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NOVEL ADENOVI RAL VECTORS, PACKAG NG CELL LI NES,

"RECOVBI NANT wOlebgadéRUSES AND METHODS 5 PCT/USOFI4D OF
THE | NVENTI ON The present invention relates to nove
replication- deficient adenoviral vectors, novel packaging cel
lines 10 and reconbi nant adenoviruses for human gene therapy. In
particul ar, the novel packaging cell lines have the conpl enent ary
function for the early gene region El, E4 and optionally the E3
del etions of human adenovi rus. 15 BACKGROUND OF THE | NVENTI ON
Replication-defective retroviral vectors as gene transfer vehicles
provi de the foundation mnmcgmm WmmheeapWMrMmeﬂ-IM}t ors

are engi neered by renmoving 2@eeon8 Fﬁk* i?ﬂﬁbﬁ&ﬂ Ramopg that no
viral proteins are _ made I n ce infected wth the vector and no

further virus spread occurs. The devel opnent of packagi ng cel

| ines which are required for the propagation of retroviral vectors
were the nosg inportant step toward 25 the reality of human gene

t herapy. The forenost advantaoes of retroviral vectors for gene
therapy are the hi gh ef fi ci enimlate—teR SRR d t he precise
integration of the transferred genes into ceIIuIar : genom ¢ DNA.

However, maj or di sadva e@%ﬁtaLﬁgeﬁgl P§f§€ é“égjﬁMJél E@F&9¥55f$n—

vectors, nanely, the ina OV|ra vecto
non- di vi di ng cellsd%#kFlent adﬁnevﬁﬁﬁénYFGF°¥ﬂsé¢QYQiuQaqh§Sé@6né§lé.1lnes

io0- and recombinant adenoviruses for human gene therapy. In
particular, the novel packaging cell lines have the
complementary function for the early gene region El1, E4
and optionally the E3 deletions of human adenovirus.

15 -BAEEﬁBQﬂNﬁ;QE_IHE_INNENIIQN

Replication-defective retroviral vectors as gene
transfer vehicles provide the foundation for human gene -
therapy. Retroviral vectors are engineered by removing

20 or altering all viral genes so that no viral proteins are
made in cells infected with the vector and no further
virus spread occurs. The development of packaging cell
"lines which are required for the propagation of

: retrovirai vectors were the most important step toward

25 the reality of human gene therapy. The foremost

- advantages of retroviral vectors for gene therapy are the

_'high-efficiqpcy of gene transfer and the precise .
integration of the transferred genes into cellular
genomic DNA; Hoﬁever. major disadvantages are also

30 associated with retroviral vectors, namely, the inability
of retroviral vectors to transduce non-dividing cells and
the potential insertional mutagenesis.
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PCT/ US95/ 14793 Human adenovi ruses have been devel oped '
as |ive WP26/14061 vacci nes and provi de anot her alternat iPCT/jS98/14793 Vi VO
gene del i very vehicles for human gene therapy [ G aham & Prevec e

I n New Approaches to | nmunol ogical Problens, Ellis (ed), 5 '
But t erwort h- Hei nemann, Boston, MA, pp. 363-390 (1992) Rosenfeld, et
al, Science 252: 431-434 (1991), Rosenfeld, et al, Cell 68: 143-155 *
(1992), and Ragot, et al, Nature 361: 647-650 (1993)]. The features

whi ch nmake reconbi nant adenoviruses potentially powerful gene 10
delivery vectors have been_extepsively reviewed [ Berkner,

Bi ot echni ques 6: 61EY82% adenaviruses bave Jeer elgped as liveyyriralopin.
Genet. Dev. 3: vé2eines, and9PBovideramdther alternatdtenifopanh aﬂa@Qﬁaﬁyses

can be grown a [ | c i nf ect
i e Socty nSejavekY! GEnifies for naiP r?f’éé?év‘.‘é&te’ﬁ YalGxfhh s Plaved,

vi vo. Mie e APPFeachR: ove r EmuyRmne Pﬁé’bﬂ‘ﬁﬂﬁpuﬁhlbﬁ (#ddh

rel ati ve sase mnammmémmmJ awdrnsmll@@s 863-390 (199¢)

The f t nf_.ad |

2vai | 2bl e have ReBBPelro et Fnauteare 2591 Yatdag (MRGP Sedaendla) i

call ed El whicletceikprCe2d 68e 143-155 H199%)d BEnkd Regbbnset rmln Qeamirec nMap

units 1.30 to 8639 647-g50 MYSH) O e it ko whEBhAGHE DY @ transgene.
09

A transgene Pe7 Nt o ous of forelgn (exogenous) gene 25
that is carri e§es§mRinant | adenapiruges morentdaddy HPUeﬁful gene host cel | .

Del etionoof thaelivetyEred ity haved dien Té&&ens:.velyrﬁﬁﬁi@hé&n@éﬂ&'égw rus !

orr o pact) o cBIBkeERbIAied 8. gecond. o3R8, 080 RELEHET R WS Hbor Rner

30 Bi ot echauqxresoﬁznmmezfezg (DeB8B8)3]:. 49BRE0abi (19931 D. Brieflygenerate
El - del et ed ade | e human .
R dnge&a é&ﬁ@ﬂ%e@%an be gr8¥A AR blddeila LI :

aln
VWO 96/ 14061 Zr e quantz ies and efficiently 1nfectpijyygg5ﬂﬁﬂ*gym
15 of dividing and non-dividing mammalian cells in vivo.

Moreover, the adenoviral genome may be manipulated with
relative ease and accommodate very large insertions of
DNA. _ .
The first generation of recombinant adenoviral
20 vectors currently available have a deletion in the viral
early gene region 1 (herein'called El which comprises the.
Ela and Elb regions from genetic map units 1.30 to 9.24)
which for most uses is replaced by a transgene. A
transgene is a heterologous or foreign (exogenous) gene
25 that is carried by a viral vector and transduced into a
host cell. Deletion of the viral El region renders the
recombinant ‘adenovirus defective for replication and
incapable'of'producing'infectious viral particles in the
subsequently 1nfecced target cells [Berkner,
30 Biotechniques 6: 616-629 (1988)]. The ability to
generate El-deleted adenoviruses is based on the i
availability of the human embryonic kidney packaging cell E



%
line called 293. This cell line contains the El region of t he
adenovi rus which provides the El regi on gene products | acking in
t e El - del eA%/} [ Graham et al, J. Gen Virol . 36PCHUISISN4793
(1977)]. However, the inherent flaws of 5 current first generation
reconbi nant adenoviruses have drawn increasing concerns about its
eventual usage in ' patients. Several recent studies have shown that
El del et ed adenovi ruses are not conpletely replication
i nconpetent [Rich, Hum Gene. Ther. 4: 461-476 (1993) and 10
Engel hardt, et al, Nature Genet. 4: 27-34 (1993)]. Three ~ general
limtations are a i | b t Al T . e g
First, infection 329% ?%ngégﬁgiah?ﬁ&g%ﬂﬂ¥'gﬂﬂfrSoaf?ﬁM?ﬁ%&gégh%%Bgéﬁ o
vector -at hi gh nutheppiepeyigys which providesofheaBbresginn gemeo profuats
resulted in 15 laekingoincthy ED-ddlketeadl gdruscl[Geahdie d dlhes. Gen

| at i . of t t i S ] f tQxic. t | i
celI's [ (Kay cel | VEFGEneRE: 1oedTou o\ nbngd) | Rolddvetn “the ' Bileet HIAUR of"
responses a@ai nst cutteanti first ggenepation recompinaunttadenovirusgesghpeat on

protein, cause th@rdfn inciéds g aidicerrasSh®oae 2Ps raivust WeRgRf ihhe
i nfected ti ssye which recej ved the vegtors, ( Yan ,'ett%Lt Pr oc.

Nat 1, Acad. Sci. PRRIGRLSy PEverAal Xerssy prudigs:pdve i El mune
responses and cyt dedetedcidenisirtigpst laane poévenmnpletely xepdikcangoher m

°s ang oyl . | d 4 '
xpr ossi on_{ ol | owt ROCRRREatt (G Hum. qedly AEFS LR T J1ED ang o,

expression foll ow ng sequent - admnistration o
[Mttal, ettOal, Engelhardf,s sealgNagure)Gepgys)4: 27-34 (1993) 1, Theee of

these obst agl tes, éeﬁéfﬁtﬁix&igfﬁii&m dz:é_ asso?i?ﬁé&@lﬁm;ﬂer abeN8¢i A1 ?esi gn
are required to cripple aj.lity o e.virus.tq express Late
viral gene protei K§$€or te&'b%ﬁ%’asi %,d‘rﬁ%’st ipfectidn (quté’sdﬂngggoa tHe

expectation . vitfodettleddiegdemoviraiurectes patnduighEmydkthipiiciey of
3_ WO 96/ 140fdfection (abbreviated m.o.i.) has resulted iRCT/US95/14793
15 cytotoxicity to the target cells, due to the accumulation

of penton protein, which is itself toxic to mammalian
cells [(Kay, Cell Biochem. 17E: 207 {1993)]. Second,
host immune responses against adenoviral late gene
products, including penton protein, cause the
20 inflammatory response and destruction of the infected
tissue which received the vectors (Yang, et al, Proc.
. Natl, Acad. Sci. USA 91: 4407-4411 (1994)]. Lastly, host
. immune responses and cytotoxic effects togécher prevent
the long term expression of transgenes and cause
25 decreased levels of gene expression following subsequent
administration of adenoviral vectors [Mittal, et al,
Virus Res.28% 67-90 (1993)].
In view of these obstacles, further alterations in
the adenoviral vector design are required to cripple the
30 ability of the virus to_éxpress late viral gene proteins,
decreaéing host cytotoxic responses and the expectation
of decreasing host immune response. Engelhardt et al

3



recently constructed a tenperature sensitive (ts) mutation within

t he E2A- encoded DNA- bi nding protein (DBP) regi on of the El-deleted

r econbi NWMIHMSAovi ral vect or [ Engel hardt, et al, RCIUSISE4M3 Acad.
Sci. USA 91: 6196- 5 6200 (1994)] which fails to express |ate gene =
products at non- perm ssive tenperatures in vitro. D m nished

I nfl ammat ory responses and prol onged transgene expression wer e
reported in animal livers infected by this vector (Engel hart, et al ¢
1994). However, the ts DBP nutation 10 - may not give rise to a ful

I nactive gene product in Vi vo, and therefore be incapabl e of

conpl etely bl ockin e e ni cal advances
are neet® %E"%n]é‘f ‘W&ﬁtﬁggfg second ﬁéﬁtﬁq%e}(g%ron i nto

t he adenoviral mﬂamrem@h;@ctbﬁsﬂgé'mﬁfh@ dNAthigdingsprotein (DBPAne
expression in i‘é :Ebn J¥oale mcaameaadwééodmm: adenovipal ma&cconnndat e

the production _of s (and n 0,
adenovi ruses r EFRAS ﬁ?f?‘g:pl i (Fa?ﬁ‘OnE’ c. Nat‘b'e%g éa@ ?ﬁﬁ %%1e |on of the
El and E3 genes2@@i (1894)] whichoEdilsectoremxass Jake geneonm@scttshet

devel opment ofp 50160200 asive? RdnBLEAELSR 100 f ODLaMRENGENC L her apy.
The present nventi on provi deﬁ‘é suc ckagi n ceI |- 1ines

and resul tant mﬁmqqsé?sgﬂﬁsFéc jtransgene, ePor
exanpl e, adenwefalr@ou%u dey antnial cJa.tvgmgmfected lblyethn.anmjmm: of

i nterest. et al 1994). R\EtQ:tENﬁgyTﬁt@Etz.on

Accor di ngl y tne %resentt invent i on genera aims to l'E‘)rpw de an
i mpr oved0adenday oty erivsy rdpet Eth 0 %%l%ﬂ%c@é’e genenpraduet A ¢ es found!

in using the fiigd, GaiEHerefore be inmcHpublie Jf \wonplesetyrbbomtkipngavai | abl

by provi ding Js,ar,%gqegﬁé"%ér%ggl Bl Ao PO0es Adhan ha¥BLEE Sl et ed of At

| east two earl uences
4 WO 96/nhelsriEd that woul introduce a second lethal deleq:j@n @ggg/ 14793

capabl e of del tﬂ@rdd&dﬁrﬂlgﬂl—aéﬂéQ&QWe@tﬁs tHcARDpPlesely block o somatic
cells. 15 late geneD aertxﬁrcelélsgron LRV RES! Serﬁo@él"%@%&zﬂ&%‘éf’fﬁﬂn@%
that can accommodate the production. of second (and third)
generation recombinant adenoviruses rendered repllcatlon-
defective by the delet:Lon of the El1 and E4 gene regions
hold the greatest promise towards the development of safe
20 and efficient vectors for huma.n gene therapy. _The
present invention provides for such packag:.ng cell lines
and resultant mutant viruses and rec_:omb:.nant viral
vectors (for example, adenoviraJ. or AAV-derived) carrying
the transgene of interest.
25 . .
SUMMARY OF THE INVENTION

- Accordingly, the present invention generally aims to
provide an improved adenov:Lral vect:or system to obviate
30 the difficulties found in using the first genera.t:.on
adenoviral vectors currently available by prov:.d:.ng
second and third generation viral vectors deleted of at
least two early region DNA sequences, and that are

4
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second and third generation reconbi nant adenoviral 5 vectors
(adenovi ruses) harboring at |east two |ethal del etions, nanely, the

Elz and E4 eaWD\wé/1e@§10on genes. Optionally, this vector rrror/e89s04798
deleted of the E3 early gene region. Mire particularly, this
reconbi nant viral vector carries a transgene, for exanple, the
[ery]- 10 gal act osi dase gene, introduced into either the El or E4
regions. In a nore particular enbodi nent, the reconbi nant

adenoviruses may contain a therapeutic gene that repl aces the El or
E4 regions (or optionally the E3 region), and the therapeutic gene

I s expressed and/or transcrjhed.in a 15 , targeted host cell,
Anot her obj ect of- ‘F?‘B‘%ree%%eiﬁVsﬁH‘%nf?ﬁe,’tq}" Q:%erapspgwa%r FafRpgenes
packagi ng cell [|i neovédonticomeldsent s functions of the El, E4 and

optionally the E3 gene .[.egLans iva s ; ol of
the Bl . E4 20 ng B ipgﬁgﬁkéﬂ%%- tRé FrélidfiC invenedsA R dviadieireke

regli ons, therehy allowng th
production of the @S thizd s@%%’%%tm-mﬁﬁht a‘x\ne’?"gf’tﬁ?gi nant

adenoviral vgct or svéedidry qaidenbvibasés) hakboring agnlleastitwwmllethalhe E3
DNA regions. The p o pa E‘F? ' I ' degd defy human
enbryoni ¢ ki dney Zéee{ee{mc%’l g gég'ce .gq:_?%_e c#gnlegggg ?%%ycgge ovirus El

and E4 geneOREEnaid Vi, nthisaveeton Ay 2d sgehEneeleted ofarthec Bar
enbodi nent, the pagdey; YeneckegibAe iMotd Grtiiictdabyei this recominafié- E4

and deposited on August 30 1994. _with_the _ ri?BHTp ture
Col | ection (ATCC) _,V%i’eﬁsfﬁ gﬁﬁrﬁﬁs.? t%’“ls\?ee,neRogggi_ e, ll\%r ;%h% , under
t he BudapesiOTreatgalactosidagmdgans. tirtroduaed daspgrither AheCEL ORLE41711.

Anot her obj ect of A} di=£SeR! al R¥PAIpFiculla? embodim@heYitite FetOmBinant

gackaglng SEJ56}H2§%¥ﬂh%§u%%§phgﬁegéﬁcain a therapeutic gene that replaces

PCT/ US95/ 14793 the E1 or E4 fegicnsntomiontionallyrrhe ks gediomdl.| gndhe E3

gene regi Qe thetafhiBsti ¥8ndded iigressdal 8hafo Al tidibdFibeBin a
and optlona* y E3 regl ons, therebX all owi ng the production of the
above descrtbed s t@&n@PéFi gall. 5 ‘reconbi nant -adenoviral vectors

deficient of the El, Eanother object opf ithenipresenheif@emdion dgi ¢9s. The
preferred PARKAY Q086 badeagiaig \Rd 1f LOH: NiBL EhipiRReG Lkl dney
functions of the El1, E4 and optionally the E3 gene
regions of a defective adenovirus deleted of the El, E4
20 and optionally E3 regions, thereby allowing the
production of the above described second generation
recombinant adenoviral vectors deficient of the El, E4
and optionally, the E3 DNA regions. The preferred
packaging cell line derived from human embryonic kidney
25 cells (293 cell line) contains the adenovirus El and E4
gene regions integrated into its genome. In a particular
embodiment, the packaging cell line is identified herein
as 293-E4 and deposited on August 30, 1994, with the
American Type Culture Collection (ATCC), 12301 Parklawn
30 Drive, Rockville, Maryland, under the Budapest Treaty,
and has there been designated ATCC # CRL 11711.
Another object of the present invention is to
provide a novel packaging cell line which complements

5



cells (293 cell line) contains the adenovirus El and m ni mum

essential ORF6 region of Ad5 E4 gene integrated 10 into the 293 cel
genone. |woaép406ti cul ar enbodi nent, the packagi ng celcrisbiifs7oH
identified herein as 293-ORF6 and deposited on Cctober 25, 1995 withs”
t he Aner.ican Type Cul ture Collection (ATCC), 12301 Parklawn Dri ve,
Rockvill e, Maryland, under the Budapest Treaty, and has 15 there been
desi gnat ed ATCC # - Anot her object of the present invention is to”
provi de- a novel packaging cell -1ine which conpl enents functions of
the El, E2A and optionally the E3 gene regions of a defective
adenovirus deleted of the El, E2A 20 and optionally E3 regions, thereby

al lowi ng the functipnsdeftthm BY, E4canboopticmaklwdires&3ogengenerati on
retcorrbl P?nt ?ﬂ&%@‘%bﬁé' of%?tdéﬁadiqfsﬁechﬁBho@irﬁé‘edﬁateﬁzéf She Elaftﬁ g
optionally, the Ing ce i ne
derived fromh °§>ﬁ|§?§%ﬁ%r§% d’ﬁgﬂ@g& tﬁe’é%ﬁ aldswi eFPgI i ne) contains
t he adenovi r us pEpduati¢z/0f the abgvsedesgrﬂnedlsuaayldabederati)oﬁ he 293 cel |
genome. s recombfﬂﬁﬂ@Q£hﬁﬁhﬁﬁhlo§e&9 &Eﬁ%@ﬁéh%vsﬁttﬁE ﬁ? %ions of

provi de a novel Rackagi ng cell enents
the El, E2A, EAREnGP 'I}hﬁhg s. The.prefersed defective

adenovi r us del packaging heelHl 1152Ader1ved fiﬁhehuﬁahpehbﬁybhﬂb HoidrRgi ons,
thereby allow ggiibe(ag3 cellpﬁﬁﬂﬁ?tégxgcé’{né kﬁ}eal&(& ogfﬁgé'ﬁ'?dar? CO”d and

third geherati on recqnbi nant enoviral vectors deficien
VO 96/ 14061 minimum essential ORF6 region of AdS E4 gFQQYlEEEg!BIE@B

thekEI , 1B2A, I :Eﬂnaudtmeptznnaﬂelly. gehem&3 i pagitiealarhémbodiment, prtiﬁléer r 983‘
ackagi ng ce [ cells (293%
a0l N Oy phbREs iR 061 14AE By hene 1e1ca HTRINOM CodY e (

cell line) con al ns enov ons
i nt egrat ed i nt §ePosited ome Ogbabes| 25 geldFh with the Amerzqannwxne obj ect of

the present i ngeDtuss cdiltaetmn (AMP.VIIBO& Pagklhen UsL,&,0 | Ntroduce the

E4 region int The .ha |aI o t he
adenovi rus E40Ir{%%1|°6n1 o?évm égiflﬁ? er 'retohr‘raot%ter Jsi'?‘eﬂy, Lﬁfgﬁ‘ﬁﬁt ed with
a cel | utr dﬁ%?%ﬁePQﬂﬁ'ﬁﬁﬁéggéﬁed ATC #‘pronnter that is regulated by a
CRE binding prot ei MrfdtHer object 6f [EHd Iprie¥enki AnveRELdn i 1¥idy N,

?V)gona(cjiot lr Ophig%&o&f/éeo%h havE1C packaging Cé’eﬁc tiggg %hj? B dc‘fjlc;snﬁ'.»lcOrer’x)xI gx (subunit
and gl uca
functions of the El1, E2A and optzonally the E3 gene

' regions of a defective adenov;rus deleted of the El1, E2A

20 and optionally E3 regions, thereby allowing the.

production of the above described second generation

recombinant adenoviral vectors deficient of the El, E2a

and optionally, the E3 DNA regions. The preferred

packag;ng cell line derived from human embryonzc kidney
25 ‘Cells (293 cell line) contains the adenovirus E1 and E2A

| 'g!ne reglons integrated into the 293 cell genome.

