
(19) United States 
US 20070025970A1 

(12) Patent Application Publication (10) Pub. No.: US 2007/0025970 A1 
Kingsman et al. (43) Pub. Date: Feb. 1, 2007 

(54) VECTOR SYSTEM 

(75) Inventors: Alan John Kingsman, Oxford (GB); 
Nicholas D. Mazarakis, Oxford (GB); 
Enca Martin-Rendon, Oxfordshire 
(GB); Mimoun Azzouz, Sheffield (GB); 
Jonathan Rohill, Oxford (GB) 

Correspondence Address: 
FROMMER LAWRENCE & HAUG 
745 FIFTHAVENUE- 1 OTH FL. 
NEW YORK, NY 10151 (US) 

(73) Assignee: Oxford Biomedica (UK) Limited 

(21) Appl. No.: 11/486,914 

(22) Filed: Jul. 14, 2006 

Related U.S. Application Data 

(60) Division of application No. 10/408,456, filed on Apr. 
7, 2003, which is a continuation-in-part of application 
No. PCT/GB01/04433, filed on Oct. 5, 2001. 

(30) Foreign Application Priority Data 

Oct. 6, 2000 (GB)......................................... OO24550.6 

Publication Classification 

(51) Int. Cl. 
A6IR 48/00 (2007.01) 
CI2N 15/867 (2007.01) 

(52) U.S. Cl. ......................... 424/93.2; 435/456; 977/802 

(57) ABSTRACT 

The present invention relates to retroviral vector genomes 
and to vector systems comprising Such genomes. In particu 
lar the present invention relates to a retroviral vector genome 
comprising two or more NOIs operably linked by one or 
more Internal Ribosome Entry Site(s); a lentiviral vector 
genome comprising two or more NOIs Suitable for treating 
a neurodegenerative disorder, and a lentiviral vector genome 
which encodes tyrosine hydroxylase, GTP-cyclohydrolase I 
and optionally Aromatic Amino Acid Dopa Decarboxylase. 
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Figure 1 

5'hTH2. 

5-GCGGATCC GCCACC ATG GAA AAA CTC ATC TCA GAA GAG GAT 
BamH . 

CTG CCCACCCCC GAC GCC ACC ACG-3' 
3'hTH2 

5- GAA CCG CGGGGA CTG CCCTCTTAC C-3' 
5'hTH3 - - m 

5-GGT AAA GAGGGCAGTCCC CGC GGTTC-3' 
3'-hTH1 

5- CGAAGCTICTAGCCAATGGC ACT CAG CGC ATG GGC-3' 
- HindII - 
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Figure 3 

5- CGAGATCTGCCACC ATG TAC CCC TAC GAC GTG CCC GACTAC Bgill 

GCC AAC GCA AGT GAATTC CGAAGG-3' 

3'hAADC 

5'- CGAAG CT ICTA CTC CCTCTCTGCTCG C-3' 
HindII 
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Figure 5 

5'-CG AGATCTGCCACC ATG GAC TAC AAG GAC GAC GAT GAC GAG 
Bgll - 

AAG GGC CCT GTG CGG CG-3' 

5- CGAAG CTTTCA GCTCCTAATGAG AGT CAG GAA-3' 
HindIII 
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Figure.7 

5'hTHt 

5'-CGAAG CTIGGATCC GCCACC ATG GAA CAA AAA CTC ATCTCA 
HindIII Bamhi 

GAA GAG GAT CTG AAG GTCCCCTGGTTC CCAAGAAAA-3' 

3'hTHt 
5- CG GAATTCCTA GCC AAT GGC ACT CAG CGC ATG GGC-3' 

EcoRI. 
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Figure 23 
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Figure 28 
A. Amino acid sequence of codon-optimized GTP-cyclohydrolase I (SEQ ID NO:18) 

1 MEKGPWRAPA EKPRGARCSN GFPERDPPRP GPSRPAEKPP 
RPEAKSAQPA 

51 DGWKGERPRS EEDNELNLPN LAAAYSSILS SLGENPQROG 
KTPWRAAS 

101 AMQFFTKGYO ETISDVLNDA IFDEDHDEMV IVKDIDMFSM 
CEHHLVPFVG 

151. KVHIGYLPNK QVLGLSKLAR IVEIYSRRLQ VOERLTKOIA 
WATEALRPA 

201 GVGVVVEATH MCMVMRGVOK MNSKTVTSTM LGVFREDPKT 
REEFLTLIRS 

B. Nucleotide sequence of codon-optimized GTP-cyclohydrolase I (SEQID NO:19) 

atggagaagggCCCtgtgCgCgCCCCggCCgagaagCCgCgCggCgCCCgctgcagdaatgggttcCCCgagC 
gCgaCCCgCCgCgCCCCgggCCCagCaggCCggCCgagaagcCCCCg.cgCCCCgaggcCaagagcgcgcag 
CCCgCggacggctggaagggCgagCgCCCCCgCagCgaggaggaCaacgagctgaaCCtcCCtaacCtggCC 
gCCgCCtactCctoCatCCtgagctogctgggCgagaacCCCCagC9gCaggggctgctoaagacCCCCtggagg 
gcggCCtcggcCatgcagttctoacCaagggctaccaggagacCatctoagacgtoctgaacgacgctatottcga 
cgaagatcacgatgagatggtgatcgtgaaggacatagacatgttctocatgtgCgagCaCCaCCtggtgcCatttgt 
gggaaaggtocatatoggctacctgcctaacaagcaggtoctgggCCtcagoaagctggcgaggattgtggaaatct 
atagtagaagactacaggttcaggagcgccttaccaaacaaattgctgtggcaatcacggaagcctg.cggcctgct 
ggagtcggggtogtggtggaagcaacacacatgtgtatggtgatgcgaggtgtacagaaaatgaacagoaaaacC 
gtgaCCagCaCaatgctgggtgtgttcCgggaggatcCaaagactCgggaagagttcCtgactictoatcaggagctg 

C. Amino acid sequence of wild type GTP-cyclohydrolase I (SEQ ID NO:20) 

1 MEKGPVRAPA EKPRGARCSN GFPERDPPRP GPSRPAEKPP 
RPEAKSAOPA - 

51 DGWKGERPRS EEDNELNLPN LAAAYSSILS SLGENPQROG 
LLKTPWRAAS 

101 AMQFFTKGYQ ETISDVLNDA IFDEDHDEMV IVKDIDMFSM 
CEHHLVPFVG - - 

151. KVHIGYLPNK QVLGLSKLAR IVEIYSRRLQ VQERLTKQIA. 
WATEALRPA - 

201 GVGVVVEATH MCMVMRGVOK MNSKTVTSTM LGVFREDPKT 
REEFLTLIRS 
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Figure 28 (cont.) 
D. Nucleotide sequence of wild type GTP-cyclohydrolase (SEQ ID NO:21) 

atggagaagggcCCtgtgcgggcaccggcggagaagCCg.cgggg.cgcCaggtgcagoaatgggttcCCCgagc 
gggatcCgCCgCggCCCgggCCCagCaggCCggCggagaagCCCCCgCggCCCgaggCCaagagcgCgCag 
CCCg.cggacggctggaaggg.cgagcggCCCCgcagogaggaggataacgagctgaacctocctaacctggcag 
CCgcctactcgtocatcctgagctogctgggcgagaacCCCCagcggcaagggctgctoaagacgccCtggaggg 
CggCCtcggCCatgcagttctoacCaagggctacCaggagaCCatctoagatgtcCtaaacgatgctatatttgatga 
agatcatgatgagatggtgattgtgaaggaCatagaCatgttcCatgtgtgagCatCaCttggttcCatttgttggaaag 
gtocatattggttatctoctaacaagcaagtccttggCCtcagoaaacttgcgaggattgtagaaatctatagtagaag 
actacaagttcaggagcgcctacaaaacaaattgctgtagcaatcacggaagCCttgcggcctgctggagtogggg 
tagtggttgaagcaacacacatgtgtatggtaatgcgaggtgtacagaaaatgaacagoaaaactgtgaCCagCaC 
aatgttgggtgtgttcCgggaggatcCaaagactCgggaagagttcCtgactictoattaggagctga 
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Figure 29. 
A. Amino acid sequence of codon-optimized truncated tyrosine hydroxylase, type 2, 
from 8.9.4 MW optiY (SEQID NO:22) 

1 MVKVPWFPRK VSELDKCHHL, VTKFDPDLDL DHPGFSDQVY 
RQRRKLIAEI 

51 AFQYRHGDPI PRVEYTAEEI ATWKEVYTTL KGLYATHACG 
EHLEAFALLE 

101 RFSGYREDNI POLEDWSRFL, KERTGFOLRP WAGLLSARDF 
LASLAFRVFO 

151 CTQYIRHASS PMHSPEPDCC HELLGHVPML ADRTFAQFSQ 
DIGIASLGAS - 

2O1 DEEIEKLSTL YWFTVEFGLC KONGEVKAYG AGLLSSYGEL 
LHCLSEEPE 

251 RAFDPEAAAV QPYODOTYQS VYFVSESFSD AKDKLRSYAS 
RIQRPFSVKF 

301 DPYTLAIDVL DSPQAVRRSL EGVQDELDTL, AHALSAIG 

B. Nucleotide sequence of codon-optimized truncated tyrosine hydroxylase, type 2, 
from 89.4 MW optiY (SEQID NO:23) 

atggtgaaggtacCCtggttcCCaagaaaagtgtcagagctggaCaagtgtcatCaCCtggtoacCaagttcgaCCC 
cgacctggacttggacCaCCCCggctctoggacCaggtgtaccgc.cagcgcaggaagctgatcgctgagatcgCC 
toCagtaCaggcacggCgaCCCgatcCCCCgtgtggagtacaCCgCCgaggagatcgCCaCCtggaaggaggto 
tacaccaccCtgaagggcctotacgccaccCacgcctg.cggggagcacctggaggcctttgctttgctggagcgcto 
agC9gctacCgggaagaCaaCatCCCCCagctggaggacgtotCCCgctoctgaaggagcgCaCaggctoCag 
CtgCggCCCgtggCCggCCtgctgtcCgCCCgggactitcCtggCCagCCtggCCttcCgCgtgttcCagtgCaCCCag 
tatatoCgCCaCgCgtoctogCCCatgcacticCCCtgagcCggactgctgcCacgagctgctggggcacgtgCCCat 
gctggccgaccgcacctogCgcagttcagcCaggacatcggCCtggcgtocctgggggccagogatgaggaaat 
'CgagaagctgtcCactotgtactggttcacggtggagttcgggctgtgtaagcagaacggggaggtgaaggCCtatg 
gtgccgggctgctgtcCtcCtacggggagctoctgcactgcctgtctgaggagcctgagatcCgggcctogacCCtg 
aggctgcggCCgtgcagoCCtaCCaagaCCagacgtacCagtcagtctactCgtgtctgagagctoagcgacgCC 
aaggacaagctoaggagctatgcCagcCgcatcCagcgCCCCttctoCgtgaagttcgaCCCgtaCaCCCtggCCat 
CgacgtgctggaCagcCCCCaggCCgtgcggcgctoCCtggagggtgtcCaggatgagctggacaCCCttgCCCat 
gCgctgagcgcCatcggC - 
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Figure 29 (cont.) 
C. Amino acid sequence of Codon-optimized truncated tyrosine hydroxylase, type 2 
with serine at position 211 (SEQID NO:24) 

1 MVKVPWFPRK VSELDKCHHL, VTKFDPDLDL DHPGFSDQVY 
RQRRKLIAEI 

51 AFOYRHGDPI PRVEYTAEEI ATWKEVYTTL KGLYATHACG 
EHLEAFALLE 

101 RFSGYREDNI POLEDVSRFL, KERTGFOLRP VAGLLSARDF 
LASLAFRVFO 

151 CTOYIRHASS PMHSPEPDCC HELLGHVPML ADRTFAQFSQ 
DIGILASLGAS 

201 DEEIEKLSTL, SWFTVEFGLC KQNGEVKAYG AGLLSSYGEL. 
LHCLSEEPE 

251 RAFDPEAAAV QPYQDQTYQS WYFVSESFSD AKDKLRSYAS 
RIQRPFSVKF 

301, DPYTLAIDVL DSPQAVRRSL EGVODELDTL, AHALSAIG 

D. Nucleotide sequence of Codon-optimized tyrosine hydroxylase, type 2 with serine 
encoded by nucleotides 631-633 (SEQID NO:25) 
atggtgaaggtacCCtggttcCCaagaaaagtgtcagagctggacaagtgtcatcacctggtoacCaagttcgaCCC 
cgacctggacttggaCCaCCCCggctotcggacCaggtgtaccgcCagcgcaggaagctgatcgctgagatcgCC 
toCagtacaggCacggCgaCCCgatcCCCCgtgtggagtacaccgCCgaggagatcgccacctggaaggaggto 
tacaCCaCCCtgaagggCCtctacgCCaCCCaCQCCtgCggggagcacctggaggCCtttgctttgctggagcgCttc 
agcggctaccgggaagacaa.catcCCCCagctggaggacgtctoCCgctcctgaaggagcgcacaggctocag 
CtgCggCCCgtggCCggCCtgctgtcCgCCCgggactCCtggCCagcCtggCCttcCgCgtgttcCagtgCaCCCag 
tatatocgccacgcgtoctogCCCatgcactoCCCtgagcCggactgctgccacgagctgctggggcacgtgccCat 
gctggCCgaCCgCaCCttcgCgCagttcagcCaggacatcggCCtggCgtoCCtgggggcCagcgatgaggaaat 
CgagaagctgtcCactctgtcatggttcacggtggagttcgggctgtgtaagcagaacggggaggtgaaggCCtatg 
gtgccgggctgctgtcCtcCtacggggagctoctgcactgcctgtctgaggagcctgagatcCgggcctogacCCtg 
aggctg.cggCCgtgcagoCCtacCaagaCCagacgtaccagtoagtctactitcgtgtctgagagcticagogacgCC 
aaggacaagctoaggagctatgcCagcCgCatcCagcgCCCCttctoCgtgaagttcgaCCCgtacaCCCtggCCat 
CgaCgtgctggaCagcCCCCaggCCgtgCggCgctoCCtggagggtgtcCaggatgagctggaCaCCCttgCCCat 
gCgctgagCgCCatCggctga - 
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Figure 29 (cont.) 
E. Amino acid sequence of wild type truncated tyrosine hydroxylase, type 2 with 
tyrosine at position 211 (SEQ D NO:26) 

1 MVKVPWFPRK VSELDKCHHI, VTKFDPDLDL DHPGFSDOVY 
RQRRKLIAEI - 

51 AFQYRHGDPI PRVEYTAEEI ATWKEVYTTL KGLYATHACG 
EHLEAFALLE 

101 RFSGYREDNI PQLEDVSRFL KERTGFOLRP VAGLLSARDF 
LASLAFRVFO - 

151 CTQYIRHASS PMHSPEPDCC HELLGHVPML ADRTFAQFSQ 
DIGILASLGAS 

201 DEEIEKLSTL YWFTVEFGLC KONGEVKAYG AGLLSSYGEL 
IHCLSEEPE 

251 RAFDPEAAAV QPYODQTYQS VYFVSESFSD AKDKLRSYAS 
RIQRPFSVKF Y. . 

301 DPYTLAIDVL DSPQAVRRSL EGVQDELDTL, AHALSAIG 

F. Nucleotide sequence of truncated wild type tyrosine hydroxylase, type 2,with 
tyrosine encoded by nucleotides 631-633 (SEQ ID NO:27) 

atggtgaaggtaCCCtggttcCCaagaaaagtgtcagagctggaCaagtgtcatCacctggtoacCaagttcgaCCCt 
gacctggacttggaccaccCgggctotcggacCaggtgtaccgccagogcaggaagctgattgctgagatcgcct 
ccagtacaggcacggCgacCCgattocCCgtgtggagtacaccgcCgaggagattgccacctggaaggaggtota 
caccacgctgaagggCCtctacgccacgcacgcctg.cggggagcacctggaggCCtttgctttgctggagcgctica 
gCggctaccgggaagacaatatoCCCCagctggaggacgtotcCCgctoctgaaggagcgcacgggctcCagct 
gCggCCtgtggCCggCCtgctgtcCgCCCgggactCctggCCagCCtggCCttocCgCgtgttcCagtgCaCCCagtat 
atCCgCCaCQCgtoctogCCCatgCactcCCCtgagcCggactgctgcCacgagctgctggggcacgtgCCCatgct 
ggCCgaccgcacctogcgcagttctogcaggacattggCCtggcgtocctgggggcctcggatgaggaaatgag 
aagctgtcCacgctgtactggttcacggtggagttcgggctgtgtaagCagaacggggaggtgaaggCCtatggtgC 
CgggctgctgtcCtcCtacggggagctoctgcactgcCtgtctgaggagcCtgagattogggcCttogaCCCtgaggct 
gCggcCgtgcagoCCtaccaagaccagacgtaccagtcagtotactitcgtgtctgagagctoagtgacgcCaagga 
CaagctoaggagctatgcctoacgcatcCagcgCCCCttotoCgtgaagttcgaCCCgtacacgctggCCatcgacgt 
gciggaCagCCCCCaggCCgtgCggCgctoCCtggagggtgtcCaggatgagctggacacCCttgCCCatgcgctg. 
agtgcCattggctag - 
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Figure 30 (cont.) 
C. Amino acid sequence of wild type aromatic amino acid decarboxylase (SEQ ID 
NO:32) 

1 MNASEFRRRG KEMVDYVANY MEGIEGROVY PDVEPGYLRP 
LIPAAAPOEP 

51. DTFEDIINDV EKIIMPGVTH WHSPYFFAYF PTASSYPAML 

ADMLCGAIGC 
O1 IGFSWAASPA CTELETVMMD WGKMLELPK AFLNEKAGEG 

GGVIOGSASE 
151 ATLVALLAAR TKVIHRLOAA SPELTQAAIM EKLVAYSSDO 

AHSSVERAG, 

201 IGGVKLKAIP SDGNFAMRAS ALQEALERDK AAGLIPFFMV 
ATLGTTTCCS 

251 FDNLLEVGPI CNKEDIWLHV DAAYAGSAFI CPEFRHILLNG 

VEFADSFNFN 
301 PHKWLLVNFD CSAMWVKKRT DLTGAFRLDP TYLKHSHQDS 

GLITDYRHWQ 
351 IPLGRRFRSL, KMWFVFRMYG VKGLQAYIRK HVQLSHEFES 

LVRQDPRFEI 
401 CVEVILGLVC FRLKGSNKVN EALLQRINSA KKIHLVPCHL 

RDKFVLRFA 

451 CSRTVESAHV QRAWEHIKEL, AADVLRAERE * 

D. Nucleotide sequence of wild type aromatic amino acid decarboxylase (SEQ ID 
NO:33) 

atgaacgcaagtgaatcCgaaggagagggaaggagatggtggattacgtggCCaactaCatggaaggcattgag 
ggacgcCaggtotaCCCtgacgtggagcCCgggtacctg.cggCCgctgatcCCtgccgctgcCCctoaggagcCag 
acacqtttgaggaCatcatCaacgaCgttgagaagataatCatgCCtggggtgacgCactggCaCagcCCCtacttct 
togCCtactCCCCactgCCagctogtaCCCggCCatgctg.cggaCatgctgtgCggggCCattggctgcatcggCttc 
toCtggg.cggcaagCCCagCatgcacagagctggagactgtgatgatggactggcticgggaagatgctggaacta 
cCaaaggcatttgaatgagaaagctggagaagggggaggagtgatcCagggaagtgccagtgaagccaccCt 
ggtggCCCtgctggCCgctoggacCaaagtgatcCatcggctgcaggcagogtocCCagagctoacacaggCCgC 
tatoatggagaagctggtggctactCatCCgatcaggCacactcCtcagtggaaagagctgggittaattggtggagtg 
aaataaaagcCatcCCCtcagatggcaactcgc.catgcgtgcgtotgCCCtgcaggaag.ccctggagagagaca 
aagCggctggCCtgatticCttctatggttgcCaCCCtggggaCCaCaacatgctgctoctittgaCaatctottagaagt 
CggtoctatotgcaacaaggaagacatatggctgcacgttgatgcagoctacgcaggCagtgcattCatctgcCCtga 
gttcCggCacctotgaatggagtggagttgcagattcattcaactittaatcCCCaCaaatggctattggtgaattittgact 
gttctgcCatgtgggtgaaaaagagaacagacittaacgggagCCttagactggaCCCCaCttacctgaagcacago 
catcaggatticagggctatoactgactaccggcattggcagataccactgggcagaagattitcgctotttgaaaatgt 
ggtttgtatttaggatgtatggagtcaaaggactgcaggCttatatoCgCaagcatgtcCagctgtcCCatgagttgagt 
CactggtgCgCCaggatcCCCgctttgaaatctgtgtggaagtoattotggggcttgtctgctCggctaaagggttcCa 
acaaagtgaatgaagctottctgcaaagaataaacagtgcCaaaaaaatcCacttggttcCatgtcaccticagggac 
aagtttgtcCtgcgcttgcCatctgttctogcacggtggaatctgccCatgtgcagogggcctgggaacacatcaaag 
agctggCggCCgacgtgctg.cgagcagagagggagtag 

US 2007/0025970 A1 
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Figure 31 

CMV(E) 
EIAVR-U5 

packag ing signal 

eO 

CMV 

GTP-CH1 opti 
truncated TH opti 

PV RES 

EMCV IRES 

AADC opti 

  

  

  

  



US 2007/0025970 A1 

VECTOR SYSTEM 

REFERENCE TO RELATED APPLICATIONS 

0001. This application is a divisional of U.S. application 
Ser. No. 10/408,456, allowed, which is a Continuation-in 
Part of PCT/GB01/04433, filed on Oct. 5, 2001, designating 
the U.S., published on Apr. 11, 2002 as WO 02/29065, and 
claiming priority from GB 0024550.6, filed on Oct. 6, 2000. 
All of the above-mentioned applications, as well as all 
documents cited herein, and documents referenced or cited 
in documents cited herein, are incorporated by reference. 
0002 The present invention relates to a vector system. In 
particular, the present invention relates to a lentiviral vector 
system for the treatment of Parkinson's disease. 

