ary
subst ances, such ggﬁ ﬁ/efets}tl?ﬁ 4%?\@%}0??%1}1 ng zggtlgﬁ'thDle‘glq#ulgiﬁﬁ P@ér %ér%‘egce Otj
subst ances, intereisttchs theinkee, used Yorgenp delwdty using Shectechsiidy dScrithdtiedswugh

di scussi on of 25 pharnaceutically acceptable excipients is available in
REM NGTON' S PHARMACEUTI CAL SCI ENCES (Mack Pub. Co., N.J. 1991). One
parti c%ar I l’fo;fiﬁgiﬂbnsf ornul ati on conprises reconbi nant AAV virions in

combi nat'i on or nore dihydric or polyhydric alcohols, and,
optionally, a detes@psditiorsieill @mptise uficical &ﬁafti%rmatecl‘?ﬁ’tofp%dlﬁ\é/\%”p' e,

I nternational Publication No. WO 03/018821 PCT/JP02/08761" 39 00/ 32233.
As is appar thgrapeutically effectivd amourit of thecGBNF ofrinteresty iod., ainembentcduifficientad t hi s
specificatio an effectjve am)unéfetﬁf viral vector which nust be added can

be enpiri cHAPES ARTBrHATA PYMBIOMSQEME HiSease SHAS M qUESHOR BF AR ARGUEuffgient
e : f Sent at ; e _
Adm ni strat tooébn‘féi' rlhé d@ﬁl‘ﬁ ﬂeﬁ@ﬁte dTﬁenCum sﬂﬁﬁ? Wll(f %BICB%E@% ﬁléﬁ{:ﬁac%t{cgp% ni ng

intermttently throughout the course treat nent.
the nod6 ef eeeptable exeipient.aSdcllesdgjests diclude any pharmaceutical agent that does not

itself induce the production of antibodies harmful to the individual receiving the

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, hiydrobromides, phosphates, sulfates, and the like; and the

salts of organic acids such as acetates, propionates, malonates, benzoates, and the like.
Additionally, auxiliary substances, such as wetting or emulsifying agents, pH buffering
substances, 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 particularly useful formulation comprises recombinant AAV 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.



adm nistration are well known to those of skill in the art and will vary
with the viral vector, the conposition of the therapy, the target cells,
and t he swiojisotssbei ng treated. Single and nultipl e adm nipstrvjebi/esiel can be
carried out with the dose level and pattern 10 being selected by the
treating physician. It shoul d be und@ stood that nore than one transgene
can be expressed by the delivered reconbinant virion. Alternatively,
separate veWOH/3238h expressing one or nore different transgenes, can
al so be delivered to the CNS as described herein. Furthernore, it is also
i nt ended that the WQisihappasentde thageskilled ivthiowart ineviewe ofi tteadhingseof 1hispr esent

I nvention be combi.ned wit.h .other suitable co sitions a t herapi es. For

i nst ance, PHRICHHRDANSAHPLCCLVE aE’QHmb‘éf[‘Haié{F“éﬁrng C d’é‘!ﬁ?\gﬁiagg@r?aﬁd’ea

r ecombi nant icalil 'deRPmSaea" ' I . Jamnl: 0l Q. the

caudat e nucféﬁglcgp S’|5f8t anen of ?E@n@%ﬁ%ﬁ?x@%ﬁa@ieﬁo %né%&ﬁ?@&%@ch as

AADC, ddpanbeeffpeted inf 608 doses centinubuglp painternindlitly thedughebt tHeairs@ef synt hesi s

(e.g., carbidopa), inhibitors of:dopam ne ‘catabolism?20 (e.g., oB

i nhi bi t or s) readsaki Methedsnisletermining, thggoest sffectivermenns andidnsagesofd prior or

subsequent to or. sinultanequysl L th the reconbinant. vition encodi ng  GDNF.
é‘,"" JEL Oﬁeargﬁlgggﬁnﬂé'nﬁngékgsggﬁsgﬁ%Mﬁp@y@ﬁgﬁwﬂgn@ﬂ@ al ong

For exanpl

e
with the geBRoE£REOE ENFof (e % PG : i dopa,
may be adm ni st epgg d')sl?g(t) em c%ﬁ%@#ﬁﬂ}{'ﬁ%& y?é!%s%‘gﬂ %opamlbge@%llx%#e?%a'
natural |y dSjuglt aufl innitipile adibingsitatiens can bescarsad outewith therdose lvelardlypAREC
which is able to convert L-dopa into, dopam ne. Were the transgene is
under tie c ﬁ‘PSéFleﬁﬁedg’Mmﬁgﬁ'{’:‘P’fﬂ@yﬁwmter, certain systenmically delivered

conmpounds. such as g(r;?r%jtl@tt?er rstdS R 55 had géer ?%Ig%&eca%rbeaegpir n g@y 8’.’?‘28 ’1

adm nistered in or egul ate expression o ransgen

PCT/ JP02/ 08 déliveréd rdoebireany viefonA/Mteérhativels sEpaateivietory, eAdlexrédsipsod®or be
introduced into cells of the CNS using either in vivo or in vitro (also

termed ex vimess diffaaridtansgenss. caatalsohecdeliveredite the GNSasidesdringd hemrinonal
damage. |If ced..i.n vitro, .t sired recipient cell wl e renoved
from 5 the%ﬁt&é&r&rg RN, %w%nﬁ%%%ﬂﬁ\ﬁeﬁ%sn&lgﬁffd?@ %Fr%iﬂ‘gd)fith? o the
subj ect1s Al pRisHitinVétibn BRI otfENBBRI CngRkinont 3 BRratal HGer e
those cells will not generate an inappropriate I'nmmune response 1 n the

subj ect . AddistangeaParkinsor’sdidease can be treated by coadministering a recombinant AAV

virion expressing GDNF into the CNS (e. g., into the candate nucleus or putamen of the

O

—

striatum) and additional agents, such as AADC, dopamine precursors (e.g., L-dopa),
. 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, apparently 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.



