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vectors have 15 fuel ed consi der ab n this systemfor gene
t herapy applications. AAV vectors have been shown to transduce a variety of
tissues including lung (Zeitlin et al., Gene Ther. 2:623631 ( 1995);

« Hal bert et al., J. Virol. 72:9795-9805 1998)), nuscl e (Kessler et al.,
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Proc. Nat'|. Aca Proc.
Nat ' I.5 Acad Sci E E@gg%%ﬁg?gg %g %ﬁgggﬁ%%ne Ther.
8: 659- 669 (1997) I'sher et ur liver

(Koeberl et al., Proc. Nat'l. Acad. Sci. USA 94: 1426 1431 (I997) Snyder et
al., Nature Gen. 16 270- (1997);, Xiao e Vi rol | 0222- 10226 (
1998)), brain (X ad”léiwaﬁ(waﬁ%’i’ﬂ gr?s'eﬁ@]’%% éor&éwt’yt% Instits oor gans.
Expressi ﬁmntd Selahd RS AR g and
pot enti al Bét era tHfice The best Ig grﬂ%terﬁﬁ@%éﬁgﬁ%ﬁ%ﬁ@e% for
AAV- basedfugeneneritmaamavc sergbn sightsemthednnention. cl otting factor |X defl ci ency
(hemophilia B). Sustained, potentially therapeutic |evels of human factor

I X (FIX) {up to 2,000 ng/m) were detected in mce for nine (9) nonths
after transduction wth angASKGROUND-OK MEEINVENTROROY et al ., Proc.
Nat'|. Acad. Sci. USA 94:5804-5809 (1997); Snyder et al., Nature Gen.

16: 270-276 (1997)). Simlar results were obtained after nuscle or portal
vein injection of : ont.al: ni R

dog nodel for henop F%ﬁ“ﬁ&gg%ﬁg‘gaﬁ %@él%?é]gﬁflw?) Qfﬂs@ da&“f‘%?géﬁ% ir%ae‘}eFl X
wer e 1subgthielsd batsiderdhlmnmréanptméysmfoy ge?tﬂ: th@/apj' hmﬂl&}aﬂag; AA W vectodplidvee
Med. 5:56-63 (1999); Snyder et al._., 64- 70 f‘nlgg'r?e% Addi ti onal
di sor der Pepshyreipdranadusy aat@n@arcgétsgueﬁ eﬂchmg w@a i(%&lgt!‘ FSheCentcthgsy2 'ﬁ?v:zﬂ ude
hemog! obigy9Rasd)sealbEeecal Phoflha.ondad ! AN
et al., Sdc??gncdesl) |al ~E€%~J Ola 7 W%B%%}%&gé@(}%%&% kél% 88- 9l
1999)), avdtladtad Szypé’SA 9déf4082-d|4@8/7 ((ISBét)g}btzoglet al.,Ftroc . Natdt Atad. BciallSASci .
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real hpat iy gfao%rmqt99v)yatvepat&a%ﬂet alf, quroeAMﬂlsAaaHesé B5i9nii406qysred to
produce sufficient quantities of AAV vectors. This is a particular problem

for in V|(‘l'%97ap‘§m{d§a€t|atbné’a%€ ﬁeaslﬁiﬂ(e%tﬁ @8PTN &iap at@l.1iditaintp:10032- 1482
d d the d t udi
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achi eve ttiiaues patiduced WBMEA\vaeemﬁH@ﬁ&)bwhg(tbbﬁ andp&tntidlly, thé¥apdinie. Med.
5:56-63 ( 1999). The reported yield fqr current, AAV product]on ranges, from
10 102 to 105 part i dedestsbaracicrized eenetig disease "(%Fh@fé%\étbase Jsen?/ffhf-'é# py is
72:2324- Q&Iu'fﬂwamn c

generagt e%itge%z—rﬁ%]& g‘% ?c‘“gs%u I d reéSIQYF gleg%oijﬁeas? tzsél %HS%&QH& 000 10 cm
ti ssue ¢ uhctrammup Ilfa)telswfcbwmah(factex%ﬁﬂlx) (a8 ZdEQIOIrrg/ml)nqu detectod| ;n e for

requi r enent p ov1 r us... nf n_or an f ion asm ds
encodi ng Y#fe 2 g\?“?‘ﬁ%? P‘é‘f‘%ﬁ‘s""%?’? ﬁé‘t\} b{) tA%8 S at t"P6duces 15
pot ent i alNgGNcHHE BANUSA199:580415809 §1990}<$n§'%tze@¥lz Wature@éﬁ 16:29D- 27M(¢99ﬂ7gg ol .

| munol . 158: 97 129 (1992); Xiao et a Yirol. 72:2224-2232 (199

Mat sushi tamalar gpults vegrp ebtamed aftst pysdaor reombssly injyetionafiapkAYiveator act i vi ty

* enablygs tcﬁwxﬂ’g Ica%ngﬁifo)‘?@ e Abg Mder1oVh AfSphil AI%uEﬁﬁ{EES during

wldtype Ion and vect or produ i‘on zcyz supr a,

. (1992) ) ciQulatimg mvhld of girane®BRX gxermmstammlyéloﬁéﬂappmmnsawlg 176 r@tmla(r}tt&zb

nol ecul e |ncI ding a,te se repeat seq t Ch e
(Muzoy 2kt Al ioea sS3y Cionds AmyidionaCNiaure e a7 (109D /%

readi ng fdi@m®ss bahg evaliASPAN @iddtsErof AAV-%Hiat‘e‘dtgt B tiRpshyaneagsi dati on Of the
genone are derived fromalternatively spliced transcripts originating from

three di demeglobgnopathies(BendahbetradpMatee BtmeC(hRé@YS?ﬂét él9r?§) Neeetdbsbajersceed as

25 Rep 78/ 68 an n|t| ated at the PS and P 19 pronvoters,
respectively. Tammm @a@ m capsid (Caﬁ/zJ proteins ( VP3) are
under the contr prom)ter (Muzcyzka, sup\mm“ﬂ\“‘mwwm

conbi nation of the t'€¥M\'hal repeats, cis-sequences proxi

pronoters, Rep proteins, adenovirus gene products, and cel% %ar fact ors are
respon5| bI e for the appropr| ate expre55| on of the AAV Rep and Cap prot e| ns
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( 1992)). Initial AAV packaging plasm ds contained sinple deletions of the
packagi ng signal (TRs) to supply the Rep and Cap proteins for AAV vector
product i owowiitdbseat 5 generating wild type virus (Sanul ski petr/@o1mosaapr a,
(1989); Muzcyzka, supra, (1992)). The AAV/ Ad packagi ng construct, for
exanpl e, el %Eﬁs C

co-t ransfieh?tsﬁggﬁﬁpr?}tqgﬁhgyn%%ﬁe ryoni c%rl?% ﬁSd%\éééﬁc]?IaF ﬁ‘%tghiam g’t Uég

Virol. 3695594384 1(4388 (I)Q98§$amd Sjstic fibrosis. (Floite eVal,droc. 6%1382&:438&&}(5‘11989)) A
derivative pack a asm d, ACG 2, was descri ‘bed whi ch converted the Rep
79/ 68 i nit%: qlénl géﬁ)%%m AUG 10 to ACG to reduce the | evel of Rep 78/68
expression (LI et ahmajdr ot¥labRlto tilreaifZifion 8fithe iR otenttaY R A pricaRi on of
the Rep 78/ 68 proteins een correlated wth decreases 1 n AAV vect or

pr oduét i cfforGeguisatsiogrodifce shificieav/quantiticnef AA¥mestotrs. ofihis resparpédsmprdbleirs

till dependent t from t v P19 P40 ters.
Co- 1 r ans RBET B BRPARTRGCGhY St GUtER) o dFe hbud P dcse Rt bR el —

resul t i rfop AGIV-Ubsadit FIKOSKpAEkioain & dof suﬂfés%dxsét&pihat Mprdkimately 10"
replication-conpetent AAV (rcAAV) presumably by reconbination bet ween t he

pl asmi ds parfdlesgkg waight isaequaned tonghigyvedherapeutic Jevels crf@wpremorséim@gzal ( 1997)
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72: sa2. S MGy PR s rebale et st U PRyRGid gre o ©
descrmbedm?\/lm c(m‘ paplicles pererafeidetedpel BMlas &l g.emesOl m: ammmzzzfr@m)m BBing
inverted orlentatlon 20 relative to the wld t V, and replaced the PS

and P40 psoBrttional ynsfectipppiogedigesiargneraerOo m%w%%waaﬁ kastrdPsandowy)
regul at or [)(Allen et al.,
supra, (1 9§% 933’3’7’&9%33%%"‘5% a},er?((?lglrr%gr% 8?3}3glgil’llgby reference). AAV
vector pr oduct| on vﬂintdddttionsthpmdnagmmy fot helperchdeasvin igfactadn @ ttansfeetial of of

vector pr duqdvmtht V/A kagj n l asm d and vvas free of rcAAV. 25
Product i Woég{gttg? ‘f?g @msgwgamye%tﬂ PIOdUGIRBARERAUSSS | nf ect i on
wi th el gﬂienaqpmwﬁmn@ﬁmc&& stdeRs QM HLERR. Phpn WhiErdBioL I»ﬂn d,fb? XYt er

sequences. Adenovirus infection is an easy and eff| clent net
suppl yi nd201{£99%] Ko ehel ik iViroé I21722¢2232 ¢1998); Matsushite eoal., Giead Téer. 6:9.38-

Ho fr V t t i d
vl T SRR T R RSB BB PHE S B WAV oBY "
I mrunor egeddiefragies Arfinghwild tyPe A ATS regRRE®EH And AR Vivagtd? estiusisnMbbdizki, he

adenovirus activities required for V vector production can be supplied by
t r ansf ectsupif, 6¥99293 ceI |s with plasnids containing the E2A, E4 and VA RNA

37053%0u5. (1008)) M EGRAY ety LBIPHRRLHBSyplen R RpitORE

PCT/ USf | Jihﬂﬁdihgateﬂnanalrlaﬁsbﬁmpm safuendd (Tmblae&chreadmimm},tzka),mupm (5992)).

(Mat sushita et.al ., 1998 i ncor ed h n rence). There
are at | elfi‘ftA-‘%\b(d‘oﬁe?i“Fg‘Bﬁ@“ suyciprakonsn rg; gﬂk red%‘i/‘l Q’i"eg’rffﬁl?hcﬁ%"l n
human gengq %H@dp@ﬂ)itlof bf ﬁ& ﬁd?ﬁ‘e 4re ABS RO a]’t@ﬁlhﬁi?elﬁyﬁkeg?raﬂfc?@fsat ed_at

titers sufficientl (? be practicable as a deliver tem This is
especi al onlgmapogtfmm thlf@r lgtmépmmqﬁ)yThQ realna@deap)rmdteats atrmdwgmtedem very

g];)plt ?gat ﬁge Ofg/qf%&\ﬁ?}%‘%}% 1m't1éteg§t !gg t r%gtﬁr}rgﬁfo%?tegyg Pec‘af' Py gi’f:’ SUBSPIR ¢ ect

in vivo dapsid €Cap)tpRoteing (VP B2, ahdilQ’PBFﬂMllmﬁdrtﬂS&&tﬂﬂ of tiRBMutbmgteyect or nmay
be in excess of 10~ particles. Second t he vector @re par ati ons nust be

essent i al(Mpzeyzka, Wrw(ﬂm)gfpé cpmbinglionof the tqTEYnal fgpeaisotis é%ﬁqemf:swwmabnt
AA Th f
V) . %o ﬂ{etﬁA'WrﬁB %If 4 eg:}) (?tleitng ra?]clg(fvn geﬂee Bhcts,RAg f:pmﬁf} ﬂ&tﬁ)@ b/ t or

several reasons erenti en€apsi datidn o
genones (res‘ponhbge far thepppopritte erpigexian off thel ARV Rep and Cappicdeihs (’Emtslchlh (et

" o ovbliea by Mon F4F b GRS 50, SRR LT Dol BRI ERP SRR Rkl e

. such conpk eMeNYiag 63319513388 (19899, M@eahﬁé}raecy ikl 65:3936C2045 (19913)531€i%er ate,

in part because of pieiotropic inhibitory functions associated with the rep

gene proabc€el 6731, 388&!9%),| Horgné¢tah, 4 Hérale§: yt84e54% (il %ESéQKm@@ einb, J.
expresse pr evel s t is
needed | ﬂ/; elgébaé @éﬂag le ]Ye“g ?%ll éfra] VBVI§%§ \grgﬁéépg%’)c \ﬁ?ﬁ? SEI%I% whi ch
produces Hikdgdh71: 843§r844ﬂf(19%1)pﬁbetrnn.tl AR YR2TTN-2787d 1988)%h is free of
potentially 20 contam nating wild type AAV virus and hel per virus. The
present invention provides nethods whiclhh do not require the addition of a
hel per virus to obtain high titers of véctor by using a vector construct
whi ch contains a single open reading frame froma single hel per adenovirus
gene. The chances of producing a potentially infective viral particle is
practlcally ellnlnated because onIy a S|ngle gene |s used fron1a helper
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an AAV cap gene operably linked to a heterol ogous pronoter, such as the
cytonegal ovirus major |E gene pronoter; a third vector encoding an

adenovi r vsOB#/ie¥8l9 gene; and a fourth vector conprising a porpsonéoest i de of
interest positioned between two AAV term nal repeat (TR) regions.