BACKGROUND 

0003 Parkinson's Disease 
0004 Parkinson's disease (PD) is a neurodegenerative 
disorder characterized by the loss of the nigrostriatal path 
way. Although the cause of Parkinson's disease is not 
known, it is associated with the progressive death of dopam 
inergic (tyrosine hydroxylase (TH) positive) mesencephalic 
neurons, inducing motor impairment. The characteristic 
symptoms of Parkinson's disease appear when up to 70% of 
TH-positive nigrostriatal neurons have degenerated. 
0005 There is currently no satisfactory cure for Parkin 
son’s disease. Symptomatic treatment of the disease-asso 
ciated motor impairments involves oral administration of 
dihydroxyphenylalanine (L-DOPA). L-DOPA is transported 
across the blood-brain barrier and converted to dopamine, 
partly by residual dopaminergic neurons, leading to a Sub 
stantial improvement of motor function. However, after a 
few years, the degeneration of dopaminergic neurons 
progresses, the effects of L-DOPA are reduced and side 
effects reappear. Better therapy for Parkinson's disease is 
therefore necessary. 
0006 An alternative strategy for therapy is neural graft 
ing, which is based on the idea that dopamine Supplied from 
cells implanted into the striatum can substitute for lost 
nigrostriatal cells. Clinical trials have shown that mesen 
cephalic TH positive neurons obtained from human embryo 
cadavers (aborted foetuses) can Survive and function in the 
brains of patients with Parkinson's disease. However, func 
tional recovery has only been partial, and the efficacy and 
reproducibility of the procedure is limited. Also, there are 
ethical, practical and safety issues associated with using 
tissue derived from aborted human foetuses. Moreover, the 
large amounts of tissue required to produce a therapeutic 
effect is likely to prove to be prohibitive. Some attempts 
have been made to use TH positive neurons from other 
species (in order to circumvent some of the ethical and 
practical problems). However, Xenotransplantation requires 
immunosuppressive treatment and is also controversial due 
to, for example, the possible risk of cross-species transfer of 
infectious agents. Another disadvantage is that, in current 
grafting protocols, no more than 5-20% of the expected 
numbers of grafted TH positive neurons survive. In order to 
develop a practicable and effective transplantation protocol, 
an alternative source of TH positive neurons is required. 
0007 A further alternative strategy for therapy is gene 
therapy. It has been Suggested that gene therapy could be 
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used in Parkinson's disease in two ways: to replace dopam 
ine in the affected striatum by introducing the enzymes 
responsible for L-DOPA or dopamine synthesis (for 
example, tyrosine hydroxylase); and to introduce potential 
neuroprotective molecules that may either prevent the TH 
positive neurons from dying or stimulate regeneration and 
functional recovery in the damaged nigrostriatal system 
(Dunnet S. B. and Björklund A. (1999) Nature 399 A32 
A39). 
0008. In vivo, dopamine is synthesised from tyrosine by 
two enzymes, tyrosine hydroxylase (TH) and aromatic 
amino acid DOPA-decarboxylase (AADC). Parkinson's dis 
ease has been shown to be responsive to treatments that 
facilitate dopaminergic transmission in caudate-putamen. In 
experimental animals, genetically modified cells that 
express tyrosine hydroxylase, and thereby synthesise 
L-DOPA, induce behavioural recovery in rodent models of 
PD (Wolff et al. (1989) PNAS (USA) 86:9011-14: Freed et 
all (1990) Arch. Neurol. 47:505-12: Jiao et al. (1993) Nature 
262:4505). 
0009 Functional activity of tyrosine hydroxylase 
depends on the availability of its cofactor tetrahydrobiop 
terin (BH). The level of cofactor may be insufficient in the 
denervated striatum, and so it is thought that GTP cyclohy 
drolase I, the enzyme that catalyses the rate limiting step on 
the pathway of BH-synthesis, may also need to be trans 
duced to obtains sufficient levels of L-DOPA production in 
vivo (Bencsics et al (1996) J. Neurosci 16:4449-4456; Leff 
et al (1998) Exp. Neurol. 151:249-264). 
0010 Although in vivo and ex vivo gene therapy strat 
egies for the treatment of Parkinson's disease have already 
been proposed (Dunnet and Bjorklund (1999) as above: 
Raymon et al (1997) Exp. Neurol. 144:82-91: Kang (1998) 
Mov. Dis. 13: 59-72) significant progress in this technology 
has been hampered by the limited efficiency of gene transfer 
and expression in the target cells. One problem in this regard 
is that the target cells are usually non-dividing cells (i.e. 
neurones) which are notoriously recalcitrant to transduction. 
0011 Expression of More than One Protein 
0012 WO 98/18934 relates to a a polynucleotide 
sequence for use in gene therapy, which polynucleotide 
sequence comprises two or more therapeutic genes operably 
linked to a promoter, and encodes a fusion protein product 
of the therapeutic genes. This provides a way of expressing 
two therapeutic genes from a single "chimeric gene'. In a 
preferred embodiment, the polynucleotide sequence is 
capable of encoding a fusion protein comprising tyrosine 
hydroxylase and DOPA decarboxylase in either TH-DD or 
DD-TH order, linked by a flexible linker. 
0013 As discussed in WO/18924, amongst gene transfer 
systems, retroviral vectors hold Substantial promise for gene 
therapy. These systems can transfer genes efficiently and 
new vectors are emerging that are particularly useful for 
gene delivery to brain cells (Naldini et al., 1996 Science 272, 
263). However, it is clear from the literature that retroviral 
vectors achieve the highest titres and most potent gene 
expression properties if they are kept genetically simple 
(PCT/GB96/01230; Bowtell et al., 1988 J. Virol. 62, 2464; 
Correll et al., 1994 Blood 84, 1812; Emerman and Temin 
1984 Cell 39, 459; Ghattas et al., 1991 Mol. Cell. Biol. 11, 
5848; Hantzopoulos et al., 1989 PNAS 86,3519; Hatzoglou 
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et al., 1991 J. Biol. Chem 266, 8416: Hatzoglou et al., 1988 
J. Biol. Chem 263, 17798: Li et al., 1992 Hum. Gen. Ther. 
3, 381; McLachlin et al., 1993 Virol. 195, 1: Overell et al., 
1988 Mol. Cell Biol. 8, 1803: Scharfman et al., 1991 PNAS 
88, 4626; Vile et al., 1994 Gene Ther 1, 307; Xu et al., 1989 
Virol. 171, 331; Yee et al., 1987 PNAS 84, 5197). This 
means using a single transcription unit within the vector 
genome and orchestrating appropriate gene expression from 
sequences either within the 5' LTR or from an internal 
promoter using a self-inactivating LTR, or using the split 
intron technology described in the WO99/15683. 
0014) According to WO 98/18934, if there is a need to 
express two proteins from a single retroviral vector it is 
preferable to express them as a fusion protein (encoded by 
a single nucleotide sequence) than to use an internal ribo 
some entry site (IRES) to initiate translation of the second 
coding sequence in a poly-cistronic message. This is 
because, according to WO 98/18934 the efficiency of an 
IRES is often low and tissue dependent making the strategy 
undesirable when one is seeking to maximise the efficiency 
of metabolic conversion of for example, tyrosine through to 
dopamine. 
0.015 When located between open reading frames in an 
RNA, an IRES allows translation of the downstream open 
reading frame by promoting entry of the ribosome at the 
IRES element followed by downstream initiation of trans 
lation. The use of IRES elements in retroviral vectors has 
been investigated (see, for example, WO 93/0314) but 
expression of the cDNA situated downstream of the IRES 
has often been found to be inefficient. This may be due to 
competition for ribosomes and other cellular factors. The 
efficiency of translation initiation would therefore be 
expected to decrease with increasing numbers of IRES 
elements. 

0016 Expression of Large Heterologous Genes 
0017 Although the concept of using viral vectors to 
deliver a heterologous gene to a recipient cell is well known 
(Verma and Somia (1997) Nature 389:239-242), it is widely 
accepted that there are limits on the size of the heterologous 
gene which can be successfully transduced (see, for example 
page 446, Chapter 9 of Coffin et al"Retroviruses' 1997 Cold 
Spring Harbour Laboratory Press). If incorporation of the 
heterologous gene and associated regulatory elements dra 
matically increases the size of the viral genome, then there 
is a significant risk that it will no longer be able to be 
Successfully packaged, or at least that packaging efficiency 
will be significantly reduced. 
0018. Despite the apparent prejudice in the art, the 
present inventors have shown that lentiviral vectors express 
ing a bicistronic cassette (encoding TH and GTP-CH1) and 
even a tricistronic cassette (encoding TH, AADC and GTP 
CH1) can yield expression of the appropriate enzymes in 
heterologous cells in culture and in vivo. Incorporation of 
the tricistronic cassette into the lentiviral vector causes an 
increase in the size of the RNA genome of approximately 
10%-30% (over the wild-type RNA genome) but surpris 
ingly, gene transfer efficiency is not markedly affected. 
Integration efficiencies are comparable and efficient gene 
transfer to neurons is demonstrated. Moreover, the inventors 
have shown that such vectors may be used to increase the 
levels of certain catecholamines in denervated tissue and 
therefore correct rodent and primate models of Parkinson's 
disease. 
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SUMMARY OF THE INVENTION 

0019. The first aspect of the invention relates to viral 
vector genomes. In a first embodiment of the first aspect of 
the invention there is provided a retroviral vector genome 
comprising two or more NOIS (nucleotide sequences of 
interest) operably linked by one or more Internal Ribosome 
Entry Site(s). Preferably the genome comprises three or 
more NOIs operably linked by two or more Internal Ribo 
some Entry Site(s). Preferably each NOI is useful in the 
treatment of a neurodegenerative disorder. Preferably the 
genome is a lentiviral vector genome. 
0020. In a second embodiment of the first aspect of the 
invention there is provided a lentiviral vector genome com 
prising two or more NOIs suitable for treating a neurode 
generative disorder. Preferably the genome comprises three 
or more NOIs suitable for treating a neurodegenerative 
disorder. Preferably the NOIs are operably linked by one or 
more Internal Ribosome Entry Sites(s). 
0021 Preferably the NOIs of these first and second 
embodiments of the invention are capable of encoding a 
protein selected from the following group: Tyrosine 
Hydroxylase, GTP-cyclohydrolase I, Aromatic Amino Acid 
Dopa Decarboxylase and Vesicular Monoamine Transporter 
2 (VMAT2). More preferably the NOIs are capable of 
encoding Tyrosine Hydroxylase, GTP-cyclohydrolase I and 
optionally Aromatic Amino Acid Dopa Decarboxylase or 
Aromatic Amino Acid Dopa Decarboxylase and Vesicular 
Monoamine Transporter 2. The NOIs of the embodiments 
may also encode proteins such as growth factors and anti 
bodies. 

0022. In a third embodiment of the first aspect of the 
invention there is provided a lentiviral vector genome 
capable of encoding tyrosine hydroxylase and GTP-cyclo 
hydrolase I. Preferably the genome is also capable of encod 
ing Aromatic Amino Acid Dopa Decarboxylase or Aromatic 
Amino Acid Dopa Decarboxylase and Vesicular Monoamine 
Transporter 2. Preferably the enzymes are encoded by NOIs, 
which are operably linked by one or more Internal Ribosome 
Entry sites. 
0023 The second aspect of the invention relates to vector 
systems. 

0024. In a first embodiment of the second aspect of the 
invention there is provided a vector system comprising a 
genome according to the first aspect of the invention. 
0025. In a second embodiment of the second aspect of the 
invention there is provided a lentiviral vector system which 
is capable of delivering an RNA genome to a recipient cell, 
wherein the genome is longer than the wild type genome of 
the lentivirus. Preferably the lentiviral vector system is an 
EIAV vector system. 
0026. According to further aspects of the invention, there 

is provided: 
0027) a method for producing a lentiviral particle 
which comprises introducing Such a viral genome into 
a producer cell; 

0028 a viral particle produced by such a system or 
method; 

0029 a pharmaceutical composition comprising such a 
genome, system or particle; 
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0030 the use of such a genome, system or particle in 
the manufacture of a pharmaceutical composition to 
treat and/or prevent a disease; 

0031 a cell which has been transduced with such a 
system; 

0032 a method of treating and/or preventing a disease 
by using Such a genome, system, viral particle or cell; 

0033 According to a yet further aspect there is provided 
a bicistronic cassette comprising a nucleotide sequence 
capable of encoding tyrosine hydroxylase and a nucleotide 
sequence capable of encoding GTP-cyclohydrolase I oper 
ably linked by one or more IRES(s). There is also provided 
a bicistronic cassette encoding Aromatic Amino Acid Dopa 
Decarboxylase and Vesicular Monoamine Transporter 2. 
0034. According to a yet further aspect there is provided 
a tricistronic cassette comprising a nucleotide sequence 
capable of encoding tyrosine hydroxylase, a nucleotide 
sequence capable of encoding GTP-cyclohydrolase I and a 
nucleotide sequence capable of encoding Aromatic Amino 
Acid Dopa Decarboxylase operably linked by two or more 
IRES(s). 

DETAILED DESCRIPTION OF THE 
INVENTION 

0035. The first aspect of the invention relates to retroviral 
and lentiviral vector genomes. 
0036) Retroviruses 
0037. The concept of using viral vectors for gene therapy 

is well known (Verma and Somia (1997) Nature 389:239 
242). 
0038. There are many retroviruses. For the present appli 
cation, the term “retrovirus' includes: murine leukemia 
virus (MLV), human immunodeficiency virus (HIV), equine 
infectious anaemia virus (EIAV), mouse mammary tumour 
virus (MMTV), Rous sarcoma virus (RSV), Fujinami sar 
coma virus (FuSV), Moloney murine leukemia virus (Mo 
MLV), FBR murine osteosarcoma virus (FBRMSV), Molo 
ney murine sarcoma virus (Mo-MSV), Abelson murine 
leukemia virus (A-MLV), Avian myelocytomatosis virus-29 
(MC29), and Avian erythroblastosis virus (AEV) and all 
other retroviridiae including lentiviruses. 
0039. A detailed list of retroviruses may be found in 
Coffin et al (“Retroviruses' 1997 Cold Spring Harbour 
Laboratory Press Eds: JM Coffin, S M Hughes, H E Varmus 
pp 758-763). 
0040 Lentiviruses also belong to the retrovirus family, 
but they can infect both dividing and non-dividing cells 
(Lewis et al (1992) EMBO J. 3053-3058). 
0041. The lentivirus group can be split into “primate” and 
“non-primate'. Examples of primate lentiviruses include the 
human immunodeficiency virus (HIV), the causative agent 
of human acquired immunodeficiency syndrome (AIDS). 
and the simian immunodeficiency virus (SIV). 
0042. The non-primate lentiviral group includes the pro 
totype “slow virus' visna/maedi virus (VMV), as well as the 
related caprine arthritis-encephalitis virus (CAEV), equine 
infectious anaemia virus (EIAV) and the more recently 
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described feline immunodeficiency virus (FIV) and bovine 
immunodeficiency virus (BIV). 

0043. Details on the genomic structure of some lentivi 
ruses may be found in the art. By way of example, details on 
HIV and EIAV may be found from the NCBI Genbank 
database (i.e. Genome Accession Nos. AF033819 and 
AF033820 respectively), maintained by the National Insti 
tutes of Health. Details of HIV variants may also be found 
at in the HIV databases maintained by Los Alamos National 
Laboratory. Details of EIAV variants may be found at the 
NCBI website. 

0044. During the process of infection, a retrovirus ini 
tially attaches to a specific cell Surface receptor. On entry 
into the susceptible host cell, the retroviral RNA genome is 
then copied to DNA by the virally encoded reverse tran 
scriptase which is carried inside the parent virus. This DNA 
is transported to the host cell nucleus where it subsequently 
integrates into the host genome. At this stage, it is typically 
referred to as the provirus. The provirus is stable in the host 
chromosome during cell division and is transcribed like 
other cellular genes. The provirus encodes the proteins and 
other factors required to make more virus, which can leave 
the cell by a process sometimes called “budding”. 
0045 Each retroviral genome comprises genes called 
gag, pol and env which code for virion proteins and 
enzymes. These genes are flanked at both ends by regions 
called long terminal repeats (LTRs). The LTRs are respon 
sible for proviral integration, and transcription. They also 
serve as enhancer-promoter sequences. In other words, the 
LTRS can control the expression of the viral genes. Encapsi 
dation of the retroviral RNAs occurs by virtue of a psi 
sequence located at the 5' end of the viral genome. 

0046) The LTRs themselves are identical sequences that 
can be divided into three elements, which are called U3, R 
and U5. U3 is derived from the sequence unique to the 3' end 
of the RNA. R is derived from a sequence repeated at both 
ends of the RNA and U5 is derived from the sequence 
unique to the 5'end of the RNA. The sizes of the three 
elements can vary considerably among different retrovi 
USS. 

0047 For the viral genome, the site of transcription 
initiation is at the boundary between U3 and R in the left 
hand side LTR and the site of poly (A) addition (termination) 
is at the boundary between R and U5 in the right hand side 
LTR. U3 contains most of the transcriptional control ele 
ments of the provirus, which include the promoter and 
multiple enhancer sequences responsive to cellular and in 
Some cases, viral transcriptional activator proteins. Some 
retroviruses have any one or more of the following genes 
that code for proteins that are involved in the regulation of 
gene expression: tat, rev, tax and rex. 

0048. With regard to the structural genes gag, pol and env 
themselves, gag encodes the internal structural protein of the 
virus. Gag protein is proteolytically processed into the 
mature proteins MA (matrix), CA (capsid) and NC (nucleo 
capsid). The pol gene encodes the reverse transcriptase (RT), 
which contains DNA polymerase, associated RNase H and 
integrase (IN), which mediate replication of the genome. 
The env gene encodes the Surface (SU) glycoprotein and the 
transmembrane (TM) protein of the virion, which form a 
complex that interacts specifically with cellular receptor 
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proteins. This interaction leads ultimately to infection by 
fusion of the viral membrane with the cell membrane. 

0049 Retroviruses may also contain “additional genes 
which code for proteins other than gag, pol and env. 
Examples of additional genes include in HIV, one or more of 
vif, vpr, vpx, Vpu, tat, rev and nef. EIAV has, for example, 
the additional genes S2 and dUTPase. 
0050 Proteins encoded by additional genes serve various 
functions, some of which may be duplicative of a function 
provided by a cellular protein. In EIAV, for example, tat acts 
as a transcriptional activator of the viral LTR. It binds to a 
stable, stem-loop RNA secondary structure referred to as 
TAR. Rev regulates and co-ordinates the expression of viral 
genes through rev-response elements (RRE). The mecha 
nisms of action of these two proteins are thought to be 
broadly similar to the analogous mechanisms in the primate 
viruses. The function of S2 is unknown. In addition, an 
EIAV protein, Ttm, has been identified that is encoded by the 
first exon of tat spliced to the env coding sequence at the 
start of the transmembrane protein. 
0051 Delivery Systems 
0.052 Retroviral vector systems have been proposed as a 
delivery system for interalia the transfer of a NOI to one or 
more sites of interest. The transfer can occur in vitro, ex 
vivo, in vivo, or combinations thereof. Retroviral vector 
systems have even been exploited to study various aspects of 
the retrovirus life cycle, including receptor usage, reverse 
transcription and RNA packaging (reviewed by Miller, 1992 
Curr Top Microbiol Immunol 158:1-24). 
0053 A recombinant retroviral vector particle is capable 
of transducing a recipient cell with an NOI. Once within the 
cell the RNA genome from the vector particle is reverse 
transcribed into DNA and integrated into the DNA of the 
recipient cell. 
0054 As used herein, the term “vector genome' refers to 
both to the RNA construct present in the retroviral vector 
particle and the integrated DNA construct. The term also 
embraces a separate or isolated DNA construct capable of 
encoding Such an RNA genome. A retroviral or lentiviral 
genome should comprise at least one component part deriv 
able from a retrovirus or a lentivirus. The term "derivable' 
is used in its normal sense as meaning a nucleotide sequence 
or a part thereof which need not necessarily be obtained 
from a virus such as a lentivirus but instead could be derived 
therefrom. By way of example, the sequence may be pre 
pared synthetically or by use of recombinant DNA tech 
niques. Preferably the genome comprises a psi region (or an 
analogous component which is capable of causing encapsi 
dation). 
0.055 The viral vector genome is preferably “replication 
defective' by which we mean that the genome does not 
comprise Sufficient genetic information alone to enable 
independent replication to produce infectious viral particles 
within the recipient cell. In a preferred embodiment, the 
genome lacks a functional env, gag or pol gene. 
0056. The viral vector genome may comprise some or all 
of the long terminal repeats (LTRs). Preferably the genome 
comprises at least part of the LTRS or an analogous sequence 
which is capable of mediating proviral integration, and 
transcription. The sequence may also comprise or act as an 
enhancer-promoter sequence. 
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0057 The viral vector genome of the first aspect of the 
invention may be provided as a kit of parts. For example, the 
kit may comprise (i) a plasmid or plasmids containing the 
NOIs and IRES sequence(s); and (ii) a retroviral genome 
construct with Suitable restriction enzyme recognition sites 
for cloning the NOIs and IRES(s) into the viral genome. 

0058. It is known that the separate expression of the 
components required to produce a retroviral vector particle 
on separate DNA sequences cointroduced into the same cell 
will yield retroviral particles carrying defective retroviral 
genomes that carry therapeutic genes (e.g. Reviewed by 
Miller 1992). This cell is referred to as the producer cell (see 
below). 
0059. There are two common procedures for generating 
producer cells. In one, the sequences encoding retroviral 
Gag, Pol and Env proteins are introduced into the cell and 
stably integrated into the cell genome; a stable cell line is 
produced which is referred to as the packaging cell line. The 
packaging cell line produces the proteins required for pack 
aging retroviral RNA but it cannot bring about encapsidation 
due to the lack of a psi region. However, when a vector 
genome according to the first aspect of the invention (having 
a psi region) is introduced into the packaging cell line, the 
helper proteins can package the psi-positive recombinant 
vector RNA to produce the recombinant virus stock. This 
can be used to transduce the NOI into recipient cells. The 
recombinant virus whose genome lacks all genes required to 
make Viral proteins can infect only once and cannot propa 
gate. Hence, the NOI is introduced into the host cell genome 
without the generation of potentially harmful retrovirus. A 
Summary of the available packaging lines is presented in 
“Retroviruses” (1997 Cold Spring Harbour Laboratory Press 
Eds: J M Coffin, S M Hughes, H E Varmus pp 449). 
0060. The present invention also provides a packaging 
cell line comprising a viral vector genome of the first aspect 
of the invention. For example, the packaging cell line may 
be transduced with a viral vector System comprising the 
genome or transfected with a plasmid carrying a DNA 
construct capable of encoding the RNA genome. The present 
invention also provides a retroviral (or lentiviral) vector 
particle produced by Such a cell. 

0061 The second approach is to introduce the three 
different DNA sequences that are required to produce a 
retroviral vector particle i.e. the env coding sequences, the 
gag-pol coding sequence and the defective retroviral 
genome containing one or more NOIS into the cell at the 
same time by transient transfection and the procedure is 
referred to as transient triple transfection (Landau & Littman 
1992: Pear et al 1993). The triple transfection procedure has 
been optimised (Soneoka et al 1995: Finer et al 1994). WO 
94/29438 describes the production of producer cells in vitro 
using this multiple DNA transient transfection method. 

0062) The components of the viral system which are 
required to complement the vector genome may be present 
on one or more “producer plasmids” for transfecting into 
cells. 

0063. The present invention also provides a vector sys 
tem, comprising 

0064 (i) a viral genome according to the first aspect of 
the invention; 
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0065 (ii) a nucleotide sequence coding for lentiviral 
gag and pol proteins: 

0066 (iii) nucleotide sequences encoding other essen 
tial viral packaging components not encoded by the 
nucleotide sequence of ii). In a preferred embodiment, 
the nucleotide sequence of (iii) is capable of encoding 
an env protein. The present invention also provides a 
cell transfected with such a vector system and a retro 
viral vector particle produced by such a cell. Preferably 
the gag-pol sequence is codon optimised for use in the 
particular producer cell (see below). 

