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USI NG PLURAL ADENO- ASSOCI ATED VI RAL VECTORS | HGnl ~WO MN91 5~ ~ | NTRODUCTI ON
,) Adeno-associ ated viruses (AAV' s) were discovered as satellite viruses
present in preparations of adenovirus. AAV isolates (human, SJJ &ﬁ&& and
avi,an) cause no apparent disease and are not related etiol &3{ o W t h
cancer or any other adverse effect. In sone studies, AAV was associ ated

Such st 5@%@"?@{%@ NPLGIEREC RS A bR B Py e
gene product s in viire ARERGAREEIEERRIRRATIVERIRS  nani il o) sco)

for exanple, U 'S. Pat. No. 5) 193,941 and WO 94113788, generally in the

l ungs (Afione et al.) J. Virol. (1996) 70:323S-3241) or oral nucosa, the
normal sites of AAV infection) but also) for exanple, in 15 spinal cord

R T T

94: 1426-1431); +ebiha (AP et al., Hum Modl. Genet 1- 594;
Zolotukhin et al., J. Virol. (1996) 70:4646-46S4); bond%tarrow cells
(Goodman et al., Blood (1994) 84:1492-1500); brain (Kaplitt et al., Nat.
Genet. (1994) 8:148-154; McCown et al., Brain Res. (1996) 20 713:99-107);
ca;adi ac nuscle (Kaplitt et al., R ont'r 9- (1996) 62:1669-1676);

[ 22 July 2002 nuscle (Kess . oc. Natl. Acad. Sci. (1996)
93: 14082-14087; Xiao et al.) J. Virol. (1996) 70:8098-8108; Fisher et al.,
ture Med. (1997) 3:306-312; and Snyder et al., Hum GCene Ther. (1997)
\8 1891-1900). Transduction with reconbi nant AAV vectors has been attenpt ed,
for exanpl e, AdenGasteviatagpivirgses (AAM semierd aliscoystedcas sigeibisé siruSdsepmdnt in

vectors in those experinents were adm ni stered by intraperitoneal

i nj ect i pleparatibiabl aghedtindsnj AV deolated @umas] stnidapaadaliaal chnkstid hgpdrem in
animals, see Flotte & Carter) Gene Ther. (199S) 2:3S7-362. The nethods of

del i Verﬂﬁ@&sé REdARY ngek aiea%iﬁﬁ%empmw er b?%g%ﬂéﬁ%dl@&% ARY:, vefﬁtseém eat

a site closest to the vers, I ntraperitonga i ntratracheal
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i;i ection _and adhesi ons n}a d bThe Pha.grracol ogi cal Basis

0 Ther%ﬁﬁ‘? 35 fump] 55“ t’f?"éﬁjo a nguszfﬂg MR PRROAE VBHSr naceut i cal

Sci ences" p. 1686, 18th ed.) 1990. There are several scenarios where it

woul d be desRegasnbinant AdY (BHAY ) VRetons havedeen used@s Yootass e yesingegencor

to introduce into a host a plurality of vectors carrying different genes

wher ei nptadosts inlivitfe (esually ipticsawe dubiyralianfl én animalg) des, orpxespleg&@h8. PabdNet s -
whi ch interact structurally or functionally. Thus) one gene may encode a
cof act of, 198041 g6d WO 194¢13788, generally in the lungs (Afione et al., J. Virol. (1996)

-

70:3235-3241) or oral mucosa, the normal sites of AAV infection, but also, for example, in
15 spinal cord neurons (Peel et al., Gene Ther. (1997) 4:16-24); liver (Snyder et al., Nat.
Genet. (1997) 16:270-276; Koeberl et al., Proc. Natl'. Acad. Sci (1997) 94:1426-1431);
retina (Ali et al., Hum. Mol. Genet. (1996) 5:591-594; Zolotukhin et al., J. Virol. (1996)
70:4646-4654); bone marrow cells (Goodman et al., Blood (1994) 84:1492-1500); brain
(Kaplitt et al., Nat. Genet. (1994) 8:148-154; McCown et al., Brain Res. (1996)

20 713:99-107); cardiac muscle (Kaplitt et al., Ann. Thorac. Surg. (1996) 62:1669-1676); and



proper functioning of a second gene. For exanple) tyrosine hydroxyl ase
requires tetrahydrobiopterin to function. Genes encodi ng tyrosine

hydr oxyl ase and tetrahydrobiopterin 20 may be cloned in separate vectors

and used to transformsingle cells or different cells, preifﬁﬁggb?in
roxim dug n i he. T8 C

pr X! MidiscROAdfer b2, OFRE, REACUELS, 84N (D) 3614880108 2 o Ty

cel s, obt'ai n propér tyrosine dr ok activit n "anot her sceiﬁ%"i 0)

t he pl ) e..rel ate a n coor dinat . .requl.atj on or
ennancdiEr Qg 08 BRI Eib s AL NG M o) 3R 2 2 S bR o o
2 22 July 200 | at or in.the expression of a second gene product.
Thus) \ﬁ-ﬂ“le-'géﬁt %béqe’gt#:gé%'éé&)on of the second gene product by the first
gene product can be obtained. Another reason for transferring nultiple
genes woul d ‘Beangdustiontwigh iraenmbinent Addhwegprsdhas beeasaitempied, for example, in
functional nolecule. Thus, the plural vectors may express the 5 various
sébuni ideveloping 4 acgatrmentafes agistit ifibrosin fTieMAA YV urclors ivalthesen@qerintedt® lvesrdl e.
See for exanple, Kaufman, Curr. Op. Biotech. (1990) 1:141-150. Yet another
scenar ia@nfiffstdré® 'Bgf PtrAb&Gonk41 hinpddioa) int@etaehdl ViIRjebdoP @nk Qikdd Fed@d6 fonchial
mul ti pl e gene products required in a metabolic pathway. Thus, the gene

produc syt nlfls i ABRRL RAENIRSedE! Bibs) ot By 481! Bl

| )
final product . 1n anot her exa ural "vVectors ‘are configured

to carry,the vari el ements required for expressio a_nucl ei id
encod 5oy PR B Reir Rk A Pieyding B S BRaaC R Ay oL R e ffosest
vector may carry the above-nentioned nucleic acid wthout any regul atory
el enenttQ ingad Howeysnr dEapsHtonesl, swlighachratasd Grdpbaorelisly injeptommarss
twhi ch when operably linked to said first nucleic acid encoding a

dd ypepmniddsirable fard soutict @s¢ irdbuming deeinepart kGtheowvasivdness of theppreesdares ahd
sane. Moreover) there nmay be a third vector carrying an enhancer sequence

oper abltge Widrgeteoft past@Ripenfektibheardd aghedidih, S&R0GbodaRin0r&, Galiflars,0 "The
The vectors al one are incapabl e of expression but once placed in operable

|1 nkag phaphABSb RAPTASA! BN PhorhiGueNGpo” 11301 Cg@Skdl, S 109, 2kig drR kSR bI)s

there are other scenarios where the transfer or plural genes by plura
vect or i i e,.«th o] i y a non-exhaustive listing of
severaﬁ%égmgé%ﬂﬁgkggg%F?i@rgggeﬁgggﬁ%éggap'e of the second scenario
descri bed herei nabove, the t TA or tet.gene regulation systemis conprised
of “the. Dni A THoTE: 36 satsral Recprippaviere LamPUche Hefiab B Wiligeris’t fE me
activation domain of the herpes sinplex VP 16 protein. The result is _a
& ner igenes intad singleecallonr taointeaduee anta £chosh &t Plurality & Vgpioss crayingadidferent
expression of a second gene under 3 22 July 2002 -
genes wherein those different expressed by different cells express gene products which

interact structurally or functionally. Thus, one gene may encode a cofactor required for the

) . .
proper functioning of a second gene. For example, tyrosine hydroxylase requires
tetrahydrobiopterin to function. Genes encoding tyrosine hydroxylase and tetrahydrobiopterin

20 may be cloned in separate vectors and used to transform single cells or different cells,

preferably in proximity so that the gene products can be received by the respective cells, to
obtain proper tyrosine hydroxylase activity.
In another scenario, the plural genes may be related as a means for coordinated

regulation or enhanced regulation of a foreign gene. Thus, a first gene product may be a



the control of the tet operator. The regulation is rapid) reversible and
occurs over several orders of magnitude. Efficient induction of expression
occurs in manmalian cell clones stably transduced with both constructs
after withdrawal of tetracycline. Gene expression quickl yrn% o in the
presenc V.Gl i LSl biadi.n f 92}{”%% vat or
to 5 thge%%%tégi%tr%scgétééﬁgg\ég}‘(%g%%gg g%ﬂ%?far t ) Iﬁg"g’. g"ﬁgt?&. égg Cl .Slo(nlngZ)
89: 5547-5S51) . , Dhawan et al, (Somat. Cell Ml . Genet. (199) 21:233-240)
denonst P}ﬁ%eﬁz’?%ﬁ?“et?fé’d’t‘%ttb)f gﬁlﬁ’é‘f BENeDRAUR) Fan by P?t@f“@ﬂt fol | owi ng direct
injection of plasmd DNA into the skeletal nuscle of adult mce. Wen the
transact i vat G¥oHKH rEAeNdPpItensierieg nMuRlg; asaeswonld Be jwijese the) indivisluab gere
nmuscl e) expression |levels were two orders of magnitude higher than in

cont r ol produtt amsicisat $o forjrea tfoncticinahmotesutear gbus, sheiphirdl wéasors. mahexpress the
expression fromthe inducible marker plasm d al one was cl ose to baseline

| egel s. vafieussublinigsdwhich sequitd asocitidretor facmcd fumetieddlicohpokity nwleqiies Sed fgene
expressi on, which was dose dependent. Erythropoietin (Epo) is the hornone

whi ch st t {  BhodMetd Naff & Danos, Ml . Med. Today
(1996) %k%%{g 3%%?@%’1?%?%%0%% ofdlg?% hr ocf}{sgs can be 15 nonitored by

periodically i . h I Al | n easyr ed
Girectly i n’ OhS o ebRabiifio PEkaRdbiming b ALY RrefrorgARp BB b o THTHIEE
Med. ( 1997), 3 :299-30S) showed that primar ohlasts could be ~

T ais dudBHHE Bt PIRASOR TERIFSE 1ot IREADHS G d b e Eae Bragyeis FAld be
regul atabl e system control |l ing Epo expression_and that regulation could be
.achi evedwp different greymep r%ﬁtﬂﬁ‘s‘t“r’gﬁéngeﬂéﬁﬁIaaﬁ‘i“’éﬁnéfpfad\ﬂ%erapeuti c gene in
{ animal, the cells then were inplanted into regenerating anterior

tilBi al i s nmusdhesothér etmnpldyttic pnudevec@ontarotordiguned & camypithe danpobkhsiasts
singly transduced with the inducible Epo vector al one. Doxycycline then was

i terati yeqwireddoi éXpséssiofbflathuciiéladiti lehebdinga boBipeptide eoqRyhiaestede GintBes.

over the course of S nonths. Because a reverse tet binding nutant was used)

Lhe courss | reve bi nding _ 2
ncr oasa oy PRl g ectBi ey Canfiine 4805 onidde MIolE SURL VAMBUL SR HERADE,

rise in _about 4 days,. as_assayved by R A t it L.ne ed, .

Gl over | EPEs s P RS ORE s eeb e PR ER i PREBRRT S¥hEh Bt
days post drug. w thdrawal and hematocrif, declined to baseline |evels over 7
or 3 Ve OReDLEHAKERITO SHA IS GG HORTEE GrRAlYRERHES OF BODIHSTeasiie @S nierest
expression in the presence of doxycycline by either RIA or hematocrit. The
pridduct iveruld obtainl eppressipn gof samg. r Moreqves, these Jaay betd thirdt yeeter egurging an
tyrosi ne hydroxylase (TH). TH requires the co-factor, tetrahydrobiopterin
(BH4), feaharmet saquetce derable with ¢hd {ransgens efnthegrfesi and becopdodactdrs pand 0 BR4
is GIP cycl ohydrolase | (GIPCH). Bencsics 10 et al. (J. Neurosci. ( 1996)
16: 4449 -F@rSkectois BRMNE tard ik phbletoft Expi&diont baronet m@dedfin%a&tlmmgehpmper

‘sgpar ate retroviral vectors encoding human TH and rat resulted in the
expression of the gene of interest is obtained.