" Another, object of the present ‘invention is to
provide a novel packaging cell line which complements
functions of the E1, E2A, E4 and optionally the E3 gene

30 regions of a defective adenovirus deleted of the El, E2A,
E4 and optionally E3 regions, thereby allowing the
production of the above described second and third
generation recombinant adenoviral vectors deficient of

6



§
The E4 gene region is operably linked to the CREB 15 prormter in the
plasm d provwwdssgnaegave. | n a particul ar enbodi nent (rp]‘llﬁscgg)lg,”

conprises the adenovirus . described above and a nDuse al pha
([err])-lnhlbln pr onot er ~+ which is identified as plkK6.1 MP([err])-E4

and deposited at t he ATCC on August 30, 1994, under the Budapest :
Treaty, 20 and has there been designated ATCC #75879. Yet

anot her object of the present invention is to provi de a plasm d that
i ntroduces the mninmal essenti al E4 gene region, open reading frane
6 (ORF6) region, into the 293 cells. The bacterial plasmd conprises

the 25 adenovi ¢us #RFE2AI aﬁmeaﬁa cépelfamﬁiygeeﬁer ﬁgl m%&sof The

the E4 pronoter and s bstifut e el l.ul ar i ndu | e hor none
gene, pronoter thaqrgéertx Paf agwgﬁiéE Asgive Pr%r%‘h such as

[err]-inhibin, [eren}bnydmbl k;d{:eyrq:e.‘gtmam& @efilnline) contaime thare c,
toch d t
cytochome ¢ oxi asfdé-fbﬁiﬁh:’ag £8 bR arlé/)mor et regidh¥ ﬁ?%q a@% PReg gene

fragnent is gperab EB pronot er asmd
provi ded above 293 cel aQ???FEFF-ar errbodl ment, the plasmd conprises

t he adenovi r us @RbGhér aglybedt tazmmeeherir]wémhidﬁ ispr@not er
7 WO 96/ 1406 U [14793
which is identifi ov:.dg I RG"_lLaﬂ1 [uesreﬂ )tocﬁggrodgci:?he %4 (f epqyn §g§? t he
ATCC on Oct ober 23he1393 gaids- t HpRagrexial plasmiq gupriges ¥88 there
been desi gnat ed A'%niéva.rus E4 region déRioidneEhehe OB astonterh@anar esent

EIA 0" 12010 upecREALAS, AR £l 1e" RALERE BobifendReY 1o S

E2A gene tha enco 2] adenow fus n
(DBP) into the 29 PrempersT tm%t b tragudiatedabifi @ CRE blndﬁmpprgé;smheuch

adenovi rus E2A geng aegnﬁﬂbﬂ@vcanhnﬁzuﬁe a-gonadgefoﬂm{mwto@ngrome c,
substituted with a ul ar mdu& le 10 Q ne ro ter that is
‘regul ated by a CREY] °ﬁé 5 &8P &%uéﬁoé'én{]re ]Sf) cagon.
[err]-inhibin, a- G‘bﬁaaétgemlrﬁglon is opprabhyokinked &a ctchleoﬁ!BEB oxi dase
fomlzl Sxt(s'tihaml t b\ﬂamQEer :Ln thd g Ca.%ﬂﬁ{&h IB@:Eé’d\dm f rlfi‘ﬂﬁe r'!:§c9P§fab|5y
piapt ?cul gr e(rarbodl ﬁE‘HPg’E'{T‘E?Fé t(}gem(g} 55 rggggg{?%%s e ad gag‘\é(raus E2A gene
and a nouse [err] desbribed rnhnmt emd/vlal mbuse alpha s(d)demﬂuhmdpaempt&ﬁ. 1
MP([err])- E2A agglidgposi i&chdlrildd€as prk6.1 MIP(a)-E4 and deposited at
the ATCC on August 30, 1994, under the Budapest Treaty,
20  and has there been designated ATCC #75879.
Yet another object of the present invention is to
provide a plasmid that introduces the minimal essential
E4 gene region, open reading frame 6 (ORF6) region., into
the 293 cells. The bacterial plasmid comprises the
25 ~adenovirus ORF6 fragment of the E4 gene region devoid of
- the E4 promoter and substituted with a cellular inducible
hormone gene, promoter that is regulated by a CRE binding
protein such as a-inhibin, B-inhibin, oa-gonadotrophin,
cytochrome c, cytochome ¢ oxidase complex (subunit IV) or
30 ' glucagon. The ORF6 gene fragment is operably linked to
the CREB promoter in the plasmid provided above. In a
particular embodiment, the plasmid comprises the
adenovirus ORF6 fragment and a mouse a-inhibin promoter

.7



ATCC on Cctober 25, 1995 under the Budapest Treaty, and has there

been desi TCC #... 20 Yet anot her object _of the present
inventior?glag&?g,sf\ provi de a method of infecting a nanﬁﬂf‘@?ﬁllé?bet

cel l with the above-identified second or third generation o
reconbi nant viral vectors that carry transgenes for in vivo and ex

Vi vo gene therapy. 25 30 WO 96/ 14061

PCT/ US95/ 14793 BRI EF DESCRI PTI ON OF THE DRAW NGS “
Figure 1 depicts the construction of the plK. 6.1 MP([err])- E4

pl asm d, as described in Exanple 1, infra. Figure 2 depicts the

construction ofwHikkts ABViGeatified as pIK6.Ql HIPi(E)-ORFECasd i dasbsitdaanpl e

1, infra. Fi (A e | stratio d.the Southern 10

~anal ysi s of 29§-tthgeg#&§i%%sé%%é ers%r i'-bg'éb%nuﬁgéﬁppée%u&pe“ infra. (A
The restricti oFnsat¥er andohas Hehene heencdgsignated\RPCQ)# £4. and t he probes

used in Southern bl ge¢ @h6ther objed@PoE! eHei Prebesti Lhvshtdd oy tHhe solid

o repr dsent s FERTLERI & PLRGEN. oPatnd AEFoRugRe, he paesch fis AT (P,
probe is the 2g@ngpther enceiirs thesedepowirus DNA| bimiimg|prdteifhe E4 probe
is the Sma | H(jbﬁ@@”?ﬁ&o(ﬂ&é‘-.Z% cells?? fHe%Babterf&PIp1Ldmiy) €nzyne sites
are abbreviated as . fo#ows:. H, Rdlll; S, . Sfi I;%I%ol. (B)
DA was 20 GPURELEAR FIR ATIVEERS FAASTPRS SO0 00 ARNAIA P Fehe E4
probe. (C) DNAERaspuometéxdand tsublitdthteddwhthradreklular inducible
10 hormone gene promoter that is regulated by a CRE binding
protein such as a-inhibin, B-inhibin, a-gonadotrophin, | (
cytochrome c, cytochome ¢ oxidase complex (s’ubunit IV) or
glucagon. The E2A gene fragment is ope_rabiy_ linked to the
CREB promoter in the plasmid provided above. 1In a
15 particular embodiment, the plasmid comprises the
adenovirus E2A gene and a mouse a-inhibin prox_t_ioter which
is identified as pIK6.1 MIP(a)- E2A and deposited at the
ATCC on October 25, 1995 under the Budapest Ti‘eaty, and
has there been designated ATCC #.... o
20 Yet another object of the present invention is to
provide a method of infecting a_ma#nnali_an t_afge_t cell
with the above-identified second or third generation
- recombinant viral vectors that carry' transgenes for in
vivo and ex v}ivo gene therapy.
25 D
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]
the E4 probe. (D) The E4 probe was stripped from Hi nd 11 and Sfi |
di gestion bl n he DNA was reprobed with the inhibin pronoter
prrobe. (E) T 9 i n probe 25 was washed off fromthe Hi TP39SAATY3 SF |
| di gestion bl ot and DNA was reprobed with the EI probe which is a
H nd Il E fragnment frommu. 7.7 to mu. 17.1. Figure 4
A-3 are phot ographs show ng the cytopathic 30 effect of H5dI 1014 on
WL62, 293 and 293-E4 cell lines in t he presence or absence of CcAMP,
as described in Exanpl e 10, infra. Parental 293 cells are represented
I n panel s A-D; 293-E4 cells are represent ed in panel s E-G and W62
9 WD 96/ 14061 = : ; ; .
PCT/ US95/ 14793 S are represente N pane s HJ. The
cells w thout |nfect|on are shown in panels A, E and H The cells
infected with H5dl Ebindrel Kiepicts e coostrhctin® afethe DIK.6.Shdth® (-

panels C, F and | gdhidénif! las 'dgs%%ﬁfﬂd"‘ﬁhh?.xﬁm%le IodidEAd with an

addi ti on of 1mV cAMP are shown in panel s and J.” Panel B
represents 293 cells with a nock - infection and an addition of 1nM
of CcAMP. Figyre aeiardtrst thieheonststction oaf atle tADV-R-gadt ur e of

,%35/ [ errfgg?i[jlepf]mpﬂéws #err]"tga( Lgr gkaﬂ?i%[gr %anpl e 5, infra.

Figure 6 illustrates the restriction enzyne analysis of ~ reconbi nant
viruses, as descripighte) XA (E)Sarenildustbations afd gthe s?:ut@re&'ﬁsent S

t he Nort her anal r i

reconbi nant Eadenovﬁa@fézé O%na\(?ec orgel:l'o?‘lflégl\i?vges%%% y %%4 and
48 hr post - infxract i@, Thensesaristinn pabrexns pE trhkmtrpéuces} 20
hybridizing to a [mpdcﬁ-lmbehadcheepkebék @8LaDVR 96 0ticern RIS Bre i's

the transcripts hy é)é(}’lgctzﬁ(:ad ¥ é %tﬁgg_lﬁdSFE%t robe The sohfaar}%lowc Is the

transcri pts detect
represents the mouse a-inhibin promoter region. The open

15 box represents the full length of the E4 region. The
mouse inhibin probe is the 283 bp PCR product described
in Example 1. The E4 probe is the Sma I H fragment (m.u.
92 to 98.4). Restriction enzyme sites are abbreviated as
follows: H, Hind IXII; S, Sfi I; N, Nco I. (B) DNA was

20 digested with Hind III and Sfi I and hybridized to the E4
probe. (C) DNA was digested with Nco I and hybridized to
the E4 probe. (D) The E4 probe was stripped from Hind
III and Sfi I digestion blot and the DNA was reprobed
with the inhibin promoter probe. (E) The inhibin probe

25 was washed off from the Hind III and Sfi I digestion blot
and DNA was reprobed with the El1 probe which is a Hind
'III E fragmept from m.u. 7.7 to m.u. 17.1.

Figure 4 A-J are photographs showing the cytopathic

30 effect of H5d11014 on W162, 293 and 293-E4 cell lines in
the presence or absence of cAMP, as described in Example
10, infra. Parental 293 cells are represented in panels
A-D; 293-E4 cells are represented in panels E-G and W162

9



Ad5 L3 region DNA probe. Panel D.is the transcripts probed with the

r adi oactl %p@ked L5 region PCR 25 pr oduct . %Jre 8
represents t hi di um br om de stai ned agarose gel P&TT S98/14793 PCR
products as described in Exanple 15, infra. 30 Figure 9 _ "
represents a Southern blot analysis of the L3 reverse transcription
pol ynerase chain reaction (RT-PCR) '
10 WD 96/ 14061 PCT/ US95/ 14793
products. The RT products fromthe +RT reaction m xtures were. run on-
the agarose gel, transferred to nylon menbrane and then probed with

the end | abel esbils w&epresentaabindpanéms tm-at hefmat eelss weehRnce of the
L3 RT-PCR 5 S ra&‘gs t he. construction

5 The ORE- o BAfeteidn’hRe shawn in bat]s 404 §omstrys
Figure 11 (A) infectédawithalfd11014 rwithout @mn tadiditibn of cAMP are

Pl K6. 1 M P([ er rdnownRit Bhﬂéﬁkdc Tﬁeaﬂaaffaﬂh R!Réﬁde'ﬁ?( 'ﬁfé@?@d ith

contains_ 910 b enQV|r E I ng sequence

from nul®oti dé@ﬁ&ﬁc@ligﬁntﬁgg?‘%"? r Pﬁﬁt sEﬂ‘&‘ o?n aneks 5

genonme whi ch iDs Guagdr Jt hePanel rBl répresents Z%ecmmsewﬁthMMmak promoter.

The open arrowy fect;onrﬁﬁaeéﬁniidiwgﬁﬁ JthicRMB . Pronoter regi on. The
nb 6 coding re

cross-hat chi ng box represents t gl on. The : ORF6 probe
is the PCR product. Restriction enzyne sites are abbreviated as
follows: H HpPigurel 5 depiets . the groestactionl AanéBihe eptasEtire dfSout hern

bl ot 0fy ?93- %@ﬁ&hﬁe "PEruses Ac\i/\%é&ﬁri:ﬁ ‘#rallgﬂ:‘.ﬁea .zgawé?ﬁ | over

phot ograph) zed Wt
phot ograph) 921)AEdjpj &% @%S%rwm in |EW1@g§entmfrem mu. 7.7 to mu.

Figure 6 illustrates. the restrlctzon_enzyme analysis of
' recombinant viruses, as described in Example 5, infra.
15 - P
Figure 7 represents the Northern analysis of transcripts
in Hela cells infected with recombinant adenovirus
vectors. Total RNA was isolated'at;4. 24 and 48 hr post-
infection. Panel A is the transcripts identified by |
20 hybridizing to a **P-labeled the B-gal DNA probe. Panel B
is the transcripts hybridized with the AdS5 E4 probe.
Panel.c is the trénSCripts-détected by hybridizing to the
AdS L3 region DNA probe. Panel D is the transcripts
probed with the radiocactive labeled LS region PCR
25  product. ' | ' |

Figure 8 reptesents the ethidium bromide stained agarose
gel of the RT-PCR products as described in Example 15,
.mfra. '
30 . : _
Figure 9 z_‘epresénts a Southern blot analysis of the L3
reverse transcription polymerase chain reaction (RT-PCR)

10
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{
17.1. 25 Figure 12 illustrates the construction of the

pl Ke6. Y P( a)wédé1ddspsm d. Fi gure 13 depicts the cons?&ﬁfs'bgpﬂgj

the plasmd 30 conpri sing DNA sequences that transcribe the virus-
associ ated RNA gene region. WO 96/ 14061

PCT/ US95/ 14793 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON One strategy designed to circunvent the probl ens
associated with current early regi on-del eted adenoviral 5 vectors is
to introduce a second essential gene region deletion into the
adenoviral vector. Several adenovirus early gene region transforned
cell lines which surqﬁmtts. The R'I‘tpeog\um hExem Ehe FRR vead¥ion treEMdtutiesus

gr owt h, o tBav bl , |, J. 10
Gen Virol. 36 50-08Y 977) \‘fva. nﬁgﬂfgg‘*egs‘l'llal dﬁrﬁggéekﬁﬁheg mffod . N Sl

USA 80: 5383-5386 #ne, andpth ﬁﬁrP’-g%‘PeéllWlf-h the e, Lebgled pligomersss
(1992)]. However, hybrddilzihgneo the intédfmals sdamehoecodf otlse di3 tRIB-PPRNE

regi ons si taneg&ﬁdﬁcts and at perm ssive tenperatures. Establishing
such a cell 15 I ne Whi ch possesses the capability to conplement the E
and a second essential gene region function in trans . (eg., E4), and
the capacity to fuighiren18sidlpsei@geskthe conste@ttibn NGt fithie IORF-6 E4

propagati on of qg%!g nt v s I nt @ pi.ng such double (or
possibly triple o%’ d gaug E&r dg?éﬁg%ﬁgé %gy %*?%?hate t he drawbacks
of the first generation adenOV|raI vectors currently avail abl e.

Studi es of Bthe adengrireus1eqn) yisedi dihdraMatdeneestrictidnptress bave

scounl ace viral PEKE Dk &'onds SHhalla., mhe piERsA fotdh ﬁﬁﬂﬁ'@esﬁfr& i 1
synt hesi s; coniiefinst PL@ bprEﬂRFRMQQuﬂte°£saéen¢vizuai51E@mdﬁ56e to

i nhibit host prot ebazﬁgnsagﬁéﬁc@tfm@ A@fe%ﬂ;aaesaqeéhce 1876 %roaqesBSEPdAer
et al, J. Virol.63. gg é%e)01ra1 genom Brlwﬂ;ch ;gndhéér t 29c88¥r§ 4
345-353 (1990),

15 of the mouse a inhibin promoter. The open arrow
represents the mouse a inhibin promoter region. The
cross-hatching box represents the ORFé coding region. The
ORF6 probe is the PCR product. Restriction enzyme sites
are abbreviated as follows: H, Hind III; X, XmnI. Figure
20 11 (B) represents a Southern blot of 293-ORF6 cell lines

" . probed with the ORF6 probe (lower photograph). The same
blot was rehybridized with the El probe (top photograph)
which is a Hind III E fragment from m.u. 7.7 to m.u.
17.1.
25 _
Figure 12 illustrates the construction of the
pIK6.1MIP () sE2A plasmid. |

Figure 13 depicts the construction of the plasmid

30 comprising DNA sequences that transcribe the virus-
associated RNA gene region.

11



30 Ziff, J. Virol. 66: 3110-3117 (1992), Bridge, et al, Vi r ol ogy

«

193: 794- and Bett, et al, J. Virol. : 67: 5911-5921

_(1993)] ﬁﬁéﬁﬁ%gﬁoval of the El and E4 gene PCT/US95/14793
WD 96/ 14061 _ ' - PCT/ US95/ 14793 .’

reglons fromthe reconbi nant adenovirus vectors may therefore

dramatically mnimze or elimnate the pat hogeni c effects of direct

cytotoxicity to the targeted cells and inflammtory responses in the -

human body. The 5 E4 deletion in a second generation reconbi nant

adenovi r al vector woul d prOV|de the additional benefit of increasing

the capacity of this vectgmSmws SR e ! gene inserts
as large as 10 kb. Tn one aspec —tne préesent i nvention, the
10 successful establishment of a novel packaging cell line whi ch
supports the growt h Qife stxiatepy &esigmed/italetidtdumvént the prdblmsand E4

deficient aden e QEHP e he E4
gene prodycts Fgééd&%éaa%lhﬁotegfﬁe% %pen ;Fégd' %lghg&(%eovgfﬁ

29 p
associ atidn 15 VeCtons [is; ko EPErodvee B RRRANG $§§Rnﬁiéieg¢ﬁetﬁﬁglanfunctlon
of inhibiting cigletian iENA thanadendviresll vidot@r.n Bbgeral adeno9ssati on of

cel lular protei ' dgfaéé&ﬁ.t P?
overexpression thggé ﬁgsée I on cell lzneg 3g%¥f§ﬁ¢?8rﬁltlnately
result in cell tﬁ¥°“'ﬁ< rr& fofElpoE2A °’bt£4t &N%Vﬂ-ﬁéslm’mqlon of the E4

gene region i ntmespectively’ haveé béers daibldshedOMPGrahsh, dth@llrans

activati e a ne, p WGt in.the parent 293 cells_which
causes t%g overexp(r?;esspon%f e 4(1?3:@5 %"Eﬁeﬁgulﬁ al, Frog.Natdse (

result-in cel |l Af@@t.hSciin UBA $0 2sF3B3I-5386nt(1683) 28nd Brduyh,Eétpabyoter is
replaced with nd ho e R nanely, a
¥i38l1bkaiob é'f'%béﬁ (1992 1"°HBRBGHE N RIATERs |

gene that is regul até di ng
protein (CREB)° fers thPafW%‘Eﬂ‘&?ﬂ Pf tth’é’ SFBRDFQQJ-@MtSMtaoeeuslw E4

pr onot er ‘ands aehpeemidsre tdnpetalBuregy! Séﬁgbﬂﬁe‘h!ﬁrfgaghhﬁ gusdrps a- 30
bt % o SRR B RO B L o ey o
Tabl e | on pag@h#sgosecord @sgenkiad) gepe pegion unctxgmewn teaass
15689- 15695 (19eg), E®) A iﬁdﬁﬁHéWaipac1ty to function as a packaging
. cell line for the propagaticn'of recombinant viral
vectors'containing such double (or possibly triple or
20 quadruple) deletions, may eliminate the drawbacks of the
R first géneration adenoviral vectors currently available.
Studies of the adenovirus ‘early region (ER) gene
functions have shown that the deletion of the E4 region
results in a failure to accumulate viral late
25 transcrlpts, a reduction in viral late protein synthesis;
L& defective viral particle assembly and a failure to
inhibit host protein synthesis at the late infection
_stage [Sandler, et al, J. Virol 63: 624-630 (1989),
Br;dge & Ketner, Virolagy 174: 345-353 (1990), Ross &
30 2iff, J. Virol. 66: 3110-3117 (1992). Bridge, et al,
Virology 193: 794-801 (1993), and Bett, et al, J. Virol.
67: 5911-5921 {1993)]. Dual ransval of the El1 and E4 gene

12
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13 VO 96/ 14061 PCT/ US95/ 14793 enbodi ment .

the CREB 1 eOwlolei ene pronoter is a mammal i an [err] - il bl st
'pr'~q_ferabl Y, nouseq%@i nhi bin. . In this instance, a 165 b;s}’gl’géf?’r“
sequence of the nouse i nhi bin pronoter region has been shown to
drive the 5 het er ol ogous gene expression at a | ow basal |evel and

I ngrease thelevels of heterol ogous gene expression in response to

t he induction of CAMP or adenylic cycl ase activators [Su & Hsueg,
Bi ochem and Bi ophys. Res. Common. 186, 293-300 (1992)]. An 8 bp
pal i ndrom c 10 sequence cal |l ed cAMP response elenent (CRE) is

rﬁSppnﬁ! B! e for thiregiofiscEeom thé efécorbinant Bdléﬁotairus vectomsi fnh?d W t hi n
t he i nhi bin pronot region. 1a ANy rly gene
promoters contain ﬁ?&’%@ggi %Qﬂaéﬁ?&llgl éf'rzr'gﬁfu\%i %ﬁ ere‘{e]l%yer{as%%t Egge early
genes responsi ve tPathogesic effiecks iah diresh\ryratomicity te thechargeked

2. 267-281 " (ck988) hndl infTakhfiry Rapbhaes ' 2 St Hiumahi BBagNd HHee
CAMP enhancer’gent a g; agenow [ us earolgé %enes via .l ndgpe dent,
mechani sns [Leza & LRHLC8, 18,3 fecapst yeneratiop recagbinan 89?‘3%?1‘61{5&9,
et al, Ml. Cell. Biectorowoudd prosgigie 4£ke7adddednal bEnefitpbficinereasing he

E4 pronoter \Whih & SEE AHi el Br eyt &h £ RIS R ﬁh&n
trans-activation from fhg g% in ucl’t i on oﬁ the E4 gene. §d£f|3§ t he
present invention, 98RPurPSRERG(3F && of Re E4 region is

I ntroduced into the 293Inecbhe aspeath\ft the2present\NRrvention| othes stil |
effective i g nduci Cag ; S§k0Q i i@ r in
a controlled %%gﬁﬁéfgﬁﬁl?sgﬁﬁiﬁ a Soagégﬁg?g%h?hat ?ﬁ%@ ﬁ%g%ﬁﬁétg-E4
packagi ng cel | |in¥Righ SRRROFES the @XOHEBr PE Polh gl and E4 deletions

adenovi ruses cont aini By ahé ES dflictilent adendeituses Has been the El and E4

del etions because hBfoflkeiid. Olssdds Ble o tnd % Yand broBles! {RHdn e

viability of the vi . . ) ]
protein of open reading frame (ORF) 6] in association

15 with the Elb gene product (496R protein) has a function
of inhibiting cellular mRNA transport resulting in the
cessation of cellular protein synthesis (Bridge & Ketner,
1890), the overexpression of the E4 gene region would be
expected to ultimately result in cell death. A major

20 obstacle to the introduction of the E4 gene region into
293 cells has been overcome, i.e., the trans activation
of the Ela gene product_in'the parental 293 cells which
causes the overexpression of the E4 gehes thch would
otherwise result in cell death. In the present invention,

25 the E4 promoter is teplaced with a cellular inducible

_hormone gene promoter, namely, a gene that is regulated
by a nuclear, factor called CRE binding protein (CREB).
Particularly, the promoter that replaces the E4 promoter
_ is chosen from the CREB regulated gene family such as a-

30 inhibin, beta (B)?inhibin,'a-gonadotropin, cytochrome c,
cytochrome c oxidase complex (subunit IV), glucagon, etc.
listed in Table I on page 15695 .n Kim, et al, J. Biol
Chem., 268: 15689-15695 (1993). 1In a preferred

i3



WD 96/ 14061 PCT/ US95/ 14793 :

I n accordance with the present invention, bacterial pl asm ds are

pr epar ed H@{l@féndard cl oni ng procedures and st art PEF/USSN/BI793| S
described in Finer, et al 1994 and ~Finer et al WD 94/29438. The
parental plasmnd pI K6.1 5 MVSV-E4 ([err]Ed4pro) is derived from

pl K6. 1. MVBVNhe (Finer et al WO 94/29438) and contains the full

| engt h sequence of t he adenoviral E4 region except for the absence
of the E4 pronoter which is substituted with the MVBV pronoter.