0067. The env protein encoded by the nucleotide 
sequence of iii) may be a homologous retroviral or lentiviral 
env protein. Alternatively, it may be a heterologous env, or 
an env from a non-retro or lentivirus (see below under 
“pseudotyping). 

0068 The term “viral vector system” is used generally to 
mean a kit of parts which can be used when combined with 
other necessary components for viral particle production to 
produce viral particles in host cells. For example, the 
retroviral vector genome may lack one or more of the genes 
needed for viral replication. This may be combined in a kit 
with a further complementary nucleotide sequence or 
sequences, for example on one or more producer plasmids. 
By cotransfection of the genome together with the producer 
plasmid(s), the necessary components should be provided 
for the production of infectious viral particles. 
0069. Alternatively, the complementary nucleotide 
sequence(s) may be stably present within a packaging cell 
line that is included in the kit. 

0070 The present invention also relates to a lentiviral 
vector system which is capable of delivering an RNA 
genome to a recipient cell, wherein the genome is longer 
than the wild type genome of the lentivirus. The vector 
system may, for example, be an EIAV vector system. 
0071 Preferably the RNA genome of the vector system 
has up to 5%, more preferably up to 10% or even up to 30% 
more bases than the wild-type genome. Preferably the RNA 
genome is about 10% longer than the wild-type genome. For 
example, wild type EIAV comprises an RNA genome of 
approximately 8 kb. An EIAV vector system of the present 
invention may have an RNA genome of up to (preferably 
about) 8.8 kb. 
0072 Preferably the retroviral vector system of the 
present invention is a self-inactivating (SIN) vector system. 
0073. By way of example, self-inactivating retroviral 
vector systems have been constructed by deleting the tran 
Scriptional enhancers or the enhancers and promoter in the 
U3 region of the 3' LTR. After a round of vector reverse 
transcription and integration, these changes are copied into 
both the 5' and the 3' LTRs producing a transcriptionally 
inactive provirus. However, any promoter(s) internal to the 
LTRs in such vectors will still be transcriptionally active. 
This strategy has been employed to eliminate effects of the 
enhancers and promoters in the viral LTRS on transcription 
from internally placed genes. Such effects include increased 
transcription or Suppression of transcription. This strategy 
can also be used to eliminate downstream transcription from 
the 3' LTR into genomic DNA. This is of particular concern 
in human gene therapy where it may be important to prevent 
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the adventitious activation of an endogenous oncogene. Yu 
et al., (1986) PNAS 83: 3194-98: Marty et al., (1990) 
Biochimie 72: 885-7: Naviaux et al., (1996) J. Virol. 70: 
5701-5; Iwakuma et al., (1999) Virol. 261: 120-32: Deglon 
et al., (2000) Human Gene Therapy 11: 179-90. 
0074 Preferably a recombinase assisted mechanism is 
used which facilitates the production of high titre regulated 
lentiviral vectors from the producer cells of the present 
invention. 

0075. As used herein, the term “recombinase assisted 
system’ includes but is not limited to a system using the Cre 
recombinase/IoxP recognition sites of bacteriophage P1 or 
the site-specific FLP recombinase of S. cerevisiae which 
catalyses recombination events between 34 bp FLP recog 
nition targets (FRTs). 
0076. The site-specific FLP recombinase of S. cerevisiae 
which catalyses recombination events between 34 bp FLP 
recognition targets (FRTs) has been configured into DNA 
constructs in order to generate high level producer cell lines 
using recombinase-assisted recombination events (Kar 
reman et al (1996) NAR 24:1616-1624). A similar system 
has been developed using the Cre recombinase/IoxP recog 
nition sites of bacteriophage P1 (Vanin et al (1997) J. Virol 
71:7820–7826). This was configured into a lentiviral genome 
such that high titre lentiviral producer cell lines were gen 
erated. 

0077. By using producer/packaging cell lines, it is pos 
sible to propagate and isolate quantities of retroviral vector 
particles (e.g. to prepare suitable titres of the retroviral 
vector particles) for Subsequent transduction of for 
example, a site of interest (such as adult brain tissue). 
Producer cell lines are usually better for large scale produc 
tion or vector particles. 
0078 Transient transfection has numerous advantages 
over the packaging cell method. In this regard, transient 
transfection avoids the longer time required to generate 
stable vector-producing cell lines and is used if the vector 
genome or retroviral packaging components are toxic to 
cells. If the vector genome encodes toxic genes or genes that 
interfere with the replication of the host cell, such as 
inhibitors of the cell cycle or genes that induce apoptosis, it 
may be difficult to generate stable vector-producing cell 
lines, but transient transfection can be used to produce the 
vector before the cells die. Also, cell lines have been 
developed using transient infection that produce vector titre 
levels that are comparable to the levels obtained from stable 
vector-producing cell lines (Pear et al 1993, PNAS 90:8392 
8396). 
0079 Producer cells/packaging cells can be of any suit 
able cell type. Producer cells are generally mammalian cells 
but can be, for example, insect cells. 

0080. As used herein, the term “producer cell” or “vector 
producing cell refers to a cell which contains all the 
elements necessary for production of retroviral vector par 
ticles. 

0081 Preferably, the producer cell is obtainable from a 
stable producer cell line. 

0082 Preferably, the producer cell is obtainable from a 
derived stable producer cell line. 
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0083) Preferably, the producer cell is obtainable from a 
derived producer cell line. 
0084 As used herein, the term "derived producer cell 
line' is a transduced producer cell line which has been 
screened and selected for high expression of a marker gene. 
Such cell lines support high level expression from the 
retroviral genome. The term "derived producer cell line' is 
used interchangeably with the term "derived stable producer 
cell line' and the term “stable producer cell line. 
0085 Preferably the derived producer cell line includes 
but is not limited to a retroviral and/or a lentiviral producer 
cell. 

0.086 Preferably the derived producer cell line is an HIV 
or EIAV producer cell line, more preferably an EIAV pro 
ducer cell line. 

0087 Preferably the envelope protein sequences, and 
nucleocapsid sequences are all stably integrated in the 
producer and/or packaging cell. However, one or more of 
these sequences could also exist in episomal form and gene 
expression could occur from the episome. 
0088 As used herein, the term "packaging cell refers to 
a cell which contains those elements necessary for produc 
tion of infectious recombinant virus which are lacking in the 
RNA genome. Typically, such packaging cells contain one or 
more producer plasmids which are capable of expressing 
viral structural proteins (such as codon optimised gag-pol 
and env) but they do not contain a packaging signal. 
0089. The term “packaging signal” which is referred to 
interchangeably as "packaging sequence' or “psi' is used in 
reference to the non-coding, cis-acting sequence required for 
encapsidation of retroviral RNA strands during viral particle 
formation. In HIV-1, this sequence has been mapped to loci 
extending from upstream of the major splice donor site (SD) 
to at least the gag start codon. 
0090 Packaging cell lines suitable for use with the 
above-described vector constructs may be readily prepared 
(see also WO92/05266), and utilised to create producer cell 
lines for the production of retroviral vector particles. As 
already mentioned, a Summary of the available packaging 
lines is presented in “Retroviruses” (as above). 
0.091 Also as discussed above, simple packaging cell 
lines, comprising a provirus in which the packaging signal 
has been deleted, have been found to lead to the rapid 
production of undesirable replication competent viruses 
through recombination. In order to improve safety, second 
generation cell lines have been produced wherein the 3LTR 
of the provirus is deleted. In such cells, two recombinations 
would be necessary to produce a wild type virus. A further 
improvement involves the introduction of the gag-pol genes 
and the env gene on separate constructs so-called third 
generation packaging cell lines. These constructs are intro 
duced sequentially to prevent recombination during trans 
fection. 

0092 Preferably, the packaging cell lines are second 
generation packaging cell lines. 
0093 Preferably, the packaging cell lines are third gen 
eration packaging cell lines. 
0094. In these split-construct, third generation cell lines, 
a further reduction in recombination may be achieved by 
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changing the codons. This technique, based on the redun 
dancy of the genetic code, aims to reduce homology between 
the separate constructs, for example between the regions of 
overlap in the gag-pol and env open reading frames. 
0095 The packaging cell lines are useful for providing 
the gene products necessary to encapsidate and provide a 
membrane protein for a high titre vector particle production. 
The packaging cell may be a cell cultured in vitro Such as a 
tissue culture cell line. Suitable cell lines include but are not 
limited to mammalian cells such as murine fibroblast 
derived cell lines or human cell lines. Preferably the pack 
aging cell line is a primate or human cell line, such as for 
example: HEK293, 293-T, TE671, HT1080. 
0096 Alternatively, the packaging cell may be a cell 
derived from the individual to be treated such as a monocyte, 
macrophage, blood cell or fibroblast. The cell may be 
isolated from an individual and the packaging and vector 
components administered ex vivo followed by re-adminis 
tration of the autologous packaging cells. 
0097. It is highly desirable to use high-titre virus prepa 
rations in both experimental and practical applications. 
Techniques for increasing viral titre include using a psi plus 
packaging signal as discussed above and concentration of 
viral stocks. 

0098. As used herein, the term “high titre’ means an 
effective amount of a retroviral vector or particle which is 
capable of transducing a target site such as a cell. 

0099. As used herein, the term “effective amount’ means 
an amount of a regulated retroviral or lentiviral vector or 
vector particle which is sufficient to induce expression of the 
NOIs at a target site. 
0100. A high-titre viral preparation for a producer/pack 
aging cell is usually of the order of 10 to 107 retrovirus 
particles per ml. For transduction in tissues such as the brain, 
it is necessary to use very Small Volumes, so the viral 
preparation is concentrated by ultracentrifugation. The 
resulting preparation should have at least 10 t.u./ml, pref 
erably from 10 to 10 t.u./ml, more preferably at least 10 
t.u./ml. (The titer is expressed in transducing units per ml 
(t.u./ml) as titred on a standard D17 cell line—see Example 
9). Other methods of concentration such as ultrafiltration or 
binding to and elution from a matrix may be used. 
0101 The expression products encoded by the NOIs may 
be proteins which are secreted from the cell. Alternatively 
the NOI expression products are not secreted and are active 
within the cell. For some applications, it is preferred for the 
NOI expression product to demonstrate a bystander effect or 
a distant bystander effect; that is the production of the 
expression product in one cell leading to the modulation of 
additional, related cells, either neighbouring or distant (e.g. 
metastatic), which possess a common phenotype. Zennou et 
al., (2000) Cell 101: 173; Folleuzi et al., (2000) Nat. 
Genetics 25: 217; Zennou et al., (2001) Nat. Biotechnol. 19: 
446. 

0102) The presence of a sequence termed the central 
polypurine tract (cPPT) may improve the efficiency of gene 
delivery to non-dividing cells. This cis-acting element is 
located, for example, in the EIAV polymerase coding region 
element. Preferably the genome of the present invention 
comprises a cBPT sequence. 
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0103 Preferably the viral genome comprises a post 
translational regulatory element. For example, the genome 
may comprise an element such as the woodchuck hepatitis 
virus posttranscriptional regulatory element (WPRE). 
Zufferey et al., (1999) J. Virol. 73: 2886; Barry et al., (2001) 
Human Gene Therapy 12: 1103. 
0104. In addition, or in the alternative, the viral genome 
may comprise a translational enhancer. 
0105. The NOIs may be operatively linked to one or more 
promoter/enhancer elements. Transcription of one or more 
NOIs may be under the control of viral LTRs or alternatively 
promoter-enhancer elements. Preferably the promoter is a 
strong viral promoter such as CMV, or is a cellular consti 
tutive promoter such as PGK, beta-actin or EF1alpha. The 
promoter may be regulated or tissue-specific. Such promot 
ers may be selected from genes Such as neurofilaments, 
nestin, parkin, dopamine receptors, tyrosine hydroxylase. 
Such promoters may also contain neurorestrictive Suppres 
Sor sequences such as that found in the mu-opoid receptor 
gene. In a preferred embodiment, the promoter may be 
glial-specific or neuron-specific. The control of expression 
can also be achieved by using Such systems as the tetracy 
cline system that Switches gene expression on or off in 
response to outside agents (in this case tetracycline or its 
analogues). 
0106) Pseudotyping 
0107. In the design of retroviral vector systems it is 
desirable to engineer particles with different target cell 
specificities to the native virus, to enable the delivery of 
genetic material to an expanded or altered range of cell 
types. One manner in which to achieve this is by engineering 
the virus envelope protein to alter its specificity. Another 
approach is to introduce a heterologous envelope protein 
into the vector particle to replace or add to the native 
envelope protein of the virus. 
0108. The term pseudotyping means incorporating in at 
least a part of, or Substituting a part of, or replacing all of 
an env gene of a viral genome with a heterologous env gene, 
for example an env gene from another virus. Pseudotyping 
is not a new phenomenon and examples may be found in 
WO99/61639, WO-A-98/05759, WO-A-98/05754, WO-A- 
97/17457, WO-A-96/09400, WO-A-91/00047 and Mebat 
sion et al 1997 Cell 90, 841-847. 
0109. In a preferred embodiment of the present invention 
the vector system is pseudotyped with a gene encoding at 
least part of the rabies G protein. In a further preferred 
embodiment of the present invention the vector system is 
pseudotyped with a gene encoding at least part of the VSV-G 
protein. 

0110. It has been demonstrated that a lentivirus minimal 
system can be constructed from HIV, SIV. FIV, and EIAV 
viruses. Such a system requires none of the additional genes 
vif, vpr, vpx, Vpu, tat, rev and nef for either vector produc 
tion or for transduction of dividing and non-dividing cells. 
It has also been demonstrated that an EIAV minimal vector 
system can be constructed which does not require S2 for 
either vector production or for transduction of dividing and 
non-dividing cells. The deletion of additional genes is highly 
advantageous. Firstly, it permits vectors to be produced 
without the genes associated with disease in lentiviral (e.g. 
HIV) infections. In particular, tat is associated with disease. 
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Secondly, the deletion of additional genes permits the vector 
to package more heterologous DNA. Thirdly, genes whose 
function is unknown, Such as S2, may be omitted, thus 
reducing the risk of causing undesired effects. Examples of 
minimal lentiviral vectors are disclosed in WO-A-99/32646 
and in WO-A-98/17815. 

0.111 Thus, preferably, the delivery system used in the 
invention is devoid of at least tat and S2 (if it is an EIAV 
vector System), and possibly also vif, vpr, vpx, Vpu and nef. 
More preferably, the systems of the present invention are 
also devoid of rev. Rev was previously thought to be 
essential in Some retroviral genomes for efficient virus 
production. For example, in the case of HIV, it was thought 
that rev and RRE sequence should be included. However, it 
has been found that the requirement for rev and RRE can be 
reduced or eliminated by codon optimisation (see below) or 
by replacement with other functional equivalent systems 
such as the MPMV system. As expression of the codon 
optimised gag-pol is REV independent, RRE can be 
removed from the gag-pol expression cassette, thus remov 
ing any potential for recombination with any RRE contained 
on the vector genome. 
0.112. In a preferred embodiment the viral genome of the 

first aspect of the invention lacks the Rev response element 
(RRE). 
0113. In a preferred embodiment, the system used in the 
present invention is based on a so-called “minimal' system 
in which some or all of the additional genes have be 
removed. 

0114 Condon Optimisation 
0115 Codon optimisation has previously been described 
in WO99/41397. Different cells differ it their usage of 
particular codons. This codon bias corresponds to a bias in 
the relative abundance of particular tRNAs in the cell type. 
By altering the codons in the sequence so that they are 
tailored to match with the relative abundance of correspond 
ing tRNAS, it is possible to increase expression. By the same 
token, it is possible to decrease expression by deliberately 
choosing codons for which the corresponding tPNAS are 
known to be rare in the particular cell type. Thus, an 
additional degree of translational control is available. 
0116 Many viruses, including HIV and other lentivi 
ruses, use a large number of rare codons and by changing 
these to correspond to commonly used mammalian codons, 
increased expression of the packaging components in mam 
malian producer cells can be achieved. Codon usage tables 
are known in the art for mammalian cells, as well as for a 
variety of other organisms. 

0.117 Codon optimisation has a number of other advan 
tages. By virtue of alterations in their sequences, the nucle 
otide sequences encoding the packaging components of the 
viral particles required for assembly of viral particles in the 
producer cells/packaging cells have RNA instability 
sequences (INS) eliminated from them. At the same time, 
the amino acid sequence coding sequence for the packaging 
components is retained so that the viral components encoded 
by the sequences remain the same, or at least Sufficiently 
similar that the function of the packaging components is not 
compromised. Codon optimisation also overcomes the Rev/ 
RRE requirement for export, rendering optimised sequences 
Rev independent. Codon optimisation also reduces homolo 
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gous recombination between different constructs within the 
vector system (for example between the regions of overlap 
in the gag-pol and env open reading frames). The overall 
effect of codon optimisation is therefore a notable increase 
in viral titre and improved safety. 
0118. In one embodiment only codons relating to INS are 
codon optimised. However, in a much more preferred and 
practical embodiment, the sequences are codon optimised in 
their entirety, with the exception of the sequence encom 
passing the frameshift site. 
0119) The gag-pol gene comprises two overlapping read 
ing frames encoding gag and pol proteins respectively. The 
expression of both proteins depends on a frameshift during 
translation. This frameshift occurs as a result of ribosome 
'slippage during translation. This slippage is thought to be 
caused at least in part by ribosome-stalling RNA secondary 
structures. Such secondary structures exist downstream of 
the frameshift site in the gag-pol gene. For HIV, the region 
of overlap extends from nucleotide 1222 downstream of the 
beginning of gag (wherein nucleotide 1 is the A of the gag 
ATG) to the end of gag (nt 1503). Consequently, a 281 bp 
fragment spanning the frameshift site and the overlapping 
region of the two reading frames is preferably not codon 
optimised. Retaining this fragment will enable more efficient 
expression of the gag-pol proteins. 

0120 For EIAV the beginning of the overlap has been 
taken to be nt 1262 (where nucleotide 1 is the A of the gag 
ATG). The end of the overlap is at 1461 bp. In order to 
ensure that the frameshift site and the gag-pol overlap are 
preserved, the wild type sequence has been retained from nt 
1156 to 1465. 

0121 Derivations from optimal codon usage may be 
made, for example, in order to accommodate convenient 
restriction sites, and conservative amino acid changes may 
be introduced into the gag-pol proteins. 
0122) In a highly preferred embodiment, codon optimi 
sation was based on highly expressed mammalian genes. 
The third and sometimes the second and third base may be 
changed. 

0123. Due to the degenerate nature of the Genetic Code, 
it will be appreciated that numerous gag-pol sequences can 
be achieved by a skilled worker. Also there are many 
retroviral variants described which can be used as a starting 
point for generating a codon optimised gag-pol sequence. 
Lentiviral genomes can be quite variable. For example there 
are many quasi-species of HIV-1 which are still functional. 
This is also the case for EIAV. These variants may be used 
to enhance particular parts of the transduction process. 
Examples of HIV-1 variants may be found at in the HIV 
databases maintained by Los Alamos National Laboratory. 
Details of EIAV clones may be found at the NCBI database. 
0.124. The strategy for codon optimised gag-pol 
sequences can be used in relation to any retrovirus. This 
would apply to all lentiviruses, including EIAV, FIV. BIV. 
CAEV, VMR, SIV, HIV-1 and HIV-2. In addition this 
method could be used to increase expression of genes from 
HTLV-1, HTLV-2, HFV, HSRV and human endogenous 
retroviruses (HERV), MLV and other retroviruses. 
0.125 Codon optimisation can render gag-pol expression 
Rev independent. In order to enable the use of anti-rev or 
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RRE factors in the retroviral vector, however, it would be 
necessary to render the viral vector generation system totally 
Rev/RRE independent. Thus, the genome also needs to be 
modified. This is achieved by optimising vector genome 
components. Advantageously, these modifications also lead 
to the production of a safer system absent of all additional 
proteins both in the producer and in the transduced cell. 
0126. As described above, the packaging components for 
a retroviral vector include expression products of gag, pol 
and env genes. In addition, efficient packaging depends on 
a short sequence of 4 stem loops followed by a partial 
sequence from gag and env (the “packaging signal'). Thus, 
inclusion of a deleted gag sequence in the retroviral vector 
genome (in addition to the full gag sequence on the pack 
aging construct) will optimise vector titre. To date efficient 
packaging has been reported to require from 255 to 360 
nucleotides of gag in vectors that still retain env sequences, 
or about 40 nucleotides of gag in a particular combination of 
splice donor mutation, gag and env deletions. It has Surpris 
ingly been found that a deletion of all but the N-termnial 360 
or so nucleotides in gag leads to an increase in vector titre. 
Thus, preferably, the retroviral vector genome includes a gag 
sequence which comprises one or more deletions, more 
preferably the gag sequence comprises about 360 nucle 
otides derivable from the N-terminus. 

O127 NOIs 
0128. In the present invention, the term NOI (nucleotide 
sequence of interest) includes any suitable nucleotide 
sequence, which need not necessarily be a complete natu 
rally occurring DNA or RNA sequence. Thus, the NOI can 
be, for example, a synthetic RNA/DNA sequence, a codon 
optimised RNA/DNA sequence, a recombinant RNA/DNA 
sequence (i.e. prepared by use of recombinant DNA tech 
niques), a cDNA sequence or a partial genomic DNA 
sequence, including combinations thereof. The sequence 
need not be a coding region. If it is a coding region, it need 
not be an entire coding region. In addition, the RNA/DNA 
sequence can be in a sense orientation or in an anti-sense 
orientation. Preferably, it is in a sense orientation. Prefer 
ably, the sequence is, comprises, or is transcribed from 
cDNA 

0129. The NOI(s), also referred to as “heterologous 
sequence(s)', 'heterologous gene(s) or “transgene(s), may 
be any one or more of for example, a selection gene(s), 
marker gene(s) and therapeutic gene(s). 
0.130. The NOI may be a candidate gene which is of 
potential significance in a disease process. Thus the vector 
system of the present invention may, for example, be used 
for target validation purposes. 
0131 The NOI may have a therapeutic or diagnostic 
application. Suitable NOIs include, but are not limited to: 
sequences encoding enzymes, cytokines, chemokines, hor 
mones, antibodies, anti-oxidant molecules, engineered 
immunoglobulin-like molecules, a single chain antibody, 
fusion proteins, immune co-stimulatory molecules, immu 
nomodulatory molecules, anti-sense RNA, a transdominant 
negative mutant of a target protein, a toxin, a conditional 
toxin, an antigen, a tumour Suppresser protein and growth 
factors, membrane proteins, vasoactive proteins and pep 
tides, anti-viral proteins and ribozymes, and derivatives 
thereof (Such as with an associated reporter group). The 
NOIs may also encode pro-drug activating enzymes. 
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0132) Preferably the NOI is useful in the treatment of a 
neurodegenerative disorder. 
0133) More preferably the NOI is useful in the treatment 
of Parkinson's disease. 