progenitor cells can be transduced in vitro and then delivered to the CNS.
Suitable nmethods for the delivery and introduction of transduced cells into
a 10 subjwotoslassel been descri bed. For exanple, cells can reTliPeaisdeiced i n
vitro by conbining reconbinant AAV virions with cells to be transduced in
appropriate nedia, and those cells4farboring the DNA of interest can be
screened usi ng conventional techniques such as Southern blots and/or PCR,
or by usi ngDetivestafAaVndiriodss. Transduced cells can then be fornul ated
into pharmaceutical conpositions, as described above, and the conposition
15 introduced int ORFP@HEIBBIP%AVWHQ@@@U@ introtudedunte calls dbthe ONR:usibgel ow, in

one or nore_.fdoses. For. in vivo.deli,very,.the.rAAV vi,ri.ons will be . .

f or nul at ed Flntﬁ% "6?1’3’ r%é%ﬁ’?rioc@éo tTBITH 6 ivﬁ' Pb&%ﬂsgﬂﬁloéﬁgcmq% [QUSYPIERIStAgy be
admi ni st er egeghionfiCdadnyageN IF B8nddRHIGALEF. LN iRk [ f tive
dose wi || ingl t?de on t'he order oqu?r fgfrjno,aboutﬁﬁ%&ﬁ%ﬁ%g@i@%@bg?&{x%&ﬂrﬁ

vi rions,5 noihe gubiect trabsduced WithoAAO1 girioas dndreiniradoced inteethe salijeat. about 108

to 10" of t r AAV virions (or viral. ones, also terned "vg"), or any
val ue i ¢hi AerTAENE, Singdicic bEfenbaricye SR G Be wiedthers Hrosepelsmbiast i on
w1 be del isgkgdreid an oS vt imrni e . s erably
about 0. 05 tgo z;bmﬁl Oﬁ% nlfﬂa sllrj%nh as 'og%e,fngl.l%‘ﬁglfﬁféc& %Jﬂé@ozr%ﬂgt%u?zgnd any
i nt eger wi t Progeniterseslls sanybs transducadrip véia andrthen déliviereddolthe/@N8d. 25

Reconbi nant AAV Vi i or .cel l.s transduced.ip yitro be delivered
directly to the Cl\lgug%slﬁfnaﬁﬁf?%ﬁ&mi"h‘f@ Ve 5?‘\{‘1‘:9&‘&1.1 P%‘\‘}%‘Fﬂ Gellsantg a
region,10es webjectdavé Beddescriied] Fot Ban®l€-celld & KerRAE e Y VA oy LonbihRFEN

of the striatum, spinal cord and neuronuscular junction, or cerebellar
| obul e, wi t Fecombaramt AAY yirinas svithmells ta b twansdesgd de appropiiatg nredia; asdithgie al

t echni ques | 0 1.as. by stereqtactic inj.ection (see, 30
o e n B Bbdhidd e BN o2HET 8 al e S SRR RE LB SR il e

97: 3428- 3433s S30tAéin BIs ABA/01 BER] o k3Tvishitd 2 @8abd markbrsDapthskiiabe el 8 oan tHEAL -
Cenet. 3: 213— %23, 1993; and Alisky and Davidson, Hum Gene Ther.

11: 2315- 2329¢ fomuated into pharmageutich) @ampositions as dessmbrd abavedans the kempaesition hat
st er eotyaxi C; | i ) .the site of an

i nj ect i%)r(l; t her egégﬁkﬁﬁ}e%gﬁgﬁb}gﬁpﬁggﬁﬂg s?agrcllgl&lﬁ% f ‘#lgaglg’tzgl Bi° ¥dPUBel | ar

| obul es, asdesdsl as their absolute three 5 dinensional orientation. Thus,

cholera toxin subugit. .b (CTh) . e used to determne the exact |ocation
of the injection aﬁﬂr %‘(}%&‘)ﬁ@%‘? Wﬁ@ﬂﬁg’ﬁlg‘l’@%@ﬁ B4 pharmggeutical

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 rAAV virions, more preferably 107 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 ml, such as 0.08, 0.09,
0.1, 0.2, etc. and any integer within these ranges, of composition will be delivered.

25 Recombinant AAYV 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 thg art, such as by stereotactic injection (see,

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



injection site. Injections may fill the nol ecul ar | ayer, Purkinje cell

| ayer, granule cell |ayer and white matter of the arbor vitae but do not
ext end t owbhe/otsep cerebellar nuclei. One node of adm ni stcaupamwste t he CNS
uses a convection-enhanced delivery 10 (CED) system In this way,

recombi nant virions can be deliveredlto many cells over large areas of the
brain. Mreover, the delivered vectors efficiently express transgenes in

CNS cel | s ( DagidsomendlQi¥araGengt. i3ad19c3| $993; ARy Alisly aet DaAdsnhARsL Gede! i very
device may be appropriate for deljivery of viral vectors. In a preferred
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CED devices as follows. A catheter, cannula or other injection device is
i nserted i nfnensignal preniation, Thys, chrlezatexin wibuait b (CRb) waY bk nsed todetemminer t

coul d readi ' i ch. ) I.$_an_appropriate
Carget. For U AabREAA S iccdER BiPley BT Riokb Fultielrle BUrSRA S8 | Mot um
i's a suitablijectionsitef Iijbetidns aiay filbthe aid)edular Hyer airkiafd dellTags, gramde cell
positioning, devices are avail| able, for exanple fromASI |nstrunents,

Varren, M. 1ayspand White maitanof the ahopwtaedng de patexignd feithgydesn sersheldarinugleh s
bt ai ned by CT d | ¢ |5 ' ' ' | ide th
obt al ned Dy andope mdiR of‘aﬁ&ﬁh&gaélgétcg CNELE&! n%&ioﬂ-e%]ﬁ%&%g@ﬁg\ze'gye €

i njection device to the chosen tar reover, Dbecause
descri bdd hé¢CED) sysiembén thisway, cecbnsbindnt virioms cad be delivieyed2b nmaay gellaseass of

the brain take up the. viral ctors, f r ipfusion_cannula are needed,
Since surgi LAE® BEADP B8 PFRs Mereoyesi the eliveeed Yretor ABictendl cperes ramsEeies in
this node olCNZIEdIisYBlzY nefo¥i§dr §1fal Elézlgﬁ?.cﬁn&iésn%cﬁgn-%ﬁaﬁﬁ&&déiﬁ@ﬁ' Pvide rgf.)ﬁge CED