Clearly, there are other scenarios where the transfer or plural genes by plural vectors
20 is desirable, the above is merely a non-exhaustive listing of several of such possibilities.
As an example of the second scenario described hereinabove, the tTA or tet gene
regulation system is comprised of the DNA binding domain of the E. coli tet repressor fused
to the activation domain of the herpes simplex VP16 protein. The result is a chimeric

tetracycline-controlled transactivator (tTA) which regulates expression of a second gene under



production of L-dopa in culture and after inplantation of the nodified

fibroblasts into the striatum Leff et al. ("In Vivo L-Dopa Production Via

Intrastriatal Reconbinant AAV Injections IS in a Rat Mdel of Parkinson's

Di sease (PD)" in The 6'" International Neural Transpl antat zz@ l&/tgﬁb'%ng) San
% f

D ego, ,CA 16 February 199 r rt.ed. di rect.trans t f raf -
ot 11t (1 Soalioh nE vl B SBetiuga, ThecEBRRFH 1 Pl ot E s otehts Ve o
GIPCH, resulted . igEhhe roducti on of deoga in,vivo. Aggoab ff geng
t her ap§rdess AgnesPds l‘ﬁ\i{ﬁt‘% YHUOR IR CXPREHPR PFUFS &7 Magimian Gl efenes stably
expression of a_particular gene of |nt erest%Mli n or adjacent to the tissues
wher e transduret wiibgth cansiguels aftes;withdrawpl ahtetireyglingnfene expression quickiyhe
vector or the gene product of the vector to the tissue or cells where such
gene ed@ressss onthepresenca of detrasykclige bewhishi dismpts thhdtinding of dbpitramsaotivatontong
regul ated expression of the gene of interest in the targeted tissues) using
for exgEpdRiatér uquemdesr(Gossdnn& BejpedibProan NaHAVA 02K tS2i. (199D) 8PE5aT5551)) the
targeted tissues, 5 22 July 2002 ~SSw~y requtnng a node of adm nistration
that del i Verabiif of € QIBMAAN eI oL RINEE. (169) IE23RRLOPEALRASPHES 1l ey

a ether the't he

both. Muscle 1s a suit e tissue target, arget tissue is

nmuscl e_or.so t her ti.ssu cessi bl e by.t Cl | at | because of

e cessTulaed Bt i s SREE PEFFIE, Rafer HirshBa O BRI Ty B TS efaiem o
target because it is nmul ti nucl eat.e cel |l |l & Ral ston, Cell (1989)

59: 771Mmpsely of adyige HRCHLES \TRIVEREHRT %ﬁgﬁsl%ww IgHWEES RO G s
that two or nore AAV-derived vectors may be used in conbination to deliver
_separ airdo enaige myissleg exprassiog evpla were dworprdersref magnitede kigherhan|inicohtrol
{ctlls for effective expression of plural genes of interest in aninals,
i10c| udammahuingerted With the dgrpeo pkasBNA ator. e Tee @lzpressionpiromethg éndicibvibinsdrker
encode any diffusible polypeptide, ribozyne) nucleic acid or antisense

ol i gonypket dldfe #aS cloi€ i@ BYsclif® tevels. t TRe 82608@MPMStENWY 6f @BACyHABRIfidientH
gene encodi ng an effector nolecule required for the IS expreéession of tHe

ot her ggg f ko I b zyne, a cofactor or a part of
a conposl ?%Ssybg%@u%’gﬁ%%ﬁ%r’i s%”pﬁamsrcafepg@?%épti des, ° plural nucleotides
composi te bEVRPRRIENEIR & TR P EBPHE PN HERIE FrBRer SR oy N et ans
for delivering AAV vectors to obtain r% | ated and | gng-term expression in
r egi on& B28es ol Mesk Beday(1990) - $hs gg))t s PIAdvEHOR Of |erpthroqyigsscanThe

di scovery that the delivery of plural) different reconbi nant AAV vectors
flsr  gemonitheadshy pedodically imeasuring shp homatocribn dltermativelyl Epoviancie measured

t herapeutic is surprising because 6 ' 22 July 2002 there has been ng
denmonstiraétiyoim thetcitchiitionl, such agbaEESpr esRIAn can be achi eved from two
separate AAV vectors, and particularly froma single cell transformed in

the Bohl et al. (Nat. Med. (1997) 3:299-305) showed that primary myoblasts could be
B transduced in culture with retroviral vectors encoding a tetx;cyclmc regulatable system
controlling Epo expression and that regulation could be achieved in culture. To demonstrate

20 regulation of a therapeutic gene in an animal, the cells then were implanted into regenerating
anterior tibialis muscles of the adult mouse. Control animals received myoblasts singly
transduced with the inducible Epo vector alone. Doxycycline then was iteratively

administered to, and withdrawn from the experimental animals over the course of 5 months.

Because a reverse tet binding mutant was used, on administration of doxycycline, gene



absence of selection. Several exanples of delivering and expressing two
genes (using a pronoter in conbination with an internal ribosomal entry
site (IRES) or using two 5 separate pronoters) contained in a single rAAV
vector have been descri bed (ZoI otukhin et al., J. Virol. ((1)23 &# 0
70:,4646- 4654: B rtran et al Virol 619996 9 6759- 67 F%O «gt al .
Hum GSAPTSPRER S ?'1‘99‘85”%53151‘5“%5"?3‘3’%%” SERRUQR, serg FIS Vaiggegn |
3:957-964) . However, the use of plural rAAV vectors practici ng the met hods
and r ed® e i APOYL A dayss ras rassayed by Bl and:hsmatperit ingeeased ali ayslpweE sie (atout
devel opnment in the field of reconbinant AAV vector gene therapy. It is an
obj ect tep wheks)r eEpat levelsedealivnd tsignificantlye by four hdrysfpast eltpg exididrgwal and
reconbi nant protein in a mamralian cell popul ation by transduction
conpr i dieAatoceit pdezlingd ai thsekhd 1p@fiibedn Gnot @ aeckseadToritigd dhimbBr sivlwelyRES
of reconbi nant adeno associated virus (rAAV), wherein each of said
di § f er gipnifiodne Sniction of a?bré)@;ﬁesalolﬁmdtﬁef Bre8fricel 6 @bBtydRAC byt ifhef fANESS! ON
products of which interact to produce said reconbi nant "protein. Yet a
f“rtherheﬁﬁk&?ft of the present invention is to provide a nethod of
transduct i on, conpri si ng adm nistering to a host in need of treatnent a
plurality of..types, of i ade aSSDCI ed vi. wherein
bach of  sai dF1S BERBon G TRIPRAFIAEE 13 e Din seibeSe iy P iroare.
BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a schematic representati on of
the dopadfaiyiase 3t nedirsapigenthgyco- fzston tetraBygrobiopterst (&, for activity. The
representation of the rAAV-MD-TH vector. I TR AAV inverted term nal repeat;
. Oraterdigitingvinzymei imtbe pacdicdan lof BifosobEP; cye®hybrdlass: I (GFRCHRI BenaiRbiA
Cmvl ce donor/splice acceptor; human TH. human tyrosi ne hydroxyl ase cDNA;
180 gb pAal.f @: Neabdsai.palopay a6yl 440101565 idemons@ateil ghiaterahst sctibnS6MRNEIHrblasts
representation of the r AAV- VD GTPCH vector. I TR AAV inverted term nal

repeat ?wiﬁl\/"éePQA tOTRBR P Ob&ois”@ﬁc%d%{ge Heddny TRI O bAT GTHREH res@l?edJ EH ¥n<002
gb 1'VS: 13-globin nmRNA splice donor/splice acceptor; human P-CH. human

d
G Sy A% g T B B R AR B . 2
of L- do from nmuscl e transduced with r AAV- MD- TH and r AAV- MD- GTPCH vi r uses.

Fi gur e ¥y esents production of L-dopa when both vectors infect the sane

mul ti nucl eated nuscle cell. Figure 4B reg4 resents production of L-dopa when
each vector Lieff etak (Hﬂs‘éﬁyérlaﬂ@l)spmdqcpﬁn ia Intmstrintaldecopbinant AAV Injections

Tetrahydrobiopterin (BHP) diffuses transcellularly fromthe cell
15 in a Rat Model of Parkinson’s Disease (PD)" in The 6™ International Neural Transplantation

Meeting, San Diego, CA, 13-16 February 1997) reported that direct transduction of rat
striatal neurons with separate AAV vectors encoding human TH and human GTPCH, resulted
in the production of L-dopa in vivo. )
A goal of gene therapy is to provide long-term, therapeutically effective levels of
20 expression of a particular gene of interest, in or adjacent to the tissues where administered
or at distal sites following systemic transport of the vector or the gene product of the vector
to the tissue or cells where such gene expression is therapeutically beneficial. That may
require obtaining regulated expression of the gene of interest in the targeted tissues, using

for example, a promoter in the recombinant AAV vector that operates in the targeted tissues,



infected with rAAV-MD-GIP-CH to the cell infected wwth rAAV-MD-TH. Figure 5
is a graph showi ng production of L-dopa in vivo follow ng intramuscul ar
injections of mce with rAAV-VMD-TH and r AAV- MD- GTPCH viruses. Figure 6 is a
schematic representation of the rAAV-tet 07 m nCW- nEPO vec é)ful&%g%TTR: AAV
i nverted i ; istaisMha j

rei ter%ﬁéﬂ%ﬂhﬁ ﬁeﬁg&}ee%ﬁaﬁfggixﬁgh?he ngitr‘lj}e ﬁ%fégét:t%glg?@@r Bgvi mmé:%g?@é
early pronoter . 33: : B-globin nmRNA splice donor/splice acceptor;

mur i ne™ @n%ﬁgégeérgé;t‘#é{gboi etin cDl~IA; bGH pA bovine growth hornone

pol yadenyl ation site. . Figure 7 is a schematic representation of the

P Ay G/t TM Gl Sutqbl Hasug targes yRERED B et Bishe Fthe ruilisror seffip other
Cytonegal ovirus, immediate early pronoter; tTA: tetracycline responsive

t r ans al$sne aeesssiblerr thesircutationebacausenrfyascrssibilangigh wescularigatioan dMuseie
activator domain of VP16; nPl |VS/ pA: nouse protam ne pol yadenyl ation site
ahd nRilifo aplyi tmea doitainé spigecbecaseepp ioa .mitigucleatd cel (HalickeRattoa, Cell (1989)
representation of the tetracycline-regul ated gene expression 20 system 8
22 Jul 59:200%72).Figure 9 is a bar graph show ng regul ated expression of
marine erythropoietin in vitro follow ng transfection of tissue culture
cells with plasm ds SSV9/reg. nEPO of Figure 19 separately or in conbination
with S/ICW-tTA-nP of Figure 20, in the presence and absence of tetracycline
(tet). Epo is produced wh t A g) rg(,% Iel”l&(vith bot h SSV9/ r eg. mEPO
5 and S/ CW-t TA-nP vector TSmot—present. Figures 10A and
10B are schenmatic representations of the synthesis of erythropoietin (Epo)
frommuscle transduced with rAAV-tet 07 m nCW- nEPO and r AAV- CW-t TA
dijuses. Figure 10A represents production of Epo when both vectors infect
the sane 4\ Thelisitantcingantéeh demonsratesl thabtwormy meter AdyZ\Hdeniwed yeatdns mayt ee ed.
Figure 10B represents the 10 inhibition of production of Epo when both

vect or gseldrihaombimgichanedétivet isepaehteaixegdenoisadrefoestyh DINA'S & thacsedd ¢l oS to
adm ni stered. Figures 11A and 11B are graphs of Epo expression. Figure 11A
1§ a ORRRIHIS AN 8 L EFERVE CdipRQsoRTYF PLed! PeRECSEIIRRIQ, iMBAAIRRIS, including

erythropoietin in vivo follow ng intranuscular injections of mce wth

r AAV- virus in conbination with 15 r AAV-tet 07 m nCW- nEPO vi rus.
Expression of Epo protein is nodulated by tetracycline. __ Figure IIB
depi cts Epo

Xpressi on etermn by ELLSA. The Xx.axis represen i, me
o weeks. | TGS CeACREN Pl PINAT BrElafY (RrERiRABPFS oISt SToddiE S o ruathe
recei ving the Epo vector alone are depicted in the graph with the
t ri angPepentids, ribazyme: auckicondd ariantigenserlisenugleptids, &t dresapand @pe Rf the
tetracycline, but with placebo at 10 weeks) with the circles; B
exogenous DNA’s can comprise a gene encoding an effector molecule required for the
15 expression of the other gene. The effector molecule may be an enzyme, a cofactor or a part
) of a composite molecule comprised of plural polypeptides, plural nucleotides or a
combination of both, wherein function requires assemblage of the composite by the
components thereof. The instant invention provides a means for delivering AAV vectors to
obtain regulated and long-term expression in regions proximal to or distal from the
20 transformed cell or cells.
The discovery that the delivery of plural, different recombinant AAV vectors for gene

therapy can result in the production of molecules which are therapeutic is surprising because