0134) The NOI may encode an enzyme involved in 
dopamine synthesis or storage. For example, the enzyme 
may be one of the following: Tyrosine Hydroxylase, GTP 
cyclohydrolase I and/or Aromatic Amino Acid Dopa Decar 
boxylase. The sequences of all three genes are available: 
Accession Nos. X05290, U19523 and M76180 respectively. 
0135 Alternatively the NOI may encode the vesicular 
monoamine transporter 2 (VMAT2, Accession number 
L23205.1). In a preferred embodiment the viral genome 
comprises an NOI encoding Aromatic Amino Acid Dopa 
Decarboxylase and an NOI encoding VMAT 2. Such a 
genome may be used in the treatment of Parkinson's disease, 
in particular in conjunction with peripheral administration of 
L-DOPA 

0136 Alternatively the NOI may encode a growth factor 
capable of blocking or inhibiting degeneration in the nigros 
triatal system. An example of Such a growth factor is a 
neurotrophic factor. For example the NOI may encode glial 
cell-line derived neurotrophic factor (GDNF), brain-derived 
neurotrophic factor (BDNF), nerve growth factor (NGF), 
persephin growth factor, artemin growth factor, or neurturin 
growth factor, ciliary neurotrophic factor (CNTF), neu 
rotrophin-3 (NT-3), neurotrophin-4 (NT-4), pantropic neu 
rotrophin, and other related or unrelated neurotrophic fac 
tors. WO99/14235; WO00/18799; U.S. Pat. No. 6,090,778: 
U.S. Pat. No. 5,834,914; WO97/08196; U.S. Pat. No. 6,090, 
778; U.S. Pat. No. 5,288,622; WO92/05254; U.S. Pat. No. 
6,037,320; WO95/33829; Baumgartner, BJ and Shine, HD, 
J. Neurosci. 17: 6504-11 (1997). In a preferred embodiment, 
a lentiviral vector comprises one or more of these NOIs 
encoding neurotrophic factors. 
0137 Alternatively the NOI may encode a neuroprotec 
tive factor. In particular, the NOI(s) may encode molecules 
which prevent TH-positive neurons from dying or which 
stimulate regeneration and functional recovery in the dam 
aged nigrostriatal system. 
0.138. The NOI may encode all or part of the protein of 
interest (“POI), or a mutant, homologue or variant thereof. 
For example, the NOI may encode a fragment of the POI 
which is capable of functioning in vivo in an analogous 
manner to the wild-type protein. 
0.139. In a highly preferred embodiment, one of the NOIs 
comprises a truncated form of the TH gene, lacking the 
regulatory domain. Such an NOI avoids feed-back inhibition 
by dopamine which may limit expression of the full-length 
enzyme. 

0140. The term “mutant” includes POIs which include 
one or more amino acid variations from the wild-type 
sequence. For example, a mutant may comprise one or more 
amino acid additions, deletions or Substitutions. A mutant 
may arise naturally, or may be created artificially (for 
example by site-directed mutagenesis). 
0141 Here, the term “homologue' means an entity hav 
ing a certain homology with the NOI, or which encodes a 
protein having a degree of homology with the POI. Here, the 
term “homology” can be equated with “identity”. 
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0142. In the present context, an homologous sequence is 
taken to include an amino acid sequence which may be at 
least 75, 85 or 90% identical, preferably at least 95 or 98% 
identical to the Subject sequence. Typically, the homologues 
will comprise the same active sites etc. as the Subject amino 
acid sequence. Although homology can also be considered 
in terms of similarity (i.e. amino acid residues having similar 
chemical properties/functions), in the context of the present 
invention it is preferred to express homology in terms of 
sequence identity. 
0143. In the present context, an homologous sequence is 
taken to include a nucleotide sequence which may be at least 
75, 85 or 90% identical, preferably at least 95 or 98% 
identical to the Subject sequence. Typically, the homologues 
will comprise the same sequences that code for the active 
sites etc. as the Subject sequence. Although homology can 
also be considered in terms of similarity (i.e. amino acid 
residues having similar chemical properties/functions), in 
the context of the present invention it is preferred to express 
homology in terms of sequence identity. 
0144 Homology comparisons can be conducted by eye. 
or more usually, with the aid of readily available sequence 
comparison programs. These commercially available com 
puter programs can calculate % homology between two or 
more Sequences. 

0145 % homology may be calculated over contiguous 
sequences, i.e. one sequence is aligned with the other 
sequence and each amino acid in one sequence is directly 
compared with the corresponding amino acid in the other 
sequence, one residue at a time. This is called an “ungapped' 
alignment. Typically, such ungapped alignments are per 
formed only over a relatively short number of residues. 
0146 Although this is a very simple and consistent 
method, it fails to take into consideration that, for example, 
in an otherwise identical pair of sequences, one insertion or 
deletion will cause the following amino acid residues to be 
put out of alignment, thus potentially resulting in a large 
reduction in % homology when a global alignment is 
performed. Consequently, most sequence comparison meth 
ods are designed to produce optimal alignments that take 
into consideration possible insertions and deletions without 
penalising unduly the overall homology score. This is 
achieved by inserting 'gaps’ in the sequence alignment to 
try to maximise local homology. 
0.147. However, these more complex methods assign 
'gap penalties' to each gap that occurs in the alignment so 
that, for the same number of identical amino acids, a 
sequence alignment with as few gaps as possible—reflecting 
higher relatedness between the two compared sequences— 
will achieve a higher score than one with many gaps. “Afline 
gap costs’ are typically used that charge a relatively high 
cost for the existence of a gap and a smaller penalty for each 
Subsequent residue in the gap. This is the most commonly 
used gap scoring system. High gap penalties will of course 
produce optimised alignments with fewer gaps. Most align 
ment programs allow the gap penalties to be modified. 
However, it is preferred to use the default values when using 
Such software for sequence comparisons. For example when 
using the GCG Wisconsin Besfit package the default gap 
penalty for amino acid sequences is -12 for a gap and -4 for 
each extension. 

0.148 Calculation of maximum 96 homology therefore 
firstly requires the production of an optimal alignment, 
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taking into consideration gap penalties. A Suitable computer 
program for carrying out Such an alignment is the GCG 
Wisconsin Besfit package (University of Wisconsin, 
U.S.A.; Devereux et al., 1984, Nucleic Acids Research 
12:387). Examples of other software than can perform 
sequence comparisons include, but are not limited to, the 
BLAST package (see Ausubel et al., 1999 ibid Chapter 
18), FASTA (Atschul et al., 1990, J. Mol. Biol. 403-410) 
and the GENEWORKS suite of comparison tools. Both 
BLAST and FASTA are available for offline and online 
searching (see Ausubel et al., 1999 ibid, pages 7-58 to 7-60). 
However, for some applications, it is preferred to use the 
GCG Bestfit program. A new tool, called BLAST 2 
Sequences is also available for comparing protein and 
nucleotide sequence (see FEMS Microbiol Lett 1999 174(2): 
247-50; FEMS Microbiol Lett 1999 177(1): 187-8 and 
tatiana(ancbi.nlm.nih.gov). 

0149. Although the final % homology can be measured in 
terms of identity, the alignment process itself is typically not 
based on an all-or-nothing pair comparison. Instead, a scaled 
similarity Score matrix is generally used that assigns scores 
to each pairwise comparison based on chemical similarity or 
evolutionary distance. An example of Such a matrix com 
monly used is the BLOSUM62 matrix the default matrix 
for the BLAST suite of programs. GCG Wisconsin programs 
generally use either the public default values or a custom 
symbol comparison table if Supplied (see user manual for 
further details). For some applications, it is preferred to use 
the public default values for the GCG package, or in the case 
of other software, the default matrix, such as BLOSUM62. 

0150. Once the software has produced an optimal align 
ment, it is possible to calculate % homology, preferably % 
sequence identity. The Software typically does this as part of 
the sequence comparison and generates a numerical result. 

0151. The sequences may also have deletions, insertions 
or Substitutions of amino acid residues which produce a 
silent change and result in a functionally equivalent Sub 
stance. Deliberate amino acid Substitutions may be made on 
the basis of similarity in polarity, charge, solubility, hydro 
phobicity, hydrophilicity, and/or the amphipathic nature of 
the residues as long as the secondary binding activity of the 
Substance is retained. For example, negatively charged 
amino acids include aspartic acid and glutamic acid; posi 
tively charged amino acids include lysine and arginine; and 
amino acids with uncharged polar head groups having 
similar hydrophilicity values include leucine, isoleucine, 
Valine, glycine, alanine, asparagine, glutamine, serine, 
threonine, phenylalanine, and tyrosine. 

0152 Conservative substitutions may be made, for 
example according to the Table below. Amino acids in the 
same block in the second column and preferably in the same 
line in the third column may be substituted for each other: 

ALIPEHATIC GAP 
I LV 
C S TM 
NQ 

Polar - charged DE 
KR 

Non-polar 

Polar - uncharged 

AROMATIC 
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0153. The present invention also encompasses homolo 
gous Substitution (Substitution and replacement are both 
used herein to mean the interchange of an existing amino 
acid residue, with an alternative residue) may occur i.e. 
like-for-like substitution such as basic for basic, acidic for 
acidic, polar for polar etc. Non-homologous Substitution 
may also occur i.e. from one class of residue to another. 
0154 Preferably the NOI encodes a single POI or a 
mutant, homologue or variant thereof. In a highly preferred 
embodiment, the NOI does not encode a fusion protein. As 
used herein, the term “fusion protein' is used in its conven 
tional sense to mean an entity which comprises two or more 
protein activities, joined together by a peptide bond to form 
a single chimeric protein. A fusion protein is encoded by a 
single polynucleotide driven by a single promoter. 

O155 Internal Ribosome Entry Site (IRES) 
0156 The viral genome of the first aspect of the invention 
comprises two or more NOIs. In order for both of the NOIs 
to be expressed, there may be two or more transcription units 
within the vector genome, one for each NOI. However, it is 
clear from the literature that retroviral vectors achieve the 
highest titres and most potent gene expression properties if 
they are kept genetically simple (PCT/GB96/01230; Bowtell 
et al., 1988 J. Virol. 62,2464; Correll et al., 1994 Blood 84, 
1812; Emerman and Temin 1984 Cell 39,459; Ghattas et al., 
1991 Mol. Cell. Biol. 11, 5848; Hantzopoulos et al., 1989 
PNAS 86, 3519; Hatzoglou et al., 1991 J. Biol. Chem 266, 
8416: Hatzoglou et al., 1988 J. Biol. Chem 263, 17798; Li 
et al., 1992 Hum. Gen. Ther. 3,381; McLachlin et al., 1993 
Virol. 195, 1: Overell et al., 1988 Mol. Cell Biol. 8, 1803; 
Scharfman et al., 1991 PNAS 88, 4626; Vile et al., 1994 
Gene Ther 1, 307; Xu et al., 1989 Virol. 171,331 Yee et al., 
1987 PNAS 84,5197) and so it is preferable to use an 
internal ribosome entry site (IRES) to initiate translation of 
the second (and Subsequent) coding sequence(s) in a poly 
cistronic message (Adam et al 1991 J. Virol. 65, 4985). 
O157 Insertion of IRES elements into retroviral vectors is 
compatible with the retroviral replication cycle and allows 
expression of multiple coding regions from a single pro 
moter (Adam et al (as above); Koo et al (1992) Virology 
186:669-675; Chen et al 1993 J. Virol 67:2142-2148). IRES 
elements were first found in the non-translated 5' ends of 
picomaviruses where they promote cap-independent trans 
lation of viral proteins (Jang et al (1990) Enzyme 44: 
292-309). When located between open reading frames in an 
RNA, IRES elements allow efficient translation of the down 
stream open reading frame by promoting entry of the 
ribosome at the IRES element followed by downstream 
initiation of translation. 

0158) A review on IRES is presented by Mounford and 
Smith (TIG May 1995 vol 11, No 5:179-184). A number of 
different IRES sequences are known including those from 
encephalomyocarditis virus (EMCV) (Ghattas, I. R., et al., 
Mol. Cell. Biol., 11:5848-5859 (1991); BiP protein Macejak 
and Sarnow, Nature 353:91 (1991); the Antennapedia gene 
of Drosophila (exons d and e) Oh, et al., Genes & Devel 
opment, 6:1643-1653 (1992) as well as those in polio virus 
(PV) Pelletier and Sonenberg, Nature 334: 320-325 (1988); 
see also Mounford and Smith, TIG 11, 179-184 (1985). 
0159. According to WO-A-97/14809, IRES sequences 
are typically found in the 5' non-coding region of genes. In 



US 2007/0025970 A1 

addition to those in the literature they can be found empiri 
cally by looking for genetic sequences that affect expression 
and then determining whether that sequence affects the DNA 
(i.e. acts as a promoter or enhancer) or only the RNA (acts 
as an IRES sequence). 
0160 IRES elements from PV, EMCV and swine vesicu 
lar disease virus have previously been used in retroviral 
vectors (Coffin et al, as above). 
0161 The term “IRES includes any sequence or com 
bination of sequences which work as or improve the func 
tion of an IRES. 

0162 The IRES(s) may be of viral origin (such as EMCV 
IRES, PVIRES, or FMDV 2A-like sequences) or of cellular 
origin (such as FGF2 IRES, NRF IRES, Notch 2 IRES or 
EIF4 IRES). Examples of IRES elements and references in 
which they are described are set forth below. 

Virus gene type Virus gene 

Viral RNAS 

Picornaviruses 

Reference 
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NOI, the IRESs may be of different origins, that is, heter 
ologous to one another. For example, one IRES may be from 
EMCV and the other IRES may be from polio virus. 

0172 Other Methods of Expressing Multiple Genes from 
One Vector 

0173 Although IRESs are an efficient way to co-express 
multiple genes from one vector, other methods are also 
useful, and may be used alone or in conjunction with IRESs. 
These include the use of multiple internal promoters in the 
vector (Overell et al., Mol Cell Biol. 8: 1803-8 (1988)), or 
the use of alternate splicing patterns leading to multiple 
RNA species derived from the single viral genome that 
expresses the different genes. This strategy has previously 
been used by itself for two genes (Cepko et al. Cell 37: 1053 
(1984)). 

Flavivirus 
Pestivirus 
Retrovirus 
Lentivirus 
Cellular mRNAs 

Translation initiation 
factors 

Transcription factors 

Growth factors 

Homeotic genes 
Survival proteins 
Miscellaneous 

Poliovirus (PV) 

Encephalomyocarditis virus (EMCV) 
Foot-and-mouth disease virus (FMDV) 
Hepatitus C virus (HCV) 
Classical Swine fever virus (CSFV) 
Murine leukemia virus (MLV) 
Simian immunodeficiency virus (SIV) 

DAPS 

NE-KB-repressing factor (NRF) 
Vascular endothelial growth facter (VEGF) 
Fibroblast growth factor 2 (FGF-2) 
Platelet-derived growth factor B (PDGF B) 
Antennapedia 
Apaf-1 
BP 

Pelletier & Sonenberg 
(1988) 
ang et al. (1988) 
Kuhn et al. (1990) 
Reynolds et al. (1995) 
Pestova et al. (1998) 
Berlioz & Darlix (1995) 
Ohlmann et al. (2000) 

ohannes & Sarnow (1998) 

Henis-Korenblit et al. (2000) 
Stoneley et al. (2000) 
Oumrad et al. (2000) 
Huez et al. (1998) 
Vagner et al. (1995) 
Bernstein et al. (1997) 
Oh et al. (1992) 
Coldwell et al. (2000) 
Macejak & Samow (1991) 

0163. In order for the IRES to be capable of initiating 
translation of each NOI, it should be located between or 
prior to NOIs in the vector genome. For example, for a 
multicistronic sequence containing in NOIs, the genome may 
be as follows: 

0164) (NOI-IRES... NOI. n=1->n 
0165 For bi and tricistronic sequences, the order may be 
as follows: 

0166 NOI-IRES-NOI 
0167 NOI-IRES-NOI-IRES-NOI 

0168 Alternative configurations of IRESs and NOIs can 
also be utilised. For example transcripts containing the 
IRESs and NOIs need not be driven from the same promoter. 
0169. An example of this arrangement may be: p 9. y 

0170 IRES-NOI-promoter-NOI-IRES-NOI. 

0171 In a preferred embodiment, in any construct util 
ising an internal cassette having more than one IRES and 

0.174 Transduced Cells 
0.175. The present invention also relates to a cell which 
has been transduced with a vector system comprising a viral 
genome according to the first aspect of the invention. 
0176 Transduction with the vector system of the present 
invention may confer or increase the ability of the cell to 
produce catecholamines. It may, for example, confer or 
increase the ability of the cell to convert tyrosine to L-dopa 
and/or L-dopa to dopamine. Release of catecholamines can 
be measured by techniques known in the art, for example by 
using an electrochemical detector connected to an analytical 
cell. In addition of the catecholamines themselves, biprod 
ucts associated with catecholamine release (such as DOPAC, 
a specific degradation product of dopamine) may also be 
detected. 

0177. The cell may be transduced in vivo, in vitro or ex 
vivo. For example, if the cell is a cell from a mammalian 
subject, the cell may be removed from the subject and 
transduced ready for reimplantation into the subject (ex vivo 
transduction). Alternatively the cell may be transduced by 
direct gene transfer in Vivo, using the vector system of the 
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present invention in accordance with standard techniques 
(such as via injection of vector Stocks expressing the NOIs). 
If the cell is part of a cell line which is stable in culture (i.e. 
which can Survive numerous passages and can multiple in 
vitro) then it may be transduced in vitro by standard tech 
niques, for example by exposure of the cell to viral Super 
natants comprising vectors expressing the NOIs. 
0178 The cell may be any cell which is susceptible to 
transduction. If the vector system is capable of transducing 
non-dividing cells (for example if it is a lentiviral system) 
then the cell may be a non-dividing cell Such as a neuron. 
0179. In a preferred embodiment the transduced cell 
forms part of a genetically modified neuronal cell line. Such 
a cell line may, for example, be transplanted into the brain 
for the treatment of Parkinson's disease. 

0180. In a further embodiment the cell is a neuronal stem 
cell. Such a cell line may, for example, be transplanted into 
the brain for the treatment of Parkinson's disease. 

0181. In a further embodiment the cell is a cell in the 
striatum of a subject, Such as a neuron or glial cell. Direct 
gene transfer in vivo to Such a cell may, for example, convert 
it into a dopamine-producer cell. 
0182 Cassettes 
0183 The present invention also provides multicistronic 
cassettes comprising two or more NOIs operably linked by 
an IRES. These cassettes may be used in a method for 
producing the vector genome in a producer cell. 
0184 The present invention also provides an expression 
vector comprising Such a cassette. Transfection of a suitable 
cell with such an expression vector should result I-n a cell 
which expresses each POI encoded by the NOI in the 
cassette. The present invention also provides such a trans 
fected cell. 

0185. Cloning of the cassette into an expression vector 
and transfection of cells with the vector (to give expression 
of the cassette) can be carried out by techniques well known 
in the art (such as those described in Sambrook et al. 
(Molecular Cloning: A Laboratory Manual, 2nd Edition, 
Cold Spring Harbor Laboratory press (1989)), and other 
laboratory textbooks). 
0186 Preferably the cassette comprises a promoter. In a 
highly preferred embodiment the cassette is bicistronic or 
tricistronic and comprises the following elements: 
0187 Promoter-(NOI)-(IRES)-(NOI) 
0188 Promoter-(NOI)-(IRES)-(NOI)-(IRES)-(NOI) 
0189 In a particularly preferred embodiment the cassette 

is bicistronic and comprises an NOI encoding tyrosine 
hydroxylase (or a mutant, variant or homologue thereof) and 
an NOI encoding GTP-cyclohydrolase I (or a mutant, vari 
ant or homologue thereof) in either order. In another par 
ticularly preferred embodiment the cassette is bicistronic 
and comprises an NOI encoding Aromatic Amino Acid Dopa 
Decarboxylase and an NOI encoding Vesicular Monoamine 
Transporter 2, in either order. 
0190. In another particularly preferred embodiment the 
cassette is tricistronic and comprises an NOI encoding 
tyrosine hydroxylase (or a mutant, variant or homologue 
thereof), an NOI encoding GTP-cyclohydrolase I (or a 
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mutant, variant or homologue thereof) and an NOI encoding 
Aromatic Amino Acid Dopa Decarboxylase (or a mutant, 
variant or homologue thereof) in any order. 
0191 Pharmaceutical Compositions 
0.192 The present invention also provides the use of a 
retroviral vector genone as defined in the first aspect of the 
invention in the manufacture of a pharmaceutical composi 
tion. The pharmaceutical composition may be used for 
treating an individual by gene therapy, wherein the compo 
sition comprises a therapeutically effective amount of a 
retroviral vector particle according to the present invention. 
0193 The pharmaceutical composition may be used to 
treat a human or animal subject. Preferably the subject is a 
mammalian Subject. More preferably the Subject is a human. 
Typically, a physician will determine the actual dosage 
which will be most suitable for an individual subject and it 
will vary with the age, weight and response of the particular 
patient. 
0194 The composition may optionally comprise a phar 
maceutically acceptable carrier, diluent, excipient or adju 
vant. The choice of pharmaceutical carrier, excipient or 
diluent can be selected with regard to the intended route of 
administration and standard pharmaceutical practice. The 
pharmaceutical compositions may comprise as (or in addi 
tion to) the carrier, excipient or diluent, any suitable bind 
er(s), lubricant(s), Suspending agent(s), coating agent(s). 
solubilising agent(s), and other carrier agents that may aid or 
increase the viral entry into the target site (such as for 
example a lipid delivery system). 
0.195. Where appropriate, the pharmaceutical composi 
tions can be administered by any one or more of inhalation, 
in the form of a Suppository or pessary, topically in the form 
of a lotion, Solution, cream, ointment or dusting powder, by 
use of a skin patch, orally in the form of tablets containing 
excipients such as starch or lactose, or in capsules or ovules 
either alone or in admixture with excipients, or in the form 
of elixirs, Solutions or Suspensions containing flavouring or 
colouring agents, or they can be injected parenterally, for 
example intracavernoSally, intravenously, intramuscularly or 
Subcutaneously. For parenteral administration, the compo 
sitions may be best used in the form of a sterile aqueous 
Solution which may contain other Substances, for example 
enough salts or monosaccharides to make the Solution 
isotonic with blood. For buccal or sublingual administration 
the compositions may be administered in the form of tablets 
or lozenges which can be formulated in a conventional 
a. 

0196) Preferably the viral vector particles of the present 
invention are administered by injection into the caudate 
putamen. 