Usi ng cl oning techni ques well known in the art, the MVBV 10 pronoter is
replaced with on%;&; r o, rj bed above.
In a preferred e E éﬂﬂﬁafé'%;lated Feph gplrgégpzcejr%':ildy | i nked to

the adenoviral HRammal Tan Hf"b%%b%‘l’es@?ﬁerﬁqfégﬁbﬁyr SPORF A 1iphidisn
i nhibin, nost  In this dhstahty, aletés dshde pRirheednence ofhahe siduseng 15

pr ef erred pl asm e r 4 deposr ted
at the ATCC, Ro ﬁnﬂ:ﬁ:& E’k}gﬂgﬁggrpﬁﬁo%el%ﬁ{ge lsixo#n ‘faé:ddré‘v(fapest Treaty as
ATCC #7587, Thehefierniogous gene expHeRsiongatha trerbasaj,leved pndrmt ers -
operably Li nked increase! 6hehBevés W &ﬁ:&él@gaasfgw%re%% OK,

adenovi r al S £O ucte vie pl 1 MP(a)-E4
pl asn d as the sﬁeasi % gét gﬁ?a nébsﬁ]ém& %DF%#‘?G%E ﬁﬁnyci ic CYFS@FSn was
repl aced with amivprtgaacfs'ef&tm@F@JOChm andghionhys. Res.E4 gene or

E2A gene region é&mra@ﬁsaéuctzss-soo (15321 K6. inl\/b%eﬂarﬂ:hd%ﬁﬁcand pl K6. 1
M P([err]l E2A pl asm ds 25 that -are operagﬁéel I nked tqQ a-1nhibin

pronot er . 10 p| asfiggeence called cAME ysspofss; e B AEREARYi | 1 e, MD havin
t he char arempoasible cférdthire dnducthbeyabbfect eant Maedb%G and -
E2A pl asm ds Op%rd%'i’z't:!fhéﬁkx}??ufﬁ; e ] E&h]% gxg&&l rl-%%h”g g ATCC #

and ATCC # , respectlve n accordance t resent |nvent|on
one may use any 3 eﬁenm‘eexs early gene RFEWB?W%@%tEGbgﬁthPF%n of

t he inhibin elemgnenvhixh arshders ehesei sarly gerses respbasivietdl ewei d | s

15 15 induction of cAMP [Jones, et al, Genes Dev. 2: 267-281
~(1988)]). It is clear that Ela trans activation and the
CAMP enhancement act on adenovirus early genes via
independent mechanisms [Leza & Hearing, J. Virol. 63:
3057-3064. (1989) and Lee, et al, Mol. Cell. Biol. 9:

20 4390-4397 (1989)]. The replacement of the E4 promoter
with the mouse a-inhibin promoter uncouples the Ela
trans-activation from the cAMP induction on the E4 gene.
In the present invention, a full length sequence of the
E4 region is introduced into the 293 cells whereby the

- 25 " cAMP induction is still effective in inducing E4 gene
”“fexpress;on in the transformed cells in a controlled
;'manner It should also be noted that this novel 293-E4
packaging cell line. may also rescue (supports the growth
of) adenovzruses containing the E3 deletion in addition

30 to the El1 and E4 deletions because the deletion of the E3

region will not affect the vzabillty of the virus.

14
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transfectedgyg packagi ng cell lines described be

"The novel Zggagﬁl%ggkagi ng cell lines were stably trané%ml‘agﬁ t he
E4 “regi on and di spl ayed the sane 5 nor phol ogy and the growth rate as
parental 293 cells. This indicates that the |ow | evel of E4 gene
expression under the control of the nouse [err]-inhibin pronoter
does not cause extensive inhibition of host cell protein )

synt hesis. The nmutant adenovirus, H5d1l 014 [Bridge, et 10 al, Virol ogy
193: 794-801 (1993)], was used to exam ne t he conpl enenting activity

|0f . th SbFV?_ descri bedIr?%UE&_ ; hdagge WJ.QHCMiF&é‘éM ih%ﬁtb@ﬁ?-%v\ﬁ%iérfﬂ’ ries
e a el etl ons . I N e reql on, an ca (0] row I n ce S
(Bri dge. Plaamids bresprevaked Seust rrandard F19h%%a) Broreaer 12

ki dney) cell |ineand sstfmrimgdmbyezilabs vdescsxibednn Fider, et alol§f&rand s

the gromh of E4 Ll deyR0js I T . d s X s been
shown to produce ﬂgéﬁqdﬁ/;a?eggcgglﬂ§@§8. hﬁ}/eelpsarg tgimb%%%ﬂ%gléte%sr%
31

synt hesi ze Pate jE4pro) ist‘?aeﬁjn"?lq(:tfﬁ“ BREOC, 1 WiFYRRe fingr et
(1993)] in its nosllWo 2ZA/294d6) cand ¢entxiiothe Eelll lengshvesguémedf hat
P oues cert s (oo Rt £ ol 0 O 2o LflcabledbdlnP B
In anot her enbodiPFIROteth¥hirBsiht SEbRHYtRT Maith ggeZ‘ﬂMsV PYQfeRRe|
reconbi nant adenaysiriés RALoAingUteGhn BGee® Wells khown in phedared the Mpswnovel
packag 19,581 | | iter) 18 BRETELAg uien, il BB U8B i ERLLE N
virus" (al so promerersadeserihed mhaves In a prefpsred emeodimentieithes to
o or SUbst Ut D e aa g conne SeeASPIE A
?Ertﬁrersgarri es &D{]%%?ggﬁgﬁ Qﬁ%et’é?%%sawhanv??ﬁga %rg?iét?igx'hé'\pgitn to
a particular virmxe yangepived from the mouse. The resulting 16
WD 96/ 140615 preferred plasmid is designated pIK6.PGHREPS/EL ahd
' deposited at the ATCC, Rockville, MD under the terms of
the Budapest Treaty as ATCC #75879. The plas_mids '
containing the CREB regulated promoters operably linked
to the adenoviral E4 gene fragment, ORF6 or adenoviral
20 E2A gene was constructed using the above plIK6.1 MIP(a)-E4
plasmid as the starting material. The promoterless E4
region was replaced with a PCR product of the ORF6
fragment of the E4 gene or E2A gene region to construct
the pIK6.1 MIP(G)-ORF_S and pIK6.1 MIP(x)-E2A plasmids
25 that are operably linked to a-inhibin promoter. Plasmids
were deposited at the ATCC, Rockville, MD having the
chararacterigtic features of the above described ORF6 and
E2A plasmids operably linked to mouse (a)-inhibin having
ATCC # and ATCC # , respectively. In accordance to
30 the present invention, one may use any of the CREB
regulated promoters in substitution of the inhibin
promoter and achieve similar results when the plasmid is

15



adenovirus and AAV, wherein the genone contains del eti ons,

I nsertions and/or substitutions of one or nore ~ nucl eoti des; however
no transg¥@@6iesétarried in the mut ant virus. | n onePCXMSHVIATIG

aspect of this 5 enbodi nent, the novel 293-E4 packaging cell I|ines - -

descri bed above are used to generate a second generation .

of

reconbi nant virus called AdS5/[err]El([err]-gal)[err]E4. Al though 'the

293- E4 packaging cell line contains the adenoviral

serotype 5 El and”

E4 gene regions, other serotypes of 10 mut ant and reconbi nant
adenoviruses, for exanple, serotype 2, 7 and 12, may be rescued due

‘to the high

adenovi r al sero%y es. reover, nt a nant

Ube8" LHE! hkadill écgolgb'ﬂws BRERLgBgqamNg t he

adenovl r uses

from serot ypes PR - t han serotype 5 may be 15 rescued fromthe other
novel adenoviral packigineyetelb3-E4 packadiasy @ellhd imess wakrei auemiron

d | bed i nf : h
escribed 1 n ratrans%%rme LBy, t'-ﬂevigarPen%&#gaagédnov s%%gzzt%grgsgé?ét he present

i nfecti on of I écomnb

inventionSi n noreyrhaliosyt @BAhGRENTERFER XAk afo PAFentalcgPdpaehie. ef fect s
and the effici engis Gindik@tesa8EIENEhe low leEl wmngeaeahxbﬁégéfon

conparable to con entlona

ected t hat

el d
t he host i mune™® t"her g?ﬂgﬁg%sogn%h?rﬂ fHs é’@"?&&?ﬁ?ﬁggﬁ ?¥sites
infected with mmaw@oueettgsaevatimhze@mnmfamosgcell pdeheimr uses of

the present invapidHezi.! | The m@a@@chdenovmfsorrmmdom tBeidgéstet

et bt i shent  chin Nadgey 195 T80t crasily peeluPed

il able. |, The
EQ| pxamine of the(

pr esent tihe/ evimplement kag cast i fyr ceh tthey abbvien deberibed 29 I+ESHT 30

safer and nore rﬁ ?ﬁué ?Teﬁiﬁgg&gus@qr{:%?a@ﬁes leth¥fC&8% Seidg nethod

used in the co

€_present

i nvention is ofifydker B reg:.onuq.zpql,qayn M IFhPToWodBCIILER S8L1LEhEBTiflgRagi ng
cell lines & Ketner, 1989). The W162 cell linelis a Verd\O(énKehp61

PCT/ U595i§‘4793 kidney) cell line transformed by adenovirus E4 DNA and
complements the growth of E4 deletion adenovzruses The
H5d11014 virus has been shown to produce markedly reduced
~ levels of DNA and failed to synthesize late protein due
to an intact ORF 4 [Bridge, et-al, (1993)) in its mostly
20 - deleted E4 region. Cell lines were found that produced
the H5d11014 virus at comparable titers to that produced

in W162 cells (See Table IV, Groups 1 and 2
11, infra).

in Example

In another embodzment, the present invention relates
25 'to novel recombinant adenoviruses or mutant adenoviruses
-produced by the novel packagzng cell lines of the present
'inventzon. As described herein, the term  *"recombinant
adenovirus" or “recombinant adeno-associated virus* (also
known as recombinant viral vectors in-the art) refers to
30 a virus wherein the genome contains deletions, insertions
and/or substitutions of one or more nucleotides, and the
virus further carries a transgene. The term "mutant

virus" refers herein to a particular virus,

16
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whi ch contain additional ~adenoviral regions which conpl enment further

del etions ofv%gﬁwgﬂggoviral vectors of the present invention or

t he, const ruct t her ~ viral vectors. 5 Thﬁgnuﬁﬁﬂfna
anot her enbodi ment, the present invention relates to novel
adenoviral packaging cell lines that can rescue deletions in
addition to El, E4 and optionally E3 by the nethods described above.
In this exanple, an adenoviral vector packaging cell |ine which can
rescue 10 the E2A nutation or deletion, in addition'to the El, E3

and E4 deletions, was constructed starting with the novel packagi ng

cell line descri bec&&%\o&maaaﬁhyawe wileréin the ed&@%hﬁﬁ:ﬁ&' T ne
The E2A gene produc

regul at or r ot |n ecific
binding protern  16eletitne, DRt ELGRE I TH AR CPRcOB0mE AT mote
packagi ng ' ceidcllepmédby phowever tiee thsgene Usicarriedcimtthd of an
I nduci bl e pronoter b Lhkegd,t %%‘gﬁp imlar
manner as descri begﬁﬁgh% jdﬁ:hg mgﬁc&fﬁ prodr%%rt o " 1t-‘)jéésel ected

fromthe sane fani EpPgAimang, oghe n°Y%’gLﬁ%ﬂeF€ﬁ é@r@%‘%@gcf’?ﬁ dtiBR%e used to
replace the E2 descg‘&hedpabm edre used to gendratgct seobhdrgemdratiisant

the present i nventi n I a cel l
line t hat recombiphft ERud LANSE AUM/AEY (158 FhnEDATHAG 0.
the m ni mum essentl e 2P3-Ef chackaging \qelled ing @ontains the 4%153@ TRs)
and packagi ng si gngerseggensecrl [4ied i Y. getie reg:.onsa| ot)ferober&ﬁypa%ﬁ- 2558

(1987)] and ot ei e n r O J
17331730 (2967)] b &nt °gH8 yESomk inagt %H)"TS{Q %Leé Bol L fok F%%@/B
introducing 30 senetmenz)w?@Msmmmwﬁdtmme mgb to
approxi mately 99 i gegrblcofO¥eiucdrd¥ £ |furidtonal homdt6sy | dishgrRage. A

plasm d carrying thg aboye PUSNOVITUS,  oreover, mutant and Teconisant o,

DNA sequence nay bedenovirusesdfzom sexotypms othent ¢thaheserotype X payebes.
This DNA seggence r@BEGE&NESorh h&xé%@z&f&madenov:.rafltﬁéc (%ir%e'&%l_lo the
3" end of the viral,struc ut[.fxil ene c erl‘_'Sar;1 Ea%%cnﬁea L e X Spri ng
Har bor Synp. Quant *3BP3|° e present inventio
In vitro studies demonstrate that the infection of
the novel recombinant adenovirus vectors of the present
- invention in non-permissive human cells show no
20 cytopathic effects and the efficiency of the transgene
| expression is at levels comparable to conventional El-
deleted viruses. It is expected that the host immune
' responses and inflammatory reactions at the sites
infected with novel second generation recombinant
25 adenoviruses of the present invent:ion_will be reduced
- compared to the first generation recombinant adenoviruses
“ eurrently available. The establishment of the dual
conrpiemen’ting packaging cell line of the present
invention marks a significant event in the evolution of
‘30 safer and more effective gene transfer adenoviral
vectors. The method used in the construction of the 293-
E4 cell lines of the present invention is of general
utility in the production of other packaging cell lines

17



5 39: 615-632 (1974); Ziff & Evans, Cell 15: 1463-1476 (1978)] .
The introduced adenovirus sequence contains viral structural genes
and al nosYOd484t i r e functi onal gene regi ons excePCTAISAS/4M3 El b.

¥

Because the constitutive expression or overexpression of viral gene-.’

10 products are very toxic to the cells, the introduced

adenoviral DNA may be mani pul ated to repl ace adenoviral native
pronoters with heterol ogous pronoters. For . exanple, the early gene
regi ons which encode viral regul atory proteins.may be placed under
the control of 15 t he CREB regul ated pronoters, which have about 2 to

gﬁat encodfegI slﬁdﬁgrr"g?g %‘a%fg%se/. nsrh'%%%\ﬁ%?ﬁvgegigfs %?r%}br | at er egi on
pronoter may b&ompdlement St}raherg@elgt;ons of thet ﬂ@@m@ogaumg:Sp 08Dt er

such as the tetﬂtﬁ%%eaﬁt 2Rventid® SN \theP OHABEPactibE b @EnaR | nducti on
| evel up to bou 10[err] fold in the presence of tetracycline

[Manfred & V& ralo VRERRTEPNAS 80: 5547- 5551 (1992)]. " In
anot her énbodi nent, 'mhs.pmsemthmeeuqumemtat the present dnventlion

puenov: ral. asawnatad LONyencASEhOL AR pabhdBind oo RTRAL Bal o

H e, B b, EoA Tengue Selotiong cin additiRe FRoEtncEbeed ARISE8LINBR ng

Vi rus- hys thieameth&is ddsdsilus] [aboves nEn ble:.s:@mnlet.ednby

i ntroducing th g&@rgﬁggéﬁg [

Vi rus- assoglatg §H80Q¥5igﬁﬁ rgﬁ?%?g ﬂ9n§VWh£EL can c ﬁems Cel |

(

6: 223-3%9 (19FBp ERB Pé?%"e’f-%rf’%deletmnphﬁﬁ tl I§o &heEX, (E375) ] (
into the novelaﬁ&BEE4deletlons, was’ constructed start;ng with tfie novel WO '
96/ 14061 ab @g% 93493

packagi ng ceII Flclr%gco s?erh]ét]écfieat%escnﬁed reg‘éﬁé é-:@%;ﬁé 293-54 and E4

del etions, theProkagimgiFoll kingrenfne Fehagane. Pr°duc'br3-ﬁ &nal | y E3 The
Wi ld type AAV pegdlaedry srotdirs, specifichaliach MNXdindingepwbteihe free

of hel p}g ade”ﬁ%ié“éene nrx’? hf;n ﬁ%{?&d”ﬁﬂ&oaﬁ%‘%@%ﬁc ALgdgyhgus or |
nmut ant contain essentla Cl S*- e nents and
will becgé%elwecb:bpw%%rﬁweeéeﬁngeaemﬂ%&@gm@tml of an
conpl enenti ng AASuPLiBIE1 srovivtdy iopetabdyt lifkédrto the E2A gene in a
similar manner as described above. -The_inducible
_ promoﬁer'may be selected from the same family of CREB
20 ' regulated genes described above used to replace the E2
gene promoter. o
In yet another embodiment, the present invention
relates to an adenovzral vector packaging cell line that
may rescue the adenovirus recombinant virus containing
25 "the m;nzmmm essential cis-elements (inverted terminal
” Lﬁ:epeats (ITRs) and packaging signal segquence) [Herzng, et
'lal Virol. 61: 2555-2558 (1987)] and protein IX sequence
'[Ghosh-Choudury, et al, EMBO J. 6: 1733-1739 (1987)]
_ only. This cell line may be established by introducing
30 the adenovirus DNA sequence from around m.u. 11.2 to
approximately 99_int6 the novel 293-E4 cell line
described above. A plasmid carrying the above adenovirus

18
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packagi ng but supplies the wild type AAV gene products 10 [ Sarmul ski et

al, J. ViroHv gédﬂﬁ 96- 3101 (1987)]. Mor eover, the recaonbi nant
adeno-associa? 'tal vectors or nutant AAV rescued fFGHYSINVI43) |
line will be free of hel per viruses, i.e., adenoviruses.

I n anot her enbodi nent, the present invention relates 15 to yet another
nowel AAV packaging cell |ine constructed by starting with the AAV
packagi ng cell line described above. This packaging cell |ine
contains the Ela, El b, E2A and E4 gene regions, the DNA encoding
virus- associ ated RNA and additionally, the AAV virus 20

replication (rep) @eN%dfRndesnay e EAEARYdPUnA transfectlE QYRS Bhe

| east four replic elns that are essential for V DNA

a%#;n ep) , pLo

replication and tréhs- I‘aﬂ%ﬁ A sequence,yepregsents, ERE; IpAYSNCS, from
review, see Bervi afker Elb gBnéi tozthe , 3 'Adnd \Gfr theResraB2stAuz@d gene
1987)]. It is 25 rganHrdgtr HEt 3t ' r e gsegi on
i(nto )] the AA packaﬁi'ngel?g'ebéd%j'é‘?:r%geg gag%\?%gt%ha al f@'é%j/ﬂ Bi6d. .
contains theSEl, B9 Gb-§aAc (4% bn Pkl SOBNATE ERAEs1S: 1463-3436di ng ( he

(Vg el 5, Tl L b pstdiied demoriethoseayien Trbly o
ang, et al, J. M.ral. ; : - w t h. an J nduci
pronot er chosen frvo"'rﬁa(1 Stmcf'ﬁ’éab@‘?segﬁﬂ%jf&&‘oﬁgnékfaﬁ??V%e‘é‘m t}gﬁaf
previously. The gene regiehs/except Blanand Edb.eccBadawsaithd rus rescued

from constitutive expression orZ@verexprdékf&i ldGkral gene

PCT/ US95/ 14{‘ 3 the cell -li 33% %I bglf reghof. % I ruses
(adenovi rusts) an®TOSURES. AFRLUSTY (EPXIG, P thspcells, the,in &4 munol .
158: 97-129 (1992)denoviral DNA may) benatandpudabedi henteplane mdssemiral
invention relatespapive phOmSEGES8Fiti HelreABYoBBGK 2P SRbtd . | iFoe

constructed by tarting wih the AAV, paCkagi cell_line described
n the pr e F*8EBL5a, SOF ALY RS, TERARRROVELFR S9qRste Viral Contains
t_he El a, EI-_b, EZA;eEnlgenryrmt;Eﬁsn,sm IBI&Aplac_ed ug@mcﬁtreg com¢rol of
B add c1 ol Ty (e SRES Ayl phimocerkehuieh Bilo @Rl02 0T 6! O
encodes a fanily &eld ind“"'é%‘?ﬁi%ﬁ%ﬁh%s-, fRcthe\gase \gH thegIePs [ Jani k,
et al, J. region that encodes viral structural proteins, the native
major late promoter may be replaced by a tightly
controlled exogenous promoter such as the tetracycline-
20 responsive promoter which has an induction level up to
about 10° fold in the presence of tetracycline [Manfred &
Hermann, PNAS 89: 5547-5551 (1992)].
In another embodiment, the present invention relates
to novel adenoviral-associated (AAV) packagihg cell lines
25  prepared in the following manner. The novel
¢omp1ementing cell line contains the Ela, Elb, E2A, and
B4 gene regions and the DNA seqguence encoding virus-
associated RNA. This cell line may be const_:rui:ted by
introducing the adenovirus DNA sequence encoding the
30 virus-associated RNA (around 600 NTs from m.ﬁ.. 28-30)
[Mathews, Cell 6: 223-229 (1975) and Petterson &

Philipson, Cell 6: 1-4 (1975)] into the novel 293-Ed

19



Virol. 52: 591-597 (1984)]. The synthesis of all three nNRNAs ar e

started froma single pronoter called P40 15 - (Janik, et al, (1984)].