20 and those that received both vectors with placebo, but with tetracycline
at 10 weeks, are represented by the squares. 9 22 July 2002 r~gure mis a
scnemari c representation of the r AAV- MD- nEPO vector. I TR AAV inverted
term nal repeat; CW: Cytonegal ovirus imediate early pronoter; 13-gb VS
B- gl obi n nRNA splice donor/splice acceptor; nmouse EPO nuripe
erythropoietin cDNA; B-gb pA: B-globin pol yadenyl ation site22 @lﬁlzgﬁ)ﬁe 13 is

a schenat itgere®ias Bé@ﬂﬁ@&érﬁéhs&fauérh?etrtﬁﬁ‘ﬁ %dne%ig\égﬁb@éaln Belachihvell Fof
descri bed previously by McCown .et al ures 14A and 14B are

gr aphs depii“@t$quraanéﬁe&pﬁet@§,@ndumn¢@mrl>bfroaharﬁ@n ¢ cell prapafosmed Anithe a gr aph

i ect 1 onaltagegl B Sl R Stk oy B8 e AT o

det er m nech pipnidid iheohbatkioh withxgar mﬂmbmfsombleerﬁmxge(mmsmdeﬁsm@m@ont rol
of the MD pronoter is not nodul ated by tetracycline. The exp erl rrents served

as conr ol §PHBie PHINQIRISErGoREARedd d 3 | Brgle | FAAY gipeon have| I@?F‘e asepbed g
raph of level S(1 r abl e
B A K [CORIRIERR )T Yol 1990 A R e RTHEL B DAkl 1696
tetracycl iTﬂE675t9b6766e€ith poslt, Numu&enhnTleat (1996) 61115¢5-el§25 ; anjdeOkeld étvalt h _ 15

[fﬁ;/hg:\/ke/sl g eé (Oébﬁ)sf Qgﬁ%é)ra \"YFV@?h %@%@?9@9 1*]42‘\ @g\ﬁ/@gr\%a%i}_@ﬁﬂe 16 is

a di agramgf rﬁéiﬁ'od%%dﬂ%@&h@maﬂteﬁkv ve&bﬂ%e@criged' feréinYir8GaaM %g%/tlfq&nt
SSV9/ reg. TH2 vector. Figure 18 is a diagramof the SSV9- MD2- GTPCH

vect or10 Fl@uf:lepm@nnmtbte ﬂeldg)rfaﬂcpnfomaheAMqt@ggenEB@rap@ctor Figure 20 is a
di agram of the _S.CW- vect or iqure 21 is a diagr of the

S/ Moo nEPO veotDis MEpbEPLbwe TR Sh iy orPiokEe AsPePREIS Biartine o

DESCRI PTI QékdahbisifChrbtein EVRODalaNTan 2110 pbpul 2P tfahSdiRiibn WeipRisig: SUch as

naked DNA, adenovirus and retrovirus, have been utilized to deliver various
t r ansgenescX@psing seid qelt roputation e at lepstisko diffrenidypes eiEssp@binapiedeap: such

naked ol aohugriasth i AR Fgdh bERCRE i S RRP ol BTAVRERER 1 cTency
i's | ows Thaifferear efod¢lby gané,ethe Cb&bfeSsmlefplfoducts of which interact to produce said
recombinant protein.
Yet a further object of the present invention is to provide a method of
transduction, comprising administering to a host in need of treatment a plurality of
types of recombinant adeno-associated virus (rAAV), wherein each of said types of

20 rAAV carries a different expressed foreign gene.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic representation of the dopamine biosynthesis pathway.

25
Figure 2 is a schematic representation of the rAAV-MD-TH vector. ITR:
AAYV inverted terminal repeat; CMV: Cytomegalovirus immediate early promoter; 8-
gb IVS: B-globin mRNA splice donor/splice acceptor; human TH: human tyrosine
hydroxylase cDNA; 3-gb pA: B-globin polyadenylation site.
30

Figure 3 is a schematic representation of the rAAV-MD-GTPCH vector. ITR:

AAV inverted terminal repeat; CMV: Cytomegalovirus immediate early promorter; 3-



the injection site that can maintain transgene expression. Furthernore) the
plasmid DNAin . _ the cells remains as non-replicating episones, i.e. in
the unintegrated farm Therefore, eventually the plasmd will be |ost.
Adenovirus vectors can infect non-dividing cells, and therefore, can be
delivered 15 directly into mature tissue, such as nuscle. F%xf%eé { he
transgenes delivered by adenovirus vectors are not useful f 13 gp%ewrn
expr essi onglf IrS: B-ylabinehRNXK sple@sdonsr/splice siccepbste hambn GTPLEHE Guman TR n DSt
of the viral %enes and_t hus poseégptential@grobLen&) i.e. safety.

Expr essi orfysfohyerolase & aBNA: Bseypheli-globin pelriadenylgtion pitine systemto destroy
the cells 11 22 July 2002 containing the vectors (see) for exanple) Yang
et al. , Proc. Natl Acad. Sci. ( 1994) 91:4407-4411). Since adenovirus is
not an integration virus) the vector eventually will be diluted or degraded
in the cells. Al so) because of the imune response, adenovirus vectors
cannot be delivered repeatedly. In the case of lifetine disease) that wll
be a magjor Slimtation. For retrovirus vectors, although stable
integration into the host chronosones can be achi eved) the use thereof is
restricted because currently-used vectors only can infect dividing cells, a
| arge nmajority of target cells being non ~9ividing. _ AAV vectors have
certain advant ages over the above-nentioned vector systens. W10 First,

| i ke adenovirus, AAV infects non-dividing cells. Second, all the AAV viral
genes are elimnated in the vector. Since the viral gene expression-induced
i mune reaction is no |longer a concern, AA V vectors are safer than
adenovirus vectors. As AAV is an integration virus, integration into the
host chronpsone will maintain the transgene in the cells, AAV is an
extrenely stable virus) resistant to many detergents, pH changes and heat
(stable at 15 56C for about an hour). AAV can be |yophilized and

redi ssol ved without losing significant activity. Finally) AAV causes nho
known di seases or pathogenic synptons in humans. Therefore, AAV is a very
prom sing delivery vehicle for gene therapy. Two recent review articles
provi de an overview of the recent status on the use of AAV vectors and

i nclude a collection of additional recent scientific publications in the

field: 20 Samul ski, "Adeno-associated Viral Vectors”, Chap. 3 in "Viruses
in Human Gene Therapy", Chapman & Hall, Vos ed. , 1994; and Samul ski,
"Adeno- associ ated Virus-based Vectors for Human Gene Therapy", Chap. 1 1 in

"Gene Therapy: From Laboratory to the Cinic" ) Wrld Scientific) Hui ed.)
1994. Since AAV has in the past been shown to have a broad host range (for
exanple) for 12
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22 July 2002 pul nonary expression); can be adm nistered by a variety of

routes) including intramuscul ar injection; and are operable in different

cells types, such as Liver, retina) neurons and so on, there are no known

limts of the host in which the herein described nethods oﬁéggbi éy can
E o

t ake pl ace, rticularly in manmpal s), birds) fish repti ) ially
domest i cat ed%‘ﬁﬁﬁ#ﬁ @iﬁ@ BfS gé@“?%ﬂ‘& HERIES QQ‘E)&gﬂ'@eﬁ?‘“ﬁs&?f sfrom
dogs, cats, chickens and turkeys. Both human and veterinary uses _

parti cumaistly tresdyced ewith drAANeMIdddhtanda ib AVMBr@TBCH nérusaventiigure 44
conprise: (1) a pronoter derived froma non-AAV source operable in AAV, (2)
opt i onakdpyeseats pridkidctiqrl df &-daprowhsplboteventamspntact tif yame gewldnodleitad emaste

t hat encodes a pol ypeptide or a nucleic acid, (4) a polyadenylation site |

10 and ¢, t PRAMR epfeb@fls tibahdiRh PR Whanké V&tof aneeReNteparate
(1)-(4) above. The gene being expressed can be either a DNA segnent

engodi nﬂ]@im&éagédﬁmuxga Bt ARl 0 o8 RpiGIn @IEHRNT s ErthsoclRIBTHRA? uR Ly

opérators) are desired by the us a non-codi ng segne

transcription o ' |1, or .part of sonme - i ni ng

nol ecul Eﬂ.e%tﬁil’f‘”g’s%ks}r] %{ﬂé%@ﬂ" en?‘?loﬁnfeeﬁt%({‘rgﬁ& %W‘%m. Si nce the
15 instant invention is directed to the vector and use thereof rather than
to the material being delivered) there are no limtations on the foreign
DNA (or heterol ogous gene, heterol ogous DNA or transgene, which is not of
AAV origin) Bégurg i & \gsapidshowingeprodustion ofolidopg insvivedolowinggotrempsadarct s
are related in sone coordinated fashion, that is to say) that the gene

pr oduct injeqimnatod micgavite rARY-AMDIEN and rdesViMD-6TPCH vidukes,. The gene nmay be
pnk which acts locally or 20 which can be transported systemcally to act
at a site distal to the cell producing the gene product. A preferred gene
of interest is a polynucleotide that encodes a diffusible polypeptide) i.e.
a pol ypepti dey; t 1 ict |, S QN f
yotem o del RS PR schorpRe pod:ClhletEn B e Sh AT RERAM alsth GBS
pql.ypeptides that. may be useful for, 13 2 Ju 2002 therapy i.ncl ude
PAG P RS ARP it e dert Pl readls QT JARCITA, SPrdouhES remreraive, pRmed’
and | FN-~y), interleukins, GWCSF (granul ocyte-macrophage

col ony- seifesatedtseven fimes gegulatingtie mraigad fhdagmesdpwiys émmediate cady Paemeler;
tunmor necrosis factors, growh factors (TG--g (transform ng growth

f act or - Byghal\iS :PD@lolfip InaR BlAesplive rdoned spjicewctepter; maurjine BPOn enowsereppthiqpoietin

factors (CNTF (ciliary neurotrophic factor) and GDNF (glial cell Iine
deri vedcDNAPLGEPPAE bedhe zrowthl hotmdnk potyadeaylatiyn apparent to one of
ordinary skill in the art that the nmethods described herein can be used to

express systemcally or locally via, for exanple, intramuscul ar injee~ion)
any diffusible po~ypeptide or polynucleotide of therapeutic interest. Local

del i very incl ' haksh Latd _AaUT S, OkpRI :
W10 The proddede LIA SERmterPRighalioh bR MEPARY-EMUIAIR AGE °ITR! AR
t hym di ne ki nase qQr Rous sargo virus) or, cellular pronoters (e.q. .
e el S ameale apeats (SH WP hpeaets it Gmehdh i s T
is operable in AAV. The acconpanying regul atory signals al so can be used

for expitesanyclinofesponsivyiearsactivatoheomprised of B terayclined P Adbiading«ipsain and
expression froman inducible pronoter (e. g. netallothionein etc. ) also

can di r ¢ir¢ aetiytersdomain of VP16; mP1 IVS/pA: mouse protamine polyadenylation site and

mRNA splice donor/splice acceptor.

Figure 8 is a schematic representation of the tetracycline-regulated gene expression

20 system,



IS ~ of transgenes in the reconbi nant AA V vectors of the instant

i nvention. Elenents of the CW pronoter also can be used for controlled
gene expression. As to the optional nRNA splice donor/splice acceptor site,
any such donor/acceptor ~ .. site conpatible with and operg?lje i V can
be ,used, Particular) non-| i%t i,ng ex?r@ es of,suiqtabl,e don /é&y, ,120[ sites
are taught HBRE hisa tf)BraRh AOWIRE Fepulalef SXRIETHANQS HHriE eRythrgpgictifdp vitro

pol yadenyl ation site conpatible with and operable in AAV can be used.