0197) Diseases 
0198 The retroviral vector genome and vector particles 
of the present invention are particularly useful for the 
treatment and/or prevention of neurodegenerative diseases. 
0199 Diseases which may be treated include, but are not 
limited to: Parkinson's disease; motor neuron disease, Hun 
tington's disease and disorders of movement which are 
responsive to L-dopa, Such as distonias. 
0200. In particular, the present invention is useful in 
treating and/or preventing Parkinson's disease. 
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0201 Treatment by gene therapy with vectors capable of 
delivering, for example, TH, GTP-CH1 and optionally 
AADC or AADC and VMAT2, is likely to be particularly 
useful for the late stages of PD patients which do not 
respond significantly to L-dopa treatment. Treatment using 
AADC or AADC and VMAT2, in combination with L-dopa 
administered peripherally may also be useful for late stage 
PD patients. 
0202 The present invention will now be described only 
by way of example, in which reference will be made to the 
following Figures and Tables 
0203 FIG. 1: Oligonucleotide sequences of the primers 
(SEQ ID NOs: 8-11) used for cloning the human Tyrosine 
Hydroxylase Type 2 cl DNA (Accession number X05290). 
Restriction endonuclease recognition sites (BamHI and Hin 
dIII) appear underlined, consensus Kozak sequence in italic, 
and c-myc epitope in bold. 
0204 FIG. 2: Plasmid map of pNE4. A mammalian 
expression plasmid derived from pcDNA3.1/Zeo that 
expresses the c-myc tagged human Tyrosine Hydroxylase 
Type 2 (cmyc-hTH). 
0205 FIG. 3: Oligonucleotide sequences of the primers 
(SEQ ID NOs: 12 and 13) used for cloning the human 
Aromatic Amino Acid Dopa Decarboxylase cDNA (Acces 
sion number M76180 M30772). Restriction endonuclease 
recognition sites (BgI II and HindIII) appear underlined, 
consensus Kozak sequence in italic, and HA epitope in bold. 
0206 FIG. 4: Plasmid map of pNE2. A mammalian 
expression plasmid derived from pcDNA3.1/Neo that 
expresses the HA tagged human Aromatic Amino Acid Dopa 
Decarboxylase (HA-ha ADC). 
0207 FIG. 5: Oligonucleotide sequences of the primers 
(SEQ ID NOs: 14 and 15) used for cloning the human 
GTP-cyclohydrolase 1 cDNA (Accession number U19523). 
Restriction endonuclease recognition sites (BgIII and Hin 
dIII) appear underlined, consensus Kozak sequence in italic, 
and FLAG epitope in bold. 
0208 FIG. 6: Plasmid map of pNE6. A mammalian 
expression plasmid derived from pcDNA3.1/Hygro that 
expresses the FLAG tagged human GTP-cyclohydrolase 1 
(FLAG-hGTP). 
0209 FIG. 7: Oligonucleotide sequences of the primers 
(SEQ ID NOs: 16 and 17) used for cloning a truncated form 
of the human Tyrosine hydroxylase Type 2. Restriction 
endonuclease recognition sites (BamHI, HindIII and EcoRI) 
appear underlined, consensus Kozak sequence in italic, and 
c-myc epitope in bold. 
0210 FIG. 8: Plasmid map of phTHt-1. A mammalian 
expression plasmid derived from pcDNA3.1/Zeo that 
expresses the truncated form of hTH tagged with the c-myc 
epitope (cmyc-hTHt). 

0211 FIG. 9: Plasmid map of pneo2. A mammalian 
expression plasmid derived from BL-EP (Science (1995) 
269:847) that expresses cmyc-hTHt and FLAG-hGTP as a 
bicistronic cassette. The polio virus IRES is located down 
stream the cmyc-hTHt gene. 

0212 FIG. 10: Plasmid map of ptricis. A mammalian 
expression plasmid derived from BL-EP (Science (1995) 
269:847) that expresses HA-ha ADC, cmyc-hTHt and 
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FLAG-hGTP as a tricistronic cassette. The EMCV IRES is 
located downstream the HA-ha ADC gene and polio virus 
IRES downstream the cmyc-hTHt gene. 
0213 FIG. 11: Transient expression of the Bicistronic 
and Tricistronic cassettes in HEK 293T cells. Western Blot 
probed with specific mouse monoclonal antibodies. The 
tagged proteins bound to the antibodies are detected with a 
horse radish peroxidase (HRP) conjugated antimouse rabbit 
IgG. Lanes; 1, Mock; 2. phTHt: 3, Bicistronic plasmid 
(pneo2); 4. Tricistronic plasmid (ptricis) and 5, the three 
monocistronic plasmids (phTHt, pNE2 and pNE6). 

0214 FIG. 12: A schematic diagram of EIAV minimal 
VectOrS. 

0215 FIG. 13: A schematic diagram of EIAV BIC and 
EIAV TRIC vectors. 

0216 FIG. 14: A schematic diagram of EIAV TRIC 
vectors containing the central polypurine tract (cppt). 

0217 FIG. 15: PERT and viral RNA content of EIAV 
Vectors 

0218 FIG. 16: Expression of EIAV BIC and EIAV TRIC 
vectors in D17 cells transduced at different MOIs (MOI). 
Western Blot probed with specific mouse monoclonal anti 
bodies. The tagged proteins bound to the antibodies are 
detected with a horse radish peroxidase (HRP) conjugated 
anti mouse rabbit IgG. Lanes: a, pCNY8G (100x); b, 
pONY8.1Z (100x); c, pCNY8.1BIC (100x); d, 
pONY8.1BIC (10x); e, pONY8BIC (1x); f, untransduced 
cells: h, pCNY8.1TRIC (100x); i, pCNY8.1TRIC (10x);j, 
pONY8.1TRIC (1x): k, pCNY8TRIC (100x); I, 
pONY8TRIC (10x); m, pCNY8TRIC (1x); n, 
pONY8.1TRIC-B(100x): o, pCNY8.1TRIC-B (10x); p, 
pONY8.1TRIC-B (1x); and g, HEK 293T cells transfected 
with the monocistronic plasmids (see FIG. 11). 
0219 FIG. 17: Expression of EIAV TRIC vectors in D17 
cells transduced at an MOI-100. (A) Immunostaining of 
D17 cells transduced with EIAVlacZ or EIAV TRIC vectors 
using rabbit polyclonal anti Lacz or mouse monoclonal 
anti-HA, respectively. The antibody bound to the native 
proteins was detected with Alexa 488 (green) conjugated 
goat anti-rabbit or goat anti-mouse IgG (Magnification ~10x 
). (B) D17 cells transduced with EIAV TRIC vectors. 
Immunostaining as in (A)+propidium iodide (red) that stains 
the nuclei (Magnification ~40x). 
0220 FIG. 18: Catecholamines (pg/10°cells) produced 
by HEK 293T cells transduced with EIAV TRIC vectors. 
0221 FIG. 19: Transduction of the adult rat striatum with 
EIAV lacZ vectors. Panels A-C correspond to 3 independent 
50 um coronal sections stained with X-gal. About fifty of 
Such sections are stained per animal, indicating that the 
transduction spans the rat striatum. Panels D-H represent 
higher magnification of the section in C showing that many 
of the cells transduced have neuronal morphology both 
within striatum (D-F) and in nucleus accumbens (G-H). 
0222 FIG. 20: Transduction of the adult rat striatum with 
EIAV TRIC vectors. Panel A represents 50 um coronal 
sections stained with mouse monoclonal HA antibody. 
Immunofluorescent detection with a FITC secondary anti 
body indicates expression of AADC. Panel C represents 50 
um coronal sections stained with mouse monoclonal FLAG 
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antibody. Immunofluorescent detection with Alexa 488 indi 
cates expression of GTP-CH1. No expression is detected on 
the contralateral striatum (Panels B and D). Panel E repre 
sents staining with mouse monoclonal c-myc antibody 
detected with DAB immunohistochemistry. The results indi 
cate that TH is expressed in the ipsilateral but not in the 
contralateral striatum (panel F). The cell specificty of the 
expression of these proteins in the transduced side is further 
confirmation of effective transduction. 

0223 FIG. 21: Plasmid map of pCNY8G 
0224 FIG. 22: Plasmid map of pCNY8.1G 
0225 FIG. 23: Plasmid map of pCNY8Z 
0226 FIG. 24. (A) Histogram showing the change in 
turns/minute induced by apomorphine stimulation (0.05 
mg/kg) in 6-OHDA lesioned rats after injection of 
pONY8.1ZorpONY8.1T. pCNY8.1Z n=5, pCNY8.1T n=2. 
(B) Apomorphine-induced rotational behavior in the 
6-OHDA lesioned rats following injection of pCNY8.1 Z 
(n=4) or pCNY8.1T (n=7). 
0227 FIG. 25. Tyrosine hydroxylase (TH) immunoreac 
tivity in the substantia nigra (A) and the striatum (B) of 
6-OHDA lesioned rats injected with EIAV TRIC vectors. 
Note that there is no TH immunoreactivity on the ipsilateral 
side, compared with the contralateral side (control), indicat 
ing that the 6-OHDA has affected the dopaminergic neurons 
in Substantia nigra pars reticulata (SNr). 
0228 FIG. 26: Catecholamines (ng/mg wet tissue) con 
tent in the normal and denervated striata of 6-OHDA 
lesioned rats injected with EIAV TRIC vectors. The amount 
of catecholamines detected in the denervated striatum con 
firm that the 6-OHDA lesion has affected most of the 
dopaminergic neurons of the nigra. The amount of dopamine 
produced by EIAV TRIC varies between 5-8% compared to 
the unlesioned striatum. 

0229 FIG. 27: DOPAC/Dopaine ratios in the normal and 
denervated striata of 6-OHDA lesioned rats injected with 
EIAV TRIC vectors. Note that the injected animals that had 
more pronounced reduction in drug-induced rotations are the 
animals where the DOPAC/Dopamine ratio (dopamine turn 
over) in the denervated striatum was lower. 
0230 FIG. 28A shows the amino acid sequence of codon 
optimised GTP-cyclohydrolase I (SEQ ID NO:18). FIG. 
28B shows the nucleotide sequence of codon-optimised 
GTP-cyclohydrolase I (SEQ ID NO:19). FIG. 28C shows 
the amino acid sequence of wild type GTP-cyclohydrolase I 
(SEQ ID NO:20). FIG. 28D shows the nucleotide sequence 
of wild type GTP-cyclohydrolase I (SEQ ID NO:21). 
0231 FIG. 29.A shows the amino acid sequence of codon 
optimised truncated tyrosine hydroxylase, type 2, from 8.9.4 
MV opti Y (SEQ ID NO:22). The tyrosine hydroxylase 
sequence starts at position 3. MV is a “leader' required for 
efficient translation. FIG. 29B shows the nucleotide 
sequence of codon-optimised truncated tyrosine hydroxy 
lase, type 2, from 8.9.4 MV optiY (SEQ ID NO:23). FIG. 
29C shows the amino acid sequence of codon-optimised 
truncated tyrosine hydroxylase, type 2 with serine at posi 
tion 211 (SEQ ID NO:24). FIG. 29D shows the nucleotide 
sequence of codon-optimised tyrosine hydroxylase, type 2 
with serine encoded by nucleotides 631-633 (SEQ ID 
NO:25). FIG. 29E shows the amino acid sequence of wild 
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type truncated tyrosine hydroxylase, type 2 with tyrosine at 
position 211 (SEQ ID NO:26). FIG. 29F shows the nucle 
otide sequence of truncated wild type tyrosine hydroxylase, 
type 2, with tyrosine encoded by nucleotides 631-633 (SEQ 
ID NO:27). FIG. 29G shows the amino acid sequence of 
full-length tyrosine hydroxylase, type 2, with tyrosine at 
position 374 (SEQ ID NO:28). FIG. 29H shows the nucle 
otide sequence of full-length tyrosine hydroxylase, type 2, 
which encodes tyrosine with nucleotides 1120-1122 (SEQ 
ID NO:29). 
0232 FIG.30A shows the amino acid sequence of codon 
optimised aromatic amino acid decarboxylase in pCNY8.9.4 
MV optiY (SEQID NO:30). FIG.30B shows the nucleotide 
sequence of codon-optimised aromatic amino acid decar 
boxylase in pCNY8.9.4 MV optiY (SEQID NO:31). FIG. 
30C shows the amino acid sequence of wild type aromatic 
amino acid decarboxylase (SEQ ID NO:32). FIG. 30D 
shows the nucleotide sequence of wild type aromatic amino 
acid decarboxylase (SEQ ID NO:33). 
0233 FIG. 31 shows a plasmid map of pCNY8.9.4 MV 
optiY. 
0234) Table 1: Catecholamines (ng/hour/10° cells) 
released by HEK 293T cells transfected with either the 
monocistronic, bicistronic or tricistronic plasmids (n.d., no 
detectable). 
0235 Table 2: Catecholamines (ng/10° cells) produced 
by HEK 293T cells transfected with either the monocis 
tronic, bicistronic or tricistronic plasmids (n.d., no detect 
able). 
0236 Table 3: Integration efficiency of EIAV vectors. 
0237 Experimental 

EXAMPLE 1. 

Cloning of the Human Tyrosine Hydroxylase 1 
Type 2 cDNA 

0238. The human Tyrosine Hydroxylase 1 Type 2 cDNA 
(Accession number X05290) is amplified by RT-PCR from 
human Substantia nigra poly A" mRNA (Clontech) and 
epitope tagged with the c-myc epitope using the primers 
described in FIG.1. A 169 bp fragment corresponding to the 
5' end of the gene is amplified using 5'hTH2 and 3'hTH2 
primers (FIG. 1) whilst the 1418 bp 3' end fragment of the 
tyrosine hydroxylase cDNA is obtained using primers 
5'hTH3 and 3'hTH1 (FIG. 1). 
0239 Titan One Tube RT-PCR kit (Boehringer) was used 
to perform the RT-PCR reaction. Typically the reaction is 
composed of two solutions. 
0240 Solution A 
0241 Contains 0.2 kg of human substantia nigra poly A+ 
RNA, 32 uM each dNTPs, 10 mM DTT, 1 ul RNAse 
Inhibitor (RNAsin, Promega), ~100 ng each primer and 
water, up to 25 ul. 
0242 Solution B 
0243 Contains 10 ul of 5xRT-PCR Buffer, 1 ul Enzyme 
mix, and water up to 25 ul. 
0244 Solutions A and B are mixed and the RT-PCR 
conditions set. 
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0245) 1.1. Amplification of the 169 bp product is carried 
out at 50° C., 30 min, to allow the RT reaction to take place, 
followed by 2 min at 94° C., and 35 cycles of 30 sec at 94° 
C., 30 sec at 60° C. and 45 sec at 68° C. 
0246) 1.2. Amplification of the 1418 bp product is per 
formed at 50° C., 30 min, to allow the RT reaction to take 
place, followed by 2 min at 94° C., and 35 cycles of 1 min 
at 94° C., 1 min at 60° C. and 2 min at 68° C. 
0247 Both fragments are purified and used as template in 
a third PCR reaction to obtain the full length Tyrosine 
Hydroxylase (TH) cDNA. The recombinant PCR reaction is 
carried out using primers 5'hTH2 and 3'hTH1 (FIG. 1) and 
a KlenTaq kit (Clontech) according to the instructions of the 
manufacturer. The PCR conditions are set up as follows: 35 
cycles of 1 min at 94° C. 1 min at 60° C. and 2 min at 68° 
C. The recombinant PCR product is cloned into pGEM 
Teasy vector (Promega) to create pNE3. 
0248. The TH cDNA is then excised from pNE3 as a 
BamHI-EcoRI 1.57 kb fragment and ligated to pcDNA3.1/ 
Zeo (Invitrogen) previously digested with the same 
enzymes. The newly generated mammalian expression plas 
mid is called pNE4 (FIG. 2). 

EXAMPLE 2 

Cloning of the Human Aromatic Amino Acid Dopa 
Decarboxylase 1 clNA 

0249 The human Aromatic Amino Acid Dopa Decar 
boxylase (AADC) cDNA (Accession number M76180 
M30772) is amplified from a human liver cDNA expression 
library (Clontech) and epitope tagged with the HA epitope 
using the primers 5'hAADC and 3'h AADC, described in 
FIG. 3. The PCR reaction was performed using a KlenTaq 
kit (Clontech) following the instructions of the manufac 
turer. The reaction contains 4 ul human liver cDNA and 1 
uM of each primer, in a final volume of 50 ul. The PCR 
conditions are as follows: A first step, 30 sec at 94° C.; a 
second step, 5 cycles of 30 sec at 94° C., 30 sec at 58° C. 
and 2 min at 68° C. and a third step, 30 cycles of 30 sec at 
94° C., 30 sec at 55° C. and 2 min at 68° C. 
0250) The PCR amplifies the two expected bands, 1.485 
kb and 1.36 kb, corresponding to the two transcripts of the 
Aromatic Amino Acid Dopa Decarboxylase (AADC). The 
1.485 kb band is purified and cloned into pGEM-Teasy 
vector (Promega) to generate the plasmid called pNE1. The 
human AADC full-length cDNA is excised from pNE1 as a 
~1.5 kb BgIII-SalI fragment and ligated to pcDNA3.1/Neo 
digested previously with BamHI and XhoI enzymes. The 
new plasmid generated is called pNE2 (FIG. 4). 

EXAMPLE 3 

Cloning of the Human GTP-Cyclohydrolase 1 
cDNA 

0251) The human GTP-cyclohydrolase I (GTP-CH1) 
cDNA (Accession number U19523) is amplified from Poly 
A+ mRNA from human Substantia nigra and epitope tagged 
with the FLAG epitope using the primers 5'hCTP and 
3'hCTP (FIG. 5). Titan One Tube RT-PCR kit (Boehringer) 
was used to perform the RT-PCR reaction. Typically the 
reaction is composed of two solutions, as described above in 
Example 1. Solutions A and B are mixed and the RT-PCR 
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conditions set as follows: 50° C., 30 min, to allow the RT 
reaction to take place, followed by 30 sec at 94° C., and 35 
cycles of 30 sec at 94° C., 30 sec at 60° C. and 1 min at 68° 
C. 

0252) The RT-PCR product (-0.75 kb) is purified and 
cloned into pGEM-Teasy vector (Promega) to generate 
plasmid pNE5. The GTP-CH cDNA is excised from pNE5 
as a -0.75 kb BgIII-NotI and ligated to pcDNA3.1/Hygro 
digested with BamHI and NotI enzymes to generate pNE6 
(FIG. 6). 

EXAMPLE 4 

Cloning of a Truncated form of the Human 
Tyrosine Hydroxylase I Type 2 

0253) To avoid feed-back inhibition by dopamine on the 
TH enzyme it was decided to use the truncated form of TH 
type 2 lacking the regulatory domain. TH is activated by 
phosphorylation at sites located in this N-terminal domain 
and undergoes feedback end-product inhibition mediated by 
at least one of this phosphorylation sites (J. Biol. Chem. 
(1992) 267:25754-25758: Adv. Exp. Med. & Biol. (1993) 
338:87-92). This truncated TH (hTHt) is epitope tagged with 
the c-myc epitope and amplified by PCR using the primers 
5'hTHt and 3'hTHt (FIG. 7) and plasmid pNE4 as template. 
The PCR reaction is carried out using Pfu I Polymerase 
(Stratagene) at 95°C., 1 min and 30 cycles of 1 min at 95° 
C., 1 min at 60° C. and 1 min at 72° C. A ~1.04 kb band is 
amplified, digested with BamHI and EcoRI enzymes and 
ligated to pcDNA3.1/Zeo previously digested with the same 
enzymes. The new plasmid generated is called phTHt (FIG. 
8). 

EXAMPLE 5 

Cloning of TH, AADC and GTP-CH into a 
Mammalian Expression Vector 

0254 The hTHt cDNA is cloned into BL-EP plasmid 
(Science, 269:847 (1995)) downstream the EMCV IRES. To 
achieve this, CMVp-hTHt fragments from phTHt is excised 
as a BgIII-EcoRV and cloned into BLEP digested with 
BamHI-EcoRV to generate pneo1. The CMVp-DC fragment 
is excised from pNE2 as a BgIII-EcoRV and ligated to BLEP 
cut with SmaI-BamHI to generate BLEP-CMV-DC. 
0255 To create a mammalian expression cassette com 
prising the hTHt and GTP-CH1 genes (bicistronic cassette), 
the GTP-CH1 cDNA is cloned downstream of the polio 
IRES as follows. The GTP-CH1 cDNA is excised from 
pNE6 as a -0.75 kb Nhe-Xbal fragment and cloned into 
BLEP-THt digested with the same enzymes. The new plas 
mid is called BLEP-THt-CH1. The CMVp-THt fragment is 
excised from pneo1 as a Xbal-EcoRV fragment and ligated 
to BLEP-hTHt-CH1 digested with the same enzymes to 
generate pneo2 (pbicis) (FIG. 9). 
0256 To create a tricistronic cassette comprising the 
hTHt, GTP-CH1 and AADC genes, BLEP-CMVp-DC and 
BLEP-hTHt-CH1 are digested with BlnI-ClaI to generate 
ptricis (FIG. 10). This creates a cassette which has the CMV 
promoter, DC, hTHt and GTP-CH1 in that order. 

EXAMPLE 6 

Transient Expression from the Bicistronic and 
Tricistronic Cassettes in Heterologous Human Cells 

0257 Human embryonic kidney 293T (HEK293T) cells 
do not synthesise any catecholamines and they do not 
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express any catecholaminergic enzymes. They are chosen to 
determine if the bicistronic and tricistronic expression cas 
settes are functional. HEK 293T cells are seeded in a 6x well 
plates at a density of -2-3x10 cells/well. Twenty-four hours 
post-plating the cells are transfected with 2 ug of plasmid 
DNA using FugeneTM (Roche) in serum-free medium, fol 
lowing the instructions of the manufacturer. As control of 
transfection 0.2 g (Mo") of the GFP expressing plasmid 
pEGFP-C1 (Clontech) is added to the DNA-FugeneTM mix. 
0258 Approximately 48 h post-transfection the cells are 
washed in Phosphate Buffer Saline (PBS) and harvested. 
Total cell extracts are prepared using Lysis buffer 
(Promega). Approximately 10 ug of total protein are loaded 
onto three 10% SDS-PAGE gel and the proteins are sepa 
rated and transferred to a nitrocellulose ECL-western mem 
brane (Amersham-Pharmacia). The membranes are probed 
with /1000" dilution of either mouse anti-HA (Roche), mouse 
anti-cmyc (Roche) or mouse anti-FLAG (Sigma) antibodies. 
The secondary antibody was a /2000" dilution of HRP 
labelled rabbit anti-mouse (Dako). The antibodies bound to 
the membranes are detected using an ECL-Western detec 
tion kit. 

0259 Proteins of the appropriate apparent molecular 
weight are detected in the transfected cells and not in the 
mock control: HA-ha ADC, -53 kDa; cmyc-hTHt, ~42 kDa 
and FLAG-GTP/CH1, -30 kDa. The bicistronic and tricis 
tronic cassettes express two or three of the enzymes, respec 
tively (FIG. 11). 

EXAMPLE 7 

Production of Catecholamines in Transiently 
Transfected Human Cells 

0260. As described in example 6, HEK 293T cells are 
seeded in a 6x well plates at a density of -2-3x10 cells/well. 
Twenty-four hours post-plating the cells are transfected with 
2 ug of plasmid DNA using FugeneTM (Roche) in serum-free 
medium, following the instructions of the manufacturer. As 
control of transfection 0.2 g (Mo") of the GFP expressing 
plasmid pEGFP-C1 (Clontech) is added to the DNA-Fu 
geneTM mix. 
0261) Approximately 48 h post-transfection the cells are 
washed in Phosphate Buffer Saline (PBS). To measure the 
catecholamines release into the medium, 0.5 ml of Release 
Buffer (Hank's Balanced Salt Solution, 25 mM Hepes 
pH7.4, 0.25% BSA and 1 nM tyrosine) is added to the 
transfected cells. These cells are incubated at 37° C. for 30 
min. No tetra-hydrobiopterin (BH), the TH cofactor, is 
added to the cells in this experiment. The catecholamines 
present in the buffer are extracted with the same volume of 
0.8M perchloric acid (PCA) and 0.2 mM EDTA. Cell debris 
is removed by spinning down in a microfuge at 4°C., 10,000 
rpm, for 15 min. The release step can be repeated for another 
30 min. The catecholamines produced in the cells are 
extracted in 0.5 ml 0.4M PCA and 0.1 mM EDTA. 