conventional delivery techniques. a“detail ed description regar
del i very, seppropSatefor dalivetyoof viraBot@@84In 4 prefamed cabedivheri®Rhe deviceiray i S t o

bj ects that _denpnstrate.exi.sting nigrostriatal, . 30 dopam nergic (DA
Zgnjer vatS i on® S@ﬁ@f‘lp‘é@p Brofers Pﬁ)ﬁgmﬂ Bmgﬁ‘t gﬁ&% Qﬁé‘m&‘&r‘i‘l@fl\%ﬁ?‘% PR@Bﬁéﬁe P%F,‘ér ly
03/ 0188151 P@?Fﬁﬂa%@ﬁ@ﬁ@&aﬁeﬂzot’%ﬁpﬁmﬁs,tfbﬂ@(aﬁlpféml:z%@@m%éf'ﬂti}ah}Haﬁﬂl P! e

synptonms of PD, noderate to extensive denervation as occurred and at

| east about QS’@P)QW@%, #9230, RaleAltopQalifbrixi Stypingllyeaviod yettavis delivernd Miast .
51, " 2 AL ok N, USGALR SonRR Bl bRk B
| east about CNB/tissue In t26hoskh 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 Cf}D delivery, 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,



One neasure of neuron loss is by referring to | evels of dopam ne activity
in the OCNS. Thus, "noderate" denervation refers to a |loss of at |east

about 60%Vm%0m$szl dopami ne content in one or both striatalpdrerrns@ier es

whil e "extensive" denervation is reflected by a |l oss of at |east about 90%
in one or both striatal hem spherest2To neasure 10 dopamine content, a

| abel ed tracer is administered to the subject. The detection of the | abel
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invention it is useful to eva or exanple, various ce
st ri at um anénventien mcluda radiokabels (¢. §N)‘F, 3 Tlojo A ﬁs ’é&am)nenxgms,rcoﬂt&iméta&él ons of

the striat d,SN. re n f or can jcate
i ncr eas: ngug%’F{;egP?rSf‘f’eB dy: tb? Elfg %@89@EPé‘FGm the la{)el Fis used
with DOPA to quantlfy dopamine act1v1ty. 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 dopamine. See, €. 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.



adm nistration site. Levels of dopamne and its netabolites, HVA and DOPAC,
can be evaluated wusing high-performance |iquid chromatography (HPLC) as
descri bedworoswiguasl y (Shen, 10 Y., Hum Gene Ther. (2000)pCrlrPdb®?611519) .
CSF can al so be col i ected and eval uated for protein levels or enzyne
activity, particularly if the vectof3encodes a secretable formof GDNF.
Subj ects can al so be tested for rotational behavior periodically by
intraperito ralj Ti Aty sisf and Riochepticad sis 15 C. Experinental Below are
exanpl es of specifi errbodl nts faqr carr Qut th present i nventi on.
The exanpl es are of'fl¥UEYC m?h Efg PSPceSéﬁ@l oge¥alnation of
ntended  { Grebighat ddeBferifcip i fent

Ef forts have ebeen © to eﬁ%%hg&ag%%?cg@?gvﬁl (%g%gugxf toéﬁ%n%@é & ﬁg‘éﬁ‘s
(e.qg., arrouantlonenpasmlm@aluettecfo) ;sxdmple,smmuexcﬂlsrdf tienstAhtu®r andrsubgishtia
devi ati on shoul f course, be allowed.for. Mterials and Methods 25
Ani mal s and fg%ﬁagﬁls‘&sugb sreumisins saronal seationsywf dhesstriptmsand Y. gMeastmements 250
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access to food and water. Experinents we conducted 1 n accordance with
the Ji chi Madimisistr8odnosile. gui del i nes for ani nal care The 30 partial rat

nodel of PD was prepared s descr ed b uer Neur oscj ence WD
03/ 018821 PCT/JPozﬁ(%?]éf Tt melbaliies éﬁ?@l’}@eﬁagt}e&’
Sstereotacti Gg g@ﬁsp@ﬁq %@%‘q ed as
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(0.05% 10 n tYheHued Gege Thert (ﬁﬁOQ) 11:h505-d5 I DWICEF cancal o baatodisctexhaxlceevaduated for
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and dural sugbrge. After 4 weeks, aninals were tested for
aponor phi ne-i nduced rotation (0.1 ng/ kg adm ni stered

Subjects can also be tested for rotational behavior periodically by

intraperitoneal injection of apomorphine-HCl.

15 |
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 School guidelines for animal care. The

30  partial rat model of PD was prepared as described by Sauer and Oertel, Neuroscience



I ntraperitoneally) and only those animals exhibiting seven or nore
contralateral rotations/mn in a 60-mn period were included in further
study. Towass®iss2t he extent of nigrostriatal degenerati orrCIvieoz/ed7et r acer
CTB (1% in distilled H20, 1 I|I; List Biological 10 Laboratories, Canpbell,
CA, USA) was injected bilaterally ifto the striatum (n=5 AP=+1 nm M.=3.0
mm DV=-4.5 nm -3 days before death. This was perfornmed to retrogradely

| abel the syneapsdani-o150BHAMy R REsvidstérastadilt inficibm ¢fizoqud ginct i onal
projections to the striatumat 4 weeks after 6- A | esi on. PD ani nmal

nodel s wer ehydranydopamningrQHEW calculatadi a3 dreahesecSigrna, ¢ Lavish0) dissolveddz
=22), i 5 (0.1 . . Nz8). 4 ni-ecti ip.the left.striat t
Uhree di f1 erafof efoliee Sinhe 0 05 1 et Bk fhé Bublne EaheiBianisiorng
the fol | ow gesztemf(dipr)aq?%n{, ARdial-feraIME).3.0 niv) @d}@b-vﬁﬁraﬁm -4V& Trém 6 THE
. a

3.0 nm and DV=-4.5 nm). The injection rate was se 1 1/mn and
the needl e wigEeotastic cperdplataseveroealeylatad mlativeria thebragma bed dural hefacg Alftenty