This gene WQH/I4864 | | be introduced into the AAV packepusssmamsl |ine
descri bed above by replacing the P40 pronoter with an i nducible -
pronoter selected fromeither the CREB regul at ed pronoters or the
tetracycline responsive pronoter. The 20 novel AAV virus and its

reconbi nant virus rescued from the cell line will be free of hel per *
Vi ruses (adenoviruses) and only contain the mninmal essenti al
cis-elenments [Mizyczka, Curr. Top. M crobi ol . I munol . 158: 97-129
(1992)]. 25 a e t he_present invepntian

provi des a par t;_?acclha 1 e}(’f%?i& Eg;ﬁgréa 25 on pac aﬁibﬁb'ecgﬁ?t’ rescues [ P?@ Fbr the

propagati on of ans I$4Eldeéﬁﬁlﬂnsdetb@ cRRA mtatlmcpérgdmwmaad This line
has been establdgdiengdiby E3. 'rhéhendltdﬁw reéuw& fEdH Egsessential

R e ”&%&%F&%s&‘sﬁﬁ#@s RAerYLERSn 4s e

cell LineSdesi fhe xecopbimant cadendabstsiated virys or mutant AAV will

21 WO 96/cki96&ontain the minimal essential -el t 5/ 14793 .
expected that %he use OF: %h%y gacka | cel l llal ngl?o‘? en#%l S aﬁgT“”‘f)%ductlon
of El, E4 and SSuBFBSHBFE t::.ng 2 nopePRRiAdinG ect ors will

el imi nat e the gosblementingyAAV plasmich shiich hsndéberiisre doenbi nati on event
in the E4 regi %Qcka ,_na %Hssuéﬁﬁgmmﬂdag%gww «g%&h&?d stocks

of El / E4 del eted reconbi'nant adenovi rus

be absolif el y fleepubeky gt by afi MHdn B3:rdp 95‘(:353&930%19 87)]1. conpet ent
adenovi rus ( RCMprpeverc! ehe Eé&rﬁfnﬁntghdﬁﬁo-assoclﬁe@tm&ﬁlt Peses er duei

packagi ng cel | r 9 nt

only conprises #h@ﬁtm Aﬁég%scueé Trof gf’gﬁ iidLg %ﬁ? e&ﬁlgeggngﬁ%e V?\QJSG from
ri ght ehelpertvitrygemned.e.nt @ yskusga nstead of a.full

length of the E4 gerg ametier chibaimehe, TBRY @@ﬁﬁmaﬂnxzmn refltlddl i On

T T S B a3 BhE e AL Tt BRI
ORF6. For - by starting with the AAV packaging cell line descr:.bed
above. This packaging cell line contains the Ela, Elb,
E2A and E4 gene regions, the DNA encoding virus-
associated RNA and additionally, the AAV virus
20 replication (rep) gene regions. The rep gene region
encodes at least four replication (Rep) proteins that are
essential for AAV DNA replication and trans-regulation of
ARV gene expression [(for review, see Bervis &
Bolienzsky, Adv. Virus Res. 32: 243-306 (1987)]. It is
25 - constructed by introducing the AAV rep gene region into
'the: AAV packaging line described above that already
' Ednt‘ains‘ the E1, EZA, E4 gene :rég:‘.-ons and DNA sequences
encoding the virus-associated RNA in the manner that
replaces the PS5 promoter [(Yang, et al, J. Virol. 68:
30 4847-4856 (1994)] with an induc¢ible promoter chosen from
the CREB regulated gene family described previously. The
novel AAV virus and its recombinant virus rescued from

20



exanpl e, sone of these deletions are as follows: NIs 575 to 2845 as

t he boundar f two deletions within the E4 region

H5dl | 014; szl‘?r@gen 'p(%i nts of the deletion 20 in the H5dI 363%117‘& 4793
932/ 937 to 2942/ 2946 within tandem repititions sequences of the

H2dl 808; and from 981 to . 2845 in the H5dl | 004. Due to | ack of

over | appi ng sequences between the integrated ORF6 DNA fragment and a
reconbi nant adenovirus vector which carries a |arge E4 25 regi on

del etion, the repairnment of the E4 del eti on t hrough honol ogous
reconbi nati on becones essentially zero. Previ ous reports

have indi cated thathei £6E1 1iie WREI be fre@romﬁtip@eneﬁﬁamnt alone is

e cyare, o O I RarhORu s e R LR e E R PR ot have

redundant functi on¥icrebiedd Immupodal 188 9‘231512&:6(&1963‘)] | ate viral
r2rI;NAs transpog; 1282130015'1&%&1@} ahHo89méntce/the present 1nventlor7 reéLSa 14793
shut off. Al houghtﬁt%?tm:§‘°31elt ﬁévliﬂa‘?]%ﬁlﬁ’rg ﬁ’&\}é‘ line con "‘S%t

regulatory roles i atamnmlmlqbi ithat AAV pdckduying cell hnelsdeschs;beﬂ dn

di spensi ble. To copf ‘rg_agq)st ed nes of the
present invention not %Q% Q,‘éﬂg?%%?n ﬁ]btlascpal‘—_;%gg égg%:%f[ﬁwése uences
but al so possess °°nta’-”i§1é'-f¥?o RenEHRi rifdac B4 SEPESTBFLERS o i %

functions, an enc&dnt&luﬁeedzwtsamswfa,&d mﬁ%ﬂelmwe&mﬁsﬁmt virus as

e o NoaP | B4 S E SRS AEL] 2Dhnd L4l oHE” Spl°Bfasesonaaihp ol £RY (e

293- ORF6 ce i nes uses neas
i ndi vi dual  293- ORFEAPTFRAS F@g3ORer cThe cap asme.FegdonceReRRRg i ifamidyt af
titers neasured oncAHHEA8 protein¥i I USe PervpiISSivee aall vbs nwanT.-;b@r ekone, fhe

meets the safety rERimaR poi-aet [fofhin 2B6) EePnatis f luRhrsslY
efficiently produceRNAs agre Etagtedtfrom mutsimgle promover lmdsl,edamodoubl e
del eted El/f4 Virugfgand e\(:egtlorﬂgs“] THilsS gefik! rédiéh A 1bgan deposit ed
at the ATCC in :.ntro%?.\ced :Lnto t@e AAVOCpac ag:.rzlg cé 512{irped dqaes%:;: gaéed ATCC
above by replacing the P40 promoter with an inducible
promoter selected from either the CREB regulated
promoters or the tetracycline responsive promoter. The
20 novel AAV virus and its recombinant virus rescued from

the cell line will be free of helper viruses

(adenovifruses) and only contain the minimal essential

cis-elements [Muzyczka, Curr. Top. Microbiol. Immunol.

158: 97-129 (19%2)]. .
25 : In yet another embodiment, the present invention

: j:rovides a particular second generation packaging cell

line for the. propagation of both El1 and E4 deleted

vectors and viruses. This line has been establisheed by

the introduction of the minimum essential E4 gene region,
30 open reading frame 6 (ORF6) region, driven by the mouse

a-inhibin promoter and provides the same function as the

cell line designated 293-E4 described above. It is -

21



20 I n anot her enbodi nent, the present invention provi des

for a 293- E2A packaging cell |ine that conpl enents both the El and

E2A gene WQA6MH406hs in trans si mul t aneously. The hunRGTHISESIBTI us 72
Kd DNA- bi ndi ng protein (DBP) is inportant in the infectious cycle of =
the 25 virus. At non-perm ssive tenperature, the ts mutations

within the DBP codi ng region (E2A region) inhibit viral DNA
replication [Friefeld, et al, Virology 124: 380-389 (1983)] and fail

to regul ate early gene expression in | ate stage of viral life cycle

[Carter, et al, J. Virol. 30 25 664-674 (1978)]. Al though the
generati on of EI

vect or does ?ﬁ)rtedr e:glﬂ g g‘% é? *g’é?c@%s‘ﬁaggé %eﬁ]n]eade Ltlf’ISBP

23 WO 96/pxmdiction of E1, E4 and double-deleted recomb:.mu U895/ 14793
mut ati on may noid&idﬁzralseeb%ﬁsf#iil | et inat eJeRE problem IQSP in the

t enperat ure perm ssi.ve tn vivo conditi el har.dt t_al,, Proc
Nat|. Acad. Sci® ﬁﬁf &’ i us recon%m:ffgggﬂxg %feﬁf etﬁe °Phi n t he
i ndi spensbbl e Thus, thei enpansum &t ppasade b gunifiedisteakecodi ng the

car boxyl - term ngd /gy Qe @l e&frééé‘mﬂ?rf’an Sdelotdrub? f&? example,a%% ‘:ll:iruS
[Vos, et al, Vi rolag)%éﬂz 634- 642 vitro .an

vivo. To genera‘?"e usfiyntree of any \F)é%’ttG‘F“'BBF&%? rmﬁgrelﬁ}t’ﬁaé'll°&nd E2A
gene regi on delwinpeErent]denoeitud| (REAleparticies onplierstirategy of | |ine

becomes :.Hé%iiz.@ﬁﬁféﬁ%ﬁeﬂ%a%ﬁiﬁ&t cel¥ eﬂ:*é’@wa%r @y des an

adenoviral packagin ystem where reco nant adenovira vectors and
nut ant ad®novi rifEFSAxce 8, 3iPeop ONA jfragment which Snhy (GomPTLSes:§hBi nat i '
of the El del etORF® andihgd/ rddion dﬁSatnuJJeomﬁdesr eammwmden\ghcus

vector wl| res&H of the géﬂo&mrféoe 93P le§ 3L %e jand safer to
use in anot dlne e pr esent
i nventi on 13“9&?% REr the &4 gane é‘iegd-%l p?beﬁﬁc%lwycé’qlslti’-ﬁﬂ Efat is

ég abl e to enRtisANhutact f\klhﬁidémls aghoskedpsiplwyingla Bevere E2A and
ene i on i novi r.us

vec'?or gie%grat Zi(flf%cg:&ggh?ﬁémﬂ]eﬁlgl% |-r|1‘;'b£he1€? T ‘%ﬁ’w%&g‘?%ﬁ?gg early

gene region  Substasriallyioewanch qb@né'@ﬁé%‘hﬁf p"é&élf?cf-ad@ﬁé‘w ral vector

example, some of these deletions are as follows: NTs 575
to 2845 as the boundary of the two deletions within the
E4 region of the HS5d11014; same endpoints of the deletion

20 in the H541366; from 932/937 to 2942/2946 within tandem
repititions sequences of the H2d1808; and from 981 to
2845 in the H5d11004. Due to lack of overlapping
sequences between the integrated ORF§ DNA fragment and a
recombinant adenovirus vector which carries a large E4

25 region deletion, the repairment of the E4 deletion
-through homologous recombination becomes essentially
zero. ' T

Previous reports have indicated that either the ORF3
or ORF6 gene fragment alone is sufficient to provide the

30 E4 function necessary for normal adenovirus life cycle.
It is believed that the ORF3 and ORF6 gene segments have
redundant functions involved in viral DNA replication,
late viral mRNAs transport and accumulation and host cell

22
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25 absol utel y safe for all human applications with the added

benefit of le capacity for |arger size transgene I nsertions.
The, pr esent | nv l'on further provides the product i on oFCHES149% ant
viruses (particularly, 30 -adenovi ruses and AAV), and novel reconbi nant
adenovi ruses and AAV (also referred to herein as reconbi nant

24 : WO 96/ 14061 PCT/ US95/ 14793
adenoviral -derived and AAV-derived vectors) containing a transgene
which will be expressed in the target cells. The reconbi nant
adenoviral -derived and AAV-viral vectors are prepared using the

packagi ng cel | |iggse dS6ET i1e8oudh otRELVERME Of RIS 269868 RhviD! ¢

the o T oy PRRE A KPS RBREY  FaLF <L s ATUNE LG CrREon; phoche
replication and whinxbs, sheyt agecdispensible. Mo adonfirm thatcthei peowided
adenoviral -deri vegy Wéeﬁ&r ﬁﬁg s V6E Ohe pridkent E?ﬁ%%iafinﬁoc onl

errve

adenoviral -deri ved an vectors er cohtain

genes requi Ped fofoRERiRiinfact El and QRTG QA FequensrscPel 2iFgaposess.
More particul arl ythe cmlmﬁtiﬁgomm;mlm’m\ar andvedt fusctdohs Ordy

contain the 0K SRREALI 9Ll o) PGS e up ki ESy 05 RAPK2Y) 10

15 si gnal sequenc and sequence,
El (specifically,wetl ashdhel B}/Eﬁddﬂeﬁ%@wwt viruspweredesed onal I y

be free of E3 anded2hiR@ ¢Re agﬂ-ém cell lidigsil éuﬁiﬁéﬁé 8Engtesd N the
case of thEPrecoan nant contain
o]

del etions t he Wuseswﬁ}xrﬁg ?fé rb‘#’ﬁ‘friq%lc???néﬁ%gg{%W’ ?y?\f§ | W y
contain t mhqwmutmbeesgmmtmlmw dihgrdritersTheasuredronj¢ache

generated fromt hm%v b@emssme@én 13 #3fe Whinhiaregbkel Néhe 293-E1/URFE 2,
El b, E2A and E4 % i ons Vi rus-associ at ed

RNA by co-transf nSﬁn me %fa%}b%gﬁges@&?pﬁé‘ﬁﬁﬂggﬂﬁ ‘7@&/% sm d
whi ch is defectiwveeets the safepyickeguiimmentt foxpmisecint humam | subjertsrAutgene

products [$emul skiygcPlesdlicibdlBy)produces E1 or ERNEel&eosRi Mskknt

That i1 15 capablEiiisese and pputls ARleRsd Fl/adraruans SH8 YACKIA- on of
t he This cell line has been deposited at the ATCC in
Rockville, MD on October 25, 1995 and designated ATCC
#... _
20 In another embodiment, the present invention

provides for a 293-E2A packaging cell line that
complements both the El1 and E2A gene functions in trans
simultaneously. The human adenovirus 72 Kd DNA-binding -
protein (DBP) is important in the infectious cycle of the

25 virus. At non-permissive temperature, the ts mutations
within the DBP coding region (E2A region) inhibit viral
'DNA replication [Friefeld, et al, Virology 124: 380-389
(1983)] and fail to regulate early gene expression in
late stage of viral life cycle [Carter, et al, J. Virol.

30 25: 664-674 (1978)1. Although the generation of El-
deleted, E2A-mutated (ts mutation) adenovirus vector does
not require a special packaging cell line, the ts DBP
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sel ected transgene product(s) in the targeted cells. , Thus, the

reconbi nant vectors conprise at |least all of t he sequences of the
adenovi r alvO19/1406} DA sequence PCT/US95/147935

WD 96114061 ' PCT/ US95/ 14793
essential for encapsidation and the phy5|cal structures for

I nfection of the targeted cells and a sel ected transgene which wl|
be expressed in the targeted cells. The transgene nmay be a

t herapeutic gene that will 5 aneliorate hereditary or acquired

di seases when expressed in a targeted cell by using gene transfer
technol ogy mutHBLGR W riel B8 87 Fu1l NiRUE DAL ldddd ar aspect,
the therapeutic gene |s e norna sequence corresponding to the

def ective gene BFB@?%OF-IF thI%ltﬂeé‘PlerEG“re Pﬁgnbﬁﬁlvﬁrlm econdigigor nal
DNA sequence cOtER§EDMNAY, et al, FokDlnaRESPALAA. 28&;[ &dd, baanhbpypSi n.

I n anot her aspect t he trans ene nmay encode a_c t oki ne gene, sui ci de
gene, tuﬁ%?oslﬁﬁﬁ%kkor @e§916FlﬁPoVEEP+QetB%nEn ifpepsible
combi nati gn thefé@ioﬁhﬂﬁ&ihé 2N geael I(&hepgeﬁedﬁégiéh léncodeal%he . If a

cyt oki ne gene is ec t.he _ex ress on e In a_targeted
cel |l may provi d€® ¥¥ii§ﬁﬁﬂ1qﬁ& protion of; bhﬁﬁ%$%g iﬁ/%égi%i &0 &8ecel | ul ar

i Mune r esponseadenovirusiivas,r etubl, | WisdposRSEIDN 654-t640r(1989WM h and/ or

o o1 T el Bl SRUGAGE" S GLSaS ke, % gL "

;:Iﬁst rgyed |k n t heeqtas auntaihiagebbthcEl and E2K ugsne I-imgl'zle»tﬁmltl.letlbhst;l h

ym di n i nas S. W enabl e e
B0ki NaEs I iR of a pENBIERERCALiLA UL GO

tunor to I eéSence gancyc I
yet anot her enh%hﬁqﬁnﬁeIM:Wscﬁsansgen@hﬁfgrannnkanventlonaprpwéaesnamnogenic
protein that | s;ddddys: Zfaﬁi %cﬁa&ﬁﬁé‘ Efst:em wh Eé’rré}fcﬁ&ﬁ%‘&n ggné{}ifg | ous
di seases (See Table 111 roced ures or preparing an mnistering
such VaCCI nes Vectors,and RyfAntnadeRovirusesaxe greated.n Istial, Proc.

:c\lat ) I AC%icpe%hed EhatObRe( &%ﬁﬂauon of]c the ﬁﬂ‘..lT@lI%'t‘i%ﬁn&nd nzmt ion

further ates, t.o .t.hera eutlc or the treat t of

her edi taii and ‘?ﬁ:‘tﬁﬁ’f’é’do regpuhinant %‘%ﬂ%‘?u@"&é’%a mj'g e % acci nes

for in complete replication-incompetence and safer to use in
humans.

In yet another embodiment, the present invention
further provides for a triple packaging cell line that is
20 able to complement the functions of the adenoviral El,
E2A and E4 gene regions in trans simultaneously. The
recombinant adenovirus vector generated from this
packaging'cell line harbors three early gene region
mdéle;ions which renders the packaged adenoviral vector
25 “155961h£é1y'safe for all human applications with the added
' benefit of extensive capaczty for larger size transgene
'1nsertzons.
The present invention further provides the
production of novel mutant viruses (particularly.
30 adenoviruses and AAV), and novel recombinant adenoviruses
and AAV (also referred to herein as recombinant
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26 WO 96/ 14061 PCT/ US95/ 14793
prevention of infectious di seases. The transgene nay be. expressed
under the coWWQ8¢¥14961 3 tissue specific pronot er. For exZ2EBUS9S/14793
suici de gene under the control of the tyrosinase pronoter or
tyrosi nase related protein- 5 1 pronmoter will only be expressed in
melanocytes in the case of cancer therapy for nelanoma [Vile & Hart,
Cancer Res. 53: 962-967 (1993) and Low ngs, et al, Ml. Cell.
Biol. 12: 3653-3663 (1992)]. Various nethods that i ntroduce an
adenoviral or AAV vector carrying a 10 transgene into target cel I S ex
vivo and in vivo ha e be eV|ousI described and are wel,| ,known
'nthe art. [See adenovislderiydd and Apvzderived veqfrzs) contRipinaA
Sci . 716: QGrmﬁgeﬂQ%}:.cl:irhamr mwxpmesssal tn pheviairmetf cells.
e et ot PO tne B6EbS ardl hABNA11o20VE] Bila 'Ry il SELEDD:

t e \%

targeted cells wt he reconpl han novi ra vect
containing a trans8ERPEFPITRG ASINg e packagipg,rell; Wﬁ%@?&l”ééﬁ@d

transgene insthe tabgeéeﬁhmi lcomprise one orfFmbrexéiptinct mudleotddei very

of reconbi nant @v&gﬁm%(e #2%0\4@&%%%&&8% ?‘Q\é& tfr@gggene of

the 20 present |?|‘§l/e I on
organ types i ncl udrAeRPViNYS anV gm FB8aseis, essentlalnm ghenghrys'

| ung and skin. Theréslioftdod @HE which is noti piréedumng tHee noveanbi nant

vectors of 'the resen ven 3N | ar,
25 i nt ravaS(F:)uI a% cgl1’ﬁl’d"" ?’?ﬂ? féﬂeﬁ%}“%?f g%% I’%%S‘t éﬂé ﬂﬁn&%ﬁveld R,-eé{;'y?QUt es.
(See also T&Ble | Remmrmmmsmmmgmveﬂeand AAV-Ggrivede veeter®nces

tCI tedt) . will L no ][m: thw&aeh Qén\éhVQeeﬂﬂﬁed r 84¥s frdle vibes
arget cells are re .e rom.t he
thegl aboratory usi¥ ’\Pé'i:t"é‘r §'“%F={‘ﬁ§ Tadfe @S‘%ht %?Weﬁfggﬁcﬁin%rdly'

met hods wel | knovvnthe] :técmnd:r:.tnant adenoviral vectors will only contain the
minimum essential cis-elements (i.e., ITRs and packaging
15 signal sequence) and protein IX sequence, and be free of
the E1 (specifically, Ela and Elb) and E4 regions, and
may additionally be free of E3 and E2A regions and the
viral structural genes. In the case of the recombinant
AAV vectors, these vectors will contain deletions of the
20 AAV virus'Rep protein coding region or will only contain
the minimal essential cis-elements. The latter will be
generated from the AAV packaging cell line which contains
the Ela, Elb, E2A and E4 gene regions, and the DNA
encoding virus-associated RNA by co-transfecting a non-
25 packaging complementing AAV plasmid which is defective
ﬁbr'packaging but.supplies the wild type AAV gene
'products [Samulski, et al, (1987)].
‘The recombinant adenovirus-derived or AAV-derived
vector is also characterized in that it is capable of
30 directing the expression and the production of the
selected transgene-prodﬁét(s) in the targeted cells.
Thus, the recombinant vectors comprise at least all of
the sequeﬁéés of the adenoviral or AAV DNA sequence
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WD 96/ 14061 PCT/ US95/ 14793

[valsh 3&1 S 89: 7257-7261, (1992) and Wil sh et al, Proc.
Soc. % d. 204: 289-300 (1993)]. PGTYS9s/14793
reconblnant adenoviral or AAV vectors of the invention can be .
adm ni stered using conventional 5 nodes of adm ni stration including,
but not limted to, t he nodes descri bed above. The reconbi nant
adenoviral or AAV vectors of the invention may be in a variety of
dosages which include, but are not limted to, liquid sol utions and
suspensi ons, mcrovesicles, |iposones and 10 I njectabl e or infusible

o a1 or ARG L1 ! lfapes aa S8SEES, A0l oIS 3 Pt
for infection of the targeted cells and a selected
transgene which will be expressed in the targeted cells.
The transgene may be a therapeutic gene that will
] ameliorate hereditary or acqui;ed diseases when expressed
in a targeted cell by using gene transfer'technblogy
.methods well known in the art. In one- partzcular aspect,
the therapeutic gene is the normal DNA ‘sequence
corresponding to the defective gene prov1ded in Table I
10 below, for example, the_normal DNA seqﬁence'cortesponding
to LDL receptors and a l-antitrypsin. In another aspect, ‘_-
- the transgene may encode a cytokine gene, suicide gene,
tumor suppressor gene or protective gene, or a '
combination thereof chosen from the list provided in
15 Table II. If a cytokine genenie selected, the expression
of the gene in a targeted cell may provide a treetment'to
malignancies by stimulating cellular immune responses
which result in suppression of tumor grcwth and/or
killing of tumor cells. If a suicide gene-is_chosen, the
20 gene when expressed in the tumor cell will enable the
tumor cell to be destroyed in the presence of specific
drugs. For example, the thymidine kinase gene when
expressed in tumor cells will enable the tumor to be
destroyed in the presence of gancyclovir.
25 #+.. In yet another embodiment, the transgene may encode
a:viral immunogenic protein that ;s ut;l:zed as a vaccine
for. preventipn of infectious diseases (See Table III).
Procedures for preparing and administering such vaccines
are known in the art (see e.g., Estin, et al, Proc. Nat.
30 Acad. Sci. 85:1052 (1988)). | |
The present 1nvent10n.further relates to therapeutic
methods for the treatment of_heredxtary_and acquired
'diseases, cancer gene therapies,_and vagcines for
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28 WO 96/ 14061

PCT/ US95/ 14

"TABLE | Wo'ser14e1 . Gene Therapy for Heredi t%?f/uﬂsé‘é?;?ge

DI SEASES DEFECTI VE GENES GENE PRODUCTS 5
Fami | ial hyperchol esterolemia LDL receptor LDL receptor
(type Il hyperlipidem as) - Famlial lipoprotein |Iipase
deficiency (type | Li poprotein |ipase Li poprotein

| i pase - hyperlipidemas) 10 Phenvl ket onuri a
Phenyl al ani ne hydroxyl ase Phenyl al ani ne hydr oxyl ase U ea

cycle deficiency preventidH 0F RAfbESISES MSREAES The EPAhdddife may be
t ranscar banyl ase \Von (aerke'%aféégasei%gléco en, . GBPase
G ucose- 6- phosphot FERFessed under the Capes & tispps fpecific
Al pha |-antitrypsiproudtexd.enfpr ékphplé, antsukgigde gene under Wlie@hmntrol
l-antitrypsin 15 o¢ tne tﬂ%ﬂ%ﬁhﬁsé'ﬁ%&ﬁ?éﬁr or tyrosinase F¥Pdtda idrd@shs
transnenbrang angrane chIorLE% ch nqsv - .

gul at o | RReaReds 1n; BeLaROGYRes BRcthe vi ||

conduct ant r rpromoter wi

Cotting factor Vicdse of cancer thierapyhifor melanoma [Vile & HexmphiCaneeB

Factor X Rex., 53¢, 962-967 11399 i Youlitige, et oy Moz o'ce1e o'

Beta thal asseni as Biol. 12: 365383663 g{1A82)). Various methods tBata gl obin
- introduce an adenoviral or AAV vector carrying a

10 transgene into target.cells ex vivo and in vivo have been
previously described and are well known in the art. [See
for example, Brody & Crystal, Annals of N.Y. Acad. Sci.
716: 90-103, 1993). The present invention provides for
therapeutic methods, vaccines, and cancer therapies by

15 infecting targeted cells with the recombinant adenoviral
or AAV vectors containing a transgene of interest, and
expressing the selected transgene in the targeted cell.