Reconbi nant AAV veci aohaysi nefléheeeatt SpaPAVRH Btk YR 281l in which

pol ynucl eoti de sequence enco varl ous co I nati ons AAV serotype cap
and rep gertsin fumtions aregprivated b)he cévinfectingdteipee vzus. efermmnal révibvs of AWWpmag cap

genes ang t \Y, serot pe.6 rep and serotype g ods are
al so pr 033 dg ‘ﬁA fop exaim Fnﬁa%ern‘& OPQ'HA)/ %%rlvf’v’m?fzﬁp‘t!aﬁgﬂaf@a%é &Bé&

reconbi ngmM¥o¥551 8. 124311764, I?dcvfsh P8 Weve TOR, INSY 19908, i Adbsb1ated Befin
.transfectlnganam’ralan host cel | susceptible’to infection by AAV with a
first Sveaeferenceymiixasiptey of Cpﬂni;enmg 'eutsmtbatswqwdn dnelpenﬁmdiwrgs fanAAAgroagh gene
operably |ink d to a hgtero % ronoter:..transd UCI% or tran%sectlng t he
mammal | aﬁmgé‘f ICHHQTHATE A0S HYS e@qrg SVHB%BT%'%‘“H" FOTSATEY BB §&"Bquence

encodi ng \@&xﬁi&vmehaﬁ%t@ftﬁ@ﬁél?bt finttiohlas dott éhtivel P LAAGREE6A, Huk ﬁrawws {hat %
transfecting the mammalian c with a third vector corrpnmga 7 WO

111 / - Lodelpepuryaigdiragtiyrenders thesel) peranissivg f@é%‘ﬁ[@h@@l%cﬂm ied i

adenovir then

ar oun undBpP o FE Susellifioh URE 24T heiomor BN RRNE BEloR AT B ini e

t r angducedseice gf helpéradiue doinfeondr ﬁlthecdellk &eQmﬂlvﬁt}fl@enfsljthﬂm lacltelr dle .
sequences encodi ng an. AAV rep gene, an AAV cap gene, and a pol ynucl eoti de
sequence %H%W%%%H§H%WW§YE‘&or~ gene. It is particularly preferred
that the mammal i an feQt tnifbd% j enovi rus
type 5 Edor - gene. ‘RUePERAAY BRSLERLER BRI R P la AAES

t r ansf ectvixds ar theseamsisual ednditiohs, wexe gersratlynipfectsomef llp elithmisVao thedebsemguence

amal | 2t aepe B rehER i ot BA phaniSicac R 316y Givute Chenof

sequgpce [eiheQiieNd aksu gg\mﬁééfe& Wi dhelRP vreNSucRRE adéhodiNG, PRt rasPARNe.
But, conbinations of 2 and AAV type 6 cap and rep genes can al so

be used. geame oan lpm@scpwdtaed mré@atpd taayieldre st of infectinus prageny Ady @ pagislesal
met hods f f e Tl THE
DRe ns 11 3 S8 atdeafith SCRATE R e i o Pleile BRCRRY ToW 2 D 1 e
are the iulétat:tzdcmtefonpﬂnaedﬂudnggme iffte® cel AAdT ﬁsepﬁxca,aspﬁthbaﬁﬁ,gewetappe 2
packagi ng plasm ds ACG 2, MIrepl CWcap, MIrep, and CWcap; . AAV type 2
vect or pI asmi d ARAPAV Aasa vary lﬁﬁ%dn}éﬂﬁ yalqge WB@“@“E&@V‘P@S éReﬁFeé%PéWepl asmd,
CM/E r i ons:

U £p4EAg8tarldiah kel ANREAIPRh U lichithilh, SkhRor ORISR 00
( or f}; cqopov@eﬁ\thatwmapﬁrqmam tcelpnrﬁs préstnR, AAE!’ells alsorelativaly nbigaltoustindims e

o oot er Senoo iR TN ASPHRD o RIGeN ppsgi i B AL et Ehdieskal AVRG. 40

sequence;sp&idé, Rous sarcone virus sequence; AP, human placental alkaline
phosphat ase cDNA; E4orf6, adenovirus type 5 earI y 25 region 4 orf 6; LTR
retroviral |ong terWas notassasiatedviiyary knayaprauseofdisensp aNpsisAY aray
vect ( \a ng
r oL o o A A YR R SR PRANTHEPR ENRAR e

i ndi cat edelld memmngVs n¢t$aﬁskxi§rﬁﬁmdalﬁwmmhﬁ§wmdﬁpmemes oel uded in the
transfections. The transduci rlg titer get ermned b exposure of 1B3
cells 30 mypaalpgisal diptagiestics bftha st esllso T BSePrORETItRO A Y A BFOrBRERDYi I s

infectiong, lpetehﬁwuéayut Hudiad 'g@ﬂe fh‘éfap?lvgébn‘ BR RIS BE AR OtRG Wrk] §yl§1e§)’nsd ays
after infectio Means (bars) ~ standard devi ations and i ndividual val ues
(solid ciprafosed foatles applisatiorg such/B retrd Vi8R akk@idi lwdics, letpdsyira@sforgur e 3
) depig s ARAP4 vect or hols oduction using the separate Mirep and CW cap

pack g. né’ofSYlgésﬁ? &geﬁ“ﬁ PHE B sence or absence of infection with adenovirus

. or CWE4or f 6 transfggvivestorsinéluling he@ENdESuS palyRlisikotidegaéncadBankeld ydhe | UNY
sections fromanimals which 5 received nasal aspirates of the

Rep2Cap2VetY derminal étmtSéﬁBsr@M@aagm%m@ Videnpwhemintroduced ntognpropsiaten
|
A e L T e e S

hat ched rl:md;ingngé &8, andrbyrmkinédctian mithytheport-reddtedihel perl ddendvitis (Samwlyki et al.,
rectangl es), smooth nuscle cells underlying the epithelium (SMe - i ght
hat ched rectangl es) and vascul ar snooth_ nmuscle cells 10 (SM/ - white
rectangl es) were quantified. The hi stog?am; show t he nunber of AP+ cells
for each vector pseudotype per cnez for each cell type. Figure S depicts a
hi st ol ogi cal analysis of |lung sections from ani mals which received nasal
aspl rat es of the AAV vect ors carrl ed out one- rmnth post aspl rat| on. The
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20 | east one open reading frane that is capable of encoding a particul ar
protein after being transcribed and translated. A "transci ptional

regul at oryoseqeence” or "TRS' is used herein to refer to &Cgasond2s egi on
that controls the transcription of a gene or coding sequence to which it is
operably J iyploe 338083808 (IS99 MbLzdyREUCHY OTop. BEBIA SRnitinoll 988i97-{d9e present
invention 25 generall'y include at | east one transcriptional pronoter and
may al so (1882)kde one or nore enhancers and/or term nators of transcription.

o oo Sonmonent s IHREAGaPiokaERa MasTidh confataed bl EleuSns E0E Bhckeetisshi
per i 1 ngerdaerRRd)Go Sufy HRRdorind CRAQHSIERS AN AT SHor pRidubdh Athout

.illustration, a transcriptional atory 30 sequence or a pronoter is

oper abl y generatiug wilddypsodirusd Semulskingt al.i fuprh €198 Muzgyzbarsupra, prasan: dde

transcripti f _the. codi uen n rabl,y Iinked T i engr al
»joined i %é%‘“&i’?ﬁi‘aﬁ’.@ °§Bsgﬁﬁs%§fee§ﬁ§ﬁ’l%, a%ﬁ eﬁivﬁg?lg uﬁ%({]torggggggeaﬁl y eafolx ect I>/y
adj acent diéeks B c6etinsfactidtivfingnanlénbrydifik kidhéP 39D cds[Geiilahil ét(al ( J- Hi28.
"Reconbinant” refers to a genetic entity distinct fromthat generally found
i n nat ur S0:X7ARR7V b Samslski gl y dureodt %&220?8?@4&869)%-%&6%&%@ Ragkaginde

pol ynucl ida, g I %%&ﬁm RS t i i ons
of nol ec&ﬁ%érngrﬁr’a%legu ’%%?ﬁg&ﬁ’%gm‘f}ﬁgﬂ’g ut n%’?{%ﬁnbngtgggmtgg, 8 (g)rrlli ng, AG
restrioct itoAGHdé redute thatévehoSRePE/68 expredstvar(Lpetat.edulies. Bl :6236-524%ult in a

construct is distinct fromt ol ynucl eotide found, i n, nature..
"Het er ol d&%@- SFXPEREFPY 8 mﬁﬂ%fm@?(@eq%iﬂyﬁihéa PP carelatat v AFTESS ifom ¢ hat
of the re&AWecfo??rcﬂ'ﬂEﬁélﬂ Expréfionbfithe AAVCRARAL EdmeS fRonfheddPI8smids is still

pol ynucl eoti de i ntroduced by genetic engineering techniques into a
di f f er entdepesident ygom transeriptiondrash thgohd VI, Phcind P peomataesn t hat

pol ynucl eotide is essed., t ucl i.de can encaqde,a heterql ogous
10 ol ypent i do. Si T uRRgection RAAYATHGERY Efiof PRaRRERES bibn FoRb
nati Vg CqeéuddinSaaifagecoitdniaredmér veclor Bloeks with eeplicationr @mpetadiAgy sequence
is a heterologous TRS or pronpter. "Sequence overlap" between two

pol ynuc| derA4 ¥} prsswmatdy ki secombination betyaen dhe plasmids duringsisanstestion (Allen et

subst anti gl Ly,.i deat.i.ead e hi g i i <€ I f
Ui of et Tt LS GERBOAT Sult b b Ak Gt Do SERIISRS Il
15 i dent iet yl. anWied rMesi70+ 80 ¢l $98%)0 Lem s Vopackeging blasmid las prevdoesdp Beand t h

i ncreasin Iengt .af thﬁgfeq ences and with their |evel of shared identity.
The | eveldegtrineg &vich split fheeAdfvyrep aad cap eensodlarinethemgn ga inveyied eiFRiatiohe

det engi nedialidery B Wikl Ye ARY, AR Fdplidted 1RSI TRIO RbiYterARith thethode i n the
art. For exanple, reconbination can be substantially reduced or elim nated
i f the twwetalbathioneinsand cytovtegalouires EAN V3 ragulatity séquencdserespechifelyase pairs

(bp) that,} ally.2 reater than . 8%l ity,(sunme ver its
Fongt ) QeS80 e i LR Ll B R PO R0 Sl HOORRRSY y, or
any str etiefeinby adfelefed! AXOV R¥ctbhprodi@iontwitteiis! paoldgingisiaérhidywastdongjayabld r et ch
of at least about 100 by that, is at |east 40% identity; preferably the

| evel s oftoileysifiafvgetar prodycad withsthe Ah ¥iAd paskgeing plasmihgndwas fres ot tRAAM - at ed
| evehs) , f . Al le .
b 50 23 ns SO o WY ety OLT A CPRD st RO B OGRS, 27 0

used her dielper edenosiroodespite thersbbstamtionpdfabaP §lamwd P40 promotdratquenogs | ses a

pol ynucl eotide to bg,delivered.into a host |l, either. in vitro. of {in
Vive. The pol ynucl dENnGERR I3 ApcieSand hientBehod for Prblvirg e hefbt
"target pRlivities h&esdafieior WAV WEADSEIRAECtionC MbvRER FdrtévaR of &b irseGsignce of
interest in, for exanple, gene therapy, and/or a selectable or detectable

mar ker . 30AX veelgpbtoekmis labetienssandcan rpsyiltyin the eontaminatiopraiviestonstoeks with gi n of

"repligatig i ] far repli i I | @0t | L0 an

appr a1 drsenl3lf afindhéRlvE bR Bhosli QRecelif P Both FOYR e T ¢ e
. 1o, epi sadesoviiusattivdtierephitaintod 3 Aandedtdreprbductipn casbs@lppliad b raastos DR,
i.e., the nuclear or m.tochondrial chraonmosones. WO 111/9829
PCT! UsL1 D52 1o¢Hs with PlasERASSomHEIEE Hie re Tk and Y7o RN h 8FRSSiRGRD St o7 52204
neans th I i ghe .GRLOAT i oy
fonds to Ba oA MR el 8 R e T o e h gl feabited
pl asm ds can sonetimes be mai ntained for many generations in a host cell,
genetic material carried episomally is generally nore susceptible Sto |oss
t han chronosomal | y-integrated nmaterial. ,However, maintenance of a
pol ynucl eoti de can often be effected by i ncorporating a sel ectabl e marker
into or adjacent to a polynucl eotide, and then maintaining cells carrying
t he pol ynucl eoti de under selective pressure. In sone cases, sequences
cannot be effectively maintained stably unless they 10 becone integrated



in the assenbly and encapsidation of a viral vector, particularly an AAV
vector. Thus, when a suitable vector is introduced into a packagi ng cell
under appwoniigg2e conditions it can be assenbled into a viecalupandize! e.
Functions associated with packaging of viral vectors, particularly AAV, are
descri bedndgh@ifsbiRAGL Al thiB€ tradscripeiMurdts (R Qshita/ @Gl Ofid)l o, 4 I5H) EBicbripBrabl
assenbly and encapsi dation of a reconbi nant AAV vector conprising a

pol ynuc!| detdinby oéferenc®dr est fl anked by AAV 2 term nal repeat sequences. AAV

6 vector {vector6) .denotes.the . assenbl nd_encapsi ion of a recomnbi nant
AAV vector conpri siny a*5ét @Fﬁg}éw&ﬁ‘&aé’yeﬁaﬁq‘ﬁ Seoﬁgg%( A%G%Xﬁ‘gﬂr ({ﬁ?lgﬂﬁ@? use
term nal ih@aMah gsRIMer pes Fird3the t\hSAubink Velfo? hustHd féneraleld dtltitdrk shificlenfpV

-"rep' _and "cap" genes_are genes encodi ng_ replication and encapsi dation
pr ot ePns hightoderpcticable as adeliwgsy syrieaFhisdnespepiglle impertant f5ggne thegapy AAV

serotype 1 dat r b g%gj . ] ences
‘cited. I%tr%é?%ggg%&%&\}?’ ‘?vﬁe&pg%&gg cag{dé'eggrs ar ]‘géﬁgﬁgp?}ﬁ?gﬁ{]@%j acent
t o each alekieablé applications A Q¥ vectors( such.as tieltmentiofeysto fibtosid bytdiget inativas

adj oi ning, or over !l appi ng transcriptional uynits), and they are nepal |
Cohser vodeHHE 4o e iaiae N ERH AR5 S apoting (s daeycheah AR BEAS or dual |y
and col | ty&l r iy i - aftl oA AWV
packagi n gﬁ%s)selEﬁ%ﬁ%J?ﬂééﬁ%ﬂ?ﬁ e \6rn ggﬁ}égﬂéeibg%lﬁ%nﬁgﬁief iwggl'dcg% gene‘g,ru fare
describbedobaiyaeplichyipneahipgtent AAY)ndhbetlainmentof pgletiterstofi AW ¥ vectors hdsdeerp
and cap tgragnsgription units.are.provi.ded. as twa .10 separate plasm ds

ol at 1 ve R e A RS AR Pt ial SpsaB oot yPe BV Bpdomes

pl asmi ds (FREY /8 present iR geidatell B§ rédenibinagionRbnd (iR Aigicarty kxpgsmﬁqtfag QiFcRnE t o
initiate transcription of the operably associated polynucleotide. Wthin
one enbodomplamenting fundtiens suoh@a thosaproyidedpyshe wildvwy s reapnd earegensse Useldll t o
package g | AA L Vi TRs hve r the AAV 15
D cer of yRe PR KSR E- LK AP Al b SRV ST o v
cap gsne gahérates BbdrobaRagdead pletotfopicinhibitent fuAdibnsasioelateionitithei g gy TRS
derived fromthe AAV 2 ser o_tc}ﬂ(pe virus. An "AAV split-packagi ng gene" refers
to a recdiedustintThysrrslls i whichdheicer gspe ivdntseraied 4ud crBigsIed tenddodrow slowly

i ncludin i or AAV Cap proteins, 20 wherein the

spli t-pa%ﬁéﬁ%ﬁ%@%&%@s} elg}r%ﬂ{éepar ated fromone or nore AAV packagi ng
genes to which it iWhatos meddeq il thalaetds a highheeffiskngAAdhecctdbpaadiicen system

lit- i i ncl AAV.spl it - AAV spl it - 7
and AaU SEnF BRARE el et ARy REgRomeht (Rl pplsPlete her oi n
by 1 eber eBf@minatih@ Wikl iype RRCOK 3FLOEhdIRIGr vitis SERSPreséi@ hvefti®Peodfdey | i nked
to a heterol ogous pronoter. 25 An AAV "split-cap" gene refers to a

r ecombi narethedsnrhiel do aptigqeirethe additipe ofabelperyvipisde ebtain hightiters efevestar by
separate r - i f 16 . . | oo r 8. The
ol 11 - cansiyeaesR SRRt} bicOHERSS Suble SRnRNIAERaRE RS 4 ool HEBRE] 1S
pr onot er .addisvins lgend. yTie: ohAhcas@f paeneing apoaintislly imbeduive virhigsartiele) isptacticallp 15
and p 19, which drive the exp{essi on of the "large Rep: proteins (Rep78 and
Rep68) arfiimiratedproauszanly paipelegent i ysed belawdlwgg&zrdyeom@gﬁgc%Vm y. The
Wi | dobY P& eftoVerlAPsidititsh, OPRGHs BBhe pRisEAfhRintioR 280 PG meihbiSfor hithly
expression of the AAV Cap proteins (VPl, VP2, an(g VP3). AAV cap genes can
al so be ecffficienteccomtonan dvA Vivaetor praduationsgvcti Al this andsether relatedaweds inglie i n
WD95/ 20671 (i ncorporated herein by reference). The Cap proteins can be
encoded ‘a split-cap gene which, unlike the situation in wld-type AAV,

is not located 14 WO 111 /9829 PCT/U S(11 /(11129 next to a gene which
encodes the large Rep proteins. Rather, an AAV "rep78" gene (a gene which
~encodes the large Rep prot eiSHMMARY QInTHRIDAEENTION ovi ded separately, in
a di fhferent |l ocation. The split-cap genes can be physically separated from
Rep78-specific sequences by being present on different replicons or