(at each i1 et e welt bR R Bp i ABRRE b RHEcn A2 BeheidbinBtFR cot o
group, n=2) imedperitonkdlBy and 6hlylthedeahiigyls athiBiting sévedl o8 mupekéntafidtral AAV
I njection, respectively. Twenty weeks after vector injection, rats were

randon y gr SIBERRSARER 12 Glamiry RAriodivren Beiudsd infurthenstudio T & assetsshe cxtent of
SralveL ., Lyl B T il LEFESH 00 BTt D R
wer e t ek ed Liaboratoviest CampellDCAAUISA) vens ditjycted bilsterally ito it stiftem (nepgal
botly 1 ur ns. A AGUT BT Tl TV e 4 dagh bper Gator T pos Rerrmgdl o
denct 020, e Sl S 550 Hh o S0BRlb] e
weeks usi ngprdjections intherstriatah atv veeks aftcr 6+QHDMA lation. BD anhinalrmsdsls wer000)
RSO ERENEE ALy A
7 | R, FTAMTSE, 0 Bl e i RSBt OB g0
cont r al at er ectPpgasvaw eoprasasl) 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 pl/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. Tweﬁty 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 testéd for rotational behavior every 2
weeks by intraperitoneal injection'pf apomorphine-HCI (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 given as a percentage of total. Biochem cal analysis The rats were
kill ed by decapitation under sodi um pentobarbital anesthesia 10 and brains
wer e i medicasehiss2di ssect ed and placed on dry ice. The strirdinupomesscpunched
out bilaterally using a sharp-edged, stainless steel tube. Wt tissue
sanpl es were wei ghed and stored at4380C until subsequent analysis. Levels
of dopamne and-its netabolites, HVA and DOPAC, were estimated using

hi gh- per f or FRB&S8e W r,gvirously
(Shon’ Y, o' RO e Wadulotect Vet n HkRME (e s &5 e e e T em st 1y
Rats were pHcdm&@d(M@}MMﬂ&) dwpwanqﬂadwésn acleat glossaxylibgerilargecol d 4%
PFA. Brai ns sect ed t I X or 4 I n 4% PFA. Coronal
sections uﬁﬁf R PR et“? gﬁﬁ’rﬁ?‘ E%?’@gllbé%&rﬁeww %ﬁl‘i‘eﬁ(ﬁ laced. 396
H202 i n PBS&tQé‘Qt 38 PAwek kR %
Triton X-100 for ﬁi Segﬁ onﬁsla'er\%e{ﬂrlfeﬁ%eq{en |%gﬂgoattﬁgéﬁgmavgg&§%?t?m€brt§§§én% %#(;dl es
for TH §1: 1@@@y1m¢nn§@sanunte¢a¢ lnash 3¢ tioreal Thedata fordentralaterdl farepaw eomtacts a, CA,
USA), CTB (1:10.000 nt| el mto CTB; List Biologic, Canpbell, CA,
USA) or FLARETESYES ag%Fﬁ g “antibody, Sigma, St. Louis, M) at 4'C
overni ght. Th| S was foI I owed by incubation with biotinylated 25 secondary

ant i bodi es éto species of primary antibodies) for 1 h at roomtenperature
(1: 400, SanBiwchrmizal ®whse Cruz, CA) Sections were vi sual ized with

I di n-bi ot | at Vec ABC ki .t
a1 by ot Y1 ot e PRLSHLRE AL BRSNS bVESL R Al ARG
as a ¢br onagEhraind®rdSirih8diatklyRGdedied 2AdBIA6d orﬂ&yﬁ@é Iﬁ%@ﬁaﬁ&%ﬂ?hﬁched

i mmunof | uorescence stainin sections were sequentially incubated with
bl ocki ng sof@thilgteralbhusingd %&%@é&?@r stpinlegnsfeelduhe. Wt tissBSsamplesiwereaveighadom

T ] O S i A
r hodani ne- cHVAIgad BOPAQoire eminhatm)lhﬁﬁg highsperforditdice ﬁ?ﬂki&hﬁm&ogﬁﬁw a

Cruz,.CA) a TC— onlu ated g anti-rabbjt | : Santa Cruz,
Sant a Cruz °2°rFP Pregd X@?ﬁ@r‘éﬁ Hyw. Gene Ther. 2000)1i 1509-1519).

Immunohistochemistry .
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.



Sections were exam ned and vi ewed under confocal |aser scanning m croscopy
(TCS NT; Leica, Heidelberg, Germany). For CTB/ TH doubl e-i nmunof | uor escence
st ai ni ng, wansio18s&€TB ( 1: 5000, goat antiserumto CTB) and nmeeI@Pexits7eilH
(1:500) antibodies were used. 10 For quantitative anal yses of TH positive
neurons and CTB-| abel ed neurons, s#&tions at 300-minterval s throughout
the SN bilaterally were counted. Optical density of THIR fibers was

quantified on sect FOfFLAGETH d3MKle MinRablworeuatal staininB RUEHRUIerkd ue?x{iéﬂ)at um-
using NIH I mage 1.59 software (Kozlowski et al., Exp. Neurol. (2000

166: 1- 15) . incgbatedvithihleckingsalution confrining 6% nosmel goas semmdu PRS fordrh &. . m

var ance. ( AOUNCIETH BTG BB e sl R EERD SRORRT TR STBR i Ence (1D)
test (Stat Vpehychonal rabbit weti-TH antiBo&y ATPO0Y okerpihs bt 47C, iana r@daﬁ’ﬂﬁ&m{é%%éd AAV
Vect or s _Reconbi nant AAV vectors expressi ng FLAG t agged CGDNF ( AAV- Fi ag,

Fi gure Pa) e&pat@stigasusetdsSi(4268 Janm CrgcSantaCogs €A) isnd KEFG-conjugated goatd as

follows. As, - 25. a3 i g | G f rphi pe induce

endogenous ﬁﬁf%?ét?g%fwzt%iagbe@ggr@%ofgﬂgﬁlwﬁﬁ%gbﬂwa : Conmun.