0262 The catecholamines are separated in a reverse 
phase C18 column (ESA Analytical) by HPLC (Dionex) 
using Cat-A-Phase mobile phase (ESA Analytical) at a flow 
rate of 1.5 ml/min for 15 min. Approximately 20 ul are 
injected in the system. The catecholamines are detected in an 
electrochemical detector (ESA Analytical) connected to an 
Analytical cell (model 5144, ESA Analytical) with input 
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potentials as follows: Guard cell, +250 mV; Channel 1, 10 
mV and Channel 2, -250 mV. The amount of catechola 
mines in the samples is calculated by integrating the area of 
the peaks to known standards separated following the same 
protocol. This method allows the detection of L-dopa, 
Dopamine and DOPAC, a specific degradation product of 
dopamine. 

0263. The detection of catecholamines released (Table 1) 
and/or produced (Table 2) by heterologous cells independent 
of BH confirms that the enzymes are functional. As 
expected, L-dopa is produced by mono-, bi- and tricistronic 
expression cassettes whilst dopamine is only produced by 
the tricistronic cassette. The bicistronic makes far greater 
amount of L-dopa than TH alone confirming the utility of 
GTP-CH1 for providing BH in these cells. Dopamine is 
also produced by the bicistronic in combination with AADC. 
DOPAC, the specific degradation product of dopamine is 
only detected when high amounts of dopamine are pro 
duced. 

EXAMPLE 8 

Construction of Lentiviral Vector Expressing the 
Bicistronic and Tricistronic Cassettes 

0264 Lentiviral vectors are particularly useful for gene 
transfer to non-dividing cells. Amongst many important 
non-dividing target cells are the neurons of the human brain. 
These cells might be target cells for the delivery of TH: 
AADC and GTP-CH1 for the treatment of Parkinson’s 
disease. Here we describe the construction of minimal EIAV 
based vectors that will deliver and express TH, AADC and 
GTP-CH1 and will be capable of producing the neurotrans 
mitter (dopamine) missing in the severely affected Parkin 
Sonian brain. This therapy will be appropriate for late stages 
of PD patients that do not respond to L-DOPA treatment. 
The structure of the general minimal EIAV vectors is shown 
in FIG. 12. 

0265 pCNY8G Construction 
0266 pCNY8G was derived from pCNY8.0Z by 
exchange of the Lac Z reporter gene for the enhanced green 
fluorescent protein (GFP) gene. This was done by transfer 
ring the SacII-KpnI fragment corresponding to the GFP gene 
and flanking sequences from pONY2.13GFP (WO99/ 
32646) into pCNY8.0Z cut with the same enzymes. 
pONY8.0Z was derived from pCNY4.0Z (WO99/32646) by 
introducing mutations which 1) prevented expression of TAT 
by an 83 nt deletion in the exon 2 of tat) prevented S2 ORF 
expression by a 51 nt deletion 3) prevented REV expression 
by deletion of a single base within exon 1 of rev and 4) 
prevented expression of the N-terminal portion of gag by 
insertion of T in ATG start codons, thereby changing the 
sequence to ATTG from ATG. With respect to the wild type 
EIAV sequence Acc. No. UO1866 these correspond to dele 
tion of nt 5234-5316 inclusive, nt 5346-5396 inclusive and 
nt 5538. The insertion of T residues was after nt 526 and 543. 

0267 The Bicistronic cassette expressing the human THt 
and GTP-CH1 genes is excised from pneo2 as a XhoI-Xbal 
fragment and ligated to pONY8G (SEQ ID NO 1, FIG. 21), 
the construction of which is described above, digested with 
the same enzymes. In this case the CMVp-GFP cassette is 
replaced by the CMVp-hTHt-CH1 cassette. The new plas 
mid is called pCNY8-BIC (SEQ ID No 4). 
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0268. The Tricistronic cassette expressing the human 
AADC, THt and GTP-CH1 genes is excised from pTricis as 
a XhoI-Xbal fragment and ligated to the backbone of 
pONY8G (SEQ ID NO 1, FIG. 21), the construction of 
which is described above. The new plasmid is called 
pONY8TRIC (SEQ ID NO 5). The resulting vector RNA 
genome size of this vector is 8.8 kb and therefore 10% 
longer than that of the 8 kb EIAV RNA genome. 
0269 pCNY8.1Z and pCNY8.1G Construction 
0270 pCNY8.1Z was obtained directly from pCNY8.0Z 
by digestion with SalI and partial digestion with Sap. 
Following restriction the overhanging termini of the DNA 
were made blunt ended by treatment with T4 DNA poly 
merase. The resulting DNA was then religated. This manipu 
lation results in a deletion of sequence between the Lacz 
reporter gene and just upstream of the 3'PPT. The 3' border 
of the deletion is nt 7895 with respect to wild type EIAV. 
Acc. No. U01866. Thus pCNY8.1Z does not contain 
sequences corresponding to the EIAV RREs. pCNY8.1G 
was derived from pCNY8G using the same strategy. 
0271 Both the Bicistronic and Tricistronic cassettes are 
excised as NsiI-XhoI fragments from pCNY8BIC (SEQ ID 
NO: 4) or pCNY8TRIC (SEQ ID NO: 5) respectively and 
ligated to the backbone of pCNY8.1G (construction 
described above, SEQ ID NO 2, FIG. 22) digested with the 
same enzymes. The two new plasmids are called 
pONY8.1BIC and pCNY8.1TRIC (FIG. 13). 
0272. The presence of a sequence termed the central 
polypurine tract (cPPT) may improve the efficiency of gene 
delivery to non-dividing cells. This cis-acting element is 
located in the EIAV polymerase coding region element and 
can be obtained as a functional element by using PCR 
amplification using any plasmid that contains the EIAV 
polymerase coding region (for example pCNY3.1, which is 
described in WO 99/32646 (eg. see example 9, FIG. 6)) as 
follows. The PCR product includes the cBPT and the central 
termination sequences (CTS). The oligonucleotide primers 
used in the PCR reaction were: 

0273 EIAV cPPT PD POS: 
0274) 5'-CGG ATC AGA TCT TGA TCA CTG CAG 
GCTCTCATT ACT TGT AACAAAGGGAG-3' (SEQ ID 
NO: 6) 
0275 EIAV cPPT PD NEG: 
0276) 5'-AG CTCGGATCC CTG CAG CAT GTTCAC 
CAGGGATTTTG-3 (SEQ ID NO: 7) 
0277. The recognition site for BgIII is underlined, for 
BcII in italic, for BamHI in bold italic and PstI in bold. The 
introduction of the clPT/CTS into a position upstream of the 
EMCV IRES or PV IRES was achieved by subcloning the 
unique BcII-BssHII fragment of pCNY8TRIC into pSL 
1180 (Pharmacia) using the same sites in the vector. This 
was termed pSL-1180-PD. Digestion of the cBPT/CTS PCR 
product with BgIII and BamHI allowed the insertion into the 
BcII site upstream of the EMCV IRES or with PstI, into the 
unique PstI site upstream of the polio IRES, to generate 
pSL-1180-PD-5'cPPT or pSL-1180-PD-3'cPPT, respec 
tively. The orientation of the fragment cloned into pSL 
1180-PD was confirmed by DNA sequencing. The BcII 
BssHII fragment from these two clones was ligated into 
pONY8TRICdelCTS, a modified form of pCNY8TRIC. 

Feb. 1, 2007 

PONY8TRICdelCTS was constructed by ligating the Sall 
PinAI fragment from pCNY8ZdeICTS (described below) 
into pCNY8TRIC digested with XhoI and PinAI. The two 
new vector genomes are called pCNY8TRIC5'cPPT and 
pONY8TRIC3'cPPT. A schematic representation of these 
vector genomes is shown in FIG. 14. 
0278 Construction of pCNY8ZdeICTS 
0279 pCNY8Z (SEQ ID NO 3, FIG. 23) is modified to 
remove the CTS which already is present the pCNY8Z. 
vector. This is achieved by subcloning the SalI to Scal 
fragment encompassing the CTS and RRE region from 
pONY8Z into pSP72, prepared for ligation by digestion with 
SalI and EcoRV. The CTS region is then removed by 
digestion with Kpnl and PpuMI, the overhanging ends 
blunted by T4 DNA polymerase treatment and then the 
ends religated. The modified EIAV vector fragment is then 
excised using SalI and NheI and ligated into pCNY8Z 
prepared for ligation by digestion with the same enzymes. 
This new EIAV vector is termed pONY8Z del CTS. 
0280 Construction of pCNY 8.9.4 MV opti Y 
pONY8.9.4 MV opti Y (SEQ ID NO:34, FIG. 31) is a 
derivative of pCNY8Z (SEQID NO:3, FIG. 23) obtained as 
a result of multiple routine molecular biological manipula 
tions. The features of the plasmid are as follows: 
0281 1) Immediate early promoter of human cytomega 
lovirus: nucleotides (nt) 1-1108; 
0282 2) EIAV R-U5-packaging signal region: nt 1109– 
1748. This sequence corresponds to 268 to 897 from EIAV 
Gen bank Accession No. U01866 except that there is an 
additional C residue present after nucleotides 270 and 8178. 
These correspond to the 4" position of the R region, and 
these additional residues are incorporated into the genome of 
pONY8.9.4 MV optiY. The vector sequence also contains 
alterations in the EIAV Gag encoding region, which alter all 
ATG codons to ATTG.; 
0283 3) A linker region including a Kozak consensus 
sequence for efficient initiation of translation: nt 1749-1791; 
0284. 4) Neomycin phosphotransferase gene: nt 1792 
2586: 
0285) 5) A linker region: nt 2587-2663: 
0286 6) Immediate early promoter of human cytomega 
lovirus (CMV): nt 2664-3389, corresponding to human 
herpesvirus 5 strain AD169, complete genome. BK000394 
nt 175388-174652; 
0287 7) 5'untranslated region, which includes a Kozak 
consensus sequence for efficient initiation of translation: nt 
3390-3508; 
0288 8) Codon-optimised truncated tyrosine hydroxy 
lase (TH) gene (SEQ ID NO:23): nt 3509-4525, including 
stop codon. The sequence of the gene differs from that of the 
wild type TH type 2 (SEQ ID NO:27); 
0289 9) Linker region: nt 4526-4549; 
0290 10) Encephalomyocarditis virus (EMCV) sequence 
which acts as an internal ribosome entry site (IRES): nt 
4550-5126; 

0291) 11) Linker: nt 5127-5128. The last two bases of the 
EMCV IRES before AUG 11 (AT) are changed to (CC) to 
introduce an Nicol site; 
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0292 12) Codon-optimised aromatic amino acid decar 
boxylase gene (SEQ ID NO:31): nt 5129-6571, which 
includes the stop codon; 
0293 13) Linker: nt 6572-6675; 
0294. 14) Poliovirus sequence which acts as an internal 
ribosome entry site: nt 6676-7407. This sequence is derived 
from poliovirus type 11 (Lansing strain), however IRESS 
from other polioviruses could be substituted; 
0295) 15) Linker: nt 7408-7428; 
0296) 16) Codon-optimised GTP-cyclohydrolase I 
sequence (SEQ ID NO:19): nt 7429-8181, which includes 
the stop codon; 
0297. 17) Linker: nt 8182-8205; 
0298. 18) Modified form of the woodchuck hepatitis 
virus post-transcriptional regulatory element (WPRE): 
8206-8795. The modifications ablate expression of the 
X-protein of the hepatitis virus and any peptides derived 
from it. This element boosts expression 2-3 fold in 293T 
cells and is optional; 
0299) 19) Linker: nt 8796-8809; 
0300 20) EIAV sequence including the 3'PPT and 
approximately 25 nucleotides from the 5' end of the U3 
region: nt 8809-8902; 
0301 21) EIAV sequence including approximately 5 
nucleotides from the extreme 3' end of the U3 sequence and 
the R-U5 sequence: nt 8910-9030; and 
0302 22) Sequences derived from the backbone of plBS 

II. KS: nt 9031-11622. 

EXAMPLE 9 

Production of Lentiviral Vector Stocks Expressing 
Therapeutic Genes 

0303. The three plasmids transfection method as 
described previously (Soneoka et al., 1995) was used to 
generate pseudotyped lentiviral vectors. Transfections are 
carried out in HEK 293T cell line (Soneoka et al., 1995) to 
produce the vector virions. Culture Supernatants were har 
vested 48 h post-transfection and filtered through 0.45 um 
pore-size filters (Millipore). The viral supernatant is con 
centrated 100-1000 fold by ultracentrifugation (Bums et al., 
1993 PNAS 90:8033-8037) and resuspended in PBS. 
0304. The number of particles in the viral stocks were 
titered by Performance Enhanced Reverse Transcriptase 
(PERT) assays and compared to a standard pCNY8G viral 
prep with known biological titer. The biological titter is 
evaluated by transducing D17 cells, a dog osteosarcoma cell 
line. The titer is expressed in transducing units per ml 
(t.u./ml). For this purpose, cells were seeded into 12xwell 
tissue culture plates the day before infection at 1x10 cells 
per well. Viral supernatants prepared by transfecting 293T 
cells with appropiate plasmids, as described above, are 
added to the target cells. Polybrene (8 ug/ml) is added to 
each well at the time of transduction into 0.5 ml of the 
culture Supernatant used for infection. Approximately 2-5 
hours post-transduction, the culture Supernatant is replaced 
by fresh medium. Cells expressing GFP (green) are viewed 
under UV light and counted. 
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0305) The PERT assay uses real time quantitative RT 
PCR technology to detect a specific PCR product from MS2 
RNA and the retroviral reverse transcriptase present in the 
viral particles (in this case EIAV RT). Briefly, the viral 
particles are disrupted by mixing 1:1 volumes of viral vector 
stocks and disruption buffer (40 mM Tris-HCl pH7.5, 50 
mM KC1, 20 mM DTT and 0.2% NP-40). Serial dilutions of 
the disrupted particles are carried out prior to adding them 
to the RT-PCR TaqMan reaction mix (Perkin-Elmer). In 
addition, the reaction mix contains /o" volume of disrupted 
viral particles, 300 nM PERT forward primer, 300 nM PERT 
reverse primer, 150 nMPERT probe, Ao" of 0.8 mg/ml MS2 
RNA. The RT-PCR conditions are as follows: Hold, 48° C. 
for 30 min; hold, 95°C. for 10 min; forty cycles, 95°C. for 
15 sec and 60°C. for 1 min. The data is analysed using ABI 
PRISM Sequence Detection System (Perkin-Elmer). 
0306 Similarly, the RNA content of the viral preps is also 
estimated by RT-PCR comparing to a standard pCNY8G 
viral prep. Viral RNA is isolated from the viral stocks using 
a Qiagen viral RNA kit (Qiagen) and DNAse I treated 
(Ambion). Serial dilutions of the viral RNA are used as 
template in the RT-PCR reaction. Two reaction mixtures are 
prepared, +RT and -RT, containing Mo" volume of viral 
RNA template and the specific forward and reverse primers 
and probe. The RT-PCR conditions are as follows: Hold, 48 
C. for 30 min; hold, 95° C. for 10 min: forty cycles, 95°C. 
for 15 sec and 60° C. for 1 min. The data is analysed using 
ABI PRISM Sequence Detection System (Perkin-Elmer). 
FIG. 15 shows the PERT assay results and the viral RNA 
content of EIAV TRIC and EIAV GFP vectors. EIAV TRIC 
vectors seem to have similar number of particles per prep. 
but --4 times less RNA than EIAV GFP. 

0307 The efficiency of integration of the EIAV-TRIC 
vector genomes is measured by quantitative real-time PCR 
of total genomic DNA from transduced cells. For this 
purpose, target cells such as D17 or HT1080 cells are 
transduced with EIAV-TRIC or EIAV-GFP at different 
MOI(s) as described previously. The transduced cells are 
split at least three times prior to isolating total DNA from 
them. Approximately 100 ng of total DNA is used as 
template in the PCR reaction. Amplification of the EIAV 
packaging signal fragment is quantified by comparing to the 
amplification of a house-keeping gene, such as beta-actin or 
GAPDH. Real time quantitative PCR conditions are as 
follows: hold, 95° C. for 10 min; forty cycles, 95°C. for 15 
sec and 60° C. for 1 min. The data is analysed using ABI 
PRISM Sequence Detection System (Perkin-Elmer). Table 
3 shows the integration efficiency of EIAV vectors. 

EXAMPLE 10 

EIAV-BIC and -TRIC Vectors Yield Expression of 
TH, AADC and GTP-CH1 in Heterologous Cells in 

Culture 

0308) Heterologous cells, such as D17 or HEK293T cells 
are transduced with EIAV-TRIC vectors at different multi 
plicity of infection (MOI). Viral supernatants are prepared 
by transfecting 293T cells with the appropriate plasmids and 
added to the target cells as described in previous examples. 
The cells are split at least three times before analysing them 
to ensure that there is no pseudotransduction. Expression of 
the TH, AADC and GTP-CH1 genes is analysed by Western 
blot (FIG. 16) and immunocytochemistry (FIG. 17). Bands 
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of the appropriate apparent molecular weight are detected in 
cell extracts of transduced D17 cells: HA-ha ADC, ~53 kDa, 
cmyc-hTHt, ~42 kDa and FLAG-GTP/CH1, -30 kDa. 
Mouse monoclonal antibodies that recognise the tagged 
proteins have been used as described before. The antibodies 
bound to the proteins are detected with an HRP conjugated 
rabbit anti-mouse IgG. The bicistronic and tricistronic cas 
settes express two or three of the enzymes, respectively 
(FIG. 16). 
0309 The transduction of D17 cells is determined by 
immunocytochemistry using mouse monoclonal HA anti 
body (Roche) and Alexa 488 conjugated goat anti-mouse 
IgG (Molecular Probes) (FIG. 17). As control, D17 cells 
were transduced with EIAV lacZ. 

0310. The catecholamines produced in the transduced 
cells are extracted in 0.5 ml 0.4M PCA and 0.1 mM EDTA, 
separated by HPLC and detected electrochemically as pre 
viously described in the above examples. L-dopa, Dopamine 
and DOPAC are produced by HEK 293T cells transduced 
with EIAV TRIC vectors (FIG. 18). 

EXAMPLE 11 

EIAV Vectors Yield Expression of TH, AADC and 
GTP-CH1 in the Caudate Nucleus of Adult Rats 

0311 Parkinson's disease (PD) is a neurodegenerative 
disorder characterized by the loss of the nigrostriatal path 
way and is responsive to treatments that facilitate dopam 
inergic transmission in caudate-putamen. In experimental 
animals, genetically modified cells that express tyrosine 
hydroxylase, and thereby synthesize dihydroxyphenylala 
nine (L-dopa), induce behavioural recovery in rodent mod 
els of PD (Wolff et al. (1989) PNAS (USA) 86:9011-14: 
Freed etal (1990) Arch. Neurol. 47:505-12: Jiao et al. (1993) 
Nature 262:4505). An alternative approach is that of direct 
in vivo somatic cell gene transfer whereby the cells of the 
striatum are converted into dopamine producer cells by 
transduction with a vector expressing TH, AADC and GTP 
CH1. 

0312. In order to examine virally encoded gene expres 
sion EIAV-TRIC and EIAVlacz are stereotaxically micro 
injected into the adult rat striatum as follows. Rats are 
anesthesized with hypnorm and hypnovel (Wood et al., 
(1994) Gene Therapy 1:283-291) and injected with 2x1 ul of 
viral stocks (for EIAV lacZ is typically 1-5x10t.u./ml) into 
the striatum, at coordinates: Bregma 3.5 mm lateral, 4.75 
mm vertical from dura, and 1 mm rostral, 3.5 mm lateral 
4.75 mm vertical using a fine drawn glass micropippette 
over a period of 2 min. The pippette was pulled up 1 mm and 
left for another 2 min before retracting slowly to the surface. 
Animals are analysed 1 and 2 weeks following injection. 
Rats are perfused with 4% paraformaldehyde (PFA) con 
taining 2 mM MgCl2 and 5 mMethylene glycol bis (beta 
aminoethylether)-N.N.N',N'-tetraacetic acid. Brains are 
removed and placed in fixative overnight, submersed in 30% 
sucrose at 4°C. overnight and frozen on Tissue-Tech OCT 
embedding compound (Miles Ind. USA). Fifty-micrometer 
sections are cut on a freezing microtome and floated briefly 
in PBS-2 mM MgCl, at 4°C. as a wash. Expression of lacz 
is determined by placing the sections in X-gal staining 
solution for 3-5 hours. EIAV TRIC is injected into the rat 
striatum using the same coordinates as described above. In 
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addition two more injection sites at Bregma 2.5 mm lateral, 
4.75 mm vertical and 1.8 mm rostral, 2.5 mm lateral and 5 
mm vertical were performed. Expression of AADC, TH and 
GTP-CH1 is detected by immunohistochemistry using 
mouse monoclonal antibodies raised against the epitope 
tags, HA, c-myc and FLAG respectively. These antibodies 
will distinguish between the rat and the human proteins. 
Brains sections are incubated with mouse anti-HA (Santa 
Cruz), anti-c-myc (Santa Cruz) or anti-FLAG (Sigma) anti 
bodies (1:100" dilutions) at 4° C. overnight in PBS-10% 
goat serum and 0.5% TritonX-100. Sections are washed with 
PBS and then incubated with Alexa 488 (Molecular Probes) 
or FITC (Jackson Laboratories) conjugated goat anti-mouse 
or anti-rabbit IgG (/1000" dilutions) at room temperature for 
2-3 hours. After washing the sections are examined under a 
fluorescence microscope. For DAB staining sections were 
developed using the avidin-biotin System (Vectastain kit 
(Vactor Laboratories)). 
0313 TH is not expressed within either neurons or glia of 
the rat striatum (Chatterjee et al. (1992) Science 258: 1485 
88). Endogenous TH immunoreactivity (TH-IR) within the 
striatum is limited to the dopaminergic terminals of afferent 
fibers from substantia nigra. To determine whether the cells 
transduced are neurons or glial-cells a TH antibody is used 
in conjuction with antibodies that recognise either neuronal 
(NeuN) or glial (GFAP) markers. Double immunostaining is 
carried out on brain sections. Sections are incubated with 
rabbit polyclonal TH antibody (/100"; Affinitti) and mouse 
monoclonal neurofilament (NeuN) antibody (/so"; Chemi 
con), or mouse monoclonal GFAP (/so"; Chemicon) at 4°C. 
overnight in PBS-10% goat serum and 0.5% TritonX-100. 
Sections are washed with PBS and then incubated with 
Alexa 488 conjugated goat anti rabbit IgG (/200th; Molecu 
lar Probes) or CY3 conjugated goat anti-mouse IgG (/200"; 
Jackson Laboratories) at room temperature for 2-3 hours. 
After washing the sections are examined under a fluores 
cence microscope. 
0314 FIG. 19 shows transduction of the adult rat striatum 
with pCNY8Z seven days following injection. FIG. 20 
shows transduction of the rat striatum with pCNY8TRIC 
two weeks following injection. 