. vectors, or, if precgerpgresent iavaitioglpeovidgsla rmanmatiay e€ll whichloyn psokage separ at ed
from Rep78-specific¢c sequences by jnterveni ng, nonAAV DNA. A split-ca ne
can be op pant pﬁ%@da%;%mgei &‘%‘r Q‘%ggﬁ?tﬂﬂghﬁgﬁc‘fﬂ?cyéf’ Pr O@C%L@M’ﬁg"ﬁ %gt her
than the (AW HRdht LAVRESDr p#hEIE) TIRE RUISLOSPHS: LHAPRICHOtIUS séc{h‘éﬁéqoé?{cé@liﬁg _
upstream of the split-cap coding region, either in place of or in addition
to the P40 ph¥ropaene aperablylinkesjog hetpsplogous mometen agnlyhucleatidelessiuengs | ar ge
Rep proteins Rep78 10 and Rep68. GCenerally, the gene will also encode the
smal|l Rep proteins Rep52 and Rep40. The5r ep78 gene can be operably |inked
to a heterol ogous pronoter, i. e., a pronoter other than the AAV PS

pronot er, which heterol ogous pronoter is incorporated upstreamof the rep78
coding region, either in place of, or, in addition to the PS pronoter. An
AAV "rep52" gene can separately encode just the small Rep proteins Rep 15

— o o L g e - = S - o o o - o



15 sequences of the reconbi nant AAV (rAAV) vector results in packagi ng of
t he pol ynucl eotide of interest into an infectious rAAV particle which can
be used twodeldszer the gene of interest to a desired host PCEIUSH1/@W29
providing only a single gene from adenovirus required to "hel p" AAV vector
product i QRcddifg hie AN ré}AFine APYraBlyARLEE &b Mpromdi@Y and Dol AYESIdRYeRhcOf 20
potential l'y infhunogeni ¢ contam nating adenovirus proteins. Further, the

r econbi nancoding/ay e&r@mm Béa/pgangu déhenihese packaging eedls arerfranafeetedwiitiha

potentially i.nfectious adenoviru | bm.nating the need for furthe

Dot carFemEityeRar s £ ROt dE of erk! GoRohed Frvbdt SHAAVLLi dea
enabl es trkyenifdliregdat figidis @dd Gidubite® iindePLOhdifi R oRTIGIVS ol fBplicatibg afd  hi gh
-titer and are free of any contam nating w | d-type AAV, 25 Although the

pri ncSpl @sckasingsa repostupant A\ Nestorcomprisingdbe pelanedeaiids ofinterest is pagkiaged
serotype . ARY bﬁ'ﬁy f~ gene froma single adenovirus type,
it is exﬁg{?t ed (ﬂlua ?tﬁ%égqggﬁgpgr%?fﬁbi ples will be applicable to other AAV
serotypes and aden@romutrswhichypebe spepatdy lihkédstokhO WA ket geinb énchade), butsare

serotypes of eag¢h virus are closely related, respectively. 30 The parental
cell 1ind§t LF’&?&\‘M\P&’P'B&@RB@}FW@Y@ OF?tegr‘?é’%b@ﬁéﬁﬁé’ﬁp &chif %éaﬁgf’éi ned from
any cell gl td SRERL t i i J i q@g,@le
to cul turﬂg{e?ﬁoé/ﬁﬂ? 5&.)@%‘%{"7 has %ﬁ%ﬁgaﬂl%ﬁéd}gﬁg}% ﬂgﬁbgnﬂlggerweygﬁﬂ? 1s%tlergl}t e rom
a variet yrahoteanopexhblahinked to thy AdeV rdprenidwgerablyslinkied o theuh N, capigdnesomarbe

S i e e S 0 RETSC ST B8 ereilPas Sfomote! Siigstly fnkeBls B AP 0s 16 o
packagi ngeGeddchol€ alorder ﬂgfré%ﬂtﬂd' o6l the thinkfedie of hnddubid @dmhfaliaigdlp ( ATCC

CL-2), A549 (ATCC CCL-185), 293 (ATCC CRL-1573), KB {ATCC CCL-17), Detroit
(var i ous sbeuld large amgunts 9AReR protein be producestt dheamgtalioghionginddroyoRgis(aATCC

Col 1 ect ] SReterrB Bl ABRoRE BRMLOTInG it R ASRGhGaR) O hotee
constlsucting the pakicaghWgapelehe ain HehrovidedbepuirablyViakéd o, hetdrelogeusent al

cells are transfected_or transforned with a vectqr conprising, )
pol ynuc| SERMeiEs {14 eoReaisd dRiBrocHE B Y Ragkp 1 ﬁgmfdrrssemww iqngjo provide
pr onot er. r (A t
B ongl v R P R P P e e B A P ot er
10 are pipeftentacky, thed2MYemgjonHt gengtpremotex ps prefared. of , in particular, the rep
gene can have a neqative..inpact .on the host cell. A.large variety of

Pduct bl'e pr omot er SAPIAHLR<PRnE RUSHAS profapt vetiom sommypned *

i 11 ushr ateh@Hind) RAWY rdpaindl A A Vtap il bidePlosproviadRipBtstion arfd- encapaidatib® EllicaiBRd n
pronoters; steroid hornone inducible pronoters, i.e., the MMIV pronoter or
growt h hdemaspempinapipdVsvectond The senss sansbespremidad op mssante niasmid opBarylee whi ch
are acti I e . . Of | [ i .C of

francori S led 0 AY BHEPRSEIY eedes. T oRAICHIRY pP ekl [ BbRBEE | oy o 1y,

f or exanpobmnualbtidedequerre iencddingg the USVIeep geme viperbliy lidket hea pen@enandtthe

decrease the efficiency of transcription of the rep,gene, of the coding
regi on cé’ﬁpytﬁ'é‘dﬁﬁ & 1°G06nCE CRERARITHE HeA V. P epféﬂ@y ligkéd fo-msterplogaus progroter
mut abkon ,0f.d.hfe cadeR. for the initiating methionine can be nutated from ATG

to ACG to encode threonine. 20 In the nethods of the present invention, the
packagi ng cel | al sdligh lavelsrdfrenombinant AnVavestaaiae de praduced bemaomalianpr i si ng
a pol ynucl eoti de se nce encodi ng an AAV cap,gene operaply linked to a

et or o1 odatioepnls d Mo presgRanEH G SuRisr AhE 7ot etERR Y dasrbfiom e aav
rep and GoRVgenepHeallR aPpaicuries ﬂéfeﬁéhsexﬁwm:nmgmr réRatinvedtidnpredney at e
pronoter and separated by non- AAV DNA sequence, designated herein as a

. spl i t - geneammaliAncells gomprgng 2 prbynucledtidesgapepce erpedimerAAVHEPRAXeR Al AAY t he
pro er L not er
S0 SRRkl B GpL 2B ARV G50 GRS, AnErLELRl ARl PP
. i's pref entsedetdf@diffaremt JAVtppasy foo pramyfie yA AVrtkpa?2 tap aikAAAMypeap reene ARV a

highly efficient pr ter, which,can, be, but does not necessarily need to
be, induém?lgé?a m&ﬁ%zf‘é”cﬁﬂ%ﬁﬁgﬁﬁ AAV vector is produced at a

conpar abl e | evel Usﬂh@gnéxﬁﬁaﬁﬁiﬁck@gt?ﬁ%@é)ls%ﬂﬁ prORRaE invehtioN 18 confri@la’ Vi rus,
a 20-fold increase in reconbi nant AAV vector production can be obtai ned

usi ng t wpolysvelepddesssguense @ngodemg@ra@nwgmtféongpgeg@n@@rmowﬁ@s thaph¢gjperé and
their respective operably |inked heterol ogous pronoters. 18 WOl 1
/9829 PCT/ US111/110. 429 The net hods of ghe present invention also conprise
transfection of the parental cell wth a vector conprising a polynucl eotide
sequence whi ch encodes an adenovirus early gene 4 open reading frane 6
(Ed4orJ~) operably linked to a heterol ogous pronoter. In a particular

enbodi mrent of the present invention the E4or~ of adenovirus type 5 is used

o o o - T




WO (I'1 /9829 PCT/US(I11/(1(1~29 pUC 18. The MIrep and CW cap plasm ds were
internmediates in the construction of MIrepl CWcap and contain the identical
gene sequeooesys2The CWcapb plasm d was constructed by di gestusngotstre CWceap
plasmd wth Nhel and Bglll to |iberate the AAV2 capsid encoding fragrrent
and the VBELQH mc&RRhab Bhdkded FR8ABMant RAASHthrATERTEREN &gl al-. J.
Virol. 7\]/.fﬁ{'}30551 3%9 %?99@?; 5%1 'S |ncorporcatre sl[r%erel nglﬁi% re erel%!:e |n its
entiret y)pavwaée.d]ngﬁem@lwdmboﬁlmdrﬁ@f tte presghtingertiva, ﬂlreqnglmucleotndﬁ siqnemg t he
AAV6 cap sequences. The Nhel vect 0 injn .fr ment was |i.gated
o the. BT AR A0FaNITGE VPG S tbalbe B et b Afpneyn H G ating hime
gener at ecgégﬁeggﬁ,ﬁgmt,éugegatl on of AAV6 rep 10 sequences from pRepCap

-(Rutledge et al., supra ( 1998)} using prinmers 5 GAAGATCTGC
CATGOSGGGGTTTTACGAG & pressEQnyentiqe further profiesrmetbodsafonthg mocagnpn ofi nker

- cont ai mede @i A Derd sameile e ahe! st ikt raiimaie S gl i

Bgl I | andahlpatkage agesoaibiiant A AV agn@nintoCortanbinag AAV vdl/partieR. at h@hPl asm d
MIrep was di gested vvrth Bgl.ll and Nhel to isolate the vector containing
f r agment .cffigigngygthejcell cRMETISIPER PRI Bt &7gqunicg spadingan AV cap gene

vector-c I R n

o1 acent i CPEE ke G REtoId o086 BTG, PG RLeoHIE sl (ARt BhdoTideh IATEY

r egullat orrgp gemepecably Hnkbdftolalpooveateh and hgoBvidCled@idemsiyade apdodingan si gnal

fl anked by AAV 2 4Rf§ g E‘g)es i serted intp the Xbal sites of fSu@ZOié}
ARAP4 pl é‘é‘ﬁ‘i“ﬁ“Wﬁ? B8 & “Fﬂ Yoing atgepmpiantayector campsing g 8opyaugisaty

ARAP4( 6) dme&arﬁisrtrb%@gemeﬁ o) RWV‘ﬁ:nhhﬁl ﬁ?@z&ﬁﬁ?ﬁg:&@%ﬂt (rc)%uréﬁbar&% 'Hiet he

RSV pronoter/enhancer, human placental alkaline p osphat ase cDNA an
SV40 pol ;caklemsh’craondrmoeeepndncles tsepcajiontand packagim@aibdhesiecomEinaBi AAVhe DNA

f d APSN (Rut| ed 998
br 01 ous oRT b BBy PP o AAT et Bt atquttiod! 4 an KRVt ecsl on
cassest e padkagiiieieN g parficulbd dmbsdinRhethé ANV AGLIndaRE ANSDLGE pétes e AAV 2

TR sequences with the TR sequences of AAV 6. AAV Vector Production. ARAP4
vect or sthsevidedies sepyatssieaiorgonsiueiSevi ousl y described with the foll ovm ng

rodi Fi cat | ons (KOeBeRly bodintBs R RBITAREmpH A 3a A An R0

i ncor por at ed herei eren are es were gener at ed
from tr anpatlkag eell @a3faedd or tﬁﬁsﬁoﬂné*cﬂwlubrarfastasfebmr cbmpnﬁﬁgatpblymuﬂyoﬁ’da:ycl es of

freezel/t haw and cetrlf |onto t cell debris. The vector .
pr epar at iSBHHEREE SR wga@v?/g%’erap s;nec U@‘éﬁdﬁaﬁ PIOROIEY ﬁuvio%@aems@e and

res UQQe”%‘i‘é{aﬂ(ﬂhBhElﬂq gr&m&@rl Htsb&ﬂld vEbRr E(‘Srﬁﬁlﬁlﬁgﬁ E&gg&?re(ﬁﬁ'elsé dedct Bfcodin ing

| ar ge-scal e producti vector were harvested In 10A)of the 2
111/ . 19828 A%EY/cg8lgeny qneldblﬂﬂgkﬁsi}btarheéerﬁbemmramdtepuuch asetiie loyto@ghloyirusli ent

| t t t
ol 1 ow 1 " kS brfeh SYhBL B GROGPE S allyb VRS EFAREEN) 814 2898, 7,
(1999), ivector perhpitising hpﬁl@hﬁblh}tldéeyff&iten&ﬁq)osmﬁmetweﬂi tWo AN rehival dptaton.
ARAP4 vector titers were determ ned by counting AP positive foci after

tr ansduct(}FBh regionspRegompinantaey Voetog herraquse refﬁc];&n ly|packaged yping|
69: 1443- r?yZ’ruSljegt?@ seﬁhé(]fcg R@ﬂ%&%ﬁ@bﬂb%n s dtTAS %émtyl\ég%g Vec{;}o g&k?

nunbers eterm outthern bl ot analysis pur

genones fmcdudlﬂg\lbeérthc M\ésbrqntape 2 ebmeand NAM serotppe 2 cap gmes enditheexd¥d i n

Ri nger's soI ut| dY ested with 10 U of DNase (Stratagene) for 15 mn
at 37 C aRQt 5(9‘? W&“ g%fP%’sé%ygﬁm ei nase K 10 (100 pg/m) digestion

of the virions in %&hb&@‘&@ﬁlsé%%vﬂé‘a foi?roﬂ%:ifg b nafithalian cell WHIMA EHTA) for 1

hour at 50 C, followed by phenol/chl orof ormextraction, ethanol
preci pi t@@?@ﬂeaﬁﬁc%@bm@téﬁv ypetor aidiigh efficicaey exmmising: Repsdugingiore f or m

af 1 o OF r SDEF Pk Bl hof BN e BE RPBreiay sAPhIRY el Phoe™ ©

. above. Rep}npmamg@rpommp&bﬁdﬁ sefddhce ent@lingiai AalV adp gmebpéraslwdnﬁ:edws 15

eval uat ed by repI i cati on center assay f(Koeb ri et upr.a, 1997)) .
ARAPA Ve dEBTOIEPYS\RIPRIOLEE URHRANCINg QT iERpS CGES“%SF G’a(TB’B‘) ‘thCE "Wé‘r‘bseﬁﬁ’t“éi"#é‘%f from
Jackson . y nasal
2api rati coEinga R WERDIIE e Rt altls afHATPIP deRe hor el MR &

st ai ned fpoomeaflekdtansducpipowptaasfastingthp nesyndiancel “mhrvt thirdfveetor ccrmpmmag aon.