(2000) 272: $eetibitis wehOekadiined and vieed aidep 0sifolal MAED schinidd &Bcrddtbply: (TCS N'S;

necessary to di st[%iag]ﬁi sh trag‘g'ggne-deri ved - GDNF from endogenous GDNF to
i

eval uat e t hbeieps fr2y S§EM ey G TBA, doublerimpymofjearesseneesiainingpadvs e s
Vector ol asop DR ERfERRUAE T G il RSty (71306 868 Werd bt
PAAV- GIRF pl asni d Feaquantitative andlipses of TH-pdsitive.ne(hd9 8)d 248-Bbeléd heurdhs, S
o A Bl A Sy e ok ity
carboxyl 't CoRITRUR AbétaWas qhilfild TAReCidnd UREH 30 bt ook MM IR Sy SRY | ¥

pronoter, with human gro ornone first fntron and sima
(SV40) pol yaudiahyh asing INIE Igregk 1s5@gofware (Kozlowski et al., Exp. Neurol. (2000)

166:1-15).
15
Statistical analysis
Results were presented as mean +s.e.m. Data were statistically
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 t<l)_ evaluate the effect of gene delivery. Thus, an AAV
vector that expresses FLAG-tagged GDNF was constructed.



between the inverted termnal repeats (I TR) of the AAV-2 genone. AAV vector
pl asm d pAAV-LacZ, auxiliary plasm d pHLP19 and pl adenol were descri bed
previ ouslwo(lBamsset al ., Neurosci. Lett. (1998) 248: 61-64) pcRlJroroso& i s 10
described in U S. Patent No. 6,004,797. Subconfluent human 293 cells were
transiently transfected with vector4plasnid and hel per plasnid using the
cal ci um phosphate co- precipitation nethod. Seventy-two hours after
transfection, cell AAWvectdrgriasast pd ANGDNFAsEwhY dérivieddrdnti @ previcRE, t haw

cequent i ol CERTPABALSESBNIPHREHT S L destirbbat § A4S0 6. This
Mat sushi t Bl LR Py 4 ' \thd Gl

{'ter of t nRRP oy e M BONE Ok drsalinilaelar, Ehfe (103} 208140 555

AAV- LacZ watag@ed bx FLAGseqaeaics (D YADDDDK: (RE@ID INO:5pat the tartiakylderdinus

Bpr €55 Bon BRI BESRER (oL erio e QeI HERe iare oeely BRelss vk HIGONE |

pressPon 2 : i ag
Pt e ' ) ) , Lacy
(5000 vct of Sy B8R it 5 and SARRFUERASVROTRYERRN 130 sinaf iR

cel | | ysat ebetweer tiedpeertddderntiyal TegéasqI TRcofitha AiAds-2 ggabme) ect r ophor esi s and
transferred to pol yvinylidene difluqride_ nenpranes (MI lipore, 25 Bedford,
MA, USA). Residual Ap“r‘g}(/%qt?f- mﬁaﬁ%%gé&gﬁlwmmﬁmww dri ed
mlk in TB t ' ver ni ght
Swief debciibed pr A ARG ?E,W&r?.%?. %tg@g%%{rsﬁsg-t%ﬁg%ﬁ&%

at 4C using nouse anti-FLAG ody oul's, or
rabbi t 10ant descoled intiSo Batent No.ZH0®t, 795 rivhc@iflient Bandre2 T eells Weh) tradsidntigwed
by incubatign with secondary. ant.i - mouse or. anti-rahbjt conjugated to

hor ser adi sh&?é%ﬁu‘&?%l% V(a‘it?rzglﬁﬁ,x‘d%éldkﬁgggﬂ dysingfhe 8%"1%‘? Bli‘ﬂsgﬁ%F E9- for 2 h
at room t enpRicHitdtien mehRydl Ismrg-w@ Rburd@RE AL R8dn, Fé@i([)éIH &z\?@%ﬁ?@b@% an8

signals were detected by the ECL systens (Anmersham. stern Dbl ot

anal ysi s, GSed bxghree Seens apd thasy eyoless AdbY arecters (AAVEDNEfeg and AAV-LacZ)

AAV- GDNFf | - | t h Iy - F d t.j - FLAG
ant i bodi esé%ek%&'g?%#gﬁs g?ta’\éé rs‘%&‘(kfgﬁgfg%g ] ?}lstetgsgl Ig%gelnés?g’f d%ﬁvbi‘gpffmi‘ﬁﬁsduced
cel I s (16i gu(efaByshita, dical G&RYTHeRE AT 998) 5 IR 945)t imbtﬁympﬁsarﬁavtm@fﬂ{e&m-ved

GDNFflag fusion _protein, primary cultures of rat fetal DA neurons were
prepared. BIOYYNFfag wasl .6@31& &ectof genome copies/ml and AAV-LacZ was 2.1 x10" vector

genome copies/ml, as estimated by quantitative DNA dot-blot hybridization analysis.

Example 2
20 In vitro Expression of AAV-GDNF{fla

To detect the in vitro expression of GDNFflag fusion protein, 293 cells were
transduced with AAV-GDNFflag 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't_a Cruz, Santa Cruz, CA), followed by incubation with

a secondary anti-mouse or anti-rabbit conjugated to horseradish peroxidase (1:2500,

30  Amersham, Arlington Heights, IL) for 2 h at room temperature. Chemiluminescent



mesencephal on was di ssected out fromday 14 Wstar rat enbryos, m nced and
I ncubated wth 0.25%trypsin in PBS for 15 mn. Isolated cells were plated
i n 35- mm wios3mssspr e- coated with poly-L-1ysine, at an initAacalyperéd7édensi ty
of 105 cells/dish, and incubated at 10 37C wi t h Neur obasal - SFM Medi a (G bco
BRL) suppl emented with B27 (G bco BAS8), 100 units/m penicillin, 100 gg/m
streptomycin, 25 MM KCI, and. 2 mMglutanine. In AAV. vector-treated

di shes, cul tignels wene detbotéby ek BEIL bysidé GBhGhag) of AAV-LacZ (5000 vector
genone copi es/ cel | n the positive control_ dish or negative control dish,

recombi nant hunan stemciniranalysis: GDNfag fesiompmtsinvag deteeted in thellysates at