Part i ellewingneansfeation efgtissuamyitese efllsswitharemids| SR ree . mBRO, of i Figureat @
taught hereinbelow. As to the AAV inverted term nal repeats) any such ITR s
or deseparatelyesr infeamebintionwith SECOM\&IUHA FroB lof dtiguie 20y firs thiet presemos andiebsehceons,

i nversions and/or insertions yet retain the 14 22 July 2002 requisite

bi ol ogk ¢tacgelihd (thf) Bpb §6PiddaEedivham tiVeels \ees irfected Wit B&th SSVI/RiOMEIRNE,
c;an be used. Also) ITR s fromdifferent AAV serotypes can be used. The use

f pl I "G al I epend on whet her the host
?ell ?égéﬁ |nJ2FE§?2§Q%§$3§§&?%Q%#EB§?§%?&53¥”¢hus) ot her suitable target
cells my be cells 5 of a syncytium hepatocytes, nuscle cells, germcells,
marrow cel |l s, nmegaharyocytes and so on. However, the instant invention is
not to be cgnstrued to be limted to such celJls and may be practiced on
normal , di gr8ress W04nand LOB afishEmpla IePresniations ofibhg synthesipf Sridrepgictin
mul ti nucl eate cell is one which conrains nore than one nucl eus. A
mul t i gEpbd) fircen aelisclavtmankdbicpd| with giddh brtetpl gdoGMY-mBPGhatde rAAVCNNTA The
devel opnent | ~0 of nore than one nucleus in a cell is not necessarily
dependérikeson Rigdre1d0AUképrpdents producade ofi Bpoi whaebstinvectoroimfeormar. sdhéen,
thowever, a nultinucleate cell contains nultiple, conplete diploid sets of

chr ompsafRScleted MafscREE hEPAb tEGadyefthe #ehamBiNteRid. | ¥z REABH réséﬁ! hﬂe}?

vectors (one encoding the human tyrosi ne hydroxyl ase gene and {he

a7 n P eleR o Rl A KK oA Relors BRI e WISl RA RIS bR 1

requireg the cofactor). tetrghydrobiopterin (which is nade by the Gi P

cycl oﬁi)artﬁtlr%"é’é’ﬁpf 1§ 65%’% ﬁ@gize L-dopa. The two vectors did not have to be
expressed in the ' ~ sane cell because) first) the product of

GIP-cycl ohydrol ase | activity, tetrahydrobiopterin, is able to diffuse
transcel lularly and, second, particularly in view of viral imunity, a 20
phenonmenon Kigeresi I Aaand(11Biané gcaphe ofiEph expréssion. bEigonetl A df ngrapr shavang

i nfection by another virus. As discussed herei nabove, delivery of two or

nor e sepasylific Té\Nakd WxPrdsiof dfautiae lesythfopoi@inTis ¢lve folNdwWiRS ittarhwscube
expression of the two different gene products in one cell. The two genes

can bggfe‘iééﬁmsed 30~ el NhGETHEPERASNIMPIPAE BARhHE in | UorkHidaBlod With

provi
15
)

rAAV-tetO7 minCMV-mEPO virus. Expression of Epo protein is modulated by tetracycline.
Figure 11B depicts Epo expression as determined by ELISA. The X axis represents time in
weeks. The error ranges indicate the standard error of the mean. Animals receiving the Epo
vector alone are depicted in the graph with the triangles; the tTA vector alone with
diamonds; both vectors and with tetracycline, but with placebo at 10 weeks, with the circles;
20 and those that received both vectors with placebo, but with tetracycline at 10 weeks, are

represented by the squares.



22 July 2002 greater and nore efficient regulation of expression of the
foreign gene product, or for the gene products, to interact to produce a

t herapeutic effect. Thus) for exanple) one gene product may be an enzyne
whi ch acts on the second gene product, the first gene pr°d2§§ﬂ§?062C°faCtor
essenti al fokyduie 12X94 eSfentific @bprefentRBRADGUhG G AA PIMBUEERD vester.{ TDRISOR Y
products 5 may conbine to forma conposite nolecule with biologic activity.

For exafiRkfed t&aARRI RPRA:; Wwe%ﬁbnﬁgﬁl@vﬁhﬁnﬁﬁ'&ﬁ%n&:@Bﬁﬁn&éw@f ppyygLin
under the control of a tetracycline réesponsive el enment Wwere preparéd, along

with a esst d, 1 nLect t S YA P .

unoc e AT G dnbfrsp R accRbR; Gsd PG UAHAE cbyinfoecictin DM
host anj nmal . ression o use erythropoietin was i. 10 nonitored in
serum sb‘%l%’lzﬁgg]logﬁl B&YB‘SFé’g'Pat“PHe‘“&fter a single intranuscul ar injection.
Expressi on of nouse erythropoi etin was assayed by nonitoring the hematocrit
and by directly neasuring plasma Epo by RIA or ELTSA. Tightly regul ated
expression of Epo and of the resulting hematocrit were observed with the
adfli ti on or Wigureldduad sdfentatic reprgsdnitation dfle rArdé-C M-tadsdute, pét-Bs-1aer a
fashi on wherein the vectors are inserted into the 15 host genone as

mul ti pl @dsctibed prdviousBpBRNEECHOPIeesl., Mifigover, the copies are in the sane
orientation, that is to say) there 1s head-to-tail concatanerization of the
copies. Based on that ' neans of integration into the host genone, it is
possible to configure tightly regul ated gene __ expression using plural
rAAV' s by the.specific actjyvation of genes.of interest when vectors .
carrying all %&‘R?%é‘té“s%&t“ga af’ég%f?%ffsosfiplgpgﬁe%?% FEETHE é&ﬁf’%gg{ gptmals.

ft Hereof are used to 20 transduce a cell ip conbination with a vector

car ryi n§igare d4fskepesraph howing ©xBrasyipBsobMuig SrEhfoRaigimin vive following
alternating fashion, it can be seen that vectors carrying an operable

pr onot eintmonisdulantiziestienssef whice: wisle trévAY MD-FEPRY aoxphAYsUbLé-TIlacZnyigesessas A
pronoter then would be integrated operably upstream from an expressible

t n@nsgedetermined t2thdUtieamalofiR. ' ERbiessioatofvibleyEpd lgent nadsg érecararo! e the MD
configured so that the pronoter elenent is downstream of the gene of

i nt er es?mrﬂ_&eﬁ‘?@ngﬁ nRRRLEDBY @RabydinedUatticof RRMINGA GRRRIBLY &HitE fof ke
pronoter sequences Wl |l be pdsitioned operably upstreamfromthe gene of

i nt . h . bl . [ . [

et ho PRSI OAEIAL Ty JupfeREY Bife YRRV £ERO BRIRS o BNALER

el | ver Jelgmid UF s RImTIE Ak v oA FAA K A8 ofPRaRBB ehy AT
and administered tetracycline four weeks post virus injection, circles; injected ~"with

15 rAAV-CMV-lacZ without tetracycline, squares; and with rAAV-CMV-tTA, triangles.
() )
Figure 15 is a diagram of the SSV9/MD2-TH2’ vector.

Figure 16 is a diagram of the AAVLTRhTH2' vector.

Figure 17 is a diagram of the SSV9/reg. TH2 vector.

10



physical nethod that will transport the AAV reconbi nant vector-into the
target cell, such as 10 the nuscul ar regions of a host. As used herein,
"AAV vector", means both a bare reconbi nant AAV vector and recomnbi nant AAV
vect or pol ynucl eoti des packaged into viral coat proteins, 2§H&§k 5I known
for, AAV adm nistration. Sinply fornmulating an AAV vector i bal anced
saline sol ut Figrol8 ihasineses A theSHO-MPETPER ¥eetosi ent to provide a
solution useful for adm nistration. There are no known restrictions on the
carriers or other 15 conponents that can be coadm nistered with the vector
(al t hough conmpositions that degrade the virion or polynucl eotides thereof
shoul d be avBigdex19 s & ldéagpanrafl thetS8WY/rig IMEPOOIRtcY) . A preferred delivery
node enpl oys encapsi dated vector because) for exanple, of the stability of
the particles. Intranuscular admnistration is a very attractive node for
gene delivery because the 20 nuscle is highly vascularized and is very easy
to access. | | o def ectd ne product which is
required to %@ﬁgggiE%%gu%%ﬁﬁg#ﬁggégg?ggéﬁéﬁgﬁﬁggdgg'henDphiIia) di abet es)
Gaucher's disease etc., intranuscular delivery will be a good candi date
node of delivering the gene product if the appropriate gene product can be
delivered effectively into the cells. In addition) the cells of the nuscle
have mul ti pl EightcRbis a diagramofjthe\S/M2-BREV ¥ectotany suit abl e neans for
delivery of AAV can be enployed) as known in the art. Thus) any intravenous
means of delivery can be practiced. Because AAV is stable, node of
admnistration is not limted to the known parenteral routes but can

i ngl ude) forFipxaR2 & a Aradist hemPad/MPhi wtor. 5 Pharnmaceuti cal
tohpositions can be prepared as injectable formulations for admnistration
as known in the art, including the use of inplantable punps (known by those
of skill in the art and described, for exanple, in US. Pat. No.

5,474,552). Nunerous aj-io I r v, dm nistration are
known and can be used r%rldu obt(uilgéspg&tpi@ ?ﬁ@%@ﬁ?@gﬁtl on. The vectors
can be used with any pharnmaceutically acceptable 10 carrier for ease of

adm ni stration and handling. For parenteral adm nistration, solutions in an
adj uvant such_as sesanme or peanut oil or in aqueous propylene glycol can be
enpl oyed, asDifédrentaecioraryuch aaqased PN, adenmndrussudretrguicos have beer wtikzasdan
be buffered, if desired, and the liquid diluent first rendered isotonic

Wi t h safoi detiver vagious easgebiel direoihy itd vabuddidsuse iludifg mdstlee BeweverPhifeh
contains acidic 15 phosphate groups) or a pharnmacol ogi cally acceptable salt
can be gipRpa‘@AndtdRAbSIH lﬁgh efdi¥nd) &ARMoNe!tBrd eﬁf{efsﬁ%?%r faleeld Adsmid DNA
hydr oxypr opyl cel | ul ose. A di spersion of V viral particles also can be
p§gpar egk.d le el daLHA ¢ 1 Xt d
PLOET] SBryRyoliBicl fric IS (R RO EEGAER) KOBME FREAt qiPE Rl el
contai n,a.preservative to prevent th h.of @i crkoorgani.sng, T. erile”
S R e R S R
to'those skilled jn the art., The pharmaceutical forns suitable faor

par ent ot Y PRI 3 RosTenticARg epiiomes, Iefyuidothe uBntered l%eqmdi Therefrens
and sterile powders for the extenporaneous preparation of sterile

i nj ect agneatusdly the plasmid willdedost.ons. In all cases the formnust be sterile
and nust be fluid to the extent that parenteral adm nistration is possible.
The fornul at AdendWitds wRters alaheinféct non-dividing cells, and therefore, can be delivered

15 directly into mature tissue, such as muscle. However, the transgenes delivered by adenovirus
vectors are not useful for long term expression for a variety of reasons. First, adenovirus
vectors retain most of the viral genes and thus pose potential problems, i.e. safety.

Expression of the adenovirus genes can cause the immune system to destroy the cells

11
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22 July 2002 ' under the conditions of manufacture and storage and nust be
preserved agai nst the contam nating action of m croorgani sns, such as
bacteria and fungi. The carrier can be a solvent or dispersion nmedium
contai ning) for exanple, water) ethanol) polyol (for exarrp&fim??ggfrol,
propyl ene glycol, liquid polyethylene glycol and the |ike) " Surtaple

mi xt ur edntyipingothe xeeines (egeifahl &ampies  Yane 6hr dpe®res.uMNatlt fcadnSpe (1994)
mai ntai ned, for exanple, by the use of a coating such as lecithin ) by the
mai nt erfftilné40bf#4tHe Swgaiadenpviryst isglot agiintegiation herusaslee vécter eenprllyi will bad
by the use of surfactants. The prevention of the action of m croorgani sns
can be dihnedybt dedraded hytheaellouAlant beoacse afithd imminanesponsey ademmdnisSveciors
exanpl e, parabens, chl orobutanol) phenol, sorbic acid, thinerosal and the
li ke. |@nfiBnbe CGdRRrdd réficaledde 1fh RECTRLAD! Fifbomb ndiside HRRUWM be2RL Sy
for exanple, sugars or sodiumchloride. Prolonged absorption of the

irgect q%ﬁa&ﬁ{mosi tions can be brought about by use of agents del ayi ng
absor ption, Tor exanple, alum num nonostearate and gelatin. Sterile
parenteral fgrnulations are prepared Jdncorporati t he AAV vector in the
Peau t ed anohih RS Vet TRRET SaPbanEERER it MeoioroRe Trseran be
ingredients enunerated | S above) as required, followed by filtered
steri | iachiavem, thedwe tharesf is destpieted ibsrrusarwrentbhuseddvasiers Ar@Eaiatereividies
sterilized active ingredient into a sterile vehicle which contains the
basi ¢ diclpea darga majdritnohtadgetheells dgingrnes -dividing.i ngr edi ents from t hose
enuner ated above. In the __ case of sterile powders for the preparation of

sterile injeaablvectnt Havergrtathadpitiges redr e hdse ahentiveed vatiod Nsydfets.
vacuum drying and freeze drying which yield a powder of the 20 active