The transduction efficiency was 20 determ ned as previously descri bed

(Hal bert et al., J. Virol. 72:9795-9805,(1998), incorporated herein by
reference). Results: Transcription fromthe AAV P5, P 19, and P40 pronoters
during transfection 25 or wild type AAV infection was very lowin the
absence of adenovirus (Loughlin et al. J. Virol. 60:515-S24 (1986);
NUzcyzka Curr Top. M crobiol. Inrrunol 158: 97 129 (1992)) Upon |nf ectl on

o o o P ) A oA~ A AN F . o o o o o,



WO 111 L19829 PCTIU SI 11 /111129 A neasure of capsid formation is the
ability to protect viral genones from DNase di gestion. Crude supernatants
fromt he woG/29829 E4dorf G transfected cells descri bed abovepgmusopwais i ed as
described in the Materials and Methods. After DNase digestion, viral

genoni ¢ B¥fyneRolidOiAbElle BUbARIPIERIREYIG SRNIRNE. Pholailidhapys. A Strong
signal was 5 observed Iin sanples derived fro 2 plus adenovirus or

MTT ep/ Cviaagducedhost sell isrthers growni undst conditiong ecndudiverfor teplication and iselactias

detected fromthe A + Edor~ transfection, but ckaged,vect or was
det ect ed _Wn“%’ﬁg“%ﬁsf i’&'ﬂfﬁécg?é?’%‘@{a?’%ggkﬁ .”S%éa@y "&Fgf’ fide SRAURESES v ect or
prepar at ieabsdise i AAe Feplifend tant AR Verap @eflé, lin@ Aoyt lebtidmsel idce eh€&Eng an

- DNase-resi stant virions were capable of transducing IB3 cells (Fi ? E‘Qn
TheseSr egdenayirug Ederfb gene: dt i nafiqulaplypreteped that theqagmmaliayeslidhestransiect

the Eaor THULE Jeirenbhang by AEecBEiEGhe § RaolB el FUBRY (PR A PINE" " °
reduce omshinafidinéetl Belttangfeored af tramsdoéed wtH\Vedors icomptisiagd golydncledliden et

al ., supra ( 1997)). However, the juxtapositiqn of the MI and CW
regul at os§AuSaERIeHOdngan AfrY dprechAro-gsne 804 an AAN P2 e 88nIothat B8si on and

vector yigel g, L 0% : : 1 ds
were substitur ll%l %eglfﬁet rg%f cg]:c}%iE ir? the %ré@%ﬂ%ﬁﬁiﬁﬁg&@%@gﬁ%@? it

pr epdfat ianAACaypeathedpegene end ari AAGgipe &roopigese. aButt bembifhateomsaifi h AWKz

plasm ds resulted in the highest vecto ielg,pq]Vect r production.in the

br esence B A FRA & ¢ HF BR B o Bre B8 Ui da ST RRP R R OGP REIAP 471 at | ve
to that @l&ﬁfp\s%owamymaﬁa&mmpt@ﬁsfé&ﬁgaﬂe RafkRlan el asni ds (Figs. 2
and 3). A dramatic inCrease in vector production ( greater than 20-fol d)
was observed when conpared to the single Mrepl CWcap construct when
supplied with the E4dor~ Bal i i it h adenovirus (Figs.
2 and 3). These data ar e&gﬁi E§gﬁﬁ’mql:htﬁ%%m#ss t hat capsid
expression fromthe CW pronoter is limted upon transfection of a

MIr epl CMWcap vector_construct. 25 To determ ne whether the hel per-free AAV
vector prepar at i ondigire { Kepistsaagnstof ivasius plasmideused herein. uPepigted jargtheal

activity:i i : r ratd ; ; -
B ef 1y B Dasihia SOE R ERT Phe D psIbo BRG] PRSI BIARANERCS: i o1
5 pg each, MTrepENINcap MDivpca, CHN&RY;, A ANVCty b/R/Edcior-plpsnsir RAPHyamsighei um

Cent i1 ugdrieires eeeorth eressiohplasimi Ul E e, AroySindféars Tapserivtions))
I ncoppor 3eckifRe AbBreRiatibRy: GRS ACEY typ@aetﬁahﬂnanre{amqre};pmwpmb%paﬁt ely 104

DNase resistant particles per cell with a particle to infectivity ratio of

about 10@¢ading ftame (ordi eap, DAY &rnsriecapsidrirf; 1 R adensivirys Bominab i 07 basgtpairs;

anal ysi s _and adenowvi J:us-.f r e . C - r.get

ol 15 | PR po Srendfr TP Bl Ein b e P praRels T b 0% o)
hi gher t meislibhibe@zenebaguevees;i SV4BSintigh bitud 40 seddenceYREV]IRbud sat&IROvirksT/ US11
I I1ill~ 29 AAV 2 vectors. This v_ectgr stock was free of replication

conpet ensequgnee; AP, human plasenjalalkaline phosphatasoeINAr-Bfonf§, adgnovirustyRsd edht er
assayz (K .glr : I mf\q.‘ﬂ i USA 94:1426- 1431 (1997)). Mce
wer eigi vgg‘#ﬁ%E O%Pqﬁqglgur%g%rr%% t% ely ?%Pzeggenorre- containing 5 particles) by
nasal aspiration arfigwe depictsta dompariserhef AANVuvegtor (WARA PA) prognetibif using\fthe

expressi g d ri Haibert et al.. . J.. Virol. 72:9795-9805 (]998),
heor por G2 @R el iR AR bposfe tieshids e BrebisR A7 BREDREOAP. ot A ni ng
of al veolagéndiAtub $nfétfbny ABKd#E aldiuEAOtHR AR )ifis BAbHE ah@ CMV YD plsrhidetedd
animals. There was al so an increase in AP-staining of the airway epithelium

such t hatinalgdedon pigniramsfestions. dihevrpsdugineditpowns dejerming toy eposrs oy 1B eellsg
dose,Qf [Pyee-N8 [ 0 i St - { @i, ng was 5
% i n3§o ng@g{r?a’fmgggﬁ %fggé?gsggcélm T*Esagﬁ"f“%gﬁf g%egﬁt}?lﬁsl-\g%gérr"%ltlﬁg@do%r al |
_effici encs;ai:;:iﬁg foralicalive phesphatase deeivity 8 \days afp:drtinhfecttiam?lvlmwbdrk)lﬂ: stamdard
approximately 2 %, These transduction rates, nonethel ess, represent a

si gni fi ggﬁi"a ipRs anddpdixidupl ‘Eqi\l‘éfézs ‘lﬁ‘tcéric}?éharﬁtsgﬂ’/‘i"’busl y with lower titer vector
preparations (Hal bert et al., supra ( 1998)), and show that 15 the AAV
vector preparations of the present invention made with Mirep, CWcap, and
Edorf~ plasm ds were fully active in vivo. Production of AAV6 pseudotyped
reconmbi nant AAV vectors was achi eved by cal ci um phosphate transfection of
293 cells with the AAV2 vector ARAP4, the CWE4orf6 plasm d and either
MIrep and CM/cap6 plasm ds or MIrep6 and CWcap6 20 pl asm ds. AAV6

pseudot yped reconbi nant vectors produced fromcells transfected with AAV2
vect or ARAP4, the CWE4orf~ plasm d, Mrep and CWcap6 plasm ds are terned
Rep2Cap6Vector2 vectors. The AAV6 pseudotyped reconbi nant vectors produced

o Y M. AN AN 1N o v ATPr<ADrs A N A A _  r =



27 WO 111 /.t982 J PCT/U S111 /011-129 free AAV vector production with
Mrep + CWcap + E4orJ6 was approxi mately 20-fold higher than the yield
denonst r avedienei n with the ACG 2 plus adenovirus and at pCeasbi/éiiol d

hi gher than the corrected hel per-free ACG2 yield reported in the
literature (Table IFjjureAAMpiesARAPASRAGEpRAALICH WilgSthe s&farde MPNEPRLY used
method to quantify S5 production yields independent 'of the nature of the
vect or sdcMdivap packnping plasntidslini the prssgncs enshsencecolinfectiemwith edenovigus enoval  of
al | cont g ig}gt{)l %srriod and replicative form DNA, especially when assayed
by sl ot hybri 4]0 {8y l"pol ynmerase chain reaction assays. Southern bl ot
anal ysis of DNase tFigaka@depris Dhistoldgicabanatysis 6ff 15h¢ sedtibadfrbmtantrals Paedhaged
-single stranded genones and i nconpl etely digested plasm d andl or

repl i Sat irgeeivegmesabaapirates efifhe Rop2frapd¥etork Yrglor gad Bep2CandVectorhvegser ti cl e

yi el ds of I OX iR p%& cel f t Qo+

Y nfect i vic R SRRt S RaiG e iia 3Rp CuilRalithe AERRIREAY .,

wi t h val wbseopar eskintAdd- black feetangles) distal airéSaépitietial cetls @DA,- datknhatélede Ther .

9: 695- 706 1998); tsushita et al., e Ther. 5:938-945 1998} ; Xi ao et
al ., J. \FF‘_gtaﬂg.?e ,)zbrﬁ%éfmy(emg@é)ag Cf@égﬁgt' gy {ecm&ke%@ﬂeotﬁﬁvgﬁPlegeB%53- 2362
(1998) ; GniBmyiRg tifdl epithtlitih é@f@[@eligﬁﬁ'iatch%d Qﬁéxgie‘éﬁ?@@aséul&?&ﬁadth Ngﬂcl%tcefﬂ s

J. Virol. 72:9835-9843 ( 1998); ng et al., ( 1998); Sunmerford et al.,
Nat url@ MEMvs: whitzclangles) wereiqnantifieda The histagnaras siteav the npmbe7ofl ABYElls for
Summerford et al. 99) : ark et al Hum GCene Ther. 10:1031-1039
(1999), eeg‘é}hvﬁcg%ﬁsﬁ'éci%i’fpee)djeﬁg?jeif%e%xc/h ?eé]ftgp%nce). The anbi guity introduced by
di fferences in the Fipidodiepi® £histéfopital MnaliRiCofiTun Se@tibAefrbintadimals whfth
vector preparations pronpted the inclusion of ACG 2 £I asm d 20 as_an

i nt er nal reesivaddiasgl @spijates ofithe AN keGtesh cargied gut one-mmmtB PoshasBiEgigpa cibggi ng
plasm d inq: e . T FON rei : | stent:.w th
The cal cipapagvBi e SAt e BebPaB" Qe GRER (AN), BHALARTH iRl o
adend¥gi r uslih@d Ak brgchiab hirway-dpithtGal osils (BE)Y sthoettl riusclercetis andeffingnthet ors in
293 cells and. th chi evenent of significantly higher yiglds_25 using the
separ at e eprﬂm?syi@ %\da@ﬁ?‘@%r_ Sﬁm@r Aierls ?FEN@&W%&? Bnsfisd 167 bistograins
preclini GabyandnGhbeofAlp* 2RI fof @hdHORRtor §£&ab@5_& BBSEn? for SN RGN,
production allowed for the admnistration of "significantly larger anounts

of the ARepP4apVeaoopseudotppesiaré ReplCapdVactde) vectos (222 nhjackrettanglhs)ghest | evel

AV cap. dumans Vet deaRat B0  ARRAR e R Sen RO YRR Sotsatib¥as el To
consbpuctgraekndies) ﬁ)ﬁ'ﬂﬁ%é@{l}aé\h@tdﬂsQé@ﬂi(ébﬂ\lﬁ@hi Kfched hect@tdsiogi ng cell's

conprising AAV 6 rep and AAV 6 cap al so produced reconbi nant AAV vector at
hi gh efficiency. Further, evidence is provided that AAV6 cap pseudotype

vectors show prefer enbkﬁ‘?gﬁ[gz@g%tgg SPRCSFE g%@ogimwsepi t hel i um and

bronchi al epitheliumre cap pseu ype vectors. 28 WO 01
/-49829 O .V 'd 0 @ecbmhinant 4dehb-assoEtated~arus XrAAW) Mectoys ‘ard potadtially pOwerfuN ~D
O O M ~Di ..o, ~Nd "wedNv~ U ~ 4~d, > oo oodddddo~. ~~~~~zz77z b N
0 d o dOYOREES Eehserant) CPENFOTY FIRERSER NS AP A HeR el -~
>_ UzsUEQgdWia A mljora vmda;%m rRAV-Dbrs v ERthEP a {;Jr'é))zch‘eﬁa% therapy is that
U(~WN "', 00 QCa~a. ~ b ~b ~ NN ~ C/N ~' ~ ~ ~ ~Uo~ ~X ~sU~U~-UW4+ E~H
the rAAYV vectors generally do not require ongoing replication of the target cell in order to
become stably integrated into the host cell.
The invention described herein provides methods and materials for use in the
efficient production of high titers of recombinant AAV vectors. Further provided are
30 compositions for transducing or transfecting airway epithelial cells in vivo at high efficiency
compared to those compositions used previously.
The practice of the present invention employs, unless otherwise indicated,
conventional techniques of molecular biology, microbiology, recombinant DNA, and

immunology, which are within the skill in the art. Such techniques are described fully in the

9
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speci fi ¢ Byl BE1daYs Memmallap Cells MillehshdoDals, ERSQ9BPY; iHMdbsoki dfl ustrati ve
and not restrictive. Many variations of the invention will becone apparent
to t hdse Brenimenfal inmweolegy, AhdehitionWeinetol., eds. o(19p0e Crirent Profocolitis scope of

the i nver)%lg

-above descrip ll on, I nstea termne
appended at.leds.39%)ong with their full scope of equivalents. All
publ i cations and patent docunents cited in this application are

anBI t ANl élz?f’seﬁggll %g&gﬂrc@@%%?&o&% Vb}ﬁn{nﬁiuflégyg “c%lifggn %,Q % he

ren

I ncorporated herein by reference in their entirety for all purposes to the
sane extent as if g§qhidigidl vi dual publication or patent docunment were so

i ndi vidual |y denotéed.

non

10 The terms "polypeptide"”, "peptides” and "protein" are used interchangeably to

refer to polymers of amino acids of any length. These terms also include proteins that are

post-translationally modified through reactions that include, but are not limited to,

glycosylation, acetylation and phosphorylation.