Fresh modi U %‘?‘G‘”S’@"Fﬁ%ﬁéﬁﬁf&gf P bR Rt AR e

concent r at i Do.sigfalsswer® ddteyted in el Igsatonef AAM-Ka¥ -ihnistuddd il gfipared)dehy de
(PFA) fqr 30 mn and processefl for 1nmunocytochem cal staining to exam ne
the expPession of &oREsadhebiglogigal agtivity o Yvéﬁtoﬁﬂﬁﬂ‘ﬁd(@w‘m@m was

counted as , ( 1 1184).
Tyrosi ne hy roxy1§‘?Iq @Pﬁg?\%s %@lf*r{ledrrog\%@g éé@%?%g? éggﬁ%’ %‘émgs many
TH- i munor em:asenoepl(nzi[bﬂ Wi dissdctesl oat ﬁmm/m l4nwistas-re ity aq niihedisaidGRshbated

cul tures than V- LacZ ced ture (Fi gure 3), _These results
confi rmed tﬁ’éﬁh gésifghf afﬁdd‘d’ 8 Mesplated ith a5 dishes pre-

GDNFfl ag f U%ba&@dWi é:)r%l}?%-l?sﬁ{é Lok &h i cgﬂ’ fl ﬂgg}'otfrfﬁs %{ﬁlﬂhog}x C%%S?d: A,G

peptide did not alt e’ nedrotrop
al | owi g i de8A?C withalNewrnbashl- SRM@dadm:{G;bceﬂRIe)&npﬂleﬁBhEﬂlvam B2E(Gibeo BRINEI N

o GDNFg i n TPRERT Henifili d ORGER oo 25 YL KL SR exbaiviaming dhsgene
expressi on wasy qeitefiresled Bishee cllburésAker@iNdetiBd m'AKVA@DaM?z&g% gzz}\gfﬁézl 4, 8

and 20 weeks after AAV- GDNF |ag I njection. FLAG I nmunore
cel s were (¥08cicetor gerameicarties/del). el the posifiveeeontrot dishyloon¢gatine caxtral ali shyn

These cell h phol di u I Ny peurons
(Fi gures 4a§%°§g1%%ba%.yﬁgﬁ%9 ?#ﬁgﬁgbﬁémﬁarﬁ%}o% gh%’@ tg PHF ChEt i t h
ant i - TH5and fiaat donEéatian ol P06 dﬂw&e@uﬂmm :efreéh%ulby\hanfﬁeésh $nedfurh B€
pars conpacts_of ipsilateral SN at 4 and 8 weeks
3-day intervals, with thGDNF or BSA kept at the same concentration. 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-
GDNEflag could drive production of the bioactive GDNF{lag 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 GDNFflag fusion

protein by anti-FLAG antibody.



after intrastriatal AAV-CGDNFiag injection (Figures 4c-4e). At 8 weeks after
AAV 10 vector injection, 13.1 2.4% (n=4) of THIR cells overlapped with
FLAG | R cwllos/nissesper sed t hrough the SN, indicating sone tPCArIPYEIEICl
GDNFf | ag obt ai ned access to DA neurons. No FLAG IR cells were observed in
the striatumor SN on the contralatef%l side, nor in these regions in

AAV- LacZ or vehicle-injected rats. In AAV-LacZ-injected rats, although
X—gal positive cells were detected in EhengiéBi atum from 2-20 weeks after 15
i njection, no (3-gal act 03| dase s gnal S cou_d—be det ect ed in SN These

resul ts indicate Ex o §TRiNF lag N ANE pOTh: i

GDNFf 1 ag fusion pr &Zﬁ‘ 5@7 - FfJ e| n,
not the AAV vector It e(%g;lrsfnggeq% ng?%t%a%mtcy\l Pf

neuron bodi estibodyah2f 4, CmandtwmdkalaﬁeﬂﬂANhGDNFﬂagtmj%tuﬂﬁ @mmnﬁnﬂmf%ﬁw of
DA Innervation in the StriatumlIn order to determ ne whet her AAV- GDNFf | ag

woul d r 8scuIEhGHR) celis prd@m&maswqdﬁhq ingection s@%hroyghmatthmmmm ckheset of

TH IR fi ber ut t i,at um at
300-11mint 8%&%&?1%%&;8@\[}@? P‘?ﬂ C§g}nj &ct on%&?lxtn%}{ggﬁg’uf’ i%b)r at s,

t he densi tyFafthditor& dhahmrﬁundﬂubfb@cérﬁs stafith with At OH mearmenemaﬁﬁﬁodms
reduced to 3.5 3.0%.0f the intact side (Figures 5a _and

nl
contrast, i etF%/i'Fé doyblp-pesitiye arlisn o racrgmepasty oftipwlatrsalSN gt ‘b%n eska‘ i bers

was signifi G’fﬁ*ﬁfffy 3% si de
(Figures 5b,g"ﬁ dh*a%ﬁﬁ%ﬁ%u nt a ngﬁwg%ﬂ%%_ze \A’)&etfge él Stl’l% t‘(’j around
t he i njléct i wecter mmtlon,nm baamg (n=hk)k)f THARER cedlsioverlapped MAthFFIMIOGAR/ 62118821

PCT/ JP02/ 08761 5 r cu the GDNE expressed in the

St at um  CRBPEER R hAgR RGHEE s eI N AGE Busmen aocsrs o DA

i GF 0511 At AbyrbH10KD B A G IRE B BbdrVELRIES iRk 0BG OGRS B

| abel s only the SN neurons that nmaintaln functional nigrostriata
pr oj ect i ons sidgimdrdn these regionsimAdd&Lars onyehicle-dnjycted Mﬂms&A‘&{tleﬁ:ZtMﬁcted

P esence o el Y PSR o e SR P e i
S); gjr Zi ??g n[S &%Jfa)dﬁbn,sﬁé BalatidtosRidbslsipRastsildbe ddedtanm $ad pr omot e functional
These results indicate that AAV-GDNF{lag is capable of driving the expression
of GDNF{lag fusion protein in the striatum, and that GDNFflag fusion protein, not the
AAY vector itself, could be retrogradely transported to the DA neuron bodies in SN from
terminals in the striatum. |

of

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-pum 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 5a and 5¢). In contrast, in rats
injected with AAV-GDNFflag, the_ density of TH-IR fibers was significantly greater,
reaching nearly 48.7 £7.3% of the intact side (Figures 5b, 5d and 5€). Maintained TH-IR