I'f@r edi s addiyta I i
A e R e i S S A e B
adm ni ster.ed topicall fog. ex | e, ;application to . a skin site follow ng
der mabr SUT B Ay 5 yehise.s Sitee B itet 2R chRespinted iy die Rapiary 5 ho
aqueous solutions (usually in aboyt 0.1 %to 5 % concentration), otherw se
si m | arlOPgEn neONEern, AAVIVACIOrs GERsAe )N HENERITRE XECIRT udS MY )is af intpgraHar ed
in containers suitable for delivery ) for exanple) by a transdermal patch,
and carviryse [intggrationvintactherhast shromesamgsvithapintdiadng d@nsgangde the cells. AAV

di et hyl sul f oxi de (I ~M5O), or other known topical applications) such as)

gel s) disrannexttesnelf aeabie vims] oesdstandrtopsargndeterpeats, fH Thenges sindriteat ¢srablbiatant
vectors also can be admi nistered orally: Such preparations can be

f o5 MUl BEE A5y HBRVMN hSur) A AVt cantié 198philiAe didered{se61vex ¥iFMbES loking \RAfEmt
odorants, colorings and'the like to facilitate presentation. The

therap "gﬁ%.r C%ﬁmﬁydﬁmf chids! ﬁﬁ@ﬁgnidag/&eégj Bplngyo Cmcagg%qlbﬁﬁ%eﬂumé

host al on i n coibination w rmaceuti ca cep e carriers. As

d h .relati ' f. i ' di d [
e det LROTEIEG B9V Abscanuire Ry KRR e EEnt BRI compouna,

¢hosen route of admnistration and s(ti andard phar tcheuti cal practice.
: Two recent review articles provide an overview of the recent stdtus on the use of

AAYV vectors and include a collection of additional recent scientific publications in the field:

20 Samulski, "Adeno-associated Viral Vectors*, Chap. 3 in "Viruses in Human Gene Therapy",
Chapman & Hall, Vos ed., 1994; and Samulski, “Adeno-associated Virus-based Vectors for
Human Gene Therapy", Chap. 11 in “Gene Therapy: From Laboratory to the Clinic", World
Scientific, Hui ed., 1994.

Since AAV has in the past been shown to have a broad host range (for example, for

12
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The dosage of the instant therapeutic agents which will be nost suitable
for prophylaxis or treatnment will vary with the formof adm nistration, the
particul ar recombi nant 15 AAV vector chosen and the physi ol ogi cal
characteristics of the particul ar patient under treatnent. Z%ngggbl y) small
dosages ,will be used initially and) if necessary) wll Dbe i4tcH 4 by

smal | iPHHPERAINCXPIRSSION) it A0 bR mintitered &yt a yagety afeutes inghwdingninggmuscular
reached. Exenplary dosages are within the range of 10$ up to approximately
5 x 10'1@epta¢r1;iaendeaereiom»eea%d@uamf&mnsmllmyr@saw i as Ip@rTreting noeuronoandeovongi ng
described will be exenplified in the followng non-limting exanples. 20
'~ EXAhG2eESe BXANBLE [imitPROMITGsOM Ghidh (hefhereih debiSillel mEthods & @Qivény ¥ar 002
The bi ochenmi cal pathway for L-dopa production is shown in Figure 1. The
productiien pMcel-- Sula@yUin’ Sfarihiglsaditds) t fistofant heepl i i

hydr oXyl asgﬂ% Ti—l)l.%gH %ﬂgcti vity requires the co-fgcg%weggée%@gﬁfg&ggﬁl%%ri n

( ). rate-d imli e i e.-nLo i 0 f i P
c?:ﬁohﬂdi{r}gWase&gr b@#?' %%gl%ﬁy reijlsg\seé ’| pl?&ﬂ%é%rﬁépgw%ﬂ}@%aqp)t_ur]ﬁyéw es
4A and 4 re schemati ¢ di agrans .show ng the. prqduction of L-dopa (Figure
3). | n%%b?}l“@a&&“%ﬂ%%rﬂéﬁryﬁﬁ BHHEB@I%r%ﬁ%?Wngeg' cells infected with both
vectors. in nuscle cells followng infection with rAAV-MD-TH (Figure 2) and
r AAV- MD- GTPGHhertecpmbinagt vectos of thgdpyentionseompisd i) chpmmpjerederbiedsfrom a
infected with either vector but preferably in cells infected with a

TH- pr oagoiAd Wesires ppembileBitdA 4VE, f(@3 epticbmzdi;\,tam]emwA splicentorom/splicd scaepthe, t 0
ot her cells capabl e of expressing TH EXAMPLE 2. RECOVBYNANT AAV VECTOR:

RAAV- M3)Tilgheof inérest thhbemsodeSSpolyieptiddar a musteld atid, R4y urpplyednyaGon site
tohstructed with-an _ 15 expression cassette conprised of the CW i medi ate

(o) o B TRL Mo (3R 3R] Sy Torkelt B JhO KBRS AR B80Rs. 6532)

and B- gl obi nex 3 t it u tid 63532- 64297). i nserted
bet ween thengf}ff\/g%I ev%%ﬁ gcf: ’{bg?%&lné?ﬁp pee“gﬁeé %oﬁll\gjgﬂg%fggm( & pé‘%tclgl’ .‘3’“‘3.
Virol. (,1987) 61:;:3096-3101). The SSV9/ MD2- TH2' plasnmi d was nade b

di gest i%t@mog eg@“‘(‘}fﬁ JEirBer PHMQET 28, (OPETAtY PIF%gPWeda‘PM ﬂi’%é‘gﬁ"rvi‘?fgat he
PmM1l to HindllIl fragnent fromthe same plasm d together with the TH gene in
two frdgeesading BANA tsegmeal,  HBi§d tRpgriptionpeftvhichopaderessa uor parB k FeE c 2
et al., Exp. Neuro. (1997) 144:147) in a four fragnment ligation. 21

Fx AVPL RISA -GIEEMBIgNADIECKIRY sitiCaseORan RAjtHoMooaiiBelement or a ribozyme. Since the

15 instant invention is directed to the vector and use thereof rather than to the material being

delivered, there are no limitations on the foreign DNA (or heterologous gene, hcterologbus

DNA or transgene, which is not of AAV origin) being delivered by the vector so long as the

gene products are related in some coordinated fashion, that is to. -say, that the gene products

operate together to achieve a desired end result. The gene may be one which acts locally or

20 which can be transported systemically to act at a site distal to the cell producing the gene
product.

A preferred gene of interest is a polynucleotide that encodes a diffusible polypeptide,

i.e. a polypeptide that can diffuse from the site of administration to effect systemic delivery,

or a diffusible nucleic acid. For example, diffusible polypeptides that may be useful for gene
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22 July 2002 To construct the SSV9- MD2- GTPCH vector (Figure 18), the

full-length cDNA encodi ng an active isoformof human GIP cycl ohydrol ase |
was i solated using PCR anplification froma "~ Quick clone' (Contech) liver
CDNA library. The priners (GIPCH 1.1, 5 5" TCCATGGAGAAS %%‘Oz(SEQ | D

NG, ~, nbank gccessign : 53, nt .65-86; and GIPCHa2.

5 CToATRRRRT GO B RS EAsY oplgidnesniighidngThismons SEN G, JF N8 and
S44049, conplenment to nt 771-751 plus |inker sequence) were based on the
p~: bl i sﬂ“ﬁ&qrgem}w@rﬁnQMmW@Méﬂe&o@mmd@ymmulam factar) oM-€StFes
at the Nterm nal encoding end and Bcll and Bglll sites at the end cl osest
to the (MacsophiagescolomBstirhulatieg dactodsdtymaor secrosisi factorhagowihi fastarb (T GEF-43'
non- codi ng sequence are included in the clone. The cDNA is 810 by in

| engt h. (rhireformivi grovith \lGtos BaeN PEIGE (pRitdiet-@drivedngroatih fatarnetsnairo8bophic
cloning into the "TA" vector, pCRII (lnvitrogen). An Ncol-Bglll fragnent of

the c i ONE & : d
Bt s rees (GURTRCHLY Al RE L T SRR R R e lotonti
r econbi t WAAY v rs [ ackage S ribed. nyder .ef .al .

" Pr oduc@?@ﬁ”bf %r ‘é’@grt?‘gi ey §B£anr§'-lta sg&ga?fg%%\?ﬁﬂl Sq‘\’/]gxlf i?%/ag ﬁhﬁg &,hlﬁ’ fods
Prot ocol s 1, man CGenetics, pp. 12.1.1-12.1.24) Dracopoli et al.) eds.)
John. v §Sgribe iRt NGRp visr wred o Sxaesa pteraGly et (el 0% o 0T Lexammmd,
cotransfected with the vector plasm d and the AAV hel per plasm d, pAC&-1
(Li et iaframusculys injrictiop] amyrdiffusitde peiypzatie g5 palynupleotids ef therapguiie dutorest.e
nmethod. Cells then were infected with adenovirus Ad5d1312 (an El A" nutant)

at an nlébdal pleliveryindiidésninaatél bitar adrnjnistfatnaofoa viras, vdcertorogeneas al |l owed to
prbceed for 72 hours. Cells were harvested and three freeze/thaw cycles

wepe carri ?dTﬁé'gr&ﬁoﬂeVEQn b88n ¢ A ltBe midhS EHAPAREGZACiEL I8 ot NBYINSREKINES or
digested with 250 U m Benzonase (Nyconed) at 37C for 25 52 July 2002

(7 m h he | rifu A I ]

el 1 0l rORE sAREbRRubBy | KBRF PRAMGREL (oo OB spSEHD R, b ror
precipiLation.and fhe rAAV virions. were jsol a on two sequenti al |

b aai erfEronsiBRtaNE A Vi RIPMSTE tsoRSIRhiE g AN vEIs TSR atssi ATy
sterile PBS, heated for 4S mnutes at S6C and stored at -80C. S EXAVPLE S.
L- DOPA Serabtairaorn Pausedforeguessior of RORRIBERPEFENTECIr bEckRoseniicatlatedpane
vectors rAAV-MD-TH (Figure 2) and rAAV-MD-GTPCH (Figure 3) were packaged

i nto viexpressiansframsasy induciblerprenwier €. 2. metadlothriapdin gfc. Filgucan direttosmpresswon
mean plasma L-dopa levels (ng/m; x-axis) vs. tine in days (y-axis) post

vil§us- , of iranspeféd irothe recambimans AW Vavestatsl of ihej etaadinventibe (Eletientseps the
muscle with 2.0 x 10O particles of 10 rAAV-MD-TH (- ~-)) 1.4 x 109

parti cl emeiproMbiér Mido TR \Qseﬂ'ﬁor)coﬂtrﬁil_éa[}'g)éﬁe l@:,ipxké@ﬁ&.w ruses (-~-) or a

control group which received no virus ( our groups of six BALB/c
female mce (360 Gpudfl mrAheGfd dnblsplce fdceBlor'éitk “shy such donor/acceptor
= site compatible with and operable in AAV can be used. Particular, non-limiting examples
of suitable donor/acceptor sites are taught hereinbelow.
20 As to the polyadenylatioh site, any such polyadenylation site compatible with and
operable in AAV can be used. Particular, non-limiting examples of suitable polyadenylation
sites are taught hereinbelow,

As to the AAV inverted terminal repeats, any such ITR’s or derivatives thereof,

which contain nucleotide substitutions, deletions, inversions and/or insertions yet retain the
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in HBSS at 1 ~1/sec using a 30g needl e connected to a punp (KD Scientific).
Pl asma was collected on the day of virus injection and at weekly intervals
thereafter. Three hours prior 1S to plasma collection ) all aninals were

inj ected IP with 100 ng/ kg of buffered 3-hydroxybenzyl hydrgzll Eve%d}g[} 1015 )

or eak ISR OERA BEhTHES SR oF B ARY eleh st Wil af e srenican s

the retr -or it hni and sma col | ect ed usi ng hepari n-coat ed
capi | | g@ ?'h%tsnfr g'gfeﬁ%‘}t %gbﬁéerm?’@ei uselvel s were anal yzed by
isocratic rever se- Ehase HPLC using a C- 18, 3 mm x 150 nm Hypersil ODS

col umm ( Keydhemee Eplital FAAYV atel teansdusa siagly enllsanay depgndcon a&mﬁrdm host
detector. Plasna was extracted with perchloric acid (PCA) at a final
concend;allaiSi ultinficlpa, pohmomiDIRpalyp®idivThuseother sintablyr tanget okl Bay B2celisl y
2002 ' 3, 4, -di hydr oxybenzyl am ne (DHBA) were added as an internal standard.
Abter dfd ﬁy@tyuom hepaughes HuskleedMpdf Rels, fhdrt@w cellbategdag o9ies dndGo) »