"Polynucleotide" refers to a polymeric form of a nucleic acid of any length,

15  either ribonucleotides or deoxyribonucleotides, or analogs thereof. This term refers only to

the primary structure of the molecule, the sequence of nucleotides. Thus, double- and

single-stranded DNA, as well as double- and single-stranded RNA are included. It also

includes modified polynucleotides such as methylated or capped polynucleotides.

A "gene" refers to a polynucleotide, or polynucleotide sequence, containing at

20  least one open reading frame that is capable of encoding a particular protein after being

transcribed and translated.

A "transciptional regulatory sequence” or "TRS" is used herein to refer to a

genomic region that controls the transcription of a gene or coding sequence to which it is

operably linked. Transcriptional regulatory sequences of use in the present invention

25  generally include at least one transcriptional promoter and may also include one or more

enhancers and/or terminators of transcription.

"Operably linked" or "operably associated" refers to an arrangement of two or

more components, wherein the components described are in a relationship permitting them

to function in a coordinated manner. By way of illustration, a transcriptional regulatory

30 sequence or a promoter is operably linked to a coding sequence if the TRS or promoter

promotes transcription of the coding sequence. An operably linked TRS is generally joined

in cis with the coding sequence, but it is not necessarily directly adjacent to the coding

sequence.

10



10 30 WO 111 /9829 WHAT IS CLAIMED IS: PCTIU S111 /111129 A mamal i an
cell which can package a reconbi nant adeno-associ ated virus (AAV) vector at
hi gh ef fivepeneyg29t he cell conprising a polynucl eoti de segeenusoigneddi ng an
AAV cap gene operably linked to a heterol ogous pronoter, a polynucleotide
sequence encodi ng aRefdbihSR" BIER tORBERMc¥nlity Hifithct ﬁatHé@Eﬂ&%ﬂ follﬁﬁ

pol ynucl eotide 5 sequence encodin ag adgng\}fyrus E40?] ~ gene. y if
mamal i amaged.| Apapplieditora polywheleetide arigeng)thisoteans thpéﬂlalpbb'nhclnkt&t bo the AAV
rep gene | nd het er.ol,0gou no lian.cell of claim
U 7k S T R T O S e
and oper adl¥dihg, M€ Hot i ftditoAONniBA PreSIEiIdBoRARY/ ST 1Rt tepd) aRd BiHRE ElrocedjuresT he
.mammal i an cel |l of claim2, wherern the heterol ogous pronoter operably

|i nked t dhatmesultila censtishibatis dissipel fxom jhe polxugleotide fmmmn@tafﬁ gene are
different pronoters
: hlet er ol ogogs pr onot (Ia{reé:lr%lg?@ %%ﬁq{%ﬁg Lnl‘%éenmlﬁéjﬁ%g nt tfr(‘:) atlhﬁ% 1,

wher ei n blﬁdueheiteifmmmbstopwlmmtés cappared| Forl example, h@olyhﬂcléd’ﬁde(mﬁodl&e@ is a
cyt orregal ovi rus pronoter ian eI | of claim®6, wherein the

cyt omegaP¥\ERSHE SeBIHTRS teFE‘ilﬂ‘i‘Fé ‘E‘;‘?t{ﬁ@] l tyRe isg hsterologepsrolyusiestide- 20

8. The m:,}m@* I &e‘{ag r
operably I1n eMﬁdal&hd&lS%P}e‘%"eg\éﬁg p:?)s)’ﬁ gElEﬁu tall ot ﬂ%@%%tégg)%%ir. 9. The
mammali apolypeptidef Simalarly, @ TR or piomatérdhitas enwived from ity mative epding sequencé ne

tal | ot hi gnei n, | ; 1 10. The f cl 1,
ur ther . GBRAPHENHJmEd e BERTEh Fotus Ravnee AR ool S TROFAFPKE vect or
conprises a pol ynueB&ﬁiehéEeo@ﬁlﬁﬁ'dbéi@eéxﬂﬂip’dl%ﬁic%htié%o‘éﬁﬁblﬂ%%@f Interest

posi tioned between two AAV ternminal repeat regions. 31 WO O1/ - H29
PCT/ USO1mpylgetides share afdentigelmrsrbsantielly identical isequenge. Wihen d\\nwdten@ty v rep and

he AAV I h
el | aseRusfie St Y RhihEfRad Tednt, or BRGHERARD e el oF 0%, e pav
rep geneidentity ariccondspoaidibgdraments iirecomtsdnation 1ﬁaeasihatmamém@ltng&i dof thé

claim12, wherein the het roIo us prormter oper.a |.inked to the AAV rep
gene and S?%“P@taéfl&‘g‘(ﬁ é‘ie dadrantity) The IFYﬁlég cilegtlgyﬁgatgmy PSS 3Qgene are

the sane,
or oot or S € BTIRIT Sl dei i e redoallt SR8 ELARRS BLEREMAPE . v
cap geneiskmwrhia th@amll F(ﬁreaxanm)le tesonibimation wambd axbstaahzillyufedmtedmnemﬁunambr ein

t he pol ynucl eoti de se ence whi ch enco are ovi ded
on sepay o e §t pesenced 4o Reh i aarenn ot gt a0 Hhat i 1P e Bfrert

pol ypgic! gpdatclienMeMe8N9s idvntif\(semaRE dvaritk leegxhﬁafimwre@apoﬁ& Cealff Z0/bsidt On
the sane vector_separated 15 by non- AAV encodi ng ol’i gonucl eoti de sequence.

17. The eatiedst A0Voddantitysor amastiatch ofigh dgast 3 bm@a@a@hlwstrsu% Hanlity ~orpaye i s
oper abl y 1 claim
10" et Srel R iBesE ol F00b6 LR RIGRPGY. iachit, paferBTTRY o005 SFldenfly 2
cel | of atesdvigh 1eks (M&Eﬁilﬁlefsh&lahhhlébﬁﬂﬁgawai lpvﬂmphuﬁrpne&r@blymaaﬁghé oWVi rus
pr onot er mmllan cell of clalml wherein t p ne and
the AAV ea@aaé}a: lagoneeapppe: 955@?92 lpss{prrderably dess thag hari\?h% ya@di )gene.
21. 35e mammal i an fAe*\JeccaP- é‘shﬁb&rhéremvwa&rr@torh Je@&m%%t ﬁ&nﬂ&%ﬁvﬁﬁ@tb&@e 25_AAV
cap gene are t he AAV type ep gene and cap gene. 22. The
manmmal i anometlsescarpo@mnclcpﬁde wmr@menedmtm\hostepllg@ﬁw amdittcher Wve aphgyene
are AAV re of . different types,. . 3 WO .01/ 9829

per st 1 BpBmaasy o BEARH R, SpmefhElleréiti HER St poBRIRHRREY aay 1 e
gene i s tfighspANE"ScanPnipeise a abding Bequendé SrafteeN@, fo ekiifiple/énd thaipygene. 24.
The mammal i an cell of claim22, wherein the AAV rep gene 1s the AAV 2 rep
_gene andaﬂW@fW%ﬂﬂegé%eqt%blfﬁ@fkﬁAv 6 cap gene. 5 25. The manmalian cell
of ¢ |m 17, wher eiNn d Vi 5
E4or§- gene. A r‘lrxet h@gpg ?él?r t(; y§O§ﬁ9 l?%‘n&gc? Glrp é‘%b%@?ﬂ’ﬁ%@* W‘\l/&e%lggr
conpri si mQu&HrﬂloMsépsrephcatm)l o;ﬁltlmpodiymgle@tldammi aparopeiatd hosheeih Ezaammemifage a
reconbi nant, AAV, vect 10 at ..hi, efficiency, the cell c g a

ol ynuc eaicnes ofe s AL HMIEd 1 cRomER Gy udiaE shsridsapathe Rl asvel

het er ol 0gQpSoRIIOMELT. ¢., heRRLIALSH RROHARISACHRARoMRE.CDI Ng an AAV rep gene
operably Tinked to & promoter, and a pol ynucl eoti de sequence encodi ng an
adenovirus E4orf6 gene; b) introducing a reconbinant vector conprising a
pol ynucl eoti de of interest 15 positioned between two AAV term nal repeat
(TR) regions; and c) incubating the cell, under conditions conducive to
replication and packagi ng of the reconbinant AAV vector. 27. 'The nethod of
claim 26, wherein the AAV rep and the AAV cap genes are provided as an AAV
split-packagi ng gene. 20 28. The nethod of claim 27, wherein the AAV rep
and the AAV cap genes are provided as separate vector constructs.




29. The nethod of claim 26, wherein the manmalian cell is a human cell
transfected with a first vector conprising a pol ynucl eoti de sequence
encodi ng wo ofvdds2ep gene operably linked to a murine netalcotusipmaen |
pronoter; a second vector conprising a 25 pol ynucl eoti de sequence encodi ng
an AAV-cap gene oporsHii irhdgbkiffh bPaBo o4 HLABBARIAS { 4R REATMR e 2 LNETd
vector conprising a polynu eot | equence enco I ng an adenovirus E4orf6
gene; ancodyriusleotitie hiesdieen irtegrpted sitn @ replizoh yirat tdndo ta biestaisly mmmtamsd in the

posi ti onedl %fv}\g tvvo AAV tﬁrm nal . r epeat ﬁé % brﬁg .0Ns. WO 111/ A829
pcT/ us! | FH1 SpysomesRUEh gy playpids S B PR PP ool |

whi ch cargepg@alisfind HBEQMD parffic nfiiefial 84rkied e?1 isomhlis@lehérallP RoYe s&eémﬂél ng:
t ransduci ng@a mamal i an host cel | susceptible to infection by AAV with a

first SvedP sséhﬁmm@nwnwllpfdn%wdemrpa@ toyveyan eadrerance f anov;mucl@et;ﬂegene
0T abl Y cin bRl 8 i @y BELEEAIPARNS, RIARIShar ARG el bg TR 1 an
cel | with8 &R ng a nuc equence encodi ng an
AAV rep gﬁﬂlﬂmtbendélland khdﬁltﬁﬁnttamlﬂlg' ﬁﬂlbdamngt}wmtﬁte,otlﬁé anddgeletgvet he
manmal i an cell with a third vector conprising a polynucl eoti de sequence
encodi ng PifSSH®enovi rus Edor ~ gene and 10 growi ng the transduced host cell
under condittons CoRQh¥esesNeqhdiRed ERtnbOR SRRNANY nbfiahEd SbBlunid:8 RRGuUCed
manmal i an cell s conprising po 9nuc eot | de sequences encodi ng an rep
gene,10an beédne apegreted intamcheomaomeyaidibticte selputore for ectemtitimef aaseqaghenovi r us

Edorf 6 31, T hod.of cl 30
ndenovi § GOTRESHip gLl RS kB ol R B At el S TR RS 1 e
AAV cap %@&nh&abiyem%%iét& i#RPa E8BMoschie. ARGLioHE ReMAte Sk BhpBe Wherein the

AAV rep gene is V 2 rep gene. 20 34. The nethod of claim 30, wherein
the AAV c@pvesenslyiemployedanthis regaps, geisaveldgowmmia theamodypitally, atablys4, wher ei n

the aav ARl Pl 885 Ra.cTe walfiallF) PRPuTre el TR aotds ©"
net had f awehtyaRaératbns) frefirabily abkdstebo@ ok huadred gidigtions) stitehbe: préfefibyh

efficiency relative to wild type adeno-associ ated virus (AAV) serotype 2
conpri si ﬁéescwauléchemgmtan@ d perangnidy; Thieshrematinstructure ohegkarngtsnbi nant  AAV

00 113 00D R risa pa bfuioedhe BYENADRAGHELEH MidetRed VIAEHREY Pl 54
r econbi nah¢ gy carried lon gpisbmes ean tse gmndtmybdlsbﬁxl avheechaxgighmultipld statdypr i si ng a
polynucleotlde aﬁauenc enc cap gene operably linked to a

0
het er ol odB*UE NG FBPIES © F‘aﬂ’h&"&di ??fére equence encodi ng an AAV rep gene
operaply linked to womts%daﬁi Ml‘éﬁ’d!i%h?@ﬁdéﬂoé%@ﬁf&%ﬁﬁc%ﬁ& an
adenovi rus E4orf~ gene, and a polynucl eoti de sequence encoding a
pol ynuc| exssacipsedyirysris asiogle-gtpoded éh@dpmmﬁhatwwly & edllsan whigkeat ( TR)
regi ons.
A AV Shiain fymctings argArovided ha cqgafeqtng helper xius. Thers e RS aee ar
9. AFs. A3 sel‘b\@Lpeé\\SfAAW thAYhavdlee\Charddterizad. Gihbdal iformAtibh adY revisys € L2AV] [ +Q "
9Eezt oi d_YT] caV] ca] ca] caV] ca] caV] calcaV]ca] c gj a] caV] cal.¢c ca] caV&ca] caV]
ca] ca] ca] @B PEATEd) B aipE sraRRleddrics) 03P Y aog qrpgyiruses, eVo , pp. 169
ytoi 93YT]mgl ¢G99t Pl @%y ﬁé/‘q E?Q%:ﬂ@dvﬁ P%E@%@W&ﬁ} coid 63k 2k ¢! cal

caV] ca] caV| cal ca]calcalc cal ca

5@\u| t | zusplodyeshefeckdenapechtd]idngtotd tbapmv}toa\]e@apca] ma\E]xamptm\p}'maqierhhqrua] calc

o S E R SRk A AT ORI 32 i Seinten will Bepnlicableda vy cay cav] o

a] caV] cals@aional AAV] eadtpplshik ﬂamﬂ]ma%wqe]m\ﬂ@@dr@@pad &k lqQite closel
ITITMR'a"t"~' "#m#} w | gb] Xca] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca {ca] ca
, ]ca] cal cafl@w}igllagtpg]ruq}l@ay@a sunctionally} evencb fhegenaticlsyela)(Bes. heraxamplésx $$$' % %
Zﬁé &%l%@z‘fve 138%1‘? bﬁ/]l(734a]°ca 8 '5%1 &4 Wcaﬁlse ca%ca'f\t}]‘sog] %da’\ﬂ cajcalc
i] i a] ca] dbdseﬁd?@ﬁﬁﬂeha}m] IGeolpga]d: ¢V (¢]On] Fx&‘é}(mbleaéﬂ AN serplyppdappatently* *
a
“% (- 2. Cxhibit vegy ?‘Pb'ﬂiﬂpxl}&%f"é‘[m%‘v] medigfpd by bamelogpusieeaspes prap B ¥av) cal

cay] ca] catflee di6RE AN S BlotACRL éﬁ@sEE@hCﬁAvaz\m}&&ﬂ GavhEadgrée of
11QRU2} 22222835667 7h7 p7y777778d99999 zt oj d_ZU gb] V] ca] ca] caV] ca] ca] ca