For example, in vivo delivery of recombinant
adenoviral or AAV vectors containing a transgene of the

20 present invention may be targeted to a wide variety of

~ organ types including brain, liver, blood vessels,
muscle, heart, lung and skin. The delivery route for
introducing the recombinant vectors of the present
invention include intravenous, intramuscular,

25 intravascular and intradermal injection to name a few
routes. (See also Table I in the Brody & Crystal article
and the references cited.)

In the case of ex vivo gene transfer, the
target cells are removed from the host and genetically

30 modified in the laboratory using AAV- vectors of the
present invention and methods well known in the art
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Al pha thai assem as Al pha gl obin : Apha gl obin

Her edi t ar ocytosi s Spectrin Spectrin
Sever e com% Imune Adenosi ne deani nase PCUHSAS04T8 e
deam nase deficiency 25 Duchenne nuscul ar dystrophy
" Dystrophi p m ni gene Dyst r ophi n Lesch- Nyhan syndrone
Hypoxant hi ne guani ne HGPRT L

phosphori bosyl transferase (HGPRT)
29 WO 96/ 14061 _

PCT/ US95/ 14793 Ni eman- Pi ck di sease

Sphi ngonycl i nas hi l.L na 0

TABLE I | ﬁlalsh et al, PNAS 8?) '%%Q'n CDﬁe‘risEé zfﬂ% e)r aand Walsgl et .
TUMOR aIYTGbeE SBNESEXp SUBIDE MeENES04: 289-300 (1993)]

GENES GENESThus, the recombinant adenoviral or AAV vectors

| of the invention can be administered using conventional
5 modes of administration including, but rot limited to,

the modes described above. The recombinant adenoviral or
AAV vectors of the invention may be in a variety of
dosages which include, but are not limited to, liquid
solutions and suspensions, microvesicles, liposomes and

10 injectable or infusibie solutions. The preferred form
depends upon the mode of administration and the
therapeutic application.
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mul tiple drusvo 9e/14061

std_nmul ati on factor
30°

TABLE I 11
DI SEASES

HBV surface antigen

pr ot ei ns

The foll ow ng exanples are presented to

i nventi on and are

scope of this invention.

10

15

20

25

| FN- ganma, | L- 2,
macr ophage col ony

| L-4.

TNF

WO 96/ 14061
"Vacci ne for

VACCI NE
Rabi es

not intended in

t hym di ne ki nasc,
di pht heri a tOXin’Péﬂﬂg5n¢nn

5 Hepatitis

H V infection and Al DS
Rabi es gl ycoproteins
il lustrate the present

p53, Rb, and W.1

PCT/ US95/ 14793

| nfecti ous Di sease

H V envel ope
10

amBMBVT to otherwise limt the

Gene Therapy for Hereditary Disease

DISEASES DEFECTIVE GENES GENE PRODUCTS
Familial hypercholesterolemia LDL receptor LDL receptor
type II hyperlipidemias)
ﬁmﬂh“mqmmdnmmn
deficiency (type I Lipoprotein lipase Lipoprotein lipase
hyperlipidemias) '
Phenyiketonuria MManine hydroxyiase Phenvlalanine hvdroxylase
Urea cvcle deficiency | Onnithine transcarbamylase Omiihine transcarbamylase
Von Gierke's disease (glycogen | G6Pase ' Glucose-6-phosphotase
storage disease, type )
Alpha 1-antitrypsin deficiency ] Alpha 1-antitrypsin Alpha 1-antitrypsin
Cystic fibrosis ' Cystic fibrosis transmembrane Membrane chlorine channel
conductant regulator
Von Willebrand’s disease and Factor VIO Clotting factor VIII
Hemophilia A
Hemophilia B Factor IX Clotung factor IX
Sickle cell anemia Beta globin Beu globin
| Beta thalassemias Beta globin Beta elobin
Alpha thalassemias Alpha globin Alpha giobin
‘Hereditary sperocytosis Spectrin Spectrin
" Severe combined immune Adenosine deaminase Adenosine deaminase
deficiency
Duchenne muscular dvstrophy Dystrophin minigene Dystrophin
Lesch-Nyhan syndrome Hypoxanthine guanine HGPRT
phosphoribosy]
transferase (HGPRT)
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15 Construction of plasm ds | Thi s exanpl e describes the “
const ruct "8’9”%2@3 pl asm ds used to introduce the E4 gene region
cells.

into the The constructed plasm ds are di apCcIvosssages! y
represented in Fig. 1. The parental plasmd plK6.1 MVBV- E4 ([err]E4 _*
pro.) derived fromthe plK6.1 MVEV enpoNhe( Hpa) [ Finer, et al, Blood
83: 43-50, (1994)] contains the pronoterless E4 region from 15 bp
upstreamof the 25 = transcription start site to 810 bp downstream of the -
E4 pol yadenyl ati on site. The E4 gene is linked to the - Mol oney
murine sarcong VITUs U3 1ragmenty_ 1ne pl Ko. I. MP(lLerr]) -4 was
construct ed b? Gauchez's discase - a2 L Bt 0 e e N _ a|

PCR product of] niiRisRacaieiia 30 Shhihiphokell g1 onot er [} Shrlabeelinked ] (SU, &
Hsueh, Bi ochefqmana . B3O v- ) 18070 293- 300, 199 ™ h
the 2.9 kb Tay-Sachs diseasc ini ] Lysosomal hexpsaminigase) ()¢

PCT/ US95/ 14793 Xb ha'&éalw 'Bkhﬁe&h& St u |- i nd
[11 fragnent W‘Wlﬂ*ﬂ Fl PI _ The prlﬁrrgr‘%s.ﬁI usedif or
PCR of the I\/IJ —FGeaage o Skirommae \ O\ T \N\COCTE 3
(SEQ IDNCG 1) and 5' 5 ggcct ct agaAGTTCACTTGCCCTGATGACA—S' (SEQ I D

NO 2). The sequences containing either the Hnd Il site or Xba |
site in |lower case are present to facilitate cloning. The cl oned
[err]-inhibin pronoter was sequenced to verify the - accuracy of the
sequence. 10 The plasm d ADV-[err]-gal -used to generate
reconmbi nant - adenoviruses was constructed as shown in Fig. 2. The
starting plasm d ADV-1 contains the | @kisr.gnghy of ' adenovirus 5 Xho | C.

fragment (mu. 0-15.8) with a __ del et from nucl eoti des 469- 3326
(mu. 1.3-9.24) on the 15 ba‘éﬂﬁﬁﬁa%-‘%&&’”l n Vitrogen, San Diego,
CA. A : Lo ' '

_ ' e B Tm_hx _
. GanEs ~ GENES
15 [N-gummia, IL2, L4, | tymidinekinasc, | p53,RbandWet | multiple drug
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pol yl i nker cassette was inserted into the deletion site. Sever al
restriction sites at the left end of the adenovi rus se%uence can be
‘conveni ent | YWOIEA6Y | neari ze the plasmid. The resul t iR¢J/US9V14793
ADV-[err]-gal plasmd was 20 constructed by insertion of a Bst Bl-Xba I .
fragnent of the E. coli [err]-gal actosi dase gene driven by the nouse
pgk pronoter into the ADV-1 conpatible sites Spe | and Ca |

in the EIl region and was |ater used to generate the r econbi nant
virus. 25 Exampl e 2 Transfection and sel ection of
293-E4 cell lines Thi s exanpl e descri bes the transfection
and sel ection process enployed to establish 293-E4 cell 30

lines. The 293 cells, obtained fromthe ARBMECERE *Type Cul ture

Col I ection, ATCC #CRL 1573, wervageime for Infectﬁﬂd)mehnrmdl fied

Eagl e's nmedium (DVEM), |g/L glucose (JRH Bi osci ences), 10% donor

calf serum (Ti ssue—Culture _ '8

96/ 14061 _ NISEASES - PCT/ US95/ gﬁm
Bi ol ogics). Cellspm Che it -le—mp-m-gﬁé O

prior to thestrang tien experinment. Ten pg of HBV surfacParfigh P(a) - E4 and 1
pg of pGEM pgkNeofpokpol yA contarnrng the Neo[err] gene were
co-transfected in mfectggnand % by ca pHIN enyglopecproteingr eci pi t ati on

[Wgler, et ,. OeII 57: 777 785 (1979) Ra;,I'he transf.ected cells were
split 1:20 in nor Ka—Ttredt o+ %—N—i—e&-— ,

the cells were attached to the pl ate, t he nmedi um was changed to
sel ective nedium 10 cont a| ning 1 ng/m G418 (Sigm, St Loui s, M. The

cells were refed wt g {vﬂ\ksel ecti ve di um ever dgyﬁ for
Q .

about 2-3 wWeeks. Isolated c KPP SH A F BT efleé
mai ntai ned i n t heiddnetrave hbellmsmt Si-rsrep'a;;sug@gxd are not THrtemdedlinshed

293-E4 cell 1inesangr @ayotbi Ohdrvibse 1intE Rl mgﬂenotfhenﬂerm«beﬂﬁ(wm

Sout hern transfers and hybridi zation

EXAMPLES
1s _
c . £ o1 id
_ _ This example describes the construction of the
plasmids used to introduce the E4 gene region into the
20 293 cells. The constructed plasmzds are dzagrammatzcally
represented in Flg._l. The parental plasmld pIK6.1 MMSV-
E4 (AE4 pro.) derived from the pIKS6. 1 MMSV enpoNhe (Hpa)
[Finer, et al, Blood 83: 43-50, (1994)] contains the
promoterless E4 region from 15 bp upstream of the
25 transcription start site to 810 bp downstream of the E4
polyadenylation site. The E4 gene is linked to the
Moloney murine sarcoma virus U3 fragment. The pIK6.l.
MIP(q)-E4 was constructed by ligation of a 238 bp
fragmenﬁ of the Hind III -Xbal PCR product of mouse alpha
30 inhibin promoter [MIP(x)] (Su, & Hsueh, Biochem. and
Biophys. Res. Common. 186: 293-300, 1992) with the 2.9 kb
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Genomi ¢ DNA from 293-E4 cell |lines were 20 di gested with desired
restrictiwedigegies and purified wi th phenol/chloroform 10 of
di gested DNA were run on 0. 8% 1% agar ose gel and trm%@ggo a
nyl on menbr ane (Zetabind, Anmerica Bioanalytical, Natick, M).
DNA fromthe 293-E4 cell lines were digested with 25 restriction
enzynes and anal yzed. DNA fromw ld type ~adenovirus 5, plK6.1

MP([err])-E4 plasm d and parental 293 cells were also digested with * -

t he sane enzynes and used as controls. Restriction fragnents of the
E4 region, a- I nhi bi n pronoter. sequence, and the El region were 30

detected by hybHadi-2uIokrhgmehie aRd’ONs IAle KPSthPILAPRECEIT fragmdhtles
and subsequent ath Qr aq,l oy ?Lp%v .

WO 96/ 14061 of the PIK6.l -E4 (E4 pro.). The ppinexggised, for

" Exanple 4 PCR of the MIP () weX¥e dparation of Viral stocks

V62 ool | 5 Wer geeauetRBbMedobiAmANIRARes S (sm FUAD) GBa sThe WLO2

cell line.is a Vero nonkey ki dne cell _line transtorne
adenovi r%s E4 BRKChRG2E mc&cccm%ﬂ’h‘§FQE&Do°lq’e?L)ed'T5’Genovi rus
mut ant s [ Vi nbeeguefices cont&inimgy eithexr that HindcaTI $Site Jd¥SALROT

5383-5386 (1983) : h IS ha evi,ausly dgscri bed
“in 10 B | d%%kg Kot %gvr'e;\]&%?%ﬁl@ Jpgrf\geg‘§1t§3§’9%§€%‘g§ee é%ié‘% .“Re

adenovirus 5 vFrRed; xzinhilin (REenAtesR Wass SpALARAed Heo feprify ther egi on and
can only grow aec\it&@ycef| shé Bieqlsmcet Ket ner 1989). Propagation and

titrati of H5dl 1014 vi 3 _ad: cells. For evaluation
of the g{aoduct ion of 15 the %ﬂtﬁﬂ Pugg'?rg?ne 0 P i nes of the ‘
present reqomhinant adpnayigusesgyagngonstryated |ds shown derBig.
counted and pl atedThe stertinglplandideant-1 sod€dfid |tnellefdndng of

e SRS S Pl LS ) iz 7 ) 1
prepared by hafetetien fxom nugleptides 469r3326 himpbstl.3nPe2d) oon the cel | s
were preBipitabackibde of PCR II (In Vitrogen, San Diego, CA). a
polylinker cassette was inserted into the deletion site.
Several restriction sites at the left end of the

adenovirus sequence can be conveniently used to linearize

33

the plasmid. The_resulting ADV-B-gal plasmid was

20 constrﬁcted_by insertion of a Bst BI-Xba I fragment of
the E. coli B-galactosidase géne driven by the mouse pgk
promoter into the ADV-1 compatible sites Spe I and Cla I
in the El :egign énd was later used to generate the.
recombinant virus. ' o '

25 | -

'~ This example describes the transfection and

selection process employed to establish 293-E4 cell

30 lines. The 293 cells, obtained from the American Type
Culture Collection, ATCC #CRL 1573, were grown in
Dulbecco's modified Eagle's medium (DMEM),Ilg/L glucose
(JRH Biosciences), 10% donor calf serum (Tissue Culture
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resuspended in 200 pl of serumfree nmedium The cell suspensi ons

underwent 3 cycles of freeze and were thawed to release the viral
particles f r¥Mi#6Le| | s. The cell 25 debri s was di scar dedQIUSIS/14793
centrifugation. The titers of the virus produced fromthe infected
cells were © determ ned by plaque formation on nonol ayers of W62
cel:l s. _ 34 WO 96/ 14061
PCT/ US95/ 14793 - ~Construction of reconbi nant

Vi ruses 5 The 293 cell line and 293-E4 cell line were
plated in 10-cm pl ate at 2.5.x 10[err]/plate 48 hours before the

iment. One h t h t f Il S
with 10 m fresh ‘”'i%rasﬁ’[éfi}%f’ﬁé%‘ﬁse%% Bh; prag® per” So-FpiBidhe 38
made by co- transfémunmmorotpgtbe mnq wg:alexperlmenh néken agdoby Bst
Bl with 4 pg of Hii;ﬁSg&p((&lyL.gzaym B& Bdo1yad 3- 551 1982)
di ted th d L err err r,us
Generated by co- ¢ RAdEPg, the NS Lt WﬁaLof?o gﬁqA‘i‘F@aFP‘ZE
ADV-[err]-gé andcelly by Gadcium phosphiitgesvepribipioation DHylet, cetl
ines by calclum b, celdn8g0nas £ il ] ONrhec bbbfect bRt Yo At

hour s after c¢o-trans i‘'um was renoved and t
monol ayers of t he SPdiifuta2Qein »RERa kimedium, at0 24| hewes) post- medl um

contai ni ng 20 rrM y@hstettioh% GAf¥sr ae GelY¥sover@bhttached toaghe (DI FCO |
LoDt 1o M) g, PRGN Sold ot oo pTERE ROk SREINRC [0 1077,
rounds of BQe containing 1 mg/ml G418 (Sigma, St Louis, MO). The cells
‘ were refed with fresh selective medium every 3 days for

about 2-3 weeks. 1Isolated clones were picked, expanded

and maintained in the selective medium for 5-6 passages.

The established 293-E4 cell lines were routinely

15 maintained in the normal medium.

Example 3
g ] ¢ & hvbridi .
Genomic DNA from 293-E4 cell lines were
20 = digested with desired restriction enzymes and purified
with phenol/chloroform. 10 pg of digested DNA were run
on 0.8%-1% agarose gel and transferred to a nylon
membrane (Zetabind, America Bioanalytical, Natick, MA).
DNA from the 293-E4 cell lines were digested with
25 restriction enzymes and analyzed. DNA from wild type
. adenovirus 5, pIK6.1 MIP(a)-E4 plasmid and parental 293
cells were also digested with the same enzymes and used
as controls. Restriction fragments of the E4 region, o~
. inhibin promoter sequence, and the El region were
30 detected by hybridization to the appropriate **P-labeled
probes and subsegquent autoradiography.
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pl aque purification. The ‘blue plaque purification was carried out as

a regul ar Ia ue assay except that the cultures were overlaid with a
second |aVP ft agar 25 containing 1 ng/ M X-gal WHEHUSASH4T3s
‘appeared. After i ncubation for 2 hours, plaques which contained the .*
reconbi nant yirus carrying the [err]-gal actosi dase gene were st ai ned
bl ue. The purity of the reconbi nant virus was determ ned by no
contam nation of white plaques. The 30 purified plaques were expanded
and the DNA of the lysate was anal yzed (Fig. 6) as previously

descri bed [ G aham & Prevec (1992)]. Adenoviral DNA was digested with
Sma | and fractionated on 0.8% agarose gel. DNA sanpl es of

35 WO 96/ 14061

PCT/ US95/ 14793 H5dl | Ol m

Ad5/[err]El ([err]-gal)[err] E3prebagati falC gt - fromCsCI -
gradient purified viral t d5 r
(EE(err} ggls)[err] E4 v(\)/a%sch?'rggf ﬁcei}%{%&g; E@fg“gﬁ%/ gi:::ggl | s. 5"
anpl e a ankey :
igrS }%/ ei ]grélt(Fowalf q:zhewwsnéﬁsﬁﬁéa tadénro%d Egus E4 DNA rézﬂctsh PRo¥tE N )
err ern] - qga rr Y n n V|ruses
and Ad5/[err] E|‘E*{€egff’!’5§| %%‘P]ﬁt’%é‘f& PVAAYS éﬂ““ants e‘k”%&&?’ EF9 o
viruses) at 20 Ketaer, Pmcmhye’ﬁ@d)f Sodl.| ¥SA 80: 538F-638Aslad8dNLe in
PBS and fi xed f‘I‘i‘fe #3a71 614 a&lf@é’rﬂas been pE@GPSﬁ@iaErcfes\@ﬂ Bel: ?

gl ut ar al dehyde igma, St. Louis, - %@ S were washed -
three titks wi § §sKetnegonf i Waas -1 63w b‘f%$¢](le?ﬁ§)t-he'ﬁh§$al ned wit
5- br onp- 4- adenovliras 05 Jrimeo|straier hhs BwgadieldtivndasethXnlthe B4 UM8)

Gol ol uti on o B4Ry AAACEA B8t B RD R8s Latle, cRilAke, ROkdtngy, |
my/m in KC solll?la%n (PEpagatiomangd tisrrkier ¢FHIAINPL4r virugowere 5 mivi
Klerr] Fe (CN) [ cohk. ohi®w163 Wellsf t ForSedaluafiod Bt he prBaUttion of the

ﬁ?LL282§%§ “asggglfbib $i§ﬂ£]é2a%P%93”§868EE§ i{E’J 5% khghpresent
invention, the W162, 293 and 293-E4 cell lines were
counted and plated in the 6-well plate at 1 x 10°/well and
infected with H5d11014 at a multiplicity of infection
(m.o.i.) of 50 plaque-farming units (p.f.u.) per cell.
20 The viral stocks were prepared by harvesting the cells
at 48 hr post-infection. The cells were precipitated and
resuspended in 200 ul of serum free medium. The cell
suspensions underwent 3 cycles of freeze and were thawed
to release the viral-partiéles:fromrthe cells. The cell
. 25 debris was discarded by centrifugation. The titers of
the virus produced from the infected cells were
determined by plaque formation on monolayers of W162
- cells.
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25 Exanple 7 [err]-gal act osi dase

activity ass Cells werelnfected with either

Ad5/ [err] El (Yél’?’}‘“‘l gal )E3 virus and Ad5/[err] EL([ err] - S&T/SaN14763
virus at 20 mo.i. assayed for enzyne activity as described in

MacG egor, et 30 al, Somatic Cell Mdl. Cenetic. 13: 253-264, (1987)

W t.h the following nodifications. Cells in 6-well plate were

washed with PBS twi ce and |ysed in the well by addition of 200 pl of
2x Z buffer (Ix Z buffer: 60 mM Na[err] PO4. 7TH err] O

36 WO 96/ 14061 '

PCT/ US95/ 14793 40 nM NaH err]PJerr].Herr]O 10 mM KO, 1 mM
MyS err] . 7H err] O and 200 pl of 0.2% Triton X-100. After

i ncubation at room t enper at ur e formin 100 pI of each sanpl e
was - transferred to thecRgtrwabti Yer: s S

addition of 50 pl of 2- mtrophenyl [err] Dgal act opyran05| de '

(2mg/ M), the reaction was allowed to proceed for 5 mn at room

tenperature and stopped by %hbei283 513 ldnesang 293-E4 cedd| dinenwete M

Na2C  err]). Fl uonAxGRRaceneg- &E?E@ at! 2480 10 /plat@ml.@nh@ufg BeHoreC
pl ate reader (Mol 3%”' ar Deyi ces | o

Men CA)
Construction of 29RSE#*PEFimeRt,One hour prior %o thl?]é:opl'}FBB§§e8F1°n'
i ntroduci ng the Adﬁlﬂi& were fiéd withedilomli fireshaedinin.s AdS /0B B +del JEEI ved

cel | line is gjasozagﬁéw%&&%ﬁ@ee@wmf ALY bEURBE- ORI Ni NG

two | ethal deleti or]s PLK. M P(a) carries

the full |efyth rdPEATIFeRHRY BI withpd B8 o6 HIGL3971 4 THATHERRANEM of
transcription stalkt aif ecam 31: t5u385G1bpodpyndigested withecpal yadenyl ati on

site (Fi - e rectl

| nke((:I tg 238 bpsh%/eﬁrg? '{]%' vﬁg-u%h éfngﬁ?%?ﬁﬁ 4 b?' gld}%’gﬁg cﬁbyt he
first 159 bps of PﬁelﬁrbﬁmérBS‘e@Ioﬂlaﬁérlzed Am&ﬁnﬁarla#gﬁaéeugr@@@rﬁ IThi s
pr onot er Sequenced|1§e35ed HSAEXDAS % bos -Baseel EXIHRSS b?ncéﬂz'i&n Hseuh