20 ~cl sanples were injected at 4 Cusing a Waters 717 autosanpl er and run

usi ng
T hepTanE e P AE TR ARG 3% P Esphangg tang 18%% YERRRAE AT o,
2.5). [The fkow rate ;ﬂql g . Peaks rte i 1ed using a
commer & BFACYCHL &7 PSEF B ani (ML AREGPATE? e|°f’ h). EXAVPLE 6.
REGULATED PRODUCTI O ~I OF ERYTfj ROPO ~' TIN I N I\/USCLE CELLS A schematic
represent at PSrise¢ hefring arpuidpurieate eadbis aeathich soakinsomase thaeone ayeleus.
erythropoietin gene is shown in Figure 8. The transactivator protein tTAis
made fAdpulsimacieaieceliimry hadohypidigl eropalysemiet ingpkelatosis paft. t Fee devalopmentt or
01 i nduce transcription fromthe mniml CW pronoter which drives
Qpr esef morofhah lae nokes Epa cgiienof tezesetiiyvwddpendent pnthBAirigsmultiple] ¢eanplby
tetracycline which prevents the tTA protein frombinding to the tet

oper at gibfoid Heth! bE ThiSRoMifesl OBORER, HohR0E 'aCanLQfm&cfl@at& eaenaemhin@ emufifp, at ed
expression of the nouse eryt hropoi etin gene in nuscle | 1 owi ng i nfection

wth L G}g&mé@%}(’%% uce Bﬁrxg)e#( Figure 6) and rAAV-_CM/ tTA (Figure 7). In

Fi gure rom single cells which have been infected
with bath v The t rotein.does not a ran cellularly.because
s eont sl Saen mrBorgb dras FEERY Af GAF aeparice A% GBaIoR ( %ﬁlega?@qutaa e
productl on of Epo is inhi blted by tetracycline. EXANPLE 7. RAAV V

RAAV- ' humayy typesioshydreglase arear 2@ theotes\poredips thbnpra G cgvpxo@ufir@lasg)l was
derived from SSV9/reg. TH2 (Figure 17). To construct the plasmd

$5Vo/ rgeneTHR thEi gjrintuni ) thehmt (himiresulted iprpreduetionand Irdppanedine efyrosine
operator sequences fromthe plasmd pUHC 13-3 (Gossen & 24 22 Jul 2002 °
Buj ar dlrx]yd?bﬂglasd\l?miyma%aﬁnre&the cOfatfa? tetBhyHiSbiophérth (whicheis andgisRbypnipd GliPed
anc~ the ends o

cyclohydrolase I) to synthesize L-dopa. The two vectors did not have to be expressed in the

same cell because, first, the product of GTP-cyclohydrolase I acﬁvity, tetrahydrobiopterin,
is able to diffuse transcellularly and, second, particularly in view of viral immunity, a
20 phenomenon wherein a cell infected with a virus becomes refractory to infection by another
virus.

As discussed hereinabove, delivery of two or more separate rAAYV vectors to the cells
of the muscle can result in the expression of the two different gene products in one cell. The

two genes can be selected to be interdependent on one another, for example, to provide
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the fragnent nodified to contain restriction sites. The oligonucl eotides
used were S CTAGCTAGCCTCGAGITTACCACT3' (SEQ ID NG _ ,) and

5' AAGTTTGATATCGAGCTCGAATTCCGEE3' (SEQ I D NO ~. The fidelity of the PCR 5 was
verified by sequencing. The resulting 473 by fragnment was (*2I2$n§, gt 0 t he
pCRTM || vector é‘!gnviﬁ# roge? aind cug wi t h  Nhel ﬁng Hndl 1. M LTRhTH2'
pl asni d BfeatefAnd mere efficient Feahiaion S5CEPIORHOR P the fereiash gene PIadyRt: AT fapitbe
is described in Snyder et al.) Nat. Genet. (1997) 16:270-27b) was di gested
wi t h Nhegenapgoducts, te dntgeantrtat rroducsdgherppeutingatiect. cdhusi fomexampde, SOV gene
backbone, the 3' end of the hTH2 cDNA and the bovine growh 10 hornone

pol YA seuoduct emay/beldnrendyynd whipheatts o titeasesond) geinepiodiugt, abe firstrdeae \peodug is
sequence and S portion of the hTH2 cDNA sequence was cut fromthe

SSVO/ MDZ-cbiflitoésagtiall féFtHalexprésSlonvéft the sessHd éerﬁ{}ﬁo%ét' or theawabave prbdess
fragments were joined to generate the plasmd SSV9/reg. TH2 (Figure 17). The
hTH2 ¢ &ﬁﬁb : 1 . etd N (nEpo) cDNA
fra%ne%%o atdeq%&% rﬁgﬁl gf%?rﬁltém&u%g%ﬁ?% lgagﬂi‘fﬁ)i'S follow ng cutting
with Pm1 and.Bglll., The fra t, {,hen was cloned i.nto the Pl and BanHl
cut | Sovol r ag PREBMmplen PEamRA MY NeriohBE LGt Sao bR erhier R AR | o
Pm | B-gl obin intervening sequence fragnent from SSV9/reg. TH2 whi ch was

r enoved W COREOh 06 e J8tracieling FrsPonsive FEAMRIE dWEr dreprsed| alangd withy a-vector
RECO ~Bn~nwl AAV VECTOR RAAV- CW-zTA VECroR 20 The plasm d S/ CW-t TA- nP

- ( Fi gur e expiessing tonmantd ingeotel imsiamyustilarlCiavimmusdcampetear B omitar Thagdene
tet-VP16 transactivator sequences fromthe plasmd pUHD S-1 (Gossen &

Buj ar d) oPrineresiNaak .syAgertic Sdih thel BRL)anBRaIS5 Expb&Sioh) of Aolisd 2rithiapbisia ¢kb)
frhAgment was created by digestion with Xhol) followed by blunt ending and
di gpsti Gontordd BREEhum TRagpies colfeetet e (fide 'AfRYSE sﬁfg@% 3RS usdrCjection, y

donor | splice acceptor and pol yA sequences were PCR anmplified fromthe pAB

pl asm d . - 1492-
P agmenEAesof 4 flaudeetaioBRiedv Bt b trombngBe sRAGI Rl inghy btecay
ol i gonucl eoti.des used_ wey e . .

5' M@W@W&MMA@@&?W@@M(W@QWWQ agf @f the

5' CCCGTCGACGTACAGGTGGCTTGGTAGTICA3' (SEQ I D NO ~. The resulting fragnent was
cl oned iragudtinghbematperit wereyelsesyed ithithe additipn arevitedranal o teteacyeneaccur acy
and cut with Sall and Bglll to generate a 540 by fragnent. The above
fragments wergAVigadetb transduec 4005 ity f38\0n hvelvicbinnthe segtorn aee insorted rgo the
~SV9l MD2- TH2' plasmid _ (Figure 15), which had been cut with Xbal, then

bl gt endedpenoeFsAMRLDIS, taREEMLy \TdpRateR¢OpldsOPMoreohel H¥RESpRS! &R ih hhd bHHEE
CULTURE CELLS Eryt hr opg} etin (Epo)@%(pr esgi on was obtained in tissue

u LS Erythropi etin (Efo) “expr. K i i
The pl oS gl AR isho 35 (P S hPARLBRA! Qe Ran i SO Mesopfisl atsa i My, o

X axi s indi he .rel evant R LS. Lenn
eyel s s S st Sn e ol BEPHE N el 1 oSk SRR Sk Bael e
both 15 plasmds,, in the ab ce of tetracycline, yielded 69-fold higher
| evel s GKPESSYOR Hsinai musah LAy e the spesific %Mgt.wrhe genes plinfgrest ‘?‘i’e&n‘gffcé?:rlsed
transiently by standard nethods using |ipofectanm ne .

carrying all of the essential regulatory elements for the expression thereof are used to

20 transduce a cell in combination with a vector carrying a transgene.
Thus, if two types of vectors integrate in alternating fashion, it can be seen that
vectors carrying an operable promoter would intersperse with vectors carrying expressible
transgenes. A promoter then would be integrated operably upstream from an expressible

transgene.
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reagent (G bco BRL) and 0.5 ~, g of each DNA. Twenty hours prior to
transfection, 3.5 x 10s Hela cells were seeded per 35 mmwel |l in DVEM nedi a
containing 10% fetal 20 bovine serum Cells were transfected with either no
DNA (nmock), the inducible SSVIIlreg. nEPO plasm d (Figure 19) 2] i nd.
epa) or SSV9/reg.nEPO (Figure 19) together, with the S/ CW- 22 -“ﬁir:]ﬁ)&fzasm d
(Figure 20) ,Alk“é@?iﬂ"&bbd&w%'@{‘%.“e é&&gcr/:eonm@r?ﬂr s9ethak the proswirreeloment is
~cglm tetracycline. Epo levels in the tissue culture nedia between 26 22
July 2downgdeamndo48hhogese adf dnterestnst dctdaon beerseervtiatabed tmansduction and
commercially available ELISA kit (Quantikine VD'~ using a 1:100 dilution
of ant cesatameriZadompthiecplontirerssdquendestwitl bamusktivned opeetdy Upisheand fth agel ar
Devi ces plate reader and the data anal yzed usi ng Softnmax version 2.02
sof t wakgne of RFWMRLE 10. REGULATED EPO EXPRESSI ON I N MUSCLE OF 11v1i YlulV O
COVMPETENT M CE Reconbi nant AAV vectors rAAV-tet07-m nCW-nEPO (Fi gure 6)

ol o . T eh Sl esthiIGeRPGARER chb ol infasallas W FRMEN M, ¢

injected unilaterally in the right quadriceps nuscle with rAAV,. The x axis
[ opr o5 DTSRG RIS SR HEop adh SUADIE UHEDHECIObiHAIABRITA 2 Sible
groups in the study include rAAV-tet 07 m nCW- nEPO pl us r AAV- CW-t TA,

admi ni §hkaneer segueRReycl i ne at 4 weeks post virus injection (- -; n = 4);

r AAV-t et 07 m nCW- nEPO pl us r AAV-CW-tTA, given a placebo pellet at 4 weeks
post - i nj ect iAmudl-delivery of) ther raddba07 Ak NCVRetwEPG abcoraplished by -usilg ang

r AAV-CW-t TA alone (-x-; n = 3). 15 Fenmale BALB/c mce were injected with 1

X 10" phyditdlmeahepet fill tAMYpaH thed ABVZ réeobhtiays. veb@@intt théSaskO&d!l, Wash as
Ul) uted to 20 ~d in HBSS and was injected using a 30g needl e connected to a

o (KR §gis@m5} H: ibn@lofla hddb €CAsRRLOnEreR t @k ASY %télj“eerqéaq‘éeﬁ&?/ pﬂﬁbagé _rfed

weekl y under 1so orane anesthesia using héparin-coated’capi||ar
The bl god s col Jected into EDTA-coO t ubes. mat ocrits re, perforped
by st anearip s s cteSor A ismanaRChRY, KGR pobiUEIG et BesfRets FinEle
appropriate animls were anezé het | z%eéi W, th sodi um pent obar hi tal and
subcut SAREGEIENS; ApISanelbknewn S0rd 4 VoA B HNISLEation . \wiplY Soxmaylating anh AV vector
timed-rel ease tetracycline or placebo pellets (Innovative Research of
Arrer i cdf) Hanks' baanced| salingGplutionher ghegphatsf bwifgiedesaling i sufiaoisntRoopiovidecan
expression as reveal ed by plasm Epo | evels determ ned by ELISA using a
comer solatiby uasfal fartddeikistratidni riBHese arcpo kinownamektyictions on the carriers or other
15 components that can be coadministered with the vector (although compositions that degrade
the virion or polynucleotides thereof should be avoided in the normal manner with vectors).
A preferred delivery mode employs encapsidated vector because, for example, of the
stability of the particles.
Intramuscular administration is a very attractive mode for gene delivery because the
20 muscle is highly vascularized and is very easy to access. If a disease is caused by a defective
gene product which is required to be produced and/or secreted, such as in hemophilia,
diabetes, Gaucher's disease etc., intramuscular delivery will be a good candidate mode of

delivering the gene product if the appropriate gene product can be delivered effectively into

the cells. In addition, the cells of the muscle have multiple nuclei.
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singl e vector denonstrated baseline |levels of Epo ( < 30 mWnl). One group
recei ving both vectors was adm nistered tetracycline at 4 weeks after
receiving virus. Epo was expressed 5 at baseline levels, Oin the graph.
Tetracycline was wi thdrawn at 10 weeks and an |ncrease in 5?2 g fssi on
was observed fter t her recei b ors wer e
imil ant ed m{{h“’g"%‘iaé‘é‘&%‘ﬁ |ragang o ﬁg%é n}’éﬁr bleyed i3 Kiasrt i then
Hi gh level s _of F,pqg were observed, see Oit the graph Tetracycl i ne was
adni ni sibr SKhuss anp inravenaus JueansHef deliveryican badwacticedpoBesayse &4 Vris stable,
EXAMPLE 11. RECONnan~rnrrr AAV VECTOR RAAV- MD- MOUSE EPO The reconbi nant
AAV vecmode Sf RominiErai¢iiis not lintijedatos theomownuparedtepa! fouasrhiuit @an dficlulle faiEpo
cDNA between the Pm 1 and Bglll cloning sites of pSSVIl MD-2 (Figure 22).