EXAMPLE 12 

Efficacy of EIAV-TRIC Vectors in a Rodent Model 
of Parkinson's Disease: Apomorphine-Induced 

Rotational Behavior 

0315. The aim of the present study is to replace dopamine 
in the striatum of animal model of Parkinson's disease. Rats 
receive 6-OHDAlesions of the right medial forebrain bundle 
(MFB). Stereotaxic injections are performed under anesthe 
sia using 10 ul Hamilton Syringe with 33-gauge blunt tip 
needle. Each rat receives 4 ul of 4 g/ul 6-OHDA HCl 
(Sigma) dissolved in 2 mg/ml ascorbate-saline (0.2% ascor 
bic acid, 0.9% NaCl). The solution is slowly infused at the 
speed of 0.5ul/min. Three weeks following 6-OHDAlesion, 
rats are tested for amphetamine-induced rotation. Animals 
are injected i.p. with 2.5 mg/kg D-amphetamine (Sigma). 
Amphetamine is diluted in PBS. Rotational asymmetry is 
monitored over 90 minutes. Only rats with >7 turns per 
minute are used for the following experiment. For apomor 
phine-induced rotation, animals are tested twice on 0.05 
mg/kg SC 4 days apart. Fifteen rats show good homogeneity 
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as to the extent of the 6-OHDA lesions. Two experiments are 
performed with EIAV-TRIC vectors. Three weeks after 
6-OHDA lesions, EIAV-based lentiviral vectors carrying the 
genes involved in the dopamine synthesis are unilaterally 
injected into the striatum (ipsilateral to the lesion). Two 
groups of animals are included in each study: in the first 
experiment pCNY8.1Z. n=5; pCNY8.1T n=4; in the second 
study pCNY8.1Z. n=4; pONY8.1T n=7. In order to assess a 
possible functional benefit of the treatment, apomorphine 
induced rotation is tested weekly after the viral injection 
(FIG. 24.A). Two pONY8.1T-injected animals (C3R5 & 
C5R4) showed reduction in contralateral rotation than the 
pre-apo2 rotation during the whole experiment period, 
reaching a 65 and 70% decrease 3 weeks after viral injection 
(The present inventors suggest that the 70% is probably an 
artefact since one rat slipped out of the hamess during this 
rotation). A 60 and 35% decrease is observed 10 weeks 
following injection of the viral solution for these two rats. In 
the second study, dopamine replacement did reduce the 
number of apomorphine-induced rotations experienced in 6 
animals (from 7 rats) injected with pCNY8.1T (FIG. 24.B). 
The average of reduction in rotations 6 weeks after viral 
injection is about 45% compared to pre-apomorphine 2. 

0316. At the end of each experiment, rats are perfused 
with ice-cold PBS containing 0.02% ascorbic acid and 5000 
units of heparin followed by 4% paraformaldehyde solution. 
The brains are dissected and placed overnight in 4% 
paraformaldehyde solution followed by the cryoprotection 
in 30% sucrose solution. TH-immunohistochemical labeling 
is performed on nigral and striatal sections to test the 
extension of the lesion. TH-immunostaining is performed 
using polyclonal Rabbit anti-TH antibodies on nigral (FIG. 
25.A) and striatal (FIG. 25.B) sections. Catecholamines 
produced by EIAV TRIC vectors in the denervated striata of 
6-OHDA rats are determined by HPLC and electrochemical 
detection, as described in the previous examples. The results 
are shown in FIGS. 26 and 27. 

EXAMPLE 13 

EIAV-TRIC Vectors Used for Correcting the 
6-OHDA Primate Model of Parkinson’s Disease 

0317. This model comprises unilateral injection of 6-hy 
droxydopamine (6-OHDA) into the nigrostriatal bundle of 
the small New World monkey the common marmoset (Cal 
lithrix jacchus). As in the rodent model, the asymmetry 
caused by the toxin in receptor sensitivity between the 
denervated and intact striatum results in rotational behaviour 
upon i.m. administration of domapinergic factors, such as 
apomorphine (Annett et al., (1997). The rate of amphet 
amine-induced rotations is directly related to the striatal 
dopaminergic dysfunction and is used to evaluate the thera 
peutic efficacy of different treatments for PD (Annett et al. 
(1994) Exp Neurol. 125:228-246; Annett et al. (1992) Brain, 
115:825-856). Marmosets aged 18-24 months are lesioned 
under anesthesia by delivery of 4 mg/ml free base weight 
6-OHDA (Sigma) disolved in 0.01% ascorbate-saline. 
6-OHDA was injected stereotaxically into five sites in the 
nigrostriatal bundle on one side of the brain (coordinates: 
AP+6.5; Lit1.2, V+6 and +7: Li2.2, V+6.5 and V+7.5, 
Li3.2, V+7.5, as described in Stephan et al. (1980) Berlin: 
Springer-Verlag). Three microlitres are injected in the most 
lateral site and two microlitres in the other four sites. The 
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6-OHDA lesioned animals are examined for rotational 
behaviour prior to the lesion, after the lesion before the viral 
vectors injection and one month after the vectors are 
injected. Rotations are recorded during 30 min sessions 
starting 30 min after the injection of the drug. The marmo 
sets are filmed while in a transparent Perspex box and the 
number of complete turns are counted. 

0318 Four 6-OHDA lesioned animals are injected with 
30 ul of EIAV-TRIC or EIAVlacz viral stocks into the 
Caudate Putamen at 6 sites (5 l/site). Behavioural assess 
ment of the monkeys on reaching tasks and apomorphine 
induced rotations tests will be made one month post-injec 
tion and at regular interval for several months for long-term 
follow-up. Animals are sacrificed and brain tissue sections 
are analysed for TH immunoreactivity as described previ 
ously. The level of catecholamines in the denervated stria 
tum is determined by HPLC and electrochemical detection 
(as described above). 

EXAMPLE 1.4 

EIAV-TRIC Vectors Used for Correcting the MPTP 
Primate Model of Parkinson's Disease 

0319. The primate model of Parkinson's disease is con 
sidered the gold-standard model for evaluation of potential 
therapies prior to entering human clinical trials. This model 
is originally developed from the observation in the early 
1980s that groups of younger people are developing a 
neurodegenerative disorder strikingly similar to idiopathic 
Parkinson's disease. The source of this disorder is traced to 
the use of a street drug, and specifically to the chemical 
known as 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP) (Langston (1985) Trends in Pharmacol. Sci. 6:375 
378). When MPTP is given to primates, the animals devel 
oped a parkinsonian disorder that has become the principle 
model for testing anti-parkinsonian agents. Peripherally 
administered MPTP will cross the blood brain barrier, 
whereupon is converted into MPP+ by monoamine oxidase 
B (MAO-B). MPP+ is a potent neurotoxin that eventually 
causes the degeneration of nigro-striatal dopamine pathway, 
as seen in Parkinson's disease. 

0320 Cynomolgus monkeys (Macaca fascicularis) are 
rendered parkinsonian by weekly intravenous injections of 
0.5-1 mg/kg. MPTP for ten consecutive months. Animals are 
trained to perform fine motor tasks prior to the administra 
tion of MPTP. The parkinsonian monkeys are tested for 
marked reduction of spontaneous activity, bilateral action 
tremor, freezing and posture and balance impairment to 
assess the efficacy of the lesion. Motor deficits are assessed 
according to a nonhuman primate disability rating scale 
(Herrero et al., (1993) Neuroscience 56:965-72). In addition, 
apomorphine (0.1 mg/kg, i.m.) is also given every two 
weeks to test the appearance of circling behaviour. The 
monkeys are allowed to recover from the last MPTP admin 
istration for 3 months prior to the intrastriatal transduction. 
Animals are anesthesized with a mixture of ketamine (10 
mg/kg) and midazolan (1 mg/kg) and placed in the stereo 
tactic frame. A hole is drilled in the skull at the level of the 
right frontal ventricle according to the atlas of Szabo and 
Cowan (Szabo and Cowan (1984) J. Comp. Neurol. 
222:265-300), and a ventriculography is performed by 
injecting 0.4 ml of Omnigrass into the right ventricle. The 
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intercommisural line (AC-PC line) is measured and the 
coordinates for the putamen nucleus are adjusted according 
to the atlas. 

0321) EIAV-TRIC and EIAVlacZ viral vectors (5ul of 
~1-5x10 t.u./ml) are stereotaxically injected unilaterally 
into the left putamen in two sites along the rostrocaudal axis 
using a Hamilton syringe. Briefly, 2x5ul of ~1-5x10t.u./ml 
are injected into the putamen nucleus as follows: rostral 
putamen, AP+3.4 mm from the midpoint of the AC-PC line; 
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Although the invention has been described in connection 
with specific preferred embodiments, it should be under 
stood that the invention as claimed should not be unduly 
limited to Such specific embodiments. Indeed, various modi 
fications of the described modes for carrying out the inven 
tion which are obvious to those skilled in chemistry, biology 
or related fields are intended to be within the scope of the 
following claims. 

ML 12 mm from the longitudinal sinus, and VD 15 mm TABLE 1. 
below dura mater. Animal receive antibiotics (ampicillin 250 DNA L-DOPA DOPAC DA 
mg/day, i.m.) prophylactically for two weeks and analgesia 
with nonsteroidal anti-inflammatory drugs (fluniXin, 2.5 Mock n.d. n.d. n.d. 

- TRIC 0.745 +/- 0.047 n.d. 0.545 +f- 0.055 
mg/kg). Animals are followed periodically (every two Bro. AADC 0720/- 0.04s Os31 ?olo is of 
weeks) for 3-5 months in order to determine whether the BIC 58.55 +f- 6.20 n.d. n.d. 
therapeutic vectors improve the parkinsonian behaviour THt O.845 n.d. n.d. 
(During et al. (1994)). They are tested for motor deficits as 
described above. At the end of the experimental period, 
animals are transcardially perfused with 4% PFA in PBS. 0323) 
The brains are fixed ovemight in the same fixative at 4°C. 
and then immersed in 30% sucrose in PBS. Coronal brain TABLE 2 
sections (30 um thick) were cut on a freezing microtome and 
collected in PBS. TH immunoreactivity and levels of cat- DNA L-DOPA DOPAC DA 
echolamines in the denervated putamen are analysed as Mock n.d. n.d. n.d. 
described previously. TRIC 0.745 +/- 0.047 n.d. 0.545 +f- 0.055 

BIC + AADC 0.729 +f- 0.045 0.531 +f- 0.10 11.31 +f- 1.01 
0322 All publications mentioned in the above specifica- BIC 58.55 +f- 6.20 n.d. n.d. 
tion are herein incorporated by reference. Various modifi- THt O.845 n.d. n.d. 
cations and variations of the described methods and system 
of the invention will be apparent to those skilled in the art 
without departing from the scope and spirit of the invention. 0324) 

TABLE 3 

Relative Integration Efficiency of EIAV Vectors 

MOI pONY8G pONY8T-1 pCNY8T-2 pCNY8.1Z pONY8.1T Integrase 

1 OOX 10.61 11.44 10.6 11.6 11.6 2.1 
1OX 6.16 5.7 8.67 6.63 2.4 
1X 4.37 4.8 n.d. 7.09 4.6 n.d. 

D17 cells have been transduced at different MOIs with ELAV vectors. The dCT values 
represent the ratio of B-actin/EIAV genomes in 100 ng of total DNA (dCt = Bactin Ct 
CMVp Ct). The PCR reaction amplifies the CMV promoter region present in the inte 
grated EIAV genome. The dCT values of untransduced cells was ~1.85. Similar results 
are obtained using the EIAV packaging signal. 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 34 

<210> SEQ ID NO 1 
&2 11s LENGTH 8531 
&212> TYPE DNA 

<213> ORGANISM: Equine Infectious Anemia Virus 

<400 SEQUENCE: 1 

agatcttgaa taataaaatg totgtttgtc. c.gaaatacgc gttittgagat ttctgtc.gc.c 

gactaaattic atgtc.gc.gcg at agtggtgt ttatc.gc.cga tagagatggc gatattggaa 

0325) 

60 

120 





























US 2007/0025970 A1 Feb. 1, 2007 
35 

-continued 

tittcaaccitt attgttataa taatgacagt aagaacagoa togg cagaatc gaaggaagca 3060 

agagaccalag aatgaacctg aaagaagaat citaaagaaga aaaaagaaga aatgactggit 312 O 

ggaaaatagg tatgtttctg. titatgcttag caggaactac toggaggaata citttggtggit 318O 

atgaaggact cocacago aa cattatatag g gttggtggc gataggggga agattaaacg. 324 O 

gatctggcca atcaaatgct atagaatgct g g g gttcctt cocggggtgt agaccatttic 33OO 

aaaattacitt cagittatgag accalatagaa goatgcatat ggataataat actgctacat 3360 

tattagaagc tittaac caat ataactgcto tataaataac aaaacagaat tagaalacatg 342O 

gaagttagta aag acttctg goatalactcc tttacctatt tottctgaag citaac actogg 3480 

actaattaga cataagagag attittggitat aagtgcaata gtggcagota ttgtagcc.gc 354. O 

tact gctatt gctgctagog citactatoto titatgttgct cita acto agg ttaacaaaat 3600 

aatggaagta caaaatcata cittittgaggit agaaaatagt actictaaat g g tatggattit 3660 

aatagaacga caaataaaga tattatatgc tatgattctt caaacacat g cagatgttca 372 O 

actgttaaag gaaaga caac aggtagagga gacatttaat ttaattggat gtatagaaag 378 O. 

aacacatgta ttttgtcata citggtocatcc ctdgaatatgtcatogggac atttaaatga 384 O 

gtoa acacaa toggatgact g g g talagcaa aatggaagat ttaaatcaag agatactaac 39 OO 

tacactitcat ggagcc agga acaatttggc acaatcCatg ataac attca atacaccaga 396 O 

tagtatagct Caatttggaa aag acctttg gagtoatatt ggaaattgga titcCtggatt 4020 

gggagctitcc attataaaat atatagtgat gtttittgctt atttatttgt tacta acctc 408 O 

titc.gc.ctaag atcCtcaggg cccitctggaa gqtgaccagt ggtgcagggit cotcc.gg cag 414 O 

togttacctg aagaaaaaat to catcacaa acatgcatcg cq agaagaca cct gg gacca 4200 

ggcc caacac alacatacacc tag caggcgt gaccggtgga totaggggaca aatactacaa 4260 

gcagaagtac toccaggaacg actggaatgg agaatcagag gagtacaiaca gg.cggccaaa 4320 

gagctgggtg aagtcaatcg agg catttgg agaga.gctat attitcc.gaga agaccalaagg 4.380 

ggagatttct cagoctogggg cqgctato aa cqagcacaag aacggctctg. gggggaacaa 4 440 

to citcaccala gggtoottag acct g gagat togaa.gc gaa gaggaalaca tittatgactg 4500 

ttgcattaaa goccaagaag gaact citc.gc tatcc cittgc tigtggatttic cct tatggct 45 60 

attittgggga citagtaatta tagtaggacg catagoaggc tatggattac gtggacitcgc 462O 

tgttataata aggatttgta ttagaggott aaatttgata tittgaaataa totagaaaaat 4680 

gcttgattat attggaagag ctittaaatcc togcacatct catgitat caa toccticagta 474. O 

tgtttagaaa aacaaggggg gaactgtggg gtttittatga ggggtttitat aaatgattat 4800 

aagagtaaaa agaaagttgc tigatgctotc ata accittgt ataa.cccaaa goactagotc 4860 

atgttgctag goalactaaac cqcaataa.cc gcatttgttga cqc gagttcc ccattggtoga 4920 

cgcgittaact tcc totttitt acagtatata agtgcttgta ttctgacaat tdggcactca 4.980 

gattctg.cgg totgagtc.cc ttctotgctg. g.gctgaaaag goctttgtaa taaatataat 5040 

totctactica gtc.cctgtct citagtttgtc. tatto gagat cotacagagc ticatgccttg 51OO 

gc gtaatcat ggtoatagot gtttcctdtg tdaaattgtt atcc.gct cac aattic cacac 5 160 

aacatacgag ccggaag cat aaagtgtaaa goctoggggtg cctaatgagt gagctaactic 5220 

acattaattg cqttgcgcto actg.ccc.gct titccagtcgg gaalacctgtc gtgc.cagotg 528 O 
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-continued 

<213> ORGANISM: Homo Sapiens 

<400 SEQUENCE: 11 

cgaagcttct agccaatggc acticagogca toggc 35 

<210> SEQ ID NO 12 
&2 11s LENGTH 65 
&212> TYPE DNA 
<213> ORGANISM: Homo Sapiens 

<400 SEQUENCE: 12 

cgagatctgc cac catgitac Coctacgacg tdcc.cgacta cqccaacgca agtgaatticc 60 

galagg 65 

<210> SEQ ID NO 13 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Homo Sapiens 

<400 SEQUENCE: 13 

cgaagcttct acticccitctd tactc.gc 27 

<210> SEQ ID NO 14 
&2 11s LENGTH 58 
&212> TYPE DNA 

<213> ORGANISM: Homo Sapiens 

<400 SEQUENCE: 14 

cgagatctgc cac catggac tacaaggacg acgatgacga gaagg gcc.ct gtgcggcg 58 

<21 Oc 
<211 

EQ ID NO 15 
ENGTH 32 
YPE DNA 

RGANISM: Homo Sapiens 

<400 SEQUENCE: 15 

cgaagcttitc agotcc taat gaga.gtoagg aa 32 

EQ ID NO 16 
ENGTH 77 
YPE DNA 

RGANISM: Homo Sapiens 

<400 SEQUENCE: 16 

cgaagcttgg atcc.gc.cacc atggaacaaa aactcatcto agaagaggat citgaaggtoc 60 

cctggttc.cc aagaaaa 77 

<210 SEQ ID NO 17 
&2 11s LENGTH 35 
&212> TYPE DNA 
<213> ORGANISM: Homo Sapiens 

<400 SEQUENCE: 17 

cggaattic ct agccaatggc acticagogca toggc 35 

<210> SEQ ID NO 18 
&2 11s LENGTH 250 
&212> TYPE PRT 
<213> ORGANISM: Homo Sapiens 
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-continued 

<400 SEQUENCE: 18 

Met Glu Lys Gly Pro Val Arg Ala Pro Ala Glu Lys Pro Arg Gly Ala 
1 5 10 15 

Arg Cys Ser Asn Gly Phe Pro Glu Arg Asp Pro Pro Arg Pro Gly Pro 
2O 25 30 

Ser Arg Pro Ala Glu Lys Pro Pro Arg Pro Glu Ala Lys Ser Ala Glin 
35 40 45 

Pro Ala Asp Gly Trp Lys Gly Glu Arg Pro Arg Ser Glu Glu Asp Asn 
50 55 60 

Glu Lieu. Asn Lieu Pro Asn Lieu Ala Ala Ala Tyr Ser Ser Ile Leu Ser 
65 70 75 8O 

Ser Lieu Gly Glu Asn. Pro Glin Arg Glin Gly Lieu Lleu Lys Thr Pro Trp 
85 90 95 

Arg Ala Ala Ser Ala Met Glin Phe Phe Thr Lys Gly Tyr Glin Glu Thr 
100 105 110 

Ile Ser Asp Val Lieu. Asn Asp Ala Ile Phe Asp Glu Asp His Asp Glu 
115 120 125 

Met Val Ile Val Lys Asp Ile Asp Met Phe Ser Met Cys Glu His His 
130 135 1 4 0 

Leu Val Pro Phe Val Gly Lys Val His Ile Gly Tyr Leu Pro Asn Lys 
145 15 O 155 160 

Gln Val Leu Gly Leu Ser Lys Leu Ala Arg Ile Val Glu Ile Tyr Ser 
1.65 170 175 

Arg Arg Lieu Glin Val Glin Glu Arg Lieu. Thir Lys Glin Ile Ala Val Ala 
18O 185 19 O 

Ile Thr Glu Ala Leu Arg Pro Ala Gly Val Gly Val Val Val Glu Ala 
195 200 2O5 

Thr His Met Cys Met Val Met Arg Gly Val Gln Lys Met Asn Ser Lys 
210 215 220 

Thr Val Thr Ser Thr Met Leu Gly Val Phe Arg Glu Asp Pro Llys Thr 
225 230 235 240 

Arg Glu Glu Phe Lieu. Thir Lieu. Ile Arg Ser 
245 250 

<210 SEQ ID NO 19 
&2 11s LENGTH 753 
&212> TYPE DNA 

<213> ORGANISM: Homo Sapiens 

<400 SEQUENCE: 19 

atggagaagg gCCCtgtgcg C gCCCC ggcc gagaa.gc.cgc gcggcgc.ccg. Ctgcagcaat 60 

gggttcc.ccg agcgcgacCC gcc.gc.gc.ccc gggcc.ca.gca gg.ccggc.cga gaagcc.ccc.g 120 

CgCCCC gagg ccalaga.gc.gc gCagc.ccg.cg gacggctgga agggC gag.cg CCCCC gCagc 18O 

gaggaggaca acgagctgaa cct coctaac citggcc.gc.cg cct acto citc catcc tdagc 240 

togctggg.cg agaacCCCC a gcqgCagggg Ctgct Caaga CCCCCtggag gg.cggcCtcg 3OO 

gccatgcagt tottcaccala gggctaccag gagac catct cagacgt.cct galacgacgct 360 

atctitcgacg aagatcacga tigagatggtg atcgtgaagg acataga cat gttcticcatg 420 

tgcgag cacc acctggtgcc atttgtggga aaggtocata toggctacct gcctaacaag 480 

caggtoctogg gccitcago aa gotgg.cgagg attgttggaaa totatagtag aagacitacag 540 
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-continued 

gttcaggagc gccittaccala acaaattgct gtggcaatca cqgaa.gc.citt gcggcctgct 600 

ggagtcgggg togtogtgga agcaa.cacac atgtgtatgg tatgcgagg togtacagaaa 660 

atgaac agca aaa.ccgtgac cago.acaatig citgggtotgttcc.gg gagga tocaaag act 720 

cgggaagagt toctoactict catcaggagc tiga 75.3 

<210> SEQ ID NO 20 
&2 11s LENGTH 250 
&212> TYPE PRT 
<213> ORGANISM: Homo Sapiens 