(1992)) Wonorn RbBbAL PESIEE SR BRentlLer | kbt 500 e
after co-transfection, the med:mm was removed and the
monolayers of the culture were overlaid with 10 ml DMEM
medium containing 20 mM MgCl,, 5% of CS and 0.5% of noble
agar (DIFCO Lab. Detroit, MI). The plagues were picked

20 and resuspended in 100 unl of PBS. Diluted plagque samples
. were immediately subjected to 2 to 3 rounds of blue
plaque purification. The blue plague purification was .
carried out as a regular plagque assay except that the
cultures were overlaid with a second layer of soft agar
25 _-conta:.ning 1 mg/ml X~gal when plaques appeared. After
incubation for 2 hours, plagues which contained the
' recombinant yirus carrying the p-galactosidase gene were
stained blue. The purity of the recombinant virus was
: determined by no contamination of white plaques. The
30 purified plaques were expanded and the DNA of the lysate
was analyzed (Fig. 6) as previously described [Graham &
Prevec (1992)]. Adenoviral DNA was digested with Sma I
and fractionated on 0.8% agarose gel. DNA samples of
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allows an increased | evel of gene expression induced by ei ther cAMP .

or adenyljc cycl ase activator [Paei, et al, 30 M. Endocrinol. 5:

521-534 ( I The pl K. M P([ err]) E4 was i ntroducRaI/Usssn4m93

cell s together with the pGEM pgkNeo. pghpol yA whi ch bears a neonycin .*
resi stant gene by cal cium phosphat e precipitation at a nolar ratio

37 WO 96/ 14061 PCT/ US95/ 14793
equivalent to 10:1. A total of 66 (418 resistant clones wer e

pi cked for further analysis. .5 I dentification of E4
transfectants To exam ne the integration of the introduced

i ther Hnd 111 bae 8" e s NN FRL) 063 71 FiEee ot chagtedal y 2 o
by Sout hern traﬁmﬁsqogradi:egt Brridflied viradsstocks on DN off thee '

i ntroduced [errzldsmmc -ghDPABL Nede QT2 N ¢ oA Pﬁ:&‘li s of the
E4 pr obe e(l BHgfragment of Ad5) and fhg Fﬁﬁ I n %9’5#%?5%3

probe. 17 cl onés t of a total of 66 presented the correct DNA
patterns &s predicted for a full length E4 15 region DNA integration in
the screen blots of both di gestml%g her cl ones showed either no
I ntegration or integration with varia e sizes of E4 region. Fig.
3B- 3E represent t he Sout DNA extract ed
fromthe 17 clones with r'od'twealg;tmhbntsgfeuommctédmﬁezant ¢ieges which

Soreans Vol 2inteBtitn WielhdSEip-gal) ans LEAIS (0 8 E3C 11010

screenl 'ng these 19

bl ot
cel | Rgos %ﬁg.et:.on Vimiiesgeand Ada/ %HK%W?HA%r@-mﬁaHEQOap@sEﬁges Ai
S hovvn i defegioBBriandsed(, at520ehl ol ineshe awzme@brtshefZEens

characteristi CaQegwﬁﬁh%i‘dorég 1'§;bp§‘sf\‘§£{8|“£§xé& H'n.nql.d n{ at.l.ﬁg?l di gesti on

and 1.6 kb and ragnents were no
detectabl e E4 FEUPBRAEWYRMcds 0.5% glupqa,rq.),@elaeqe QSm ( BEmebouBs and 29)

whi ch had the Mapein PBS. vmiee@eausomzpatxbﬁma&:ﬁé&etehésrwiéhlpﬁs in the
30 sqrseeni ngongiﬁlné ndi 'n@?ﬁgﬁg Ahd' AP ls%allﬂte Eh O§-1:ez\'/o?nrg 4- B
chloro-3-indolyl-B, D-galactosidase (X-gal, Sigma) as
. previously described (Thimmappaya et al, 1982). 'i‘he X-
gal solution at 40 mg/ml in dimethylformamide was diluted
to 1 mg/ml in KC solution (PBS containing 5 mM K,Fe (CN),,

20 5 mM K,Fe (CN),*3H,0). After staining, for 2 - 4 hours
the cells were washed with H,0 and inspected under a light
microscope.. '

Cells were infected with either AdS/AEl(B-
gal)AEB virus and AdS/AEl(B-gal)AE4 virus at 20 m.o.i.
assayed for enzyme act:.v:.-tg as described in MacGregor, et
30 al, Somatic Cell Mol. Gemetic. 13: 253-264, (1987) with
the following modifications. Cells in 6-well plate were
washed with PBS twice and lysed'- in the well by addition
of 200 pl of 2x Z buffer (1lx Z buffer: 60 mM Na,PO4+7H,0,
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3

in these two lines. Lines 16 and 19 are exanpl es of cell lines which

retained th 4 e region with variable restriction patterns. The
0.49 kb banda’éf"é 5 38 PCTUSOS4393
96/ 14061 I PCT/ US95/ 14793

| i nes hybridized to the nouse inhibin pronoter sequence in the H nd
I11:/Sfi digestion (Fig. 3D). The 3.1 kb fragnent along with the 2.1
kb fragnment was hybridized to the inhibin pronoter probe in the Nco
| digestion blot. 5 - These results indicate that a full |length gene
regi on of E4 was stably integrated into these 15 cell lines.

To

rule out the possiy L Jhesq oC yne . r\d
maintain a full | e‘ﬁgw ig?hfr%&é E;@'r g’gzl g# 5{‘1‘%' f mqqqspo‘a']rlb&s)[sj %#&%1@1%1 gene
region, the bl ots 9fefe2®eBribed X0l00. @tter: ARCURBLIPRERY |HOm fr agment
E) m ;J-h 7E|7- 17. %)- b%bei'ﬁtufe fo:'S-{l&Bdlﬁ\l61?Oi$ﬁgEo§ii'iﬁdhfé_ﬁﬁw( F_twaéeg e;:t ed
y the pr obe as i aren ce e ._ 3e
Therefore, the EIt§?ﬁ§fﬁége%gY°d$F%?§E%P itﬁgcfgggﬁﬁtdé&+éél Afé%ﬁ nes. 15
Exanple 10 5 additfoncef W Wi @ifo@-vidkraphenylyh R -glrqoryriandsides
EZ gelt e{_m' ne whet hefug\tlrvitaﬁw e@% |réoédﬁ%nV\?E§hallovlﬂedf€@3§i&égd B @rgﬂ'ingt}] he

el.etion virus growth, eac e .C i nes infected w
an adenovirus E4 & r°°md'ém?'fﬁ‘2f“}'ﬁﬁ Ef‘?‘% §F"Pﬁge§l5%¥|%$§”f%\%sodég’ 8%:<§Ff?8r,
(1989)] . TisolE8idef LM Na,E05)ai n FllBdieSEancenvas meedswr atbladt i420s
frommu. 92 to 93n804n4d ﬂl&%oéﬁ%ﬁ? E%aggséeaaéf (Molecufk?‘ﬁéd%&%sd@§%afg

all the op readjng_franmes- of_ t regi on except ORF 4.
Vi rus prodﬁgks suyﬁgéﬂtP%f*y'CA)° | ess viral DNA and late viral proteins
in Hela cells simlar to that seen in cells- infected with H2dl 808

and H5dl 366 [ Hal bert, et al, J. .\ﬁévﬁhm]?@g 250- 256 (1985)].
The only perm ssive cell line for the gro Q dl 1014 30 is W62

[ Wi nberg & Ketner, (1983)1. , l1s, W62
cells and all 15 |'i nes wer eThenfpenripegewof hintroduciligl| thikl AGSt Bh gene 25 with

or Wit hout 53 1 0gggln tifed M3 co11s £6MEhal G5k !adifin LAY 16aTRY! DI e
able to package the recombinant adenoviruses containing
- two lethal deletions (E1l and E4). The plasmid,
PIk.MIP(x)~E4 carries the full length region of the AdS
E4 region from 15 bp upstream of transcription start site
20 to 810 bp downstream of the polyadenylation site (Fig. '
1). The E4 gene region (m.u. 88.9%9 - 98.8) was directly
linked to 238 bps of the mouse a-inhibin promoter
containing the first 159 bps of the promoter region and
5* untranslated region. This promoter sequence is
25 _*:equifed for basal expression (Su & Hseuh (1992)).
'éﬁithin this promoter region, there is a cyclic adenosine
37, 5'-monophosphate (cAMP) response element (CRE) which
allows an increased level of gene expression induced by
either cAMP or adenylic cyclase activator [Paei, et al,
30 Mol. Endocrinol. 5: 521-534 (1991)]. The pIK.MIP(«x)-E4
' was introduced into 293 cells together with the pGEM- -
pgkNeo.pghpolyA which bears a neomycin resistant gene by
 calcium phosphate precipitation at a molar ratio
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39 WD 96/ 14061

PCT/ USQS/&%?% (CPE) as observed on WL62 cells at 3-4 days

of post- 96/1406; |\ ot j on (Fig. 4). The CPE appear ed nuch RCRUS9S/14793t he
presence of cAMP both in W62 cells and in sone of the 293-E4 cell -.°
| ines. The parental 293 cells showed CPE at 5 much m |l der level (Fig.

4). This result shows that 293- E4 cell lines (containing both El

and E4 gene regions) support the growth of E4 deleted viruses (eg., °
H5dl 1014 virus) as efficiently as cell lines containing the E4

gene region only (eg., W62 cell line). 10 '

Exanpl e 11. : f d s C on_293-E4 cel | Iines

To quantitati veI ex%%%%%e api 1 :_lfh %%%fo%% bﬁg IeEtTtan é“é

produce H5dl | 01%Werat Bigked (fnr mqr@qenalysdet -ermine whether there is a

specific induction-of E4 gene expression in‘the 293-E4 cell lines,
- the titer of the H5dl | 014 produc%d fr]om#he 293-E4 cell lines was
nmeasured in the presence or absence of al -~ - stocks were _
prepar ed from each cel | 1i dslempifs i ginber of cells

Wi th H51014 at mo.i. 50.1o @xaﬁ&d&r the 1nteBQ§Eibﬁf8fté1ﬁ£‘ idd¥odusRyr nat ant
of each cell enoved and eﬁﬁg %s wer e resuspen e in 1/10

lin
of the &Eﬁ%a’rn{fol%’rgegﬂpger 8ﬁf’f’F‘éE ﬁ?mﬁ??rhtq]tﬁ?eof”aﬁhe _
viral stocks MQWﬂJM eithes2HipHdl $IByapdagfit 25 or Nasday. As
presented in Tapkfedictdith eh&mnaaaoanmwaa by SQuﬁaQP@famékom these

15 lines,gan b eney.al | si,fied int hree groups oup 1
whi ch mcpudesep"f'Jg 3 ’%8’? & r?ﬁtﬁf‘rﬂtﬁfnsﬂ%e‘ag : QH%‘?-QI or tgrs by i

to 6 or dmlu.hﬁnﬂii;gmeuuda endpeorrdespohding i teyiqunso difc etief Eam 30
293 cel |s. NSrdbd Emal h | d¢i aéz?d titers
in the presence of cAMP éﬁdféa&ﬁaﬁe ﬁf Rasf Oﬁt' édrelguﬁbﬁgspféhog?rand

61, produced siffIRE- t|1t7eF§'°BPs out °fv?'r‘a€t%% ‘Pfl 6 RESEEEEQS EBen W62
cells. The titerorrect DNA patterns as predicted for a fill length E4

15 region DNA integration in the screen blots of both _
digestions. Other clones showed either no integration or
integration with variable sizes of E4 region. Fig. 3B-3E
represent the Southern blots of genomic DNA extracted
from the 17 clones with full length integration and two

20 clones which contains variable sizes of E{4 region
integration on the initial screening blots. The DNA was
extracted after maintaining these 19 cell lines in the
non-selective medium for more than 30 passages. As shown
in Fig. 3B and 3C, 15 cell lines represent the

25 .gharacteristic 0.9 kb and 3.2 kb fragments in HindIII/Sfi

«I digestion and 1.6 kb and 2.1 kb fragments in Nco I
1ET§estion. There were no detectable E4 region sequences
in two cell lines (lines 13 and 29) which had the same
integration patterns as the other 15 lines in the

30 screening blots, indicating an unstable integration event
in these two lines. Lines 16 and 19 are examples of

" cell lines which retained the E4 gene region with
variable restriction patterns. The 0.9 kb band of all 15
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increased 1 83 &@5 00 fold with the exception of line 12 I n_whi ch
the | evel of # roduction increased by 7 orders ofpﬁaﬂﬁ?ﬂhﬁ@3in
t he presence of cAMP. These . results indicate an i nduced E4 gene
expression in these 5 three cell lines. Goup 3 includes the renaining
cel:l | i nes which produced the virus titers essentially at

| evel s simlar to that produced from parental 293 cells : in the
presence or absence of cAMP. The induced E4 gene expression is al so
Indicated-in several cell lines in 10 this group. - The
10 fold induction a | La

293 cel |l s when thfy%éf h§3r9&§§€&ego €hérﬁérig 1nh¥£§ﬁ ﬁﬁ&h?gﬁg%25|e§% t hat

this 10 fold in ﬁBPe%&%dlﬁx¥ﬁ%fhlqiﬁﬁﬁﬁ¥ﬂqj(Eégduénlo tThe ehdad®enent 15
ef fect of CAVP on fetbhmenadabong ruttleathey Zydnkke fragmentiwas hybrildizedito

rearing, 3. Vit ol 1§31, 30575 J00And98 Yol 430 e weo 2k 361 UL B1GEE

el ements causing an i ncrease
41 5 These results indicate that a ful length gene region of

E4 was stably integrated . into these 15 cell lines. To
rule out the possibility_that these cell lines can
survive and maintain a full length of the E4 region due
to a loss of the El gene region, the blots were reprobed
10 with the AdS Hind III E fragment (m.u. 7.7-17.1). Aall 19
lines have a same sized fragment detected by the El1 probe
as that in the parental 293 cell line (Fig. 3e).
Therefore, the El gene was not altered in the 293-E4 cell
lines.
15
g ¢ biological civit £ 293-Ed 11 1
To determine whether these cell lines were
capable of supporting the E4 deletion virus growth, each
20 "of the cell lines was infected with an adenovirus E4
deletion mutant virus HSdl11014 ([Bridge & Ketner, (1989)].
The E4 defective strain HS5d11014 contains two deletions
from m.u. 92 to 93.8 and m.u. 96.4 to 98.4. The
deleticns destroy all the open reading frames of the E4,
25 region except ORF 4. - This virus produces substantially
less”viral DNA and late viral proteins in Hela cells
similar to that seen in cells infected with H2d1808 and
H5d41366 [Halbert, et al, J. Virol. 56: 250~256 (1985)].
The only permissive cell line for the growth of H5d411014
30 is W162 ([Weinberg & Ketner, (1983)]. When the parental
293 cells, W162 cells and all 15 lines were infected with
H5d11014 at m.o.i. 25 with or without addition of the 1lmM
'cAMP 6 cell lines showed comparable cytopathic effect
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PCT/ US95/ 14793 - TABLE IV

Titers ofWP364061, produced from PCFAISISN4T9% S

WL62, 293, and 293-E4

TITER [pfu/m ]’ GROUP CELL LI NE

No cAMP 1mM cAWP ' ~contraol WL62

2.2x10[ err] 1.2x10[ err] : 293

1. 6x10[err] 2. 7x10[ err] : 293- E4- 8

8.9x10[err] 3.3x10[err] 293- E4-50

g'gxig{gii} (CPE)4a§X$QEf£6éT on W162 cells at 3-4 days bf post- 293 E4-51
. 9x

293- E4- 12 %Bﬁﬁffeﬁérﬂf - 4). ghe fBEcpppeared much faster in the 2

293- E4- 27 preésénte] efr ¢AMP both 1&.ﬁasl[eéllslﬂnd in some of the

gggzgj?é 2%3 %O Sii]llnes. @? %8%%&5 293 cells showed CPE at

293- E4- 1% much, ma ggg]level (Fug.7ﬁ1@[erh}s result shows that 293-

293- E4- 33 EQ- ¢elQ[ Bifigs (contaihify!BbER'El and E4 gene regions)

ggg:gj:gg ?péé%g%g%%]growth oflE% %g §§? viruses (eg., H5dl11014

293- E4- 48 vgrp§10?§r¢ ficientlypasxceldrlines containing the E4

293- E4-52 gen8X18geén Jonly (eg. l w160 ee11 1ine).

293-E4-§§ : 3.3x10[ err] . 6.7x10[ err] ;
293- E4- 1. 6x10[err] 6. 7x10[err]- The ‘

titer was determ ned- by plaque assay EmamnIEthnolayer culture_
Val ues in the talyh@ue hg AP : 2 Sl 4 :
sanpl es. 20

To quantitatively examine the abllzty of 293-E4

cell lines to produce H5d11014 mutant virus and to

15 determine whether there is a specific induction of E4
gene expression in the 293-E4 cell lines, the titer of
the H5d11014 produced from the 293-E4 cell lines was
measured in the presence or absence of cAMP. Viral
stocks were prepared from each cell line by infecting the

20  same number of cells with H51014 at m.o.i. 50. At 48 hr
post-infection, the supernatant of each'cell line was
removed and the cells were resuspended in 1/10 of the
original volume of serum free medium. Titration of the
viral stocks were performed on W162 cells by plaque

25 = assay. As presented in Table 1, the phenomenon of virus

 production from these 15 lines can be generally

classified into three groups. Group 1 which includes
lines 8, 50 and 51 showed increased viral titers by 4 to
6 orders of magnitude compared to the titer produced from

30 293 cells. Line 8 and 51 had a 10 fold increase of the

' viral titers in the presence of cAMP. Group 2, which
includes lines 12, 27 and 61, produced similar titers of
virus as that produced from W162 cells. The titers
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PCT/ US95/ 147 Generation of Ad5/[err] El
'(perr]-gaj)[éﬁagﬁgfneirus To rescue reconbiﬂ%ﬁ?“%*ﬂ!@”
whi‘ch harbors 5 | et hal deletions in both the EIl region and the E4

regi on the two nost efficient cell lines, line 8 and |ine 61,

wer.e utilized. The ADV-[err]-gal plasm d was |inearized by BstB

and co-transfected with Cla | digested H5dl |0l 4 into the nonol ayers
of 293-E4 cell lines (Fig. 5). The 10 reconbi nant virus was generated
by in vivo reconbi nation bet ween the overl appi ng adenoviral sequence

2 55100, O ppcreadéd 1/T0d-ab,BOK) £oBataL Eh Mte |RARRLN (82 Mine 12

i sol ated and purifiB b ehe e °§s¥§§‘.’s1ﬂ€°¢&r%‘{f’1én‘=r€a e 8Y i b e

pl aque and the viretrd&@¥\ of magnidiudecdn the présemce L cAMP.t hThéss | owi ng

conparative studie he; .. a1 u | : @Bt Vi he
géﬁlw ndicate 98"3h6udels Yedd Bitedgibon Vid hese

Ad5/[err]EI(%err]- err . VI T us mg; fenera ) 'S, VI rus _was
gener at ed by Sco- §9%h @S -onCEPURs? HRcTudRs, the. reppining qelda)
plasmid with 20 1lifés WwhililyeriodiceddtRe7vifins ntyeysy @ssehtbally Hi82) |

5 298 nci#%‘?%f{iv%%ié%ﬁroﬁ%&heﬁepi\a%v;mf@g g 3, oenig™! ©

virus 25 in thepresence: 6Tt ABSPRFEC? &4 gene

generation of recogkpregdiot ries aledl eadivated b sevgraledell linesMiph the
[err]-gal gipe exp gssion of the doubl-e | ethal del etion virus and
single | ethal dele Toh S in Hel a, : 293, W62 and |line 61 cells.

The cells were infected 30 The Wt Iﬁoﬂ-ﬂeﬁed!llﬂmig_! asn&15p pbeernsndhdm the
viruses at 20 wisdNceils 294 ﬁﬁrgﬁﬁalE$@§Q§é!I§1wH%§ eheceaErs iwarlOt h

e o e e ek ML st B L S Mo ST M Bt 10 21
43 increase in the virus yield is due to the enhancement
15 effect of cAMP on other adenovirus early gene expression
[Leza & Hearing, J. Virol. 63: 3057-3064 (1989)] which
also contains CRE elements causing an increase in viral
DNA synthesis.
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abol i shed c;gbg‘%thlc effect of the Ad5/[err]El([err]-gal)[err] E4

virus wad¥
perm ssive cell

H5dl | 014).