Pl asni dexafiy®d,valarfidiapicad dBveryas constructed by subcloning a 2.35 kb Xbal
fragment from pVDG (Naldini et al., Sci. (1996) 272:263-267) into the Xbal

siges of pl apparthac@Mial Ocdbm 890599%&1&%@0 dd AN &deléatf ah Vidrol -
(1987) 61:3096- 31aOI) pS(S:VQbI\/DZ cont ai nssét*%cytomegg | ovi rug ‘éu')ﬂﬁ}%“ tdr

xons. 2 ﬁﬁ?a%%%%g? Rp Bl DR =R SRR R S ey “%%@?ﬂé%&)%@%%%@f}gﬁx@ose
dor  vedPlr it B REHAY Hegr A Gedamal i Ughoh A SR odh dyuperiko

contain restriction sites for 20 Pnj I.) EcoRI and Bglll at nucleotide

posi t i desmulsgons fggrahas parspsral admpisdstrajionyare keews apd (cambagisef instbe pracite
transgenes. The accuracy of the construct was verified by DNA sequenci ng.
| n S/ V- thEFAGstahh énveEEGN g eTle i wectdra ndaa dbd ysadhwitGMahyp phamiazeytichBy glcobitable
1ryron and the >l -globin poly(A) sequence. The 579 base pair mEpo coding

r @@ on daefer’for eade of HHMiKIORZion arMPaAdIRtE. by PCR using mul tiple overl apping
ol i gonucl eotides (billion & Rosen, Biotechniqg. (1990) 9:298-299) and

EQQL%'OEE" SR U R R Sﬁéﬂ%vﬁ&m oil
R e A e TR T

EXPRESSI ON | N th\/UNOCC]VPETENT M CE Recorrbl nant AAV vectors were packaged

i nto viddueeus splutipnsceambe buffepsd ibidesized, andiaedidyid ﬂtlu%|ftrétsren6¢reédmt9wrc

animals (Figure 14A) were used for the data shown in Exanple 10. The x axis

r epr esewith salingeor ghiodag.s )Salutionshef theaAiAdy ivectpe rs anfired acidt (MUY A tconthiins aaiticr ol

groups received rAAV- MD- nEPO (Figure 12) with tetracycline adm ni stered at

41$\eekq)tmpltaw gtatmps) b acpharmacologically atpeptable sAACafMé-prapated ki guater shajbly- -
n 3) and no tetracycline pellet. The mce were injected and assayed as

in Ex anmbed Mith Ek@ﬁﬁ@aﬁ%cﬁ as maf&w@yl@&luﬁgb ETATHRPSrskIn &F AN VQlirat pafticRdss

is depicted in Figure 1
also can be prepared in glycerol, liquid polyethylene glycols and mixtures thereof and in oils.

)

Under ordinary conditions of storage and use, the preparations contain a preservative to
prevent the growth of microorganisms. The sterile aqueous media employed are obtainable

20 by standard techniques well-known to those skilled in the art.
The pharmaceutical forms suitable for parenteral administration include sterile
aqueous solutions or dispersions and sterile powders for the extemporaneous preparation of
sterile injectable solutions or dispersions. In all cases the form must be sterile and must be

fluid to the extent that parenteral administration is possible. The formulation must be stable
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All references nentioned in the specification are herein incorporated in
entirety by reference to the sane extent as if each individual reference
was specifically and individually indicated to be incorporated by
reference. The invention now being described fully) it wll Be azg rent to
one of ordinary skill 20 in the art that many changes and 0 Plp’i Q I ons can
be madddeRndhet %Owlilﬂ’éﬁjt(’fdﬂ]i‘&ﬁqcﬁtjef%sf%% gnd; must bec prseryed ¢ 3ginshy st i on
described in the appended cl ainms. 29 22 July 2002 CLAIMS 1. A nethod for
expr essintanigatieg aatiom oftmisreargamising, sudkssracienia and funghp Thetdapnehean be a
transduction conprising: exposing said cell population to at |east two

di f f ersoivent yp dispefsiore amiiim aohtahdaegoforexamphd, evhter, retigan0l, Adlol (fdrexempls;ach
of said different types of rAAV carries a different foreign gene, the
expr esgi I f 1ehid PEHCB e Fidkd i in.
2 T Y RaR PR Efe PlyPhIfGNd ROIFERSiont BLIROPAARS HL] ShRAICRIRAIS thirebs
conpri ses o e ! ‘ i Stk e : t hod ef
c?ai ma?Ll% V/\%lr%ﬁ?%rgggi d’?g%ﬁ% orpﬂﬁfgft' on C%&JH%J“ se@e&n’ohé)rf:%a}sqlé:@u%ngg of’a
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conprises a nuscle cell. 5. The nethod of claim3, wherein said cell
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a second rAAV is controlled by said pronoter. 30 22 July 2002 8. The
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second foreign gene in a second type of 10. The method of clal
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absorption, for example, aluminum monostearate and gelatin,
Sterile parenteral formulations are prepared by incorporating the AAV vector in the
required amount in the appropriate solvent with various of the other ingredients enumerated
15 above, as required, followed by filtered sterilization. Generally, dispersions are prepared
by incorporating the sterilized active ingredient into a sterile vehicle which contains the basic
dispersion medium and the required other ingredients from those enumerated above. In the
case of sterile powders for the preparation of sterile injectal;le solutions, the preferred
methods of preparation are vacuum drying and freeze drying which yield a powder of the
20 active ingredient plus any additional desired ingredient from the previously sterile-filtered
solution thereof.
The preparation of interest may be administered topically, for example, application
to a skin site following dermabrasion. For purposes of topical administration, dilute sterile,

aqueous solutions (usually in about 0.1% to 5% concentration), otherwise similar to the
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11. The method of claim9, wherein said first foreign gene encodes a
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T01109&' () -TFhé Modhemicall pati®ay) forefhdgpa? predutidi OfRsgwn in Figure 1. The
$100&' ()-1810%& ()-!1&1099& ()- 10 10 10 : 10%' () - CMIB{\ =

18 ;!# 3% i[g%u%onsis%%"ofgy { (Se_qﬁﬁéﬁ%' dctivity 1d¥%be (ehzfht QYosine hydrB¥#iaded cTRBaBIN=
5 activity requires the co-factor, tetrahydrobiopterin (BH4). The rate-limiting enzyme in the
production of BH4 is GTP cyclohydrolase or GTP cyclohydrolase I (GTPCH or GTP-CH or
GTPCHI). Figures 4A and 4B are schematic diagrams showing the production of L-dopa
in muscle cells following infection with rAAV-MD-TH (Figure 2) and rAAV-MD-GTPCH
(Figure 3). In Figure 4A, L-dopa is produced from single cells infected with both vectors.
10 In Figure 4B, L-dopa is produced from single cells infected with either vector but preferably

in cells infected with a TH-producing vector, and BH4 diffuses from the cell in which it is

made to other cells capable of expressing TH.

EXAMPLE 2. RECOMBINANT AAV VECTOR: RAAV-MD-TH
The vector plasmid SSV9/MD2-TH2' plasmid (Figure 15) was constructed with an
15 expression cassette comprised of the CMV immediate early promotor (-607 to +72), human
8-globin intervening sequence (nucleotides (nt) 62613-62720 (ex-(_m 2 splice/donor site) and
63088-63532) and B-globin exon 3 and the poly A site (nucleotides 63532-64297) inserted
between the AAV inverted terminal repeats of psub201 (Samulski et al., J. Virol. (1987)
61:3096-3101). The SSV9/MD2-TH2’ plasmid was made by digesting SSV9/MD-2
20 (Figure 22) with BgllII and HindIII and inserting the PmlI to HindIII fragment from the same
plasmid together with the TH gene in two fragments (Pmll to Xhol and Xhol to BamHI from

MFG-S-hu-TH (Bankiewicz et al., Exp. Neuro. (1997) 144:147) in a four fragment ligation.
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10! 9 F@Wc@ﬁter&ﬁr@ﬁm’/‘&qwk cl;a#&’](@}’&‘lt@()h) liver ¢ DOV& lipyary FWhe #&infers (GTPCHI 1,
(109%& ()-,-r---:..dE~_ @10!,6 %40% ()- 43"10%& ()- 2 10%&k' ()-
5 5 ’TCCATGGAGAAGGGCCCTGTGCB’ (SEQIDNO:__ ), Genbank acc‘ession No. 544053,
nt 65-86; and GTPCHa2.2, S’CTGATCAAATCTGGCAGTACGATCGGCAACC3’ (SEQ
ID NO:__ ) Genbank accession no. S44049, complement to nt 771-751 plus linker sequence)
were based on the published sequence and included sequences encoding Ncol restriction sites
at the N-terminal encoding end and Bcll and BgllII sites at the end closest to the C-terminus
10 of the encoded protein. Fifty base pairs (bp) of 3’ non-coding sequence are included in the
clone. The ¢cDNA is 810 bp in length. The construct was sequenced in entirety in both
strands after cloning into the “TA™ vector, pCRII (Invitrogen). An NcolI-BglII fragment of

the cDNA was cloned into the SSV9/MD-2 vector (Figure 22) at the Ncol and BamHI sites.

EXAMPLE 4. PACKAGING OF THE RECOMBINANT AAY VECTORS
15 The recombinant AAV vectors were packaged as described by Snyder et al.,
*Production of recombinant adeno-associated viral vectors,"“ in Current Protocols in Human
Genetics, pp. 12.1.1-12.1.24, Dracopoli et al., eds., John Wile; & Sons, New York, 1996.
Briefly, subconfluent 293 cells were cotransfected with the vector plasmid and the AAV
helper plasmid, pACG2-1 (Li et al., J. Virol. (1997) 71:5236-5243) using the calcium
20 phosphate method. Cells then were infected with adenovirus Ad5dI312 (an E1A® mutant) at

an multiplicity of infection (moi) of 2 and the infection was allowed to proceed for 72 hours.

Celis were harvested and three freeze/thaw cycles were carried out to lyse the cells. The

nucleic acid in the lysate was digested with 250 U/ml Benzonase (Nycomed) at 37°C for
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18'%  pxAMPLE 5. L-DOPA PRODUCTION IN THE MUSCLE OF IMMUNOCOMPETENT MICE
Recombinant AAV vectors TAAV-MD-TH (Figure 2) and rAAV-MD-GTPCH

(Figure 3) were packaged into virions as described in Example 4. The graph of Figure S

shows the mean plasma L-dopa levels (ng/ml; x-axis) vs. time in days (y-axis) post virus

injection in animals bilaterally injected in the quadriceps muscle with 2.0 x 10'° particles of

10 rAAV-MD-TH (- ¢-), 1.4 x 10° particles of rAAV-MD-GTPCH (-M-), a mixture of both
viruses (-a-) or a control group which received no virus (-03-).

Four groups .of six BALB/c female mice (Taconic) were injected with 40 ul of virus
in HBSS at 1 ul/sec using a 30g needle connected to a pump (KD Scientific). Plasma was
collected on the day of virus injection and at weekly intervals thereafter. Three hours prior

15 to plasma collection, all animals were injected IP with 100 mg/kg of buffered

3-hydroxybenzylhydrazine NSD-1015, an L-aromatic amino acid decarboxylase inhibitor

) which prevents the breakdown of L-dopa. Animals were anesthe_t-izcd with isofluorane, bled
by the retro-orbital technique and plasma collected using heparin-coated capillary tubes in
microtainer tubes.

20 L-dopa levels were analyzed by isocratic reverse-phase HPLC using a C-18,

3 mm x 150 mm Hypersil ODS column (Keystone Scientific) and an ESA Coulochem II
electrochemical detector. Plasma was extracted with perchloric acid (PCA) at a final

concentration of 0.2 M and EDTA at 5 mM. Twenty nanograms of
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commercially available program (Maclntegrator II, Rainin).