30  fibers were distributed around the injection sites, indicating that innervation of TH-IR



the striatum In addition, successful rescue of the nigrostriatal system by
intrastriatal AAV-CGDNFflag injection was supported by high | evel s of

dopam ne wod3ioiss2met abolites 10 in the striatum indicati mgTiieoned7est i ng
activation of dopamine in the nigrostriatal system Exanple 5 M ntenance
of Nigostriatal Projections Chol era50oxin subunit B (CTB, neuronal tracer)
(Leman et al., Brain Res. Brain 15 Res. Protoc. (2000) 5:298-304) was

i nj ected bi Fatewad feycuedtby thé GDNFfla Eteumemdaﬁmmtm extent of the

remai ni ng ni grostr| at al Eat hway e sanme coordi nate of the 6- OHDA

i nj ection was util| CA&bas déhﬁélngéﬂf@ﬁ@ ageurate in the aﬁéﬁssmgmfenfelllgtoi;tab'el fumction

FuoPoPU 2| oo S O LR B OB 1R S S o™

i nj ection, nintanrfiectionhl ﬁmsmw btdja:ti@ﬁsl vetife antl-29 uhhmbﬁﬁhﬁ@qﬂeéw vas
28.9 3. 7%of the intact contral ateral side (n=5). Double

i nmunof Puor 8gRenttkRtes the,prssence of BHangyme in nemrpmbedieso dndke AAVeGDNFAdgat nost

per sent age U e CEE el DA BxlsnihelRe i Waablnd b Chvonfig
the intact sxp"l-esseif irethe stréturhicoulddeszne BXA sdugorishal preiBteFridtioR Sy A1’ect1ons to

ni grostri at connect I ons. .remai ned at 4 weeks after 25 |esion. 20 weeks
after the a pRovccessibiessugof therigrostriptal systena by dntrgstriatel 2. 0%

of intact sAgg) | |.nt.act |de

observed in rats inj ec?@wﬁobﬁﬁwﬁg%}ﬁr& l%‘r,f{g?/(gg{bpamﬁ?e %ﬁa tes
AAV- GDNPf | ain thestristuredindivating logpilistiog attivation e depantind it thRnit@edtANEl fRtkm.
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). WO 03/018821 PCT/JP02/ 08761
51 These results denonstrate that int r@,&gﬁd ggal AAV- CDNFf | ag i nj ection at

4- weeks post-|esion rescued the survival DA neurons in the SN and
pronoted the maintenance of aindenay Nig abdl Projections 5 Exanpl e 6
Behavi oral Recover te | I ection AAV- f 7a Four
weeks after 6- O—lDA&EAi?fanﬁr Lh @&% P&‘Fémﬁﬁaf’ﬁé W@eetng g\prain

GDNFf | 49, nR3Q:ProfY: (2008) 5:094 B04pRes Yl HlatetaR) infAHE B8iahah fflaRessinl | 27
degree of inpairnent bot'ﬁ i n the aponor phi ne-induced rotation t est s and in
t he cyl i ndefxtepiqfdhe 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% (n=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 CTB-positive 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).



10 suggesting equival ent |levels of DA depletion. A decrease in

aponor phi ne-i nduced rotations was observed in rats receiving AAV-CGDNFfI ag,
begi nni ngwato3d1sseeks after the vector injection (Figure 9@cT/iPhi/es76decr ease
proceeded gradual ly and persisted throughout the experinment (20 weeks). In
contrast, rats in the AAV-LacZ or vehicle injection group denonstrated a
fairly stable 15 rotation rate during the sanme period. The cylinder test
was used to neasur ' ' S¢ rat.s.: (Fl.gure 9b).
Bef ore AAV treat mﬁ?é@?%@?ﬁﬁégﬂﬁ%{%ﬁ}g&gﬁ%ﬁ av:dl:}rri ragr@%é%é]ﬂt%

i psi | at er al weekspast-lestonaegueiiha susdval nf Dasnéunchisda SN yand praagoted thef r equency
of contralateral linb.use (23-25% of total contacts) in this test. In rats
recei vi ng M%ﬁ%&@?@ﬁ%ﬁt@&ﬁt i mprovenent was observed from 4
weeks after injection, developing gradually and reachi ng near nor nal

| evel s (47% of total contacts) at 20 weeks. In contrast, contral ateral use

persist@d at the sane | evel throughoutExan®l€6 weeks in rats receiving
AAV-LacZ or vehicl e, Stical i s .0f AA |njected rats
versus AAV-LacZ or 3 pERPE STEACHORBBA Hagiuced
rotation and 25 cyppideéeks afbr 6-OHIA G8mBlighitbh CATarh i EHERGE Sulf A Ay 01)

Exanpl e 7 Preservation of Dopam ne Content 1n the Lesione rratum To test

whet her t he GIEWBNa % nzP0;r A8 ¥vkrof, ol 6; and Mehigla\a=@PNBfbagirated sitiilandegdfe of
correl ated vy L grost.riatal dopanm ne, productiqn, dopamn ne | evel s and
t hose of it%b%éﬁ&%%ﬁ%ﬁ%ﬁﬁ%@egﬁﬁﬁqﬁ%ﬂ@g ¢ eylinder tets; at um
hormovaniol | i sugebting éddiyalent tevdlsbf® Aeilenomhenyl acetic acid (DOPAC), were

assayed at 20-weeks after injection. In AAV- GDNFfl ag-injected group (n=8),
t he dopani ne | evel Agifcraiee nappmembing-induesd rotations wasehservied én s @cdivify of

th tral at ' | [ | V- L. - i.nj { =8
0 el nad 8V UDNRNEE pegipfie 4 i Thd o (N iR Gion et Sl GRE.0 o)
| n addi ti ondedreaselpsocetddd\fradunlly REIPpErsisRidahioughait tHeexpBment (20 weeks). In

AAV- GDNFTf | a%- itgg'sect ed r(}gg. No_significant differences in |evels of
dopani ne or “PRIESHERS Bb{iE /A Vilwicd op Mehielpdrieesipn; sraup demenstraied @ fairlystabileit um

bet ween st herét%ﬂa%“§@§swoa§ det ai l ed above indicate that AAV

vect or-nedi ated de _
: The cylinder test was used to measure spontaneous 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  GDNFflag, significant improvement was observed from 4 weeks 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