V] ca] ca] celdfedngssasfuctheraiggestedy bqywdwmame\]VHup teVeals]extensiayw/crs$caV] ca ¢
aV] ca Sl

\<4$<( ]<C2\<4<gaK:::::::>>??A’?Y’??????yt oj e_ZTl gb] V] ca] caV] ca] ca] ca] ca] caV]ca] ca
\/] ca] ca] caV] ca] caV] ca] ca] ca] ca] caV] ca] cd] ca] caV] ca] ca] caV] ca] ca] caV] ca] caV]
Shan
e]’ee\ﬁ ee! eeyjkea] ca] caV] ca] caV] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] ¢
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presence of AAV packaging functions and necessary helper functions provided by E4orf6.
25 "Packaging" as used herein refers to a series of subcellular events that results
in the assembly and encapsidation of a viral vector, particularly an AAV vector. Thus, when
a suitable vector is introduced into a packaging cell under appropriate conditions it can be
assembled into a viral particle. Functions associated with packaging of viral vectors,
particularly AAV, are described herein and in the art. AAV 2 vector (vector2) denotes the
30 assembly and encapsidation of a recombinant AAV vector comprising a polynucleotide of
interest flanked by AAV 2 terminal repeat sequences. AAV 6 vector (vector6) denotes the
assembly and encapsidation of a recombinant AAV vector comprising a polynucleotide of

interest flanked by AAV 6 terminal repeat sequences.
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heterologous promoter. The wild-type AAV rep gene contains two promoter sequences, pl5
and p19, which drive the expression of the "large Rep: proteins (Rep78 and Rep68) and the

30  "small Rep" proteins (Rep52 and Rep40), respectively. The wild-type AAV cap gene
contains a promoter, p40, which drives the expression of the AAV Cap proteins (VP1, VP2,
and VP3). AAV cap genes can also be obtained from non-human adeno-associated viruses,
as described in W095/20671 (incorporated herein by reference). The Cap proteins can be
encoded by a split-cap gene which, unlike the situation in wild-type AAV, is not located
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10 20 polyadenylation (polyA) sequences, which additional TRSs can also be heterologous. AAV-
derived split-cap genes, rep52 and rep78 genes as described herein are collectively referred
to as "AAYV split-packaging genes."

As used herein "E4orf6" refers to a polynucleotide sequence encoding an
Adenovirus early region 4 orf 6 gene. In a particular embodiment of the present invention
25  the Edorf6 gene from adenovirus type 5 has been used to provide helper virus functions for
the assembly of infectious rAAV. It should be understood by the skilled artisan that other
homologous genes from other types of Adenovirus can be used in the methods of the present
invention to substitute for E4orf5 of type 5 Adenovirus.
A "terminator" refers to a polynucleotide sequence that tends to diminish or
30 prevent read-through transcription, i.e., diminishes or prevents transcription originating on
one side of the terminator from continuing through to polynucleotide sequence at the other
side of the terminator. Examples of a terminator useful in the present invention comprises a

poly A sequence, one or more stop codons, and the like.
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replication competent, most preferably none of the viral particles produced are replication
10  competent.
Host cells, cell lines, cell culture, packaging cells and other such terms
describe higher eukaryotic cells, preferably mammalian cells, most preferably human cells,
useful in the present invention. These cells can be used as recipients for recombinant
vectors, viruses or other transfer polynucleotides, and include the progeny of the original cell
15  that was transduced. It is understood that the progeny of a single cell may not necessarily be

completely identical, in, for example, morphology or in genomic complement, to the original

parental cell.

1" n "non

A "therapeutic gene", "target polynucleotide", "transgene", "gene of interest"”
and the like generally refer to a gene or genes to be transferred using a vector, i.e., a

20  heterologous gene. Typically, in the context of the present invention, such genes are located
within the recombinant Adeno-associated virus (rAAV) vector, which vector is flanked by
terminal repeat (TR) regions and therefore can be replicated and encapsidated into rAAV
particles. Target polynucleotides can be used in this invention to generate rAAV vectors for
a number of different applications. Such polynucleotides include, but are not limited to, (i)

25  polynucleotides encoding proteins useful in other forms of gene therapy to relieve
deficiencies caused by missing, defective or sub-optimal levels of a structural protein or
enzyme; (ii) polynucleotides that are transcribed into anti-sense molecules; (iii)
polynucleotides that are transcribed into decoys that bind transcription or translation factors;
(iv) polynucleotides that encode cellular modulators, such as cytokines; (v) polynucleotides

30 that can make recipient cells susceptible to specific drugs, such as the herpes virus thymidine
kinase gene, and the like; and (vi) polynucleotides for the treatment of various cancers.

To effect expression of the transgene in a recipient host cell, it is generally

operably linked to a promoter, either its own or a heterologous promoter. A large number of

suitable promoters are known in the art, the choice of which depends on the desired level of
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The method for producing high titers of recombinant AAV vectors comprises
5  several steps. The general strategy comprises preparation of mammalian packaging cells
that comprise a polynucleotide encoding an AAV cap gene operably linked to a heterologous
promoter; a polynucleotide encoding an AAV rep gene operably linked to a heterologous
promoter; and a polynucleotide encoding an adenovirus E4orf6 gene operably linked to a
heterologous promoter. Packaging cells are then infected or transfected with a plasmid

10  comprising the AAV inverted terminal repeat regions positioned on either side of a
polynucleotide encoding a gene of interest. Under suitable conditions expression of the rep,
cap, and E4orf6 genes of the packaging cell results in the synthesis of the Rep, Cap, and
E4orf6 proteins which mediate replication and encapsidation of the recombinant AAV
vector. Providing a polynucleotide which encodes a gene of interest between the AAV ITR

15  sequences of the recombinant AAV (rAAV) vector results in packaging of the
polynucleotide of interest into an infectious rAAV particle which can be used to deliver the
gene of interest to a desired host cell.

By providing only a single gene from adenovirus required to "help" AAV
vector production the recombinant AAV produced will have the fewest number of

20 potentially immunogenic contaminating adenovirus proteins. Further, the recombinant AAV
vector stock produced will not be contaminated with potentially infectious adenovirus
eliminating the need for further purification and decontamination of the viral stocks. The
methods provided enables the efficient production of rAAV preparations that are of high titer
and are free of any contaminating wild-type AAV.

25 Although the principles of the present invention have been performed with a
single serotype of AAV, AAV 2, and an E4orfb gene from a single adenovirus type, it is
expected that these same principles will be applicable to other AAV serotypes and
adenovirus serotypes since it is known that the various serotypes of each virus are closely
related, respectively.

30 The parental cell lines from which packaging cells are generated can be
obtained from any cell line that is susceptible to AAYV infection, and which is amenable to
culture in vitro. AAV has a broad host range and has been isolated from a variety of
mammalian cell types, including simian, human, and rodent cells. For human gene therapy,

human cell lines are typically preferred. Examples of human cell lines from which
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In constructing the packaging cell of the present invention, the parental cells
are transfected or transformed with a vector comprising polynucleotides which encode the
AAV rep gene operably linked to a promoter. Any heterologous promoter can be used as
long as it is not strongly down-regulated by rep or cap gene expression. Inducible promoters

10 are preferred because constitutive expression of, in particular, the rep gene can have a
negative impact on the host cell. A large variety of inducible promoters are known in the art,
including, by way of illustration, heavy metal ion inducible promoters, i.e., metallothionein
promoters; steroid hormone inducible promoters, i.e., the MMTV promoter or growth
hormone promoters; and promoters such as those from T7 phage which are active in the

15 presence of T7 RNA polymerase. Efficiency of transcription or translation of the AAV rep
gene can also be modulated by, for example, alterations in the sequence up stream of the rep
gene to decrease the efficiency of transcription of the rep gene, or the coding region can be
modified to reduce the efficiency of translation, i.e., mutation of the codon for the initiating
methionine can be mutated from ATG to ACG to encode threonine.

20 In the methods of the present invention, the packaging cell also is transformed
or transfected with a vector comprising a polynucleotide sequence encoding an AAV cap
gene operably linked to a heterologous promoter. In one embodiment of the present
invention, the AAV rep and cap genes are provided on the same vector each with a separate
promoter and separated by non-AAV DNA sequence, designated herein as a split-gene

25 plasmid. The promoter operably linked to the AAV rep and the promoter operably linked to
the AAV cap gene can be a heterologous promoter and can either be the same heterologous
promoter or different. Further, it is preferred that the promoter operably linked to the AAV
cap gene be a highly efficient promoter, which can be, but does not necessarily need to be,
inducible.

30 Although recombinant AAV vector is produced at a comparable level using
the same rep/cap gene construct with "helper" virus, a 20-fold increase in recombinant AAV
vector production can be obtained using two vectors separately comprising the rep gene and

the cap gene and their respective operably linked heterologous promoters.
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promoter. In a particular embodiment of the present invention the E4orfb of adenovirus type
5 5isused operably linked with a CMV promoter. This single gene from adenovirus provides
all of the "helper" functions necessary for highly efficient replication and encapsidation of
recombinant AAV vector particles. In a preferred embodiment of the present invention the
packaging cell produced recombinant AAV vector particles at a level twenty fold above that
of a previously used packaging cells using "helper" virus co-infection.
10 To generate recombinant AAV particles which can be useful in, for example,
gene therapy, the packaging cell is provided with a recombinant AAV vector comprising
AAV terminal repeat (TR) regions on either side of one or more polynucleotides which
encode a gene of interest, or "target” polynucleotide. TR regions of any of the serotypes of
AAV can be used, including for example, those from AAV 2 or AAV 6 and the like. Ina
15  particularly preferred embodiment of the present invention the terminal repeat regions are
inverted. The target polynucleotide, or gene of interest, is preferably operably linked to a
promoter. The promoter can be that naturally associated with the gene of interest or can be a
heterologous promoter. A large number of suitable promoters are well known in the art.
Which promoter is chosen depends on the desired level of expression of the target gene;
20  whether constitutive expression of the polynucleotide is desired, or whether inducible, cell-
or tissue-specific expression is desired.

Preferably, the rAAV vector will also contain a positive selectable marker in
order to allow for selection of cells that have been infected by the rAAV vector. Negative
selectable markers can also be included as a means for selecting against those same cells

25  should that become necessary or desirable. In a preferred embodiment, a "bifunctional
selectable fusion gene, such as that described in PCT/US91/08442 and PCT/US94/05601
(incorporated herein by reference), can be used. Briefly, those constructs comprise direct
translational fusions between a dominant positive selectable marker and a negative selectable
marker. Preferred positive selectable markers are derived from genes selected from hph, neo

30 and gpt, and preferred negative selectable markers can be derived from genes selected from
cytosine deaminase, HSV-I, TK, VZV TK, HPRT, APRT, gpt, and the like.

The present invention has been illustrated with a rAAV vector comprising the
polynucleotide sequence encoding the gene for human placental alkaline phosphatase to

demonstrate the applicability of the invention. The methods and materials provided herein
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polynucleotides encoding proteins useful in gene therapy, such as to relieve deficiencies

5  caused by missing, defective or sub-optimal levels of a structural protein or enzyme; (ii)
polynucleotides that are transcribed into anti-sense molecules; (iii) polynucleotides that are
transcribed into decoys that bind transcription or translation factors; (iv) polynucleotides that
encode cellular modulators such as cytokines; (v) polynucleotides that can make a recipient
cell susceptible to specific drugs; and (vi) polynucleotides for cancer therapy.

10 Because the therapeutic specificity of the resulting recombinant AAV vector
is determined by the plasmid introduced, the same packaging cell can be used for any of
these applications. The plasmid comprising the specific target polynucleotide can be
introduced into the packaging cell for production of recombinant AAV vector by any one of
a number of methods well known in the art including, calcium phosphate precipitation and

15 electroporation.

The following examples are offered by way of illustration, not by way of

limitation.

EXAMPLES
20
Materials and Methods
Cell Culture. 293 (Graham et al., J. Virol. 36:59-74 (1977), incorporated
herein by reference); IB3 (Zeitlin et al., Am. J. Respir. Cell Mol. Biol. 4:313-319 (1991),
incorporated herein by reference), and HT-1080 (American Type Culture Collection (ATCC)
25  CCL 121) were maintained in Dulbecco’s modified Eagle medium supplemented with 10%
heat-inactivated (30 min at 56 °C) fetal bovine serum, 100 U of penicillin per ml, and 100 pg
streptomycin per ml at 37 °C in a 5% CO;-air atmosphere.
Plasmid Construction. The pSub201 (Samulski et al., J. Virol. 61:3096-3101
(1987), incorporated herein by reference), ACG-2 (Li et al., J. Virol. 71:5236-5243 (1997),
30 incorporated herein by reference), and MTrep/CMVcap (Allen et al., J. Virol. 71:6816-6822
(1997), incorporated herein by reference) plasmids have been previously described and
contain AAV2-derived gene components. The CMVE4or/fb sequence was isolated on a
BamHI/ApalLl fragment from pLNCX-ORF6 (Scaria et al., Gene Ther. 2:295-298 (1995),

incorporated herein by reference) and cloned into the BamHI/HinclI restriction sites in
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with Nhel and Bglll to liberate the AAV2 capsid encoding fragment and the vector-

5  containing fragment. Plasmid pRepCap6 (Rutledge et al., J. Virol. 71: 309-319 (1998);
which is incorporated herein by reference in its entirety) was digested with Ecl136 to isolate
the fragment containing the AAV6 cap sequences. The Nhel-BgllI vector-containing
fragment was ligated to the Ecl136 fragment to generate CMVcap6.

The MTrep6 plasmid was generated by PCR amplification of AAV6 rep

10  sequences from pRepCap (Rutledge et al., supra (1998)) using primers 5' GAAGATCTGC
CATGCCGGGGTTTTACGAG 3' (SEQ ID NO: 1), which contained a BgliI linker
sequence, and ' CACTAGCTAGCCAGCCATACCTGGTTTAAGTC 3' (SEQ ID NO: 2),
which contained an Nhel linker sequence. The resulting amplicon was digested with Bglil
and Nhel to generate a fragment containing the AAV6 rep.