<400 SEQUENCE: 20 

Met Glu Lys Gly Pro Val Arg Ala Pro Ala Glu Lys Pro Arg Gly Ala 
1 5 10 15 

Arg Cys Ser Asn Gly Phe Pro Glu Arg Asp Pro Pro Arg Pro Gly Pro 
2O 25 30 

Ser Arg Pro Ala Glu Lys Pro Pro Arg Pro Glu Ala Lys Ser Ala Glin 
35 40 45 

Pro Ala Asp Gly Trp Lys Gly Glu Arg Pro Arg Ser Glu Glu Asp Asn 
50 55 60 

Glu Lieu. Asn Lieu Pro Asn Lieu Ala Ala Ala Tyr Ser Ser Ile Leu Ser 
65 70 75 8O 

Ser Lieu Gly Glu Asn. Pro Glin Arg Glin Gly Lieu Lleu Lys Thr Pro Trp 
85 90 95 

Arg Ala Ala Ser Ala Met Glin Phe Phe Thr Lys Gly Tyr Glin Glu Thr 
100 105 110 

Ile Ser Asp Val Lieu. Asn Asp Ala Ile Phe Asp Glu Asp His Asp Glu 
115 120 125 

Met Val Ile Val Lys Asp Ile Asp Met Phe Ser Met Cys Glu His His 
130 135 1 4 0 

Leu Val Pro Phe Val Gly Lys Val His Ile Gly Tyr Leu Pro Asn Lys 
145 15 O 155 160 

Glin Val Lieu Gly Lieu Ser Lys Lieu Ala Arg Ile Val Glu Ile Tyr Ser 
1.65 170 175 

Arg Arg Lieu Glin Val Glin Glu Arg Lieu. Thir Lys Glin Ile Ala Val Ala 
18O 185 19 O 

Ile Thr Glu Ala Leu Arg Pro Ala Gly Val Gly Val Val Val Glu Ala 
195 200 2O5 

Thr His Met Cys Met Val Met Arg Gly Val Gln Lys Met Asn Ser Lys 
210 215 220 

Thr Val Thr Ser Thr Met Leu Gly Val Phe Arg Glu Asp Pro Llys Thr 
225 230 235 240 

Arg Glu Glu Phe Lieu. Thir Lieu. Ile Arg Ser 
245 250 

<210> SEQ ID NO 21 
&2 11s LENGTH 753 
&212> TYPE DNA 
<213> ORGANISM: Homo Sapiens 

<400 SEQUENCE: 21 

atggagaagg gCCCtgtgcg ggCaccgg.cg gagaa.gc.cgc gggg.cgc.cag gtgcagcaat 60 

gggttcc.ccg agcgggatcc gcc.gcggCCC gggcc.ca.gca gg.ccggcgga gaagcc.ccc.g 120 
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CggCCC gagg ccalaga.gc.gc gCagc.ccg.cg gacggctgga agggC gag.cg gCCCC gCagc 18O 

gaggaggata acgagctgaa cct coctaac citggcago.cg cct actogto: catcc tdagc 240 

togctggg.cg agaacCCCC a gcqgcaaggg Ctgct Caaga C gCCCtggag gg.cggcCtcg 3OO 

gccatgcagt tottcaccala gggctaccag gagac catct cagatgtcct aaacgatgct 360 

atatttgatg aagatcatga tigagatggtg attgttgaagg acataga cat gttitt.ccatg 420 

tgtgag catc acttggttcc atttgttgga aaggtocata ttggittatct tcc taacaag 480 

caagttccttg gccitcagoaa acttgcgagg attgtagaaa totatagtag aagacitacaa 540 

gttcaggagc gccittacaaa acaaattgct gtagcaatca cqgaa.gc.citt gcggcctgct 600 

ggagtcgggg tagtggttga agcaa.cacac atgtgitatgg taatgcgagg totacagaaa 660 

atgaac agca aaactgtgac cago.acaatg ttgggtotgttcc.gg gagga tocaaag act 720 

cgggaagagt toctoactict cattaggagc tiga 75.3 

<210> SEQ ID NO 22 
&2 11s LENGTH 338 
&212> TYPE PRT 
<213> ORGANISM: Homo Sapiens 

<400 SEQUENCE: 22 

Met Val Lys Val Pro Trp Phe Pro Arg Llys Val Ser Glu Leu Asp Lys 
1 5 10 15 

Cys His His Lieu Val Thr Lys Phe Asp Pro Asp Leu Asp Lieu. Asp His 
2O 25 30 

Pro Gly Phe Ser Asp Glin Val Tyr Arg Glin Arg Arg Lys Lieu. Ile Ala 
35 40 45 

Glu Ile Ala Phe Glin Tyr Arg His Gly Asp Pro Ile Pro Arg Val Glu 
50 55 60 

Tyr Thr Ala Glu Glu Ile Ala Thr Trp Lys Glu Val Tyr Thr Thr Leu 
65 70 75 8O 

Lys Gly Lieu. Tyr Ala Thr His Ala Cys Gly Glu His Lieu Glu Ala Phe 
85 90 95 

Ala Lieu Lieu Glu Arg Phe Ser Gly Tyr Arg Glu Asp Asn. Ile Pro Glin 
100 105 110 

Leu Glu Asp Val Ser Arg Phe Lieu Lys Glu Arg Thr Gly Phe Glin Lieu 
115 120 125 

Arg Pro Wall Ala Gly Lieu Lleu Ser Ala Arg Asp Phe Leu Ala Ser Lieu 
130 135 1 4 0 

Ala Phe Arg Val Phe Gln Cys Thr Glin Tyr Ile Arg His Ala Ser Ser 
145 15 O 155 160 

Pro Met His Ser Pro Glu Pro Asp Cys Cys His Glu Leu Leu Gly. His 
1.65 170 175 

Val Pro Met Leu Ala Asp Arg Thr Phe Ala Glin Phe Ser Glin Asp Ile 
18O 185 19 O 

Gly Lieu Ala Ser Leu Gly Ala Ser Asp Glu Glu Ile Glu Lys Lieu Ser 
195 200 2O5 

Thr Leu Tyr Trp Phe Thr Val Glu Phe Gly Leu Cys Lys Glin Asin Gly 
210 215 220 

Glu Wall Lys Ala Tyr Gly Ala Gly Lieu Lleu Ser Ser Tyr Gly Glu Lieu 
225 230 235 240 

Lieu. His Cys Lieu Ser Glu Glu Pro Glu Ile Arg Ala Phe Asp Pro Glu 
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35 40 45 

Glu Ile Ala Phe Glin Tyr Arg His Gly Asp Pro Ile Pro Arg Val Glu 
50 55 60 

Tyr Thr Ala Glu Glu Ile Ala Thr Trp Lys Glu Val Tyr Thr Thr Leu 
65 70 75 8O 

Lys Gly Lieu. Tyr Ala Thr His Ala Cys Gly Glu His Lieu Glu Ala Phe 
85 90 95 

Ala Lieu Lieu Glu Arg Phe Ser Gly Tyr Arg Glu Asp Asn. Ile Pro Glin 
100 105 110 

Leu Glu Asp Val Ser Arg Phe Lieu Lys Glu Arg Thr Gly Phe Glin Lieu 
115 120 125 

Arg Pro Wall Ala Gly Lieu Lleu Ser Ala Arg Asp Phe Leu Ala Ser Lieu 
130 135 1 4 0 

Ala Phe Arg Val Phe Gln Cys Thr Glin Tyr Ile Arg His Ala Ser Ser 
145 15 O 155 160 

Pro Met His Ser Pro Glu Pro Asp Cys Cys His Glu Leu Leu Gly. His 
1.65 170 175 

Val Pro Met Leu Ala Asp Arg Thr Phe Ala Glin Phe Ser Glin Asp Ile 
18O 185 19 O 

Gly Lieu Ala Ser Leu Gly Ala Ser Asp Glu Glu Ile Glu Lys Lieu Ser 
195 200 2O5 

Thr Leu Ser Trp Phe Thr Val Glu Phe Gly Leu Cys Lys Glin Asn Gly 
210 215 220 

Glu Wall Lys Ala Tyr Gly Ala Gly Lieu Lleu Ser Ser Tyr Gly Glu Lieu 
225 230 235 240 

Lieu. His Cys Lieu Ser Glu Glu Pro Glu Ile Arg Ala Phe Asp Pro Glu 
245 250 255 

Ala Ala Ala Val Glin Pro Tyr Glin Asp Gln Thr Tyr Glin Ser Val Tyr 
260 265 27 O 

Phe Val Ser Glu Ser Phe Ser Asp Ala Lys Asp Lys Lieu Arg Ser Tyr 
275 280 285 

Ala Ser Arg Ile Glin Arg Pro Phe Ser Val Lys Phe Asp Pro Tyr Thr 
29 O 295 3OO 

Leu Ala Ile Asp Val Lieu. Asp Ser Pro Glin Ala Val Arg Arg Ser Lieu 
305 310 315 320 

Glu Gly Val Glin Asp Glu Lieu. Asp Thr Lieu Ala His Ala Leu Ser Ala 
325 330 335 

Ile Gly 

<210> SEQ ID NO 25 
&2 11s LENGTH 1017 
&212> TYPE DNA 

<213> ORGANISM: Homo Sapiens 

<400 SEQUENCE: 25 

atggtgaagg taccctggitt cocaagaaaa gtgtcagagc tigg acaagtg to atcaccitg 60 

gtoaccaagt to gaccc.cga cct ggacittg gaccaccc.cg gottctogga ccaggtgtac 120 

cgc.ca.gc.gca ggaagctgat cqctgagatc gcc titccagt acagg cacgg cqaccc.gatc 18O 

cc.ccgtgtgg agtacaccgc cqaggagatc gccaccitgga aggaggtota caccaccctg 240 

aagggc citct acgccaccca C goctogcqgg gag caccitgg aggcc tittgc tittgctggag 3OO 
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cgcttcagog got accggga agacaa.catc ccc.ca.gctgg aggacgt.ctic cogct tcctg 360 

aaggag cqca caggct tcca gctg.cggc.cc gtggcc.ggcc togctdtcc.gc cc.ggg acttic 420 

citggcc agcc toggcct tcc.g. c.gtgttccag tdcacco agt atato cqcca C gogtc.citcg 480 

cc catgcact coccitgagcc ggactgctgc cacgagctgc tigggg cacgt gcc catgctg 540 

gcc gaccgca cctitc.gc.gca gttcago cag gacatcggcc togcgtocct gggggccago 600 

gatgaggaaa to gaga agct gtc. cactctg. tcatggttca cqgtggagtt cqggctgttgt 660 

alagcagaacg gggaggtgaa gCCtatggit gcc.gggctgc tigtcCtcCta C ggggagctic 720 

citgcactgcc tdtctgagga gcctdagatc cqggc ctitcg accotgaggc tigcggcc.gtg 78O 

cagoccitacc aagaccagaci gtaccagtica gtotactitcg tdtctgagag cittcagogac 840 

gccaaggaca agctdaggag citatgccago C goat coagc gcc ccttct c cqtgaagttc 9 OO 

gaccc.gtaca ccctggcc at C gacgtgctg gacago.cccc aggcc.gtgc g g c gcticc citg 96.O 

gagggtgtcc aggatgagct ggacaccott gcc catgcgc tigagc.gc.cat cqgctga 101.7 

<210> SEQ ID NO 26 
&2 11s LENGTH 338 
&212> TYPE PRT 
<213> ORGANISM: Homo Sapiens 

<400 SEQUENCE: 26 

Met Val Lys Val Pro Trp Phe Pro Arg Lys Val Ser Glu Leu Asp Lys 
1 5 10 15 

Cys His His Lieu Val Thr Lys Phe Asp Pro Asp Leu Asp Lieu. Asp His 
2O 25 30 

Pro Gly Phe Ser Asp Glin Val Tyr Arg Glin Arg Arg Lys Lieu. Ile Ala 
35 40 45 

Glu Ile Ala Phe Glin Tyr Arg His Gly Asp Pro Ile Pro Arg Val Glu 
50 55 60 

Tyr Thr Ala Glu Glu Ile Ala Thr Trp Lys Glu Val Tyr Thr Thr Leu 
65 70 75 8O 

Lys Gly Lieu. Tyr Ala Thr His Ala Cys Gly Glu His Lieu Glu Ala Phe 
85 90 95 

Ala Lieu Lieu Glu Arg Phe Ser Gly Tyr Arg Glu Asp Asn. Ile Pro Glin 
100 105 110 

Leu Glu Asp Val Ser Arg Phe Lieu Lys Glu Arg Thr Gly Phe Glin Lieu 
115 120 125 

Arg Pro Wall Ala Gly Lieu Lleu Ser Ala Arg Asp Phe Leu Ala Ser Lieu 
130 135 1 4 0 

Ala Phe Arg Val Phe Gln Cys Thr Glin Tyr Ile Arg His Ala Ser Ser 
145 15 O 155 160 

Pro Met His Ser Pro Glu Pro Asp Cys Cys His Glu Leu Leu Gly. His 
1.65 170 175 

Val Pro Met Leu Ala Asp Arg Thr Phe Ala Glin Phe Ser Glin Asp Ile 
18O 185 19 O 

Gly Lieu Ala Ser Leu Gly Ala Ser Asp Glu Glu Ile Glu Lys Lieu Ser 
195 200 2O5 

Thr Leu Tyr Trp Phe Thr Val Glu Phe Gly Leu Cys Lys Glin Asin Gly 
210 215 220 

Glu Wall Lys Ala Tyr Gly Ala Gly Lieu Lleu Ser Ser Tyr Gly Glu Lieu 
225 230 235 240 
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Gly Glin Ser Pro Arg Phe Ile Gly Arg Arg Glin Ser Lieu. Ile Glu Asp 
35 40 45 

Ala Arg Lys Glu Arg Glu Ala Ala Val Ala Ala Ala Ala Ala Ala Val 
50 55 60 

Pro Ser Glu Pro Gly Asp Pro Leu Glu Ala Val Ala Phe Glu Glu Lys 
65 70 75 8O 

Glu Gly Lys Ala Val Lieu. Asn Lieu Lleu Phe Ser Pro Arg Ala Thr Lys 
85 90 95 

Pro Ser Ala Leu Ser Arg Ala Val Lys Val Phe Glu Thr Phe Glu Ala 
100 105 110 

Lys Ile His His Leu Glu Thir Arg Pro Ala Glin Arg Pro Arg Ala Gly 
115 120 125 

Gly Pro His Leu Glu Tyr Phe Val Arg Lieu Glu Val Arg Arg Gly Asp 
130 135 1 4 0 

Leu Ala Ala Lieu Lleu Ser Gly Val Arg Glin Val Ser Glu Asp Val Arg 
145 15 O 155 160 

Ser Pro Ala Gly Pro Lys Val Pro Trp Phe Pro Arg Lys Val Ser Glu 
1.65 170 175 

Leu Asp Lys Cys His His Leu Val Thr Lys Phe Asp Pro Asp Lieu. Asp 
18O 185 19 O 

Leu Asp His Pro Gly Phe Ser Asp Glin Val Tyr Arg Glin Arg Arg Lys 
195 200 2O5 

Lieu. Ile Ala Glu Ile Ala Phe Glin Tyr Arg His Gly Asp Pro Ile Pro 
210 215 220 

Arg Val Glu Tyr Thr Ala Glu Glu Ile Ala Thir Trp Lys Glu Val Tyr 
225 230 235 240 

Thir Thr Lieu Lys Gly Lieu. Tyr Ala Thr His Ala Cys Gly Glu His Lieu 
245 250 255 

Glu Ala Phe Ala Leu Lieu Glu Arg Phe Ser Gly Tyr Arg Glu Asp Asn 
260 265 27 O 

Ile Pro Glin Leu Glu Asp Wal Ser Arg Phe Lieu Lys Glu Arg Thr Gly 
275 280 285 

Phe Glin Leu Arg Pro Val Ala Gly Lieu Lleu Ser Ala Arg Asp Phe Lieu 
29 O 295 3OO 

Ala Ser Leu Ala Phe Arg Val Phe Glin Cys Thr Glin Tyr Ile Arg His 
305 310 315 320 

Ala Ser Ser Pro Met His Ser Pro Glu Pro Asp Cys Cys His Glu Leu 
325 330 335 

Leu Gly. His Val Pro Met Leu Ala Asp Arg Thr Phe Ala Glin Phe Ser 
340 345 35 O 

Glin Asp Ile Gly Lieu Ala Ser Lieu Gly Ala Ser Asp Glu Glu Ile Glu 
355 360 365 

Lys Leu Ser Thr Leu Tyr Trp Phe Thr Val Glu Phe Gly Leu Cys Lys 
370 375 38O 

Glin Asn Gly Glu Val Lys Ala Tyr Gly Ala Gly Lieu Lleu Ser Ser Tyr 
385 390 395 400 

Gly Glu Lieu Lieu. His Cys Lieu Ser Glu Glu Pro Glu Ile Arg Ala Phe 
405 410 415 

Asp Pro Glu Ala Ala Ala Val Glin Pro Tyr Glin Asp Gln Thr Tyr Glin 
420 425 43 O 
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<210 SEQ ID NO 30 
&2 11s LENGTH 480 
&212> TYPE PRT 
<213> ORGANISM: Homo Sapiens 

<400 SEQUENCE: 30 

Met Asp Ala Ser Glu Phe Arg Arg Arg Gly Lys Glu Met Val Asp Tyr 
1 5 10 15 

Val Ala Asn Tyr Met Glu Gly Ile Glu Gly Arg Glin Val Tyr Pro Asp 
2O 25 30 

Val Glu Pro Gly Tyr Leu Arg Pro Leu Ile Pro Ala Ala Ala Pro Glin 
35 40 45 

Glu Pro Asp Thr Phe Glu Asp Ile Ile Asn Asp Val Glu Lys Ile Ile 
50 55 60 

Met Pro Gly Val Thr His Trp His Ser Pro Tyr Phe Phe Ala Tyr Phe 
65 70 75 8O 

Pro Thr Ala Ser Ser Tyr Pro Ala Met Leu Ala Asp Met Leu Cys Gly 
85 90 95 

Ala Ile Gly Cys Ile Gly Phe Ser Trp Ala Ala Ser Pro Ala Cys Thr 
100 105 110 

Glu Lieu Glu Thr Val Met Met Asp Trp Leu Gly Lys Met Leu Glu Lieu 
115 120 125 

Pro Lys Ala Phe Lieu. Asn. Glu Lys Ala Gly Glu Gly Gly Gly Val Ile 
130 135 1 4 0 

Glin Gly Ser Ala Ser Glu Ala Thr Lieu Val Ala Leu Lleu Ala Ala Arg 
145 15 O 155 160 

Thr Lys Val Ile His Arg Leu Glin Ala Ala Ser Pro Glu Leu Thr Glin 
1.65 170 175 

Ala Ala Ile Met Glu Lys Lieu Val Ala Tyr Ser Ser Asp Glin Ala His 
18O 185 19 O 

Ser Ser Val Glu Arg Ala Gly Lieu. Ile Gly Gly Val Lys Lieu Lys Ala 
195 200 2O5 

Ile Pro Ser Asp Gly Asn. Phe Ala Met Arg Ala Ser Ala Lieu Glin Glu 
210 215 220 

Ala Leu Glu Arg Asp Lys Ala Ala Gly Lieu. Ile Pro Phe Phe Met Val 
225 230 235 240 

Ala Thr Leu Gly Thr Thr Thr Cys Cys Ser Phe Asp Asn Leu Leu Glu 
245 250 255 

Val Gly Pro Ile Cys Asn Lys Glu Asp Ile Trp Lieu. His Val Asp Ala 
260 265 27 O 

Ala Tyr Ala Gly Ser Ala Phe Ile Cys Pro Glu Phe Arg His Lieu Lieu 
275 280 285 

Asn Gly Val Glu Phe Ala Asp Ser Phe Asin Phe Asn Pro His Lys Trp 
29 O 295 3OO 

Leu Lieu Val Asn. Phe Asp Cys Ser Ala Met Trp Wall Lys Lys Arg Thr 
305 310 315 320 

Asp Lieu. Thr Gly Ala Phe Arg Lieu. Asp Pro Thr Tyr Lieu Lys His Ser 
325 330 335 

His Glin Asp Ser Gly Lieu. Ile Thr Asp Tyr Arg His Trp Glin Ile Pro 
340 345 35 O 

Leu Gly Arg Arg Phe Arg Ser Leu Lys Met Trp Phe Val Phe Arg Met 
355 360 365 
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tag 1443 

<210> SEQ ID NO 32 
&2 11s LENGTH 480 
&212> TYPE PRT 
<213> ORGANISM: Homo Sapiens 

<400 SEQUENCE: 32 

Met Asn Ala Ser Glu Phe Arg Arg Arg Gly Lys Glu Met Val Asp Tyr 
1 5 10 15 

Val Ala Asn Tyr Met Glu Gly Ile Glu Gly Arg Glin Val Tyr Pro Asp 
2O 25 30 

Val Glu Pro Gly Tyr Leu Arg Pro Leu Ile Pro Ala Ala Ala Pro Glin 
35 40 45 

Glu Pro Asp Thr Phe Glu Asp Ile Ile Asn Asp Val Glu Lys Ile Ile 
50 55 60 

Met Pro Gly Val Thr His Trp His Ser Pro Tyr Phe Phe Ala Tyr Phe 
65 70 75 8O 

Pro Thr Ala Ser Ser Tyr Pro Ala Met Leu Ala Asp Met Leu Cys Gly 
85 90 95 

Ala Ile Gly Cys Ile Gly Phe Ser Trp Ala Ala Ser Pro Ala Cys Thr 
100 105 110 

Glu Leu Glu Thr Val Met Met Asp Trp Leu Gly Lys Met Leu Glu Lieu 
115 120 125 

Pro Lys Ala Phe Lieu. Asn. Glu Lys Ala Gly Glu Gly Gly Gly Val Ile 
130 135 1 4 0 

Glin Gly Ser Ala Ser Glu Ala Thr Lieu Val Ala Leu Lleu Ala Ala Arg 
145 15 O 155 160 

Thr Lys Val Ile His Arg Leu Glin Ala Ala Ser Pro Glu Leu Thr Glin 
1.65 170 175 

Ala Ala Ile Met Glu Lys Lieu Val Ala Tyr Ser Ser Asp Glin Ala His 
18O 185 19 O 

Ser Ser Val Glu Arg Ala Gly Lieu. Ile Gly Gly Val Lys Lieu Lys Ala 
195 200 2O5 

Ile Pro Ser Asp Gly Asn. Phe Ala Met Arg Ala Ser Ala Lieu Glin Glu 
210 215 220 

Ala Leu Glu Arg Asp Lys Ala Ala Gly Lieu. Ile Pro Phe Phe Met Val 
225 230 235 240 

Ala Thr Leu Gly Thr Thr Thr Cys Cys Ser Phe Asp Asn Leu Leu Glu 
245 250 255 

Val Gly Pro Ile Cys Asn Lys Glu Asp Ile Trp Lieu. His Val Asp Ala 
260 265 27 O 

Ala Tyr Ala Gly Ser Ala Phe Ile Cys Pro Glu Phe Arg His Lieu Lieu 
275 280 285 

Asn Gly Val Glu Phe Ala Asp Ser Phe Asin Phe Asn Pro His Lys Trp 
29 O 295 3OO 

Leu Lieu Val Asn. Phe Asp Cys Ser Ala Met Trp Wall Lys Lys Arg Thr 
305 310 315 320 

Asp Lieu. Thr Gly Ala Phe Arg Lieu. Asp Pro Thr Tyr Lieu Lys His Ser 
325 330 335 

His Glin Asp Ser Gly Lieu. Ile Thr Asp Tyr Arg His Trp Glin Ile Pro 
340 345 35 O 
