Ad5/[err]El([err]-gal)[err] E3 virus,

line for all

three strains
(AdS/[err]El ([err]-gal)[err]E4, AdS/[err]El([err]-gal)[err]E3 and
The 293 cells were perm ssive for the
sem - perni ssive (low |evel

Lsted by the plaque assay. The 293-E4

virus production) for the H5dl 1014 virus but non-

AdS/[err]El([err]-gal)[err]E4 virus.
H5dl 014 vi rus,

perm ssive for

but non
AdS/ [err] E1([err]- gal )[err]E3 virus and"r%

gal)[err] E4 virus.
strains of viruses.
del eti on virus does
cell lines tested.
of the double
these

r econbi nant vi rus,
Exanple 14

medi at ed
| evel and

Ad5/[err]ELl([err]-0d

anal yzed by Norther
at 4, 24 and 48 hr
at 20 pfu/cell.
H5dl 327 and
reagent 1q

15

20

5/[er2r] El(

The W62 cell

Hel a cel Titexws ofo 5334014 sPredicad fiziom

PCT/URSY1479% on| y

of virus
5
of
perm ssive to
i ne was
perm ssive for
rr]EI([err]
t hree
the double

- These Eﬁi!'iinQEWWiEﬁ- e, thﬁﬁ 293-24

3-E4-61

fection
o.i. 20 suggests t hat Vi vo
gene_prod 1 al d
h 1mM cAMP
TT AN, <D ST & o
he expr ¢§3] oq and t}. '5ed E4 gene
~ To de]e™¥fe the | FdRsYene expression
_ A brr 1 E4 ot thb t 1 an LDl on
Sical ly vi sy293-Ed4-8 he Eh stoxs0mscr i pt] 83xf0"om t hg !
| Y[ err] E4 vine3-E44st5/ El | paxide gal ) [ paskitk viraljf RNA wa
bl ot .1 Tot af 28¥ik4v81s haf gsxied fron] 30x100 Hel § cells
ol | owi ng ‘i njection of reconb| nant adenoyi r uses
RNAS CTEU[ LTOITTE! & CERGoiaT © d with
. §f‘E:g; 1) wkf ed. as :gﬁ%grul son. JRNAzol B

'8.0x10"

283-E4-6

293-E4-15
293-E4-33
293-E4-34
293-E4-35
293-E4-48
293-E4-52
293-E4-59

1.1x1
1.3x1 s

6.7x1 Ot

6.7x10¢
1.3x10°
6.7x10*
1.8x10
3.3x10°

8.9x10¢
6.7x10¢
1.6x10°
1.3x10°
1.1x10¢
6.7x10¢
1.3x107
6.7x10¢

293-E4-62

1.6x10°

6.7x10¢

‘*The titer was determined by plaque assay on W162 monolayer culture.
Values in the table are the averages of titers measured on duplicate samples.
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(Tel -Test, IQ&. L endswood, TX) was used for extraction of total
"RNA. Ten ug @@Pﬁ)lim were el ectrophoresed in ©a 1% d&CIUSVMINe| |
transferred to a nenbrane filter, and hybridi zed to radi oactive DNA
probes. The Northern 5 bl ots were sequentially probed with

radi ol abl ed 1. 65 kb EcoRV- Accl fragnent -of [err]-gal, 2.30 kb Snal
H fragnent of Ad5 E4 region (mu. 92..0-98.4), 765 bps of the PCR
product of the L5 region and the 1.45 kb Smal | fragnent of the L3
region (mu. 52.6-56.6). The PCR priners for 10 anplification of
adenovirus L5 region were 5'- GAGGACTAAGGATTGATT- 3" (NTs
31811-31828) (SEQ ID NO 3) - and 5' - CGTGAGATTTTGGATAAG 3' (NTs
32549-32566) (SEQ ID NG 4) . Examnla_lz The cel | s infected by
either the Ad5/[err] EL([ errgendPfati 2 4 _
Ad5/[err]El([err]-gal) accu lat ed. sane veI rr MRNA at 4
hr post-infection (Figure 7%P€1ﬁ% u%\rec na'"%oxé%? wl}# ﬁaz%é’rlsnf ected
with Ad5/[er?®] E1([Jeeﬁr11]algép}9§wz]t£41n both t@eaaaareglmmwdtee@«ll owgiohevel
of [err]-gal at 24mNdwSmost effividiftslcdllf 28he8) THH@W Ahd QAihkegie! | s

o Forel o " 2 werg SREREERA ChiE i hns Plagnid i miregiiad, bLS

consi st ant - BetBEl and| cghtra,nsmns@j Mmhemafz[&gqugd #50d40d4se
enzyme act i didey thl hShETd ek &l 208l kg é&igy (%1§hr 590St rhe
i nfection preV| ousl descrl bed When t he sage

rehybri di zet?wi t h Z8F9 IRE FeReRaLe eppds“f r‘6’rﬁ° recombinapieg,

98.4 mu. and doesbetatbenvtahéaqwemliﬁlngnddehotrhsal sequerice oEgADV-BFgaker,

o} by e 58 w1050 1 gran c1g( 0B PLmert, RgRC 0TSSR EA 11

30 di spl ayed |PH-aSBFﬁ #MW%@& Ad30] 6avF RS ertHansfertinn.were

sanpl es al t hough tiselheedl and pielfied byndlueppladute assay. drhenfisally

decr eased '% 'S‘d5%%?kgé Igi\?é rﬂla%e) ahaf @ﬁ&e'ngﬁ lD°NA were analyzed

PCT/ US95/ 14793 (Fig. 6). For the following comparative studies of the
double deletion recombinant virus, the A45/AEl(B-gal)AE3
virus was generated. This virus was generated by co-
transfection of Bst BI linearized ADV-f-gal plasmid with

20 Cla I digested HS5dl327 [Thimmappaya, et al, (1982)] into

293 cells (Fig. 5).

Example 13

25 To evaluate the infectivity of this second
Qeneration-o‘f recombinant virus, infectivity was compared
‘with the B-gal gene expression of the double lethal
. deletion virus and single lethal deletion virus in Hela,
293, Wl62 and line 61 cells. The cells were infected
30 with these two strains of recombinant viruses at .20
' m.o.i. for 48 hrs. Expression was observed in both
infections as detected both by histochemical staining and
the B-galactdsidase activity assay described supra. The
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However, there is only one species of E4 transcripts at a si ze
correspondln to 1.5 kb in cells infected wwth the

Ad5/ [ er r [P M061 .gal)[err]E4 (Figure 7, Panal B). This oFCAVUS9Si473
is presumably due to two large deletions within this 5 El /E4 deleted ..
vector which destroyed all 'the open reading frames wthin the E4
"region with the exception of the ORF4 and resulted in the
production of a truncated transcripts encoding the ORF4 protein. .
Thi s exanpl e supports the results described in Exanple 13 that the
10 transgene delivered by the Ad5/[err]El ([err]-gal)[err]E4 reconbi nant

Aoy A vecl@ol fuld L GhERALMI OB be the ads/amaTROYEETARE

elimnated adenvjra € expression In
vitro virus was ?REOpaeéﬁeélbmmtemtpm\ﬂssw H5%he 02934 h

\2\/32/ t[Jsed] tE F(?erﬁﬁttﬂa& laﬁlsrepaﬂiaime AoVl il M?ﬁ% threg strains

err er

defects |n | at eéé e‘%‘?‘x)esE(S éggﬁﬂ?&&ﬁg‘? g\di@gﬁé?[i-ga}flégﬁ and; r o . 63:
631- 638, 1989) dllpdddet eThen293ireHes were permissivebfonttlhe of the El
and F:l regi on Msatmf r(g-gal)m;::z viAip/ E%fﬂ%g?glvﬂggiétgg%\&ﬁ ate gene
result in nore profoun ec

expr.essi on, the‘P %g gt?% the ?@Fé&rﬁg non-

Ad5/ [err] El( [ eme]ngals)tze to 2485/AE1 WMSWWH&:I aThelWk62vaeYieasur ed by
both Northern 1ine wa%{érﬂﬂé’s{\?é/@oieﬂsﬁﬁﬂﬁiﬁ' 9%1:«39 PRLY R Ase chain

reactio Nor.t hern described in

Exanpl en]14 and PELY %?ﬁﬁ%@r?@&’é& 3t KaTyEs and AASHEIIB- which is
the PCR producigad ABdSvirgsiendielfa celiEsa®@ non-péfilissived2ai6 anilt hin the (
fiber proteln g r ) chis
t he Snal fra§gg'lea stEMAE é%%lnﬁu 5 s gﬁggg R ﬂté h(?#b%h %2: pf’gg

codi ng g‘é “blfﬁe@%l%’h"l‘-msl goef B’Ptaﬁé‘éﬁﬁul%ﬁx sytepathic

46 WO 96ef£86t to the human cell lines tested. Absence of

PCT/ U59q514793cytopathic effects following infection of the double
deletion viruses at m.o.i. 20 suggests that in vivo these
viruses will not express late gen'e_product:s-.. This should
eliminate the immune response against cells infected with

' recombinant virus, thereby prblonging transgene

20 ' expression.
Eefici . ) 3 1 E4 |
25 - ‘To determine the transgene expression mediated

by AdS5/AEl(B-gal)AE4 at the transcription level and
'physically visualize the E4 transcription from the
AdS/AE1(B-gal)AE4 virus, AdS/AEL(B-gal)AE4 viral RNA was
analyzed by Northern blot. Total RNA was harvested from
30  .Hela cells at 4, 24 and 48 hr following infection of -
: ‘'recombinant adenoviruses at 20 pfu/cell Total RNAs
extracted from Hela cells infected with H5d1327 and
‘Ad5/AEl(B-gal) were used as comparison. RNAzol B reagent
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transcripts and a detectable level of L3 nRNA in the cells infected
with El -del eted vector at 48 hr post- I nfection (Figure 7, Panal C
‘and D). HowdV@P6/1496th | ate transcripts were not detecPaDiUss/a79he
cells infected 5 wi th the ‘El / E4- del et ed adenoviral vector.

Applicants further enployed the RT-PCR net hod wi th increased
det.ection sensitivity to determ ne whet her adenoviral |ate gene
transcripts were expressed in the. Ad5/[err]El ([err]-gal)[err] E4
reconbi nant vector. Total RNA was 10. treated with RNase-free DNase
(promega Corp., Madison W) at 1 unit/ug at 37 [err]C for 60 mn.

The first strand nt he usi n er as priner
( Phar maci a, ?&' o 2Fetky, L%\%m fﬁ&n §W8°§etz'ﬁg¥ 3‘}%& :l%’% ﬁ’%ﬁ?cﬁ/ggndone
by onitting the referstal (RiNfscrMenavg. tétah W@anme @iectrophoreRéd ind
RT-) were then a”@'ii'&éhét’iiﬁﬂxgt BR1SaEPahSferred td'd Tnbrahel2istebed

revi ousl see Exa jners _for L3 region were
E' CCTACG%A(CGAC- ‘?%E%’#]i&%ﬂééq to rad’-%?gf %%‘%7? e Northern
5- TGTTTGGGT3AT- 3' bl@GE) wdre\Sequentialby pidlsed Gdiltth 26T¢lablleticd .65 kb
lif t t t ()
Vioual i zed by | EooRvRrer srdgREHE Sf Wi, PG G K TelGheRl ot |
both in cells infRR3 &f \,ﬁ%qﬁldé}“[ Brr¥Et (?E??‘]ﬂgal'ﬁ%c?%;‘?/f[ &L BFRerr] -
gal )[err] E4 (Fi gurodijct BfcthenhS pegieh eidibdhe 13 45RKd Smal I Eragaent pt s

i cell s | nfcot oc iy AASLLGUOEILL 61 rda 06194 W) Bh?Bon, prlbll £of)

The RT-PCR reaction using as - an-Tnt er nal
control. ¥e [er#“}nld(,ﬁc’-i%tﬁppnﬁf-sadenm’lm-’r IIrSZé’iFQ’*(SHn M?é'eRﬁ PCR were the

consensus sequenmcacrmcbnmwtme (Nt's BUBILHBAB2BY (SEQI mbeﬂotnaFr aser,

ﬁ]ealsenm tivi ty 0 det e?@rggéiﬁfﬁ%sﬂﬁ@)s 'h Q\'&S 3r2(§t4 | Rzééabeﬂégacﬁ?ﬁ?n

the L3 region), MRR:EIR products were further anal yzed by Sout hern
bl ot probed The cells infected by eithér the AdE/&8B1 (g0

S o 5o LT Y AR 50 i b= 10
B~gal mRNA at 4 hr post-infection (Figure 7, Panal A).
However, the cells infected with AJd5/AEl(B-gal)AE4
gradually accumulated lower level of B-gal at 24 and 48
hr post-infection compared to the cells infected with
20 AdS/AEl(B-gal). This slightly reduced level of f-gal
transcript mediated by AdS/AEl(B~gal)AE4 is consistant
with a slightly reduced level of B-galactosidaSe enzyme
activity in infected Hela cells assayed at 24 hr post-
_ infection as previously described. When the same blot was
25  rehybridized with adenoviral E4 probe which extends from
'92.0 to 98.4 m.u. and does not overlap the 3' end of the
L5‘ region [Fraser, et al, J. Mol. Biol. 155: 207-233,
{1982)], a characteristic pattern of polysomal mRNAs
[Tiggs, et al, J. Virol. 50: 106-117, (1984)) was
30 displayed in both H541327 and AdS5/AEl(B~gal) infected
' samples although the level of the E4 transcripts is
dramatically decreased in Ad5/AEl (B-gal) infected cells.
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products of the hexon protein codi ng region (Fi.gure 9). L3

transcripts were not detected in the cells infected 5 wi'th the double
del eted MIBP§/HM406}El ([err]-gal)[err] E4 adenoviral Ve ptofusydlias
confirms the results of the study described above and in Figure 8.
These results indicate that the ' conmbi nation of the El and E4
deletions within the Ad5/[err]EL([err]-gal)[err]E4 vector shoul d
result in a conplete 10 deficiency of the L3 nRNA whi ch encodes the
~adenovi rus capsi d protein-hexon. Per si st ent
transgene expression in vivo 15 - : To determ ne whet her reduced
or elimnated adenovirus |ate gene expression of the El/E4 del eted

adenoviral vect BPWeVerd Hhere s andis eoee spesiessobnEd ttranscripts] atra- gal
gene expressi onside Cebtfesptriimy vy 1 5eikbheh Elells :Lnfect’:'iﬂ o8l ypgtor or

b ore] o OF oy RS Phmd PR RORA Ypitized, papd?RL Wil Shservation

Ad5/ [err] E1([ er?-f %%m&wllﬁamp ¥woudawgeededetiioms twikchin thisf ol | ow ng
in vivo egperi ngnym4 déléﬁedsb%@t%r"\%ich destr@{(QéU&f% él{ﬁ)e CPE%
u

I t Kk d
Gostr i bed i n 25traRsk uhiin Rheord, ceSivpliibe the. dsetion cfoshess, s

(1991). ORP4 tansl steselsedsdd t:heepircdecbionomt antmincageal El -
containing vir I on (NTs
USr 15 & 4 HQEQnE)SdEGB Eﬂé Mﬁf'i H?bf%dgz 'I‘hr:Llsrreexa.{ng %ESCI’I bed in

13-1338) pri rrer and E2r
Lochnul | er, PP t&ngeﬁi ts ?ﬁEFled iﬁs@?‘aﬂﬂ}? 1316bat . thej ve
ani mal s 1@f ect el:ransyene delivezeH byrthe AdS/EED(BHgul)AEY Fe8oMBigant

sacrificied at gifah 1 vectd L postinfection. X—gal('_
48 O 96/ 140(?]‘.’1,:-8‘ ctér 14 eg%:.cgéntfﬁ; é?gﬂ: sse&0

PCT/ US95/ | 4793 ' hi st ocheni cal staining, described previously,

was perforned on the frozenzsanﬁlgnmsof t he above infected

animal livers. gl N )X J1AL i

tissues presseo =t ed and
CE 4 ddt®

t ed adenoviral vector vitro
' The parental mutant adenovirus H5d11014 which

was used to generate the recombinant adenoviral vector
AdS5/AEl (B-gal) AE4 has been reported to show severe
defects in late gene expression [Bridge and Ketner, J.
20 Virol. 63: 631-638, (1989)]. To determine whether the
combination Of the El1 and E4 region deletions in
AdS5/AEl (B-gal)AE4 might result in more profeund defects
or complete blockage of late gene expression, the
accumnlation'of_late mRNAs of AdS/AEl(B-gal)AE4 in
25 Thonpermissive Hela cells was measured by both Northern
. blot and reverse transcrmptzon polymerase chain reaction
'(RT-PCR) methods. The Northern blot (described in
Example 14 and Figure 7) was rehybridized to the LS
_ probe, which is the PCR product of A4S sequence from NTs
30 ~3;811 to 32566 within the fiber protein coding region (LS
region), and the L3 probe, which is the SmaI'I.ﬁragment
from m.u. 52.6-56.6 within the hexon protein coding
region. Theére was a low level of accumulation of LS
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infected livers at day 3 and 7. There was a sharp declining of X-gal

staining fr s (75-85% to 35 days (15-25% in the livers
‘infected w Sﬂﬁ%{ﬂﬂ@' del et ed vector. At 77 days, only &@WW%
livers stained blue 10 i n:El -del eted adenovirus infected animals. In
contrast, [err]-gal act osi dase gene expression was sustained at a
| evel of 85% for 28 days in the livers infected wwth the El/E4-
del eted virus. Mreover, at day 77, approximtely 65-75% of the
El / E4- del et ed adenovirus infected animal livers 15 expressed the
[err]-gal actosi dase gene. This exanpl e demonstrates that the

el imnati on of the 3H8RRYLESaRd!S detectaieq TP 6F TP hybih AnFLLES doubl e

del et ed adenovi ral vect or (adenovirus) cou |can y prolong
t he expr esSedhSotnfecten Sk Bi-deldeted vastexr
conpared to a si nghéedeienecbigimm\n rmanae, ¢ an@ll Dylel emdwer, both late

adenovi rus. ts were not dete dete@tmee & e cells lnfec:ted

Reduced cyt opathl Cranﬁ-: ?s an responses

in vivo with the Bl {fd g ?F@mmﬁér‘ém@ran i nver se
correl ati on between a prol a&mhdmmhetpéﬁpm ainé RT-PCR hethéee@d

cytopathic. effectg,l ﬂ fﬂézﬁ&\nﬁ eetCt %‘M %Qn&gglélt(% @et'éémggl et@ﬁﬂzﬁf‘s

adenovi r us, random I"VEer tai né
fromfive ani nal sagenoceiral late Q@ep@manssraptgrmv wxpresgedi tRdther ozen

:c' ver section AdS/4€1 (pYga ey ARS ireRdmbinanbk %oebtdAr qio@?%ngaaﬁsjs st ai ned
or

. . 49 WO 9
PCT/ Us95/ 14993  treated with ENase-free DNAse; (promedy %%Png Madison, WI)
sol ution. For at 1 mw G Gl °St ooy, 60 heimar ghéi fitstyestreend iofns were
stained with H&E. m sect.i,.ons cal :

a |
changes such as c& b 3% ot s:tz\'\?;bxgmgSSW)hggrggfxger {)}%%a%'%ﬁ *8tul ar
structure and i anhmneda).r yCA) . The isafmel seat oﬂmmbbeecuedn‘ae!vmeﬁomy 3

and 7 and or% Sﬂeo %@_?9@% $2ahBe eS Eiaﬁﬁt Sepd it fris

del et ed adenOV|rus vec nmost  ani
15 (RT+ and RT-) were then amplified us:ng the same L5

prmmers as described previously (see Example 14). The
primers for L3 region were 5'-CCTACGCACGAC-3' (SEQ ID NO:
5) (NTs 18996-19007); 5'-TGTTTGGGTTAT-3' (SEQ ID NO:
6) (NTs 20318-20329). After amplification, the RT
20 products wee run on a 1% agarose gel and visualized by
ethidium bromide staining. The L5 mRNA was identified
both in cells infected with AdS/AE1(B-gal)and A4S/AEl(B-
gal)AE4 (Figure 8). There was no detectable L3 mRNA
transcr;pts in cells infected with AdS/AE1L (B- -gal)AE4
25 "(Pigure 8). The RT-PCR reaction using B-actin primers
lwas used as an 1nterna1 control The B-actin primers
utilized for the RT-PCR were the consensus sequences
between the rat and human as described in Fraser, et al,
J. Virol. 63, 631-638, (1989).
30 : ~ To 1ncrease the sensitivity of detection of the
hexon protein sequence (within the L3 regxon), RE-PCR
products were further analyzed by Southern blot probed
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same infection were recovered fromthese tissue damages 10

nor phol Qgj.cal However, none of the above pathol ogic changes was
observegghgamé%h day 3 and 7 except a slight i nf | ZAFES8IAT3 — .
infiltration appeared after day 14 and in the animals infected with=*
'E1/ E4- del et ed adenovi rus vector. By day 77, all the aninmals
“infected with this 15 doubly deleted virus vector were retured to
nor mal - nor phol ogi cally. This exanpl e denonstrates that reduced
cytopathic effects are nedi ated by the doubl e del eted ' -
Ads/[err]El ([err]-gal)[err] E4 reconbi nant adenoviral vector. The

pr ol onged trang n r%ﬁﬁ&iﬁ&ibddﬁﬂE&L d he doubl e
del et'ed adenow?%? vect 0%6&&9 Be : 0 dgcreasgdﬁ? No' 7t)
regeneration a@hithaybnadunedltvethe lnternﬂ%nmsgéenteftthﬁlanﬁQB of animals

infected Wi th gh6aucts of éﬂélﬁéﬁéﬂEifdéﬂ n daaihgvﬁﬁégén (Pigure 9).

Exanpl e 18 Constructjon E4-ORF
Thi s exanpl e de GHanssripEscuase rARE idpreated in thﬁIRBI4¥W¥Rq§9ﬁ§F) ORF6
pl asmi d.s The i RiHe dotble QsDétedi GAS/AEL (B-gal) AE4 vedemrizanuct ed as

er Lved from (FEetor Sty Rafeiths, rod HEEs B (End MRy dederibpa™ Pro-)
MVBVenpoNhe( Htgove and 1BerQ§¥¢ 8n Fhese resudts EEG%EFtQ£¥h¢taﬁBeFlner et

al, in ddhi‘:ﬁ.ri&%t:.banak R | BT arid E4\Qed et 2048 5%i €0irt aiHes t he f.ul |
50 PCT/ US95/ 14793 -

4
I ength sequen d&gﬁﬁg‘EﬂlPeﬁfd?F%S&ﬁqﬁPﬂﬂ%? 5F8H%Fe%n a comp¥§§&uence The
pl K6. 1 M®([ er deficdiensy ofnthe Jei aiRN} which enppdesi the Fdenowigubp fragmar‘
of the Hind | ldap&3d brBeRin-hexonproduct of nouse a inhibin pronoter
[MP([err])] with the 2.9 5 kb Xba I-Stu |I fragnent and the 3.9 kb Stu
[-Hnd 111 fragment of the pl X6.1 MVSV-E4 ([err]E4 pro.). The
pl K6. 1 M P(a)-ORF6 plasm d was corExamplieedéhy repIaC|ng t he
pronoterless E4 region g ReTtate! No| W N-T- 3.ar ivo fragnment. The

PCR for the E4-
g&rzl iy agggCTT(Ca:A qEoRALIE @%&%emgegasﬁ % elimmat?ﬂosg) (SEQ 1D

NO 8) and %' -adyndvu.t'ugagﬁfﬂ@dnﬁ' E3hPesEisg- of the E1/E4 deleted
adenoviral vector could prolong transgene expression, the
B-gal gene expression in cells infected with either Eil-
deleted vector or El/E4- deleted vector was examined The
20 double deleted AdS/AEl(B gal) AE4 recomblnant v1rus and
Ad5/AEl (B-gal) recombznant virus were used in the
following in vivo experiments. Viral stocks were
produced from sﬁSpensioh of complementing packaging cells
and purified by double CsCl bandlng as descrlbed in
25  Geaham and Prevec, Methods Mol. Biol. 7: 109-128, (1991).
| .ftd= the stocks used were free of contamlnatlon of El-
eontalnzng virus determlned by PCR analyszs using E1
region (NTs 13-1338) primer and E2 'region (NTs 5053-
5072)primer as described in Lochmnller, et al, Hum. Gene
30 Ther. 5: 1485- 1491. (199%4). Five anzmals infected with-
each strain of xecemblnant virus were sacrificied at day
3, 7, 14, 21 28, 35 and 77 post;nfect;on - X-gal

dd 0 co}
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3" (Ad5 NTs 33179 to 33196) (SEQ ID NGO 9). The sequences cont ai ni ng
ei ther the lacS] or Xba | site in : | ower case were present to
facilitate cloning. The 15  transcription of the ORF6 is dwéhyﬂ%@‘@%e
nouse. a i nhi bin pronoter and the heterol ogous pol yadenyl ation
signals (Sv40 pol A) on the plasm d backbone downstream of t he ORF6
region was utilized. The cloned ORF6 DNA fragnment was sequenced to
verify the accuracy of the 20 sequence. The plK6. 1M P(a)-ORF6 was used
to generate the packagi ng cell line as described infra. 25
Construction of 293-ORF6 cell I|ines The foll ow ng exanpl e

describes the nigtGRRShHEL! OPafiisgPS ddgEeB8Y  phiifsusiy,cliagi Nal e (he
pot enti al p035|b|I|I%9§mEgenera I n contai,ning Vv thi s_new

packagi ng cell |i P efin ke pFrRRIY SRFtigns °f|Fﬁ?(ﬁﬁﬂ?‘héngeﬁFﬂ?nun1
essential Ad5 E4 @ﬁEﬁa&odivgrseglmne stainingnshoRéd timt spprokématebyr d

Fegion from 1008 BY Bigsuqe extibejidche BOGATMedsdiEs bRakila 100 "
51 WO D6/ 1489th El-deleted and El/Ed4-deleted adenoviral vpgtpp:gsg5/ 14793
the genome. The ORnfet€gloDivess CAtorazq/ downdt TeanTiérd Was a sharpouse [err]
oI K6, 1M P( [orr]) - CRPALhAR8 BE QP Staliinly 826 14 davs T-0sw), 1o 35

pl asmi d cont ai ni n§a¥Re (ANBo2S%bnin the divess 1Gﬁ§8te¢> with &besEirdeldtndes
were isol ated, expagded.ant PrI@&AALd dudly 1-2% of | tREWier@N sehihd® HidreORF6

sequence b outhern | gt I gur from ach
cl one was é‘ogest ed =218k iﬁ#}?q‘ﬁ ﬂ%vz%u ﬁgiﬁ%%da?ﬁ?% Pzﬁﬂn‘f? e ORF6
PCR f r agneftrogFaguesidase Rrensi expreEsjbn was sistaisetoatla Sevel

screened cl ones rstaassdf@é é@aﬁyé)&?z ‘EﬂBH%eP&%ﬁ&éd w:.th tﬂe [T
fragnment for inta re The bl

t th
the El probe whic }ﬁt .ndqmreoger, at“g?¥é§heﬁ¥*¥ﬁﬁa%a gy )
(Figure 11, Panel oB)thel El&g-lfdeleted adeasviRES Uefdctiddasishbikiverse sane

si zed fragqgnt expressed the p-galactosidase gene. This example
demonstrates that the elimination of the adenovirus late
gene expression in a E1/E4 double deleted adenoviral
vector (adenovirus) could significantly prolong the
expression of a transgene placed in the viral vector

20 compared to a single deleted adenovirus, e.g., El deleted
adenovirus.
Example 17
25 Reduced cytopathic effects and host immune
. . _. co

To, determine whether there is an inverse
correlation between a prolonged transgene expression and
Ireduced cytopathic effects in animals infected with the

30 El/E4-deleted adenovirus, random liver hematoxylin/eosin
N (H&E{ stained sections from five animals per.each

experimental group were examined:. Frozen liver section

(6 um) were fixed in 0.5% glutaraldehyde and stained for
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15 detected by the El probe as that found in the parental 293

cells (Fi . This exanpl e denponstrates that the ucture of
t he El geﬁgﬁgﬁot been altered in the cell | i nes. %‘f’ﬁ N %30 the
cell lines above have the intact El gene but they also retain at

| east one copy of the E4 20 ORF6 regi on.