15 Plasmid MTrep was digested with BgllI and Nhel to isolate the vector
containing fragment. The BgllI - Nhel PCR amplicon was ligated to the vector-containing
fragment to generate MTrep6.

ARAP4 contains the human placental alkaline phosphatase (AP) cDNA
driven by the Rous sarcoma virus regulatory sequences and followed by the SV40

20  polyadenylation signal flanked by AAV 2 TR sequences inserted into the Xbal sites of
pSub201. ARAP4 plasmid was propagated in the SURE bacterial strain (Stratagene).

ARAP4(6) was constructed by isolating the expression cassette driven by the
RSV promoter/enhancer, human placental alkaline phosphatase cDNA and the SV40
polyadenylation sequences by digestion of ARAP4 with SnaBI. The DNA fragment was

25 ligated into pA6LAPSN (Rutledge et al., supra (1998)) previously digested with BglII and
Nhel to release a similar expression cassette but containing the MLV promoter/enhancer and
replacing the AAV 2 TR sequences with the TR sequences of AAV 6.

AAV Vector Production. ARAP4 vector stocks were generated as previously
described with the following modifications (Koeberl et al., Hum. Gene Ther. 10:2133-2140

30 (1999), incorporated herein by reference). Briefly, cleared lysates were generated from
transfected 293 cells 60 to 72 hours after transfection by 3 cycles of freeze/thaw and
centrifugation to pellet cell debris. The vector preparation was then pelleted by
centrifugation through 40% sucrose and resuspended in Ringer’s solution. The transfected

293 cells in the large-scale production of ARAP4 vector were harvested in 10% of the
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ARAP4 Vector Characterization. ARAP4 vector titers were determined by
counting AP positive foci after transduction of IB3 or HT-1080 cells (Halbert et al., J. Virol.
69:1473-1479 (1995), incorporated herein by reference). Vector particle numbers were
determined by Southern blot analysis of purified vector genomes from DNase-treated
particles. Vector particles resuspended in Ringer’s solution were digested with 10 U of
DNase (Stratagene) for 15 min at 37 °C and the DNA was isolated by proteinase K
(100 pg/ml) digestion of the virions in SET buffer (1% SDS, 10 mM Tris-pH 7.5, 10 mM
EDTA) for 1 hour at 50 °C, followed by phenol/chloroform extraction, ethanol precipitation
and gel electrophoresis of vector DNA. Replicative form intermediate DNA was purified by
proteinase K/SET treatment of cell pellets after freeze/thaw and centrifugation of transfected
cells , as described above. Replication-competent AAV contamination of vector stocks was
evaluated by replication center assay (Koeberl et al., supra, (1997)).

ARAP4 Vector Delivery to Mouse Airway. C57BL/6 (B6) mice were
obtained from Jackson Laboratories (Bar Harbor, Maine). Animals received vector by nasal
aspiration in three doses over three days. The lungs were excised and stained for alkaline
phosphatase expression one month after inoculation. The transduction efficiency was
determined as previously described (Halbert et al., J. Virol. 72:9795-9805 (1998),

incorporated herein by reference).

Results:

Transcription from the AAV P5, P19, and P40 promoters during transfection
or wild type AAYV infection was very low in the absence of adenovirus (Loughlin et al. J.
Virol. 60:515-524 (1986); Muzcyzka, Curr. Top. Microbiol. Immunol. 158:97-129 (1992)).
Upon infection with adenovirus, transcription from all 3 AAV promoters was elevated in a
process requiring the E1A, and E2 proteins (Richardson and Westphal, J. Virol. 51:404-410
(1984); Chang et al., J. Virol. 63:3479-3488 (1989); Chang and Shenk J. Virol. 64:2103-
2109 (1990), incorporated herein by reference). Substitution of the constituitively active MT
and CMV regulatory sequences for P5 and P40 promoter sequences in MTrep/CMVcap
were evaluated to determine if they could enable AAV vector production in the absence of
adenovirus infection. ACG-2, a packaging plasmid (Fig. 1) was included as a control for all

vector production methods.
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(FFU) per transfected cell, respectively)(Fig. 2). As expected, little vector was generated
5  with the ACG-2 packaging plasmid in the absence of adenovirus infection (approximately
0.002 AP" FFU per cell)(Fig. 2). In contrast, adenovirus-free production with
MTrep/CMVcap was approximately 6% of that observed with adenovirus infection (Fig. 2).
These results demonstrate that the promoter substitutions in MTrep/CMV cap partially
alleviated the helper dependence of AAV production, but implied that additional, post-

10  transcriptional helper activities may be required for maximal yields.

Many adenovirus proteins affect viral and/or cellular protein levels post-
transcriptionally, including E2A, VA RNA, and E4 gene products (Jay et al., Proc. Nat'l.
Acad. Sci. USA 78:2927-2931 (1981); West et al., Virology 160:38-47 (1989); Sandler and
Ketner, J. Virol. 63:624-630 (1980); Nordqvist et al., Mol. Cell. Biol. 14:437-445 (1994);

15  Leppard, J Gen. Virol. 78:2131-2138 (1997); Leppard, Sem. Virol. 8:301-307 (1998);
Boivin et al., J. Virol. 73:1245-1253 (1999)). The present invention was intended to test
whether a subset of these activities could enable full, adenovirus-free productivity with
MTrep/CMVcap. The addition of an E4orfb expression cassette, CMVE4orfo (Fig. 1)
during AAYV vector production with MTrep/CMV cap resulted in the same yield as that

20  observed with adenovirus infection (Fig. 2). In contrast, helper-free vector production was
very low with the ACG-2 + E4orfb cotransfection (Fig. 2).

The low level of vector production with ACG-2 + E4orfb in the absence of
adenovirus prompted the evaluation of whether Rep and/or Cap activities were absent under
these conditions. ARAP4 replication mediated by Rep was monitored by Southern blot

25  analysis of replicative form (RF) intermediates generated after transfection. Total genomic
DNA was isolated from post-freeze/thaw cell pellets, the samples were digested with Dpnl
endonuclease to cut residual plasmid DNA and after transfer, the blot was probed with a *2P-
labeled AP probe. Transfection controls included supplementing the ACG-2 + E4orfb
transfections with either the MTrep and/or CMVcap plasmids (Fig. 1). Replicative

30 intermediates were observed in all cases except in the absence of adenovirus or E4orf6.
These results demonstrate that the E4orf6 protein is necessary and sufficient for AAV vector
replication when using the ACG-2 packaging plasmid. The lack of transducing virion

formation under these conditions suggested that capsid production was limiting.
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genomic DNA was isolated and subjected to Southern blot analysis. A strong signal was
observed in samples derived from ACG-2 plus adenovirus or MTrep/CMVcap + Edorfb
transfections. As expected, no hybridization was detected from the ACG-2 + Edor/fb
transfection, but packaged vector was detected when the CMVcap construct was added.
Assay of the ARAP4 vector preparations generated using these conditions confirmed that
these DNase-resistant virions were capable of transducing IB3 cells (Fig. 2). These results
demonstrate that P40-dependent capsid expression from ACG-2 requires additional helper
activities not supplied by transfection of the E4orf6 plasmid.

The MTrep/CMVcap packaging plasmid was designed to reduce or eliminate
the generation of rcAAV during production (Allen et al., supra (1997)). However, the
juxtaposition of the MT and CMV regulatory sequences in MTrep/CMVcap could limit
capsid expression and vector yield. To test this hypothesis, separate MTrep and CMVcap
plasmids were substituted for MTrep/CMVcap in the procedure for ARAP4 vector
preparation. Cotransfection of equal amounts of the MTrep and CMVcap plasmids resulted
in the highest vector yield. Vector production in the presence of adenovirus infection
increased approximately five-fold relative to that observed with MTrep/CMVcap or ACG
packaging plasmids (Figs. 2 and 3). A dramatic increase in vector production ( greater than
20-fold) was observed when compared to the single MTrep/CMVcap construct when
supplied with the E4orfb protein instead of infection with adenovirus (Figs. 2 and 3). These
data are consistent with the hypothesis that capsid expression from the CMV promoter is
limited upon transfection of a MTrep/CMVcap vector construct.

To determine whether the helper-free AAV vector preparations of the present
invention retained full biological activity in vivo, a large preparation of ARAP4 vector was
generated. Briefly, 208 10 cm tissue culture plates of 293 cells were transfected with 5 pg
each of the MTrep, CMVcap, ARAP4, and CMVE4orf6 plasmids by calcium phosphate
transfection and vector virions were purified by CsCl centrifugation (Koeberl et al., Hum.
Gene Ther. 10:2133-2140 (1999), incorporated herein by reference). Overall production was
approximately 10* DNase resistant particles per cell with a particle to infectivity ratio of
about 100, as determined by genome quantitation using Southern blot analysis and
adenovirus-free assay of the vector stock on HT-1080 target cells. It should be noted that

HT-1080 cells typically display 5 to 10 fold higher transduction relative to IB3 cells for
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Mice were given 10'® AP* FFU (approximately 10" genome-containing
5 particles) by nasal aspiration and one month later their lungs were analyzed for AP
expression as described (Halbert et al., J. Virol. 72:9795-9805 (1998), incorporated herein by
reference). The lungs exhibited dramatic AP-staining of alveolar cells and vascular smooth
muscle cells relative to control animals. There was also an increase in AP-staining of the
airway epithelium such that up to 20% of some airways were positive.

10 Previously, for a dose of approximately 5 x 103 AP* FFU, the highest level of
staining was 5 % in some airways (Halbert et al., supra (1998)). However, the overall
efficiency of transduction in the airway epithelium was still low, approximately 2 %. These
transduction rates, nonetheless, represent a significant increase over those obtained
previously with lower titer vector preparations (Halbert et al., supra (1998)), and show that

15 the AAV vector preparations of the present invention made with MTrep, CMVcap, and
E4orfb plasmids were fully active in vivo.

Production of AAV6 pseudotyped recombinant AAV vectors was achieved
by calcium phosphate transfection of 293 cells with the AAV2 vector ARAP4, the
CMVEd4orf6 plasmid and either MTrep and CMVcap6 plasmids or MTrep6 and CMVcap6

20 plasmids. AAV6 pseudotyped recombinant vectors produced from cells transfected with
AAV?2 vector ARAP4, the CMVE4orfb plasmid, MTrep and CMVcap6 plasmids are termed
Rep2Cap6Vector2 vectors. The AAV6 pseudotyped recombinant vectors produced from
cells transfected with AAV2 vector ARAP4, the CMVE4or/fo plasmid, MTrep6 and
CMVcap6 plasmids are termed Rep6Cap6Vector2 vectors. The AAV6 pseudotyped

25  recombinant vectors produced from cells transfected with AAV6 vector ARAP4, the
CMVE4orfb plasmid, MTrep6 and CMVcap6 plasmid are termed Rep6Cap6Vector6
vectors. The AAV6- pseudotyped vectors were generated essentially as described above,
Mice were given between 1 - 7 x 10'! genome-containing particles by nasal aspiration and
one month later their lungs were analyzed for AP expression as described (Halbert et al,.

30  supra).

The lungs exhibited dramatic AP staining of airway epithelium relative to
AAV?2 transfected control animals (Figures 4 and 5). As shown in Figure 4, in a comparison
between AP* cells per cm? from the lungs of AAV2 (Rep2Cap2Vector2) control vector-

treated mice and AP” cells per cm? from the lungs of Rep2Cap6Vector2 vector-treated mice,
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treated mice, the Rep2Cap6Vector2 vector- and Rep6Cap6Vector2 vector-treated mice
5  exhibited elevated transduction (AP* cells per cm?) in distal airway epithelium and bronchial
epithelium and reduced transduction into alveolar epithelial cells. This demonstrates that
AAV6 cap pseudotype vectors exhibit a dramatic increase in transduction of airway

epithelium compared to AAV2 cap pseudotype vectors (Figure 5).

10 Discussion:

The present invention provides methods for the production of AAV vector
which requires a reduced number of adenovirus proteins to "help” when human 293 cell
were transduced with a single adenovirus protein designated E4orf6 protein. While physical
techniques such as cesium chloride density centrifugation or affinity chromatography

15 followed by heat inactivation can eliminate infectious adenovirus from vector stocks, the
potential for adenovirus protein contamination remains (Zolotukkin et al., Gene Ther. 6:973-
985 (1999)). The present invention provides AAV vector production with the fewest
number of potentially immunogenic contaminating adenovirus proteins and is thus
advantageous for the preparation of clinical grade reagents.

20 AAV vector transduction of airway epithelia, a target tissue for the treatment
of cystic fibrosis, is very low relative to other target organs, such as, liver or muscle.
Cultured airway epithelial cells are also transduced at much lower rates by AAV vectors than
are immortalized cell lines such as HeLa or 293 cells (Halbert et al, J. Virol. 69:1473-1479
(1995); Teramoto et al., J. Virol. 72:8904-8912 (1998), each incorporated herein by

25  reference). In addition, treatments that have enhanced AAYV transduction such as adenovirus
co-infection or genotoxic agents are also less effective on airway epithelium (Teramoto et
al., supra,(1998)). However, by the presently described methods it was possible to transduce
up to 20 % of lung airway epithelium in vivo with a recombinant AAV comprising a helper-
free ARAP4 vector stock. The high level of transduction observed in vivo can be attributed

30 to the ability to generate significantly higher titer vector stocks relative to that obtained by
other methods. Indeed, the substitution of the separate MTrep and CMVcap plasmids for
MTrep/CMVcap, and CMVE4orf6 for adenovirus infection increased productivity by about
20-fold.
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(1995); Allen et al., J. Virol. 71:6816-6822 (1997); Li et al., J. Virol. 71:5236-5243 (1997),
5 Vincent et al., (1997), Gao et al.,, Hum. Gene Ther. 9:2353-2362 (1998);, Grimm et al., Hum.
Gene Ther. 9:2745-2760(1998); Inoue and Russell, J. Virol. 72:7024-7031 (1998),
Matsushita et al., Gene Ther. 5:938-945 (1998); Xiao et al., J. Virol. 72:2224-2232 (1998),
Clark et al., Hum. Gene Ther. 10:1031-1039 (1999), each incorporated herein by reference).
A comparison of the vector yields from these strategies is difficult due to differences in
10  vector transduction assays which have been used in the art to characterize the packaging
lines. For example, it has been common practice by many to titer AAV vector stocks on
target cells in the presence of adenovirus co-infection. Adenovirus co-infection with AAV
vectors has been shown to facilitate the conversion of the incoming single-stranded AAV
vector genomes to "transcriptionally-active" double stranded forms (Ferrari et al., J. Virol.
15 70:3227-3234 1996); Fisher et al., Nature Med. 3:306-312 (1996), incorporated herein by
reference). It is unclear whether the "increase" represents the transduction potential of the
vector stock and only reduces the time required for the assay or is an overestimate of the
titer. When similar vector stocks have been assayed in the presence or absence of
adenovirus co-infection, the increase can approach 1000-fold in some cell types while it is
20  only two to seven-fold in others (Teramoto et al., J. Virol. 72:8904-8912 (1998)).