10 GDNF gene into the striatum of an acceptable ani mal nodel of PD protects
SN neurons fromfurther |ate degeneration, while maintaining their

connect i owotos/ousse1 striatum In the present study, GONFf | agCrma®onerect ed in
SN cells ipsilateral to the AAV-GDNFflag injection side from4-8 weeks
after injection. These SN cells werg2 confirmed to be DA cells using double
I mmunof | uorescent staining with anti-FLAG and 15 anti-TH anti bodi es.
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at the ti Weﬂﬁfcoﬁ@ﬁh&rﬂmbét sRieQwhilé irlthe MV%CZ%E&E@@%Q? %%@?kmamed at
toxi n-induced cel| death. In contrast, rats i nj écted wi V-LacZ in the

striatuf dbh8Adi8%obtheroniralatgral side (Eigureskd, PrOAA). InradditienSievelsiof 35 & endnt

th B R 1998) 793:169- 175
v veckor DRPAG Wi migh (IR RCA W iy laginBE R B0 1 SR Bbart b B eRt o
system but i3 bfdoantihebritsvastabslaks Rereabeérved wﬂﬁﬁﬁtﬁ&t%hé‘ 6%&H9§1

striatumto the DA neurons in the SN. Substantial 25 expression of GDNFfl ag
protein in P¢iwesn thedWQBrowps. al so detected at 20 weeks after. inj ection

Thi s persistence e of

ni grogt riatal sys?gh%jrlgsgde%%gﬁéaf&@d@é%&aﬁ ] ec?m% H‘%%che &P

TH | R flDber 6DNF geﬂaantoethe striathns bf drpdcdeptible amies mddepbm 9fotéd’d§SM\éuﬁH§|Fl ag

i nj ection. hus é‘d?gated GDNF. gene delivery in the striatumis

ef fi caci ousq® srtﬁrm@cwhu@mjeﬂmnﬁéh%sov@pcm tarthe sfripwm. CNS
degenerative di sea 3 ﬁ*ﬂ?ﬁy novel
nmet hods for treati ﬁgﬁﬁ ur o%géggi eréatl ﬁ%@%&e@éqég'gséllégﬁﬂégdﬂg% hough
preferred emﬁag)ﬁljdchenmdbjﬁemuawmlaﬁarm;emmbe'ﬁlﬂesd&\téelh&ﬁbrel n sone
detail, it is t obvio vari ati ons can be nmade WlthOUt
departing f¢ gf)ﬁ}f ?qu Hfé? E@d‘ﬁ@‘@f’ poresceRtirping ik anisFLAGansl, ¢ he
appendqg cl ati¥H a‘ildbedmtpmb TRORIIsGRRL bbdetvedIR 8o e AL AR LOAS.h Of

treating subjects wth preexisting neuronal amage are P53&d
conposi t i on8 veesks aferbAlY vester trcaiment sklowightthaipercentage of FLAG-IR cells scemed

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 preservéc_l after the AAV-GDNFflag 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.



(AAV) - based gene delivery systens for delivering glial cell |ine-derived
neutrotrophic factor (CDNE) to subjects with neurodegenerative conditions
such as Paolismsgsel s 10 di sease. WD 03/018821 PCT/ JP02/ 0876@TTH#02/63261 M5 1.
Use of a conposition for the treatnment of a mammualian subject with

preexi sting neuronal damage by adm ggstration 5 of the conposition to the
central nervous-system of said subject, wherein the conposition conprises

reconbi nant = adenoAassiight, a6vel inieflsdddAdD trastinp @BSrod¥dtaERtive RbMled &b ONS
conprise a polynucl eoti de encodi ngq %mgl ial cell line-derived neutrotrophic
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(DA) denervation. 4. The use of any of clainms 1-3, wherein the

pol ynucl5eot i de further conpry_s: r ence in 20 the 5
position and in reading fra L £ fﬁ Yot i ding the GDNF

pol ypeptide. 5. The€omapesitibnbamd mbthbefor tranting sibjkctawhie] Qﬁ}gg

pol ynucl eoti,de encodes, a hunman GDNF, . 2 use of %:cg’flm ,“%‘é‘?aéi n the

5 6, The
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03/ 018821 PEibtalRGRINE 16 subjects with neurodegenerative conditions such as Parkinson’s

10 disease.



55 pronoter is a viral pronoter. 9. The use of claim8, wherein the
pronmoter is an MLP, CW, or RSV LTR pronoter. 5 10. The use of any of the
pr ecedi ngwolionss21 wherein the reconbi nant AAV virions arecadmwessier ed
into the striatumof said subject. 10 11. The use of claim 10, wherein the
reconbi nant AAV virions are admnistered to the striatumusing

convecti on-enhanced delivery (CED). 12. ‘g] use of claim1ll, wherein the
adm nistering is 15 done with an osnoti gunp. 13. The use, of claim11,
wherein the admnistering is done with an infusion punp.

CLAIMS

1.Useof a composition for the treatment of a mammalian

subject with preexisting neuronal damage by administration
5 of the composition to the central nervous system of said -
subject, wherein the composition comprises recombinant
adeno-associated virus(AAV) virions, wherein said virions
comprise a polynucleotide encoding a glial cell line-derived
peutrotrophic factor (GDNF) polypeptide operably linked to
10 expression‘control elements that comprise a promoter.

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

3. The use of either of claims 1 or 2, wherein saild
15 preexisting 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 in
20 the5' positionandin 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.

25
6. Theuse of claim5, wherein the polynucleotide encodes

human pre-pro-GDNF.

7. The use of any claims 1-6, wherein the compositions
30 1s administered to the striatum of said subject.

8. The use of any of the preceding claims, wherein the
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promoter is a viral promoter.

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

10. The use of any of the preceding claims, wherein
the recombinant AAV virions are administered into the

striatum of said subject.

11. The use of claim 10, wherein the recombinaﬁt AAV
virions are administered to the striatum wusing

convection-enhanced delivery (CED).

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

done with an osmotic pump.

13. The use of claim 11, wherein the administering is

done with an infusion pump.