EXAMPLE 6. REGULATED PRODUCTION OF ERYTHROPOIETIN IN MUSCLE CELLS
_, A schematic representation of the tetracycline regulated expression of the mouse
) erythropoietin gene is shown in Figure 8. The transactivator protein tTA is made from one
10 vector and binds to the tet operators of the other vector to induce transcription from the
minimal CMV promoter which drives expression of the mouse Epo gene. The activation by
tTA is inhibited by tetracycline which prevents the tTA protein from binding to the tet
operators. Figures 10A and 10B are schematics of the tetracycline regulated expression of
the mouse erythropoietin gene in muscle following infection with
15 rAAV-tetO7 minCMV-mEPO (Figure 6) and rAAV-CMV-tTA (Figure 7). In Figure iOA,
Epo is produced only from single cells which have been infected with both vectors. The tTA

protein does not act transcellularly because it is contained in the muscle cell in which it is

made. In Figure 10B, the production of Epo is inhibited by tetracycline.

EXAMPLE 7. RAAV VECTOR: RAAV-TETO7 MINCMV-MEPO VECTOR
20 The SSV9/reg.mEPO plasmid (Figure 19) was derived from SSV9/reg.TH2
(Figure 17). To construct the plasmid SSV9/reg.TH2 (Figure 17), the CMV minimal

promotor and heptamerized operator sequences from the plasmid pUHC13-3 (Gossen &
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also know as pSSV9-MFG-hTH, the construction of which is described in Snyder et al., Nat.

Genet. (1997) 16:270-276) was digested with Nhel and Mlul to generate a 2500 bp fragment
containing the SSV9 backbone, the 3’ end of the hTH2 ¢DNA and the bovine growth

0 hormone polyA sequence. A 1574 bp fragment containing the 8-globin intervening sequence
and 5' portion of the hTH2 cDNA sequence was cut from the SSV9/MD2-TH2’ plasmid
(Figure 15) with HindIII and Mlul. The above three fragments were joined to generate the
plasmid SSV9/reg. TH2 (Figure 17). The hTH2 cDNA then was replaced by the murine
erythropoietin (mEpo) cDNA fragment isolated from plasmid S/MD2-mEPO (Figure 21)

15 following cutting with Pmll and Bglll. The fragment then was cloned into the PmlI and

BamHI cut SSV9/reg. TH2. A three-way ligation was performed as the 544 bp BamHI to -
Pmll 8-globin intervening sequence fragment from SSV9/reg.TH2 which was removed in the

process had to be reintroduced into the plasmid.

EXAMPLE §. RECOMBINANT AAV VECTOR: RAAV-CMV-TTA VECTOR

20 The plasmid S/CMV-t{TA-mP (Figure 20) was constructed using the CMV immediate
early promotor and tet-VP16 transactivator sequences from the plasmid pUHD15-1 (Gossen
& Bujard, Proc. Natl, Acad. Sci. (1992) 89:5547-5551). A 1.79 kilobase (kb) fragment was

created by digestion with Xhol, followed by blunt ending and digestion with BamHI. The
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(106! 83( er{t)wg%é@aé tQ)co q@s)@ggopél) regtnctlon sites. The oligonucleotides used

11 10%G8' () -s! 10%G&' () -y$10%G&' () -s=tttluuuaBYNC 10A$10%GE () - 2$10%G& () -
0" 10(V@&vc(r):-5.’&W@%@ﬁmﬁm&w)‘fxNT&@CC@WQA%EMM\G&'EG%' (SEQ
10G@10%&' ()-! L&LOY%& ()--!cL&LOYBB& ()-- 10G 10G ~

10G 10%p® NO:Y7 1 'm@@mwc&dﬁﬂmmaaWG@"KAeTCA3’ (SEQ ID NO:

@0k ()- @l C()-FT10%E () - @ 10%& () - @ $L0% () - xx&yy7zzaB~\=
10G # ( Jl%(@gslgllihg fragment was cloned into the pCR™ II vector (Invitrogen), sequenced to verify
accuracy and cut with Sall and BgllI to generate a 540 bp fragment. The above fragments
were ligated to the 4005 bp SSV9 backbone sequence from the ©SV9/MD2-TH2"’ plasmid
) (Figure 15), which had been cut with Xbal, then blunt ended.
)
10 EXAMPLE 9. REGULATED ERYTHROPOIETIN EXPRESSION IN TISSUE CULTURE CELLS
Eryt'hropoietin (Epo) expression was obtained in tissue culture media after transient
transfection of Hela cells (Figure 9) with the plasmids SSV9/reg. mEPO (Figure 19) and/or
S/CMV-TA-mP (Figure 20). The x axis indicates the relevant plasmids while the y axis
represents Epo levels in mIU (international units) per milliliter. Co-transfection with both
15 plasmids, in the absence of tetracycline, yielded 69-fold higher levels of Epo than in the
presence of the drug.

Hela cells were transfected tmnsientl)( by standard methods using lipofectamine
reagent (Gibco BRL) and 0.5 ug of each DNA. Twenty hours prior to transfection,
3.5 x 10° Hela cells were seeded per 35 mm well in DMEM media containing 10% fetal
20 bovine serum. Cells were transfected with either no DNA (mock), the inducible

SSV9/reg.mEPO plasmid (Figure 19) alone (ind. epo) or SSV9/reg.mEPO (Figure 19)

together with the S/ICMV-tTA-mP plasmid (Figure 20), regulated by (ind. epo-+tTA) the

presence or absence of 1 ug/ml tetracycline. Epo levels in the tissue culture media between
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ecombinant AAV vectors rAAV-tetO7-minCMV-mEPO (Figure 6) and
rAAV-CMV-TA (Figure 7) were packaged into virions as described in Example 4. The
V) graph in Figure 11A shows the hematocrit values for animals injected unilaterally in the right
) quadriceps muscle with rAAV. The x axis represents time (in days) and the y axis is percent
10 hematocrit.  The groups in the study include rAAV-tet07 minCMV-mEPO plus
rAAV-CMV-{TA, administered tetracycline at 4 weeks post virus injection (-4 -; n = 4);
rAAV-tet07 minCMV-mEPO plus rAAV-CMV-tTA, given a placebo pellet at 4 weeks
post-injection (-Ml-; n = 4); rAAV-tet07 minCMV-mEPO alone (-4-; n = 3) and
rAAV-CMV-tTA alone (-x-; n = 3).
15 Female BALB/c mice were injected with 1 x 10' particles each of rAAV at time
= 0 days. Each virus stock was diluted to 20 ul in HBSS and was injected using a 30g
needle connected to a pump (KD Scientific) at 1 ul/sec. Rctr-(;-orbital sinus bleeds were
performed weekly under isofluorane anesthesia using heparin-coated capillary tubes. The
blood was collected into EDTA-coated tubes. Hematocrits were performed by standard
20 methods. At four and seven weeks post-virus injection, the appropriate animals were
anesthetized with sodium pentobarbital and subcutaneously implanted at a mid-dorsal site with

15 mg, 21-day timed-release tetracycline or placebo pellets (Innovative Research of

America).
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@&L0%& ()- @$10%&' ()-?NdE:/ 10 10fF: 109%& ()-f6$10%& ()- 3f 4$109& () -
f 2$109@¥ecyors Gvas BdMgniered tetracycline at 4 weeks after receiving virus. Epo was expressed

5 at baseline levels, O in the graph. Tetracycline was withdrawn at 10 weeks and an increase
in Epo expression was observed thereafter. Another group of mice receiving both vectors
were implanted with a placebo pellet at 4 weeks following virus administration. High levels
of Fpo were observed, see [J in the graph. Tetracycline was administered at 10 weeks
resulting in a decrease in Epo expression.

v)

10 EXAMPLE 11. RECOMBINANT AAV VECTOR: RAAV-MD-MOUSE EPO
The recombinant AAV vector S/MD2-mEPO (Figure 21) was constructed by insertion
of the muEpo cDNA between the PmlI and BgllI cloning sites of pSSV9/MD-2 (Figure 22).
Plasmid SSV9/MD-2 (Figure 22) was constructed by subcloning a 2.35 kb Xbal fragment
from pMDG (Naldini et al., Sci. (1996) 272:263-267) into the Xbal sites of plasmid SSV9
15 (also known as psub201; Samulski et al., J. Virol. (1987) 61:3096-3101). pSSV9-Mb-2
contains the cytomegalovirus (CMV) immediate early gene promoter/enhancer (nucleotide
positions 195-993), exons 2 and 3 and intervening sequence 2 &VS2) (nucleotide positions
1036-1561) and a polyadenylation signal (nucleotide positions 1573-2355) derived from the
human B-globin gene. The fragment was modified by PCR to contain restriction sites for
20 Pmll, EcoRI and Bglll at nucleotide positions 1562, 1567 and 1573, respectively, for
subcloning of selected transgenes. The accuracy of the construct was verified by DNA
sequencing. In S/MD2-mEPO, the mEPO gene is flanked by the CMV promoter, §-globin

intron and the B-globin poly(A) sequence. The 579 base pair mEpo coding region was
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5 EXAMPLE 12. RECOMBINANT AAV VECTOR: RAAV-CMV-LACZ
TherAAV-CMV-lacZ vector, pdx-31-lacZ, was described previously (McCown et al.,

Brain Res. (1996) 713:99-107), Figure 13.

3 EXAMPLE 13. CONTROLS FOR EPO EXPRESSION IN IMMUNOCOMPETENT MICE
' Recombinant AAV vectors were packaged into virions as described in Example 4.
10 Hematocrit values for control animals (Figure 14A) were used for the data shown in
Example 10. The x axis represents time (in days) and the y axis is percent hematocrit. The
control groups received rAAV-MD-mEPO (Figure 12) with tetracycline administered at 4
weeks post virus injection (-4-; n = 4); or rAAV CMV-lacZ (Figure 13) (-M-; n = 3) and
no tetracycline pellet. The mice were injected and assayed as in Example 10. Plasma Epo

-~

15 expression as determined by RIA for controls is depicted in Figure 14B,

All references mentioned in the specification are herein incorporated in entirety by
reference to the same extent as if each individual reference was specifically and individually
indicated to be incorporated by reference.

The invention now being described fully, it will be apparent to one of ordinary skill

20 in the art that many changes and modifications can be made thereto without departing from

the spirit or scope of the invention described in the appended claims.
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, $10%z& CLAIMS = 10S$10%@& () - S$10%&Z& () - ! 18&10%& () -! q&&10%&ZZ& ()- 10Z
10Z 10Z3: 109%Z& () - &hdE{\ = 10S$109%Z&’ () -

m 10928 () - f $1092Z&' () - @ 109Z&' ()-L' 109%& ()- S&10%& ()-h sdE{\=
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" 10%& (YecoBHANE Kihd-a¥HLedyinls (rAAV), wherein each of said different types of tAAV

carries a different foreign gene, the expression products of which interact to produce said

recombinant protein.

2. The method of claim 1, wherein a portion of said cell population comprises

polysomic, polyploid or multinucleate cells.

3. The method of claim 1, wherein said cell population comprises monocytes,

neurons, fibroblasts, retinal cells, pneumocytes, bone marrow cells, hepatocytes or muscle

cells.
4. The method of claim 3, wherein said cell population comprises a muscle cell.
5. The method of claim 3, wherein said cell population comprises a liver cell.
6.  The method of claim 1, wherein a cell is transduced with at least two types of
rAAV.

7. The method of claim 1, wherein a first rAAV contains a promoter and expression

of a second gene in a second rAAYV is controlled by said promoter.
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9.  The method of claim 1, wherein a first type of rAAV comprises a first foreign
gene encoding a gene product required for expression of a second foreign gene in a second

type of rAAV.

10. The method of claim 9, wherein a first foreign gene encodes an enzyme and

substrate of said enzyme is encoded by a second foreign gene.

11. The method of claim 9, wherein said first foreign gene encodes a cofactor.

12. The method of claim 9, wherein a first foreign gene encodes a subunit which

combines with one or more other types of rAAV to produce a biologically active molecule.

13. A mammalian cell comprising a plurality of types of recombinant adeno-

associated virus (rAAV), wherein each type carries a different expressed foreign gene.

14. The cell of claim 13, which is a monocyte, neuron, fibroblast, retinal cell,

pneumocyte, bone marrow cell, hepatocyte or muscle cell.

15. The cell of claim 13, which is a muscle cell.
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16. The cell of claim 13, which is a liver cell.

17. A method of transduction, comprising administering to a host in need of

treatment a plurality of types of recombinant adeno-associated virus (rAAV), wherein each

of said types of rAAYV carries a different expressed foreign gene.
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