The present results provide additional evidence that vector titer assayed in the
absence of adenovirus co-infection more closely models transduction for clinical
applications. In addition, adenovirus infection of target cells results in cytopathic effects and
eventual cell death precluding studies to examine long-term expression of transgenes. Table

25 1 provides a comparison of data disclosed herein with results previously reported for AAV
vector production using various transient transfection packaging systems derived from the
initial AAV/Ad packaging plasmid. A "corrected" adenovirus-free titer has been calculated
to reflect the increase in transduction due to the co-infection of target cells with adenovirus
plus AAV vector stocks. The correction factors for 293 cells and HeLa target cells (40 and

30 300, respectively) were derived from Teramoto et al., J. Virol. 72:8904-8912 (1998),
incorporated herein by reference). The authors refer to values as high as 1000-fold for these
target cells in the text, but the more conservative values above were selected from the data
presented. The value determined for the AAV vector yield using ACG-2 plus adenovirus is

within 5-fold of the corrected literature values (1.2 versus 5.5 TU per cell; Table 1). Helper-
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109%g& ()-1 10%& ()-1 109%& ()-1Y $I /G 22222222jK, 10%g& ()-1
109g& ()-1 109%g& ()-1 109%g& ()-1 109%g& ()-1 109%g& ()-1

10%g& ()1@632’29%2}1'\1/1 K, 10%& ()-1  10%& ()-1Y 3l /g pc/usO@mésy() - 1
10%@&' ()-1222222220P6  109%g& ()-1 109%g& ()-1 109%g& ()-1 10%g& ()-1

018 () the A A YN AR o g 1. .
10%9 & () -higher ﬂhw@ﬁé yieldldemons®atgdhéreinlwith HeBG(2) pliiyradkinokits aid2R PeA3C6HT:
10%& () f]]d hxglh (tkle correc%e%oﬁe%epfree ACG-2 yield reported in the literature (Table 1).

AAV vector genome analysis is also a commonly used method to quantify
5  production yields independent of the nature of the vector sequences. This method is very
sensitive but requires the removal of all contaminating plasmid and replicative form DNA,
especially when assayed by slot hybridization or polymerase chain reaction assays. Southern
blot analysis of DNase treated vector virions can distinguish between packaged single
stranded genomes and incompletely digested plasmid and/or replicative form DNA. In the

10 present study genome containing particle yields of approximately 10* per cell transfected and
vector genome to infectivity ratios of approximately 10° were observed, a ratio consistent
with values presented in the literature (Salvetti et al., Hum. Gene Ther. 9:695-706 (1998);
Matsushita et al., Gene Ther. 5:938-945 (1998); Xiao et al., J. Virol. 72:2224-2232 (1998);
Gao et al., Hum. Gene Ther. 9:2353-2362 (1998); Grimm et al., Hum. Gene Ther. 9:2745-

15 2760 (1998); Mah et al., J. Virol. 72:9835-9843 (1998); Qing et al., (1998); Summerford et
al., Nature Med. 5:78-82 (1998); Qing et al., Nature Med. 5:71-77 (1999); Summerford et
al., (1999); Clark et al., Hum. Gene Ther. 10:1031-1039 (1999), each incorporated herein by
reference). The ambiguity introduced by differences in the methodologies used in
determining the titer of AAV vector preparations prompted the inclusion of ACG-2 plasmid

20  as an internal control for vector production using the MTrep/CMV cap packaging plasmid in
the present study. The data provided herein are consistent with the calculated values
presented in Table 1.

The finding that only a single adenovirus helper protein, E4orf6, was required
to produce AAV vectors in 293 cells and the achievement of significantly higher yields

25  using the separate rep and cap plasmids provided improved vector stocks for preclinical and
clinical applications. The increase in AAV vector production allowed for the administration
of significantly larger amounts of the ARAP4 vector in a murine lung model resulting in the
highest level of transduction in airway epithelium yet observed and reported.

AAV rep and AAV cap genes from adeno-associated virus type 6 have also

30  been used to construct packaging cells of the present invention. The packaging cells
comprising AAV 6 rep and AAV 6 cap also produced recombinant AAV vector at high
efficiency. Further, evidence is provided that AAV6 cap pseudotype vectors show
preferential transduction into distal airway epithelium and bronchial epithelium relative to

AAV?2 cap pseudotype vectors.
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1099& ()-1 109%g& ()-1 10%& ()-1 109%& ()-1Y $I /Q
)3*3+3,3-3.3/323}cD  10%¢& ()-1 109g& ()-10 109%g& ()-1 109%g& ()-1
10%9& () wh oy/500& ()-1  10%& ()-1  10%& () - 12343536 IXIBCHIHOY-LD

%g‘;/@g;?@%gg & (12) /1 10%9& ()-1  10%& ()-1Y $I /g 10%9& ()-18393: 3;
10%a ()1 10vga yierrecl i fave begn pgiialte By CRRIN S0 10

10%1?] & () Hiu¥rétive/aad not rek@iajge.( Mafy vaﬂ;ﬂi}z{g&b{ the invention will become apparent to

10%&' () - 1H3VBOB B -
100/3 & E g thpse sk:me;zblgzstgéJ3 aliv?li)(on 1":ev1ew of this spgm 1<Qt10n Theo(y & o(f)tﬁe mverilt%é%ﬁo&l)d: 1

therefore, be determined not with reference to the above description, but instead should be
5 determined with reference to the appended claims along with their full scope of equivalents.
All publications and patent documents cited in this application are
incorporated herein by reference in their entirety for all purposes to the same extent as if

each individual publication or patent document were so individually denoted.

10
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109%g& ()-1 10%& ()-1X3z3\373_3b3c3e3j P1 109%g& ()-1 10%& ()-1

109g& ()-1 109%g& ()-1 109%& ()-1 109%g& ()-1

109%g& () wie3pdis3s 3nBo3p3r 3j P1 109%g& ()-1  10%& () - BCT/USOM@ELY ) - 1
-1

10%g&’ () 10%9& ()-1 10%g& ()-1  10%& ()- 1r 3s3u3v3x3z3| R3j P1
10%9& () - LA EDSS! /O 10%& ()-1 10%& ()-1z3}333333eFl
10% 105’%’%—1_‘%'&1‘(‘- )-1  10%& ()-1  10%& ()-1 10%& ()-1
10%9& () -133333333j K, 10%9& ()-1 10%& ()-1 10%& ()-1
10%9& ()-1 10%& ()-1 10%& ()-1  10%& ()-1333333n59j K,

1. A mammalian cell which can package a recombinant adeno-associated

virus (AAV) vector at high efficiency, the cell comprising a polynucleotide sequence
encoding an AAV cap gene operably linked to a heterologous promoter, a polynucleotide
sequence encoding an AAV rep gene operably linked to a promoter, and a polynucleotide

5 sequence encoding an adenovirus E4orf6 gene.

2. The mammalian cell of claim 1, wherein the promoter operably linked

to the AAV rep gene is a second heterologous promoter.

3. The mammalian cell of claim 2, wherein the heterologous promoter
operably linked to the AAV rep gene and operably linked to the AAV cap gene are the same

10  promoter.

4, The mammalian cell of claim 2, wherein the heterologous promoter
operably linked to the AAV rep gene and operably linked to the AAV cap gene are different

promoters.

5. The mammalian cell of claim 2, wherein the heterologous promoter is

15 inducible.

6. The mammalian cell of claim 1, wherein the heterologous promoter

operably linked to the AAV cap gene is a cytomegalovirus promoter.

7. The mammalian cell of claim 6, wherein the cytomegalovirus

promoter is the cytomegalovirus major IE gene promoter.

20 8. The mammalian cell of claim 5, wherein the heterologous promoter

operably linked with the AAV rep gene is a metallothionein promoter.

9. The mammalian cell of claim 8, wherein the heterologous promoter is

a murine metallothionein I (MT-1) promoter.

10.  The mammalian cell of claim 1, further comprising a recombinant
25 AAV (rAAV) vector, wherein the vector comprises a polynucleotide encoding a

polynucleotide sequence of interest positioned between two AAYV terminal repeat regions.
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1099& ()-1 109%& ()-1 10%& ()-1 109%& ()-1Y $I /G 333333333}cl/
109g& ()-1 109%g& ()-1 109%g& ()-1 109%g& ()-1 109%g& ()-1 10%g& ()-1
109g& () -Wo 01/492& ()-1333333qWelcl/  10% 109%g& ()-1 PEDASEIAfoN9L

109g& ()-1Y $I /Q 10%& ()-1333333333}cl/ 109%& ()-1 109%& ()-1
109%g& ()-1 10%& ()-1 10%& ()-1 10%& ()-1 109%g& ()-1

10%g& () -1333333qWacl /' ThelRihm ﬁm/&&c(f)dalml mmmep;w $bp 4 the AAV
10%& ()-1  10%& ()-1333333333}cl/  10%g&’ () - 10%& ()-1  10%g& ()-1

10%g&' () <caip gene3ug&p(oyvided as M@spl(t)pamkagmg)g@&s ()- 1 10%g&' () - 1333333!\/8} cl/
12.  The mammalian cell of claim 11, wherein the promoter operably

linked to the AAV rep gene is a second heterologous promoter.

5 13, The mammalian cell of claim 12, wherein the heterologous promoter
operably linked to the AAV rep gene and the heterologous promoter operably linked to the

AAV cap gene are the same.

14.  The mammalian cell of claim 12, wherein the heterologous promoter
operably linked to the AAV rep gene and operably linked to the AAV cap gene are the
10  different.

15. The mammalian cell of claim 11, wherein the polynucleotide

sequences which encode AAV rep and AAV cap are provided on separate vectors.

16.  The mammalian cell of claim 11, wherein the polynucleotide
sequences which encode AAV rep and AAV cap are provided on the same vector separated

15 by non-AAV encoding oligonucleotide sequence.

17. The mammalian cell of claim 1, wherein the adenovirus E4orfb gene

is operably linked to a heterologous promoter.

18.  The mammalian cell of claim 17, wherein the heterologous promoter

is inducible.

20 19.  The mammalian cell of claim 17, wherein the heterologous promoter

is a cytomegalovirus promoter.

20.  The mammalian cell of claim 1, wherein the AAV rep gene and the

AAV cap gene are the AAV type 2 rep gene and the AAV type 2 cap gene.

21.  The mammalian cell of claim 1, wherein the AAV rep gene and the

25  AAV cap gene are the AAV type 6 rep gene and the AAV type 6 cap gene.

22.  The mammalian cell of claim 1, wherein the AAV rep gene and the

AAV cap gene are AAV rep and cap genes of different AAV types.
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& ()-610% & ()-610% & ()-610% & ()-610% & ()-6' ! 10% & ()- 3333333pT87

10%9& 10% & ()-610%&' ()

10%g&' ; c3 10% & () éejéfoc%)g ﬁé‘%ﬁ(%a"&& &eﬁ'ﬁ%’w @’8%2‘@ géggéﬁgg%t X<
10%g&' ; 1084 ¥ ﬁ(aep@bﬁe/cmd(mcmAU%&gél)eneﬂW/A&V(aem@me&' ()-610% & ()-610%

& ()-63344444pT8<  10%& 10% & ()-610% & ()-610% & ()-610% & ()-6;c3 10%

& ()-6444444 AT8< , 10%0GAQE ()& 0% 610% 010% & () 610%
& ()-6 444 44444t xZ+ 1 &“i‘%ﬁ}‘agiz 3‘”‘6‘%&%‘“@%%& é‘%}ﬁéfﬁf%ﬁge i5 181 006
& () - 610%AV(D repte &nd ﬁm@ﬂ&?%ﬁébﬁ@iﬁhe ABRYEY Yaplodnk: 610% & () - 610%

& ()-6810% & ()-6810% & ()-6;c3 444 41 4#4$4pP4< 109%4.0% & ()-610% & () - 6;

c3 10% & ()-610% & ()-610% & () - 634984 4(4) 4 a4t X< 10940% & () - 610%
& ()-610% & ()-610%% ()ismammalian esflopfclaim) L7 whegein (hﬁﬁémmmua Aonf® g P4<

1094.0% & ; 610% & ()-610% & ()-6; c3 14243444546474pT8<
1094.0% &' 8’ ge}‘g’@'@*%’%p g]@‘?f’ﬁoé%}"i ()-610% & ()-610% & () - 6748494 4; 4<4=4t X<

1094.0% & ()-610% & ()-610% & ()-610% & ()-610% & ()-610% & () - 610%

& () - 6=4>424@A4BACH TS <A metiisdifoshe prdustioneRictombibant RAY) vebidIcofipr)sirgl 0%

&' () 6; c3, CADAEAFAGAH 4J4pP4<  10%4.0% & () -610% & ()-6;c3 10% & ()-610%
() - 610905 RS YI4KALAMANAOIPAL X< 1094.0% & () - 610% & () - 610% & () - 610%

&' ()-610% & () - 610%) Grdvidifig A YadnhaliRePWMSH I WhdadR4recombinant AAV vector

10  at high efficiency, the cell comprising a polynucleotide sequence encoding an AAV cap gene
operably linked to a heterologous promoter, a polynucleotide sequence encoding an AAV
rep gene operably linked to a promoter, and a polynucleotide sequence encoding an
adenovirus E4orfb gene;

b) introducing a recombinant vector comprising a polynucleotide of interest

15 positioned between two AAV terminal repeat (TR) regions; and

¢) incubating the cell under conditions conducive to replication and

packaging of the recombinant AAV vector.

27.  The method of claim 26, wherein the AAV rep and the AAV cap

genes are provided as an AAV split-packaging gene.

20 28.  The method of claim 27, wherein the AAV rep and the AAV cap

genes are provided as separate vector constructs.

29. The method of claim 26, wherein the mammalian cell is a human cell
transfected with a first vector comprising a polynucleotide sequence encoding an AAV rep
gene operably linked to a murine metallothionein I promoter; a second vector comprising a
25 polynucleotide sequence encoding an AAV cap gene operably linked to a cytomegalovirus
promoter; a third vector comprising a polynucleotide sequence encoding an adenovirus
Edorfb gene; and a fourth vector comprising a polynucleotide of interest positioned between

two AAYV terminal repeat (TR) regions.
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20 34,  The method of claim 30, wherein the AAV cap gene is the AAV 6 cap

gene.

35.  The method of claim 34, wherein the AAV rep gene is the AAV 6 rep

gene.

36.  The method of claim 30, wherein the AAV cap gene and the AAV rep
25  gene are of different AAV types.

37. A method for transfecting or transducing airway epithelial cells at
high efficiency relative to wild type adeno-associated virus (AAV) serotype 2 comprising
contacting the airway epithelial cells with a recombinant AAV comprising capsid proteins of

adeno-associated virus (AAV) serotype 6.
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