Exanpl e 20 Conpl enent ati on of E4 function by 293- ORF6 ceII l i nes
The 293-ORF6 cell lines were screened for their 25 =~ ability to produce
virus follow ng infection with the E4- del et ed nut ant adenovi rus,
H5dl 1 014. The H5dI | 014 adenovi rus contains two del eti ons which

destroy all thep-gal aaﬁmwebs}i seaimi%sl:pfx ntélﬁe?wnb\gJ{]tthfl'
exception S t he i'on of substantially 3

l ess viral DNA %&E\pﬁé"\f{aﬁa gt e+€e R géf'?f Sqflions wexrg go cel I
line, which constainedmuith E&EF egR@dOf# §qg:t:10ns werenresiewed.el | |ine for
the growth of Hostndihilcdli eBsnges sucH G e’ bailoéﬁig t@.%su@?’l' 638,

(gé?EiZ)O]G 1 ghen ttt'ecros:.s, loss of lobular structure apd ]

parental 293, \ireiltradion were Jetsaarres belttwebnnéayvﬁarmd 7 and i nfected

with H5dl 10l 4 agorfintieid Shrdughiday 39 i® dRimal lnf%‘gc}erveg' | nh{/\1|6|2n§ZI s

showed corrpara%’%_%yt oRa t hic, ef fect gaP
as well as in en°"t‘:’é‘|“f ve(ﬁto\; -4 §Yyda¥i Thodtest Andimads. with
Quantitative same iafecyios wére heqovestedt fnmothéﬁdldx@sﬁevmamaéééor med by

I intdiph | utg, t r
FZ)QSqICJ)GRFgﬁg% \(I:Mori_lg[n drgelhleg:ll?*leg &%g@t} | tﬂSn@?? %Y@ a%oQ;e P ﬁg(lj’f"’méﬁcproduce

by 293- ORF6 ar ERARIES, Was obsgried,detyeen day 3 apdJuExFeptom Bbight 62 ang
293-E4 cells. (mﬁllammd):ory mflmnmoagapﬁﬁsﬁe@eéftén @y Wi ghgomhy contain

a smal | q#ff mﬁ 0 3 ggﬂf LoiaLe
sufficient to conp Eﬁgﬁ%st %:é unct |ho£r-1' Zﬁﬁ (geﬂ]b or atq%g growt h of
the E4 del eti olY&FPEnt BYi #2% 775 all the animals mfe"ted withExbisl e 21
Conpl enel® at i odoablFldélersd oridus FedtbRMefe!tethirt@s to normal

morphologically. This example demonstrates that reduced

cytopathic effects are mediated by the double deleted

AdSIAEI(B gal)AE4 recombinant adenoviral vector. The

- prolonged transgene expression in animals infected with

20 the double deleted adenoviral vector may be;dﬁe to

decreased tissue regeneration activity in the liver

compared to the livers of animals infected with the

AdS/AEl(B-gal) vector. |

RN This example describes the construction of
PIK6.1MIP(x) -ORF6 plasmid. . The E4f-ORF5 region expression
vector was constructed as illustrated in Figuré io. . The

30 parental pIKS 1 MMSV-E4 (AE4 pro.) derived from the ,
PIK6.1.MMSVNhe [also referred to as pIK6.1 MMSVenpoNhe(Hpa)
or pkatl in Finer, et al, Blood, 1994 and Finer, et al, in
International application WO 94/29438] contains the full
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Sout hern anal ysis denpnstrated that all of the 293-ORF6 cell lines
‘exam ned cong ﬁ @ﬁ I ntact El region 20 copy. These |lines were assayed
for their biOlogrear activity to conplement the El fun&Cr9Is14793
(Conpl enent ary activity assay as shown in Table V.) Mnol ayers of
WL62, 293, 293-E4, and 293-ORF6 #34 cell lines were infected

w t.h the El-deleted nutant virus, H5dl 312 and viral 25 producti on was .
determned by limting dilution plaque assay. Each of the eight
293-ORF6 cell |ines produced the El-deleted virus at a level simlar
to that produced by the parental 293 cells (Table V). Therefore, the
293- ORF6 Q.%hbth' BESudASS & thiae FAbrbit ¥n [ Ex &P |taiEe BrohiotBr30

%ge H anaCFSG?iZ%G ggggE f r&”ﬁf& .1MIP(a)~E4 was constructed by

PCT/ US95/ 14793 ligation of a 238Chs £ragmenttoOrcld HEAAORES-Xbhl I| PORS by

bi ol ogi cal |
T: ?ecrngl( g?u/ fﬂogn[o enRBEALt 08¢ ddusd &Y inhibin promotepgl:r«*Ig'(ﬁ?q :]ith the 2.9

d1312b Ker J 9%y & (fragmens and the 3.9 kb I-Hind III 5 g
x 10[err] fraglent of the pIK6.10MMSV-E4 (AE4 pro.). 298e

0 - 2. 2

10[err] BI%S f‘%{f%)-OR]FG plasméd was {hf‘t cted by replgcgn%qFG 34
6.0 x 10[err] ~ the promgtexjess E4 regiom m&h_@ R pproduct| g FIracORF§ er s

of H5dl 1014 |ysat ggaghesit'c erHe BORC Brlimbrefoietlife E4-ORF6 @08EAYT PEFLidY
o) adve s o1 Y488 SRl Akl Sibkiieamamanppnandi-) N kEGoabrd 65!
34089) (SEQ ID NO:8) and 5'-catctctcgagGGAGAAGTCCACGCCTAC~
3' (Ad5 NTs 33179 to 33196) (SEQ ID NO:9). The segquences
containing either the XhoI site or Xba I site in
, lowercase were present to facilitate cloning.  The
15 - transcription of the ORF6 is driven by the mouse «
inhibin promoter and the heterologous polyadenylation
signals (5V40 polA) on the plasmid backbone downstream of
the ORF6 region was utilized. The cloned ORF6 DNA
fragment was sequenced to verify the accuracy of the
20 sequence. The pIK6.1MIP(«a)~-ORF6 was used to generate the
packaging cell line as described infra.

25 © Construction of 293-ORF6 cell lines
o ' The following example describes the

construct;on of 293-ORF6 cell lznes To eliminate the
potent1a1 possibility of generat;ng E4 containing virus,
this new packaging cell line has been established by

30 introducing a minimum essential AdS5 E4 ORF6 coding region
into 293 cells. The plasmid pIK. MIP(a)~-ORF6 carries a
910 bp PCR fragment of A4S E4-ORF6 coding region from
nucleotide 1846 to 2756 numbered from the right end of

51



l'i nes. 15 [err]The values in the table are the averages of titers

gzasuredvé)&'u%%/ 140dupI | cat e sanpl es. PCT/US98/14793 ,.
PCT/ US95/ 14793 Si nul t aneous conpl enentati on of both El and-
E4 functions ' by 293-ORF6 cell lines

This exanpl e describes the ability of the 293- 5 ORF6 cell lines to .
rescue reconbi nant virus which harbors deletions in both the El and
the E4 regions. Cell line 34 was chosen for further testing from

the two cell I|ines whi ch produced the highest titer of H5dl| 014,

Li?Qé,Cihg/[errPEl?%%rrszgﬁ??méﬁlE}B 8§L§ ruc?&gé &gﬁé§§¥%) Qﬁﬁ%hgant 0

mouse o inhibin promoter region as previously descr;bed
The pIK6.1MIP(x)-ORF6 was co-transfected into 293 cells
with a plasmid containing the Neor gene. Fifty-four G418

5 resistant clones were isolated, expanded and screened for
integration of the E4-ORF6 sequence bygsbuchern blotting
(Figure 11). Genomic DNA from each clone was digested
with Hind III and XmnI and hybridized to the ORF6 PCR
fragment (Figure 11, Panel A).- Eight out of the total 54

10 ' screened'clones retaiﬁed at least one copy of predicted

' 1.7 kb fragment for intact ORF6 region. The blots were ‘

rehybridized with the El1 probe which is a Ad5 Hind III E
fragment (m.u. 7.7-17.1) (Figure 11, Panel B). All eight
293-ORF6 cell lines showed the same sized fragment

15 detected by the El1 probe as that found in the parental
293 cells (Figure 11). This example demonstrates that the
structure of the El1 gene has not been altered in the cell
lines. Not only do the cell lines above have the intact
El gene but they also retain at least one copy of the E4

20  ORFé6 region.

Example 20
Compl . f E4 £ : by _293-ORF§ 11 13
The 293-ORF6 cell lines were screened for their
25 ability to produce virus following infection with the E4-
deleted mutant adenovirus, H5d11014. The H5d11014
'adenovzrus cpntains two deletions which destroy all the
open reading frames of the E4 region with the exception
of ORF4, resulting in the production of substantially
30 less viral DNA and late viral proteins in Hela cells. The
W162 cell line, which contain intact E4 region, is a
permissive cell line for the growth of H5d11014 [Bridge
and Ketner, J. Virol. 63: 631-638, (1989)]. When the
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3

previously, contains the E. coli [err]-gal actosi dase gene which is
under the c r pgk pronoter. AdS5/[err]El([err]- al)[err]E4
Wasi gener at ggbg;e/h?&onbi nation using H5dl I 014 as paren&gl)"%ﬁ”’ s
previously described. Quantitative 15 anal ysis of the production of
Ads/[err]ELl([err]-gal)[err] E4 was performed by plaque assay with-
limting dilution on the . - nonol ayers of the control cell lines and
293- ORF6- 34 line. Plaques which stained blue with X-gal staining
appeared on the nonol ayers of 293-E4 and 293- ORF6-34 at 20 7-10 days
post-infection. The titer of the AdS/[err]El([err]- gal)[err]E4 .

produced from 293 ) wie¥ ~khe - t ot
produced from t he?é?gﬁ%%ﬂcfeﬁ ﬂlﬁe #93-E0°a8a"203 ORJI-‘G %e}rabrt}g'ﬁ?gt gér?hat

.1 ne. I's . X e )
the 293- ORF6-34 ctRFefteR with H5<ﬁl°£gl 8t Gnsﬂﬁbo?gnf%é’@-oﬁlﬂ &ighke virus
havi ng both El 25293-ORF& dslll diimels shbwedoosmpairilel ¢ covtupaichiicngféett

l'ines descy&g@geﬁié‘ ogaéﬁémie% 12 @122 Xﬂ‘é%éﬁ!ﬂ'élf Us 4 203-p4

propagati on_of El et reconbi_nant adenovira vectors because
they producg hi ghte}teratyidh days gfcpost-infgatipn. | Ruantdtative
replication- conpedamalysiicke rofy/ ithes prBEArt26n of HEE11014 Wasipeeteemad Byerl ap
between the E4 d ' ARt RN \Y; : - ressing
pl asm d pf%:gée i1 He wtl\rggngk"{élé%%gc@ﬁ&ﬁ%g%ﬁ %JE%‘O%EQY &8’ r

55 WO 96/t @93-0RF6 and control cell lines. The titers of the .

EOCT / US95/ _14793f H5d11014 produced by 293~ORF6. a;l._re at E<i&iﬂ11|aQ'P(2'3§1ge of -
nstructi9n o : - a)- asmi
was derive Elf romEg&SEDJpq:soq %eedplfﬁgglm’ﬁ[‘ﬁ??)éﬁeza%y%g‘sfﬁ%gd z%g%@? IQ})'I'he
pronot er| ess Thus ,E2%3c0RFfaseldplines which tonlyva®ntaingansmaibm 21562
}3_0 . 13524515%;24%&5:8:%% %N‘A?E:‘.? ent %Esﬁ?é,Eﬁg_ﬂe fddion akel ! .

io. 4: - secon i . sequence
present. The Ad5 %&éigﬁé‘r?gte 80&8?9?%3‘15 the e%%eﬁ%*ﬁ%?ﬁﬁﬂ ﬁﬁﬁﬂ?ﬁrg Pt ein

(DBP) and is reqenowth @f the E4 dedbebion usuadt neiphissation [Van er Vi et

and Sussenpsch, Virol ogy, 67: 415-426, (1975)]. The gene (mu.
61. 5- 68) whi ch lacks its own Erom)Eer and the first | eader

Southern analysis demonstrated that all of the
293-ORF6 cell lines examined contain an intact E1 region
20 copy. These lines were assayed for their biological
activity to complement the El function. (Complementary
activity assay as shown in Table V.) Monolayers of W162,
293, 293-E4, and 293-ORF6 #34 cell lines were infected
with the El-deleted mutant virus, H5d1312 and viral
25 production was determined by limiting dilution plaque
_aésay. Each of the eight 293-0ORF6 cell lines produced
the*El-deleted virus at a level similar to that produced
by the parental 293 cells (Table V). Therefore, the 293-
. ORF6 cell lines possess the ability to complement both
30 the E1 and E4 gene product functions.
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sequence was cl oned downstream of the nouse a inhibin 15 pr onot er

regi on. Wddeht loduct frommu. 65.2 to 68.3 was generated using
primers 5 -tccatttct agaTCGECTGCGETTG 3" (SEQ | D NOPGIAYSOSAEMINTS
24615 to 24627) and 5' - ACGTGGTACTTGTCCATC- 3" (SEQ I D NO 11) (Ad5
‘NTs 23443 to 23460). The sequence containing the Xba | site in 20
| onercase is present to facilitate ligation and cl oning. The PCR
product was digested with both Xba I and Pvu I, and ligated with the °
Ad5 Bam H and Pvu | DNA fragnent - from NFs 21562 to 23501 (mu. 59.9
" to 65.2). The pronot erl ess E2A DNA sequence was next used to repl ace
25 the pronoterl ess E4 region on thw d pl K6. 1M P(a) - E4.

The transcripti of the ¢loned E2A gene 1S Ive ) by the nouse

a-inhibin pr om&g\arﬁﬂtFﬁéqﬁ%?ﬁl'&ﬁﬁi'ORFé %f}aéé-ﬁ’ﬁ%t n signals

(SV40 pol A) on %E%wﬁghgd Cgﬁplg%%egggﬁm%ggwf t he E2A regi on was
= S_Se

utilized. The 3 enc o-verify the accuracy -

of t he sequ . . err])- e} ecd 10
generate the packagaﬁ'g' é‘e |l i ne_as_described i nf'?aeélm f\‘\ﬁsmll)l

56 WO 96/ 14061 . di1014*  _ di31z® — PCAELJREP12 793
Exanmple 24 W - Const r§ct°| on, g 293-EZATEl] AL B —
The fol |l o®i ng exanpl € cribes th@-¥ * +¥ constructioh of the 293-&2A cell
| ines. To construct a293 packagi nggcel | line whigheiggable to g

conpl ement both the El and the E2A gene functions in trans

si mul t aneousl y, 293+1Bfe pl asni d6pPKx MPP([err])1 B A v cot r andfrciedd

110293 10 el BrtbLEa? PLAST 4 ot gyl 19 thee Nl oigd vengp Thp?93(
di , . j i . . ., PA), 10%d
(r:n;I :‘ u;n eﬁﬁbf?/’ Ti s;g%{altt)%&cgé fsbeidile E%:}g?%sep%?%eﬁ FEP© e@?&%&eﬁ’g wer e sece)gg(r:l

re
at 5x| Gsper 10- °55““'“°‘;Lc{’ﬁ1‘bﬁ‘£’§ %‘%ﬁr@‘ﬁrwlﬁyﬁrtﬂ’é“ﬁ‘ansfecti on. Ten ny

of pl K6. 1M P(a)-ORF6 and 1 ng of pGEM pgkNeo. pgkpol yA,
"The titers of H5d312 stock and AE1/dE4 stock were determined on cell
lines.
15

“The values in the table are the averages of titers measured on
duplicate samples. ' o
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eﬁcoding t he neonycin resistance gene.under the control of the nouse

phosphogl yc flase pronoter were co- transfected jnto 293 cells
'by.calciun1%ﬁ%%gh5§e co- 20 precipitation [Wgler, et al, SHE14793
777-785, (1979)]. Fifty G418 resistant clones were

I sol at ed, expanded and screened for integration of the E2A sequence
by .Southern blotting. Genom c DNA from each cl one was digested with
Xba | and Afl 1l and hybridized to the E2A 25 probe. Twel ve out of the
total 50 screened cl ones retai ned at | east one copy of predicted
1.44 kb fragnent for intact E2A region. The blots were reprobed with

t he El probe (Ad5 Hnd Il Efra nt.frommu. 7.7-17.1).
Al twel ve 293- E2A ceII I|nes have ] W th sane 30 S|ze as that

in the parental

structure of the El gene hﬁﬁ.ﬁﬁﬁ_ﬂnﬁﬁ_cgll_llnas i | 57
WO 96/ 14061 US95/ 14793
been altered in these cell T?h%éaﬁﬂﬂP¥Fh§FsFﬁébE§I?h?|%E;}1ty of the(293r a

| east one c®py OfORFi6ecE2D limes to rescue recombinant virus whiehph&rbdrs

descr hes the Cevectoé L dact R mt apd,the B4 regibi,| Gele g SV €

descri bes the construction o

const r uct was, SEREEN ntP% Jurthexe tRAEELIRT| Srom the SWeoRplEnkines he 10
functions of thewhicht peofiddediithd Mghéstntiténsof H5d11034puktancaslly, the

| d plK. M Pg| ' <E4 cells with
B Bl aoni 8 cont ai s ¢ &ad 62 the =1/si°bbETe HhU B mE 0 O
in Dul becd® s virus s Akl Bngrad: é\Eﬁedcgnsmmwd asgdesgriede (JRH 15
Bi osci ences, Denperemmly,l%rdﬁmrs ealefssewm (fHgeldetosidase Gade!r €

ool 3%%03‘:'3;% )i b S5 SRREART 88, S UoBhbigr nas A (80
pl K6. IM P([err]) geﬂzreE&mBq mmtp@EngRWmmAsmg H5d11014 as
parental virus as previously described. Quantitative
15 analysis of the production of Ads/AEl(f-gal)AE4 was
performed by plaque assay with limiting dilution on the
monolayers of the control cell lines and 293-ORF6-34
line. Plaques which stained blue with X-gal staining
appeared on the monolayers of 293-E4 and 293-ORF6-34 at
20 7-10 days post-infection. The titer of the A45/AEl(B-
gal) AE4 produced from 293-ORF6-34 cell line was the same
as the titer produced from the 293-E4 cell line. This
example demonstrates that the 293-ORF6-34 cell line is
able to support the g:owch of the viruslhaﬁing both El1
25 and"E4lletha1 deletions. The new packaging cell lines
.descrzbed in Example 19 are advantageous for the
propagatzon of El/E4-de1eted recombznant adenoviral
vectors because they produce high titer vzrus and are
. unable to generate replication-competant adenovirus (RCA)
30 due to the absence of overlap between the E4 deletion
within the vector and the E4-ORF6 expressing plasmid
present in the transfected cell line. |
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encodi ng the neonycin resistance gene under the control of the nouse
phosphogl weRsakds K Nnase pronoter were co- transfect nto 293 cells
by caIC|un1phosp ate co- precipitation [Wgler, Flfty _
418 resi stant clones were isol ated, expanded and screened for .
I ntegration of the E2A sequence by Southern blotting. 25 Genom ¢ DNA
fromeach clone was digested with Xba |I and Afl 1l and hybridized to
t he E2A probe. Twenty-one out .of the total 50 screened cl ones

retai ned at | east one copy of predicted 1.44 kb fragnent for intact
E2A regi on. The bl ots were reprobed with the El probe (Ad5 H nd I

E 30 fragment frommu. 7.7-17.1) and E4 probe (Smal H f ragnent
frommu.92-98.4). Al twenty-one 293- E2A cell | i nes have the sane
integrated El and E4 DNA patterns Ed@mele 23 those of their parental cel

| ine-293-E4. This exanpl gonstruction of E2a plasmid’ 58 WO
96/ 14061 : [ US9Q5/ 14793 _
denonstrates that the struct%IrKess I‘ﬁn"ﬁ‘é E?Aa%]daﬂf%ﬁgs%gnveg fEOR not
been alte}ed i FhehpIB6cIMIP ()4 asddescribed abcuda.t i The puremobe:yleést he
E2A gene is reyageRd bibf¥%§£§ced with Eﬂ@ﬁﬁaé'éfﬁsgene from 215 na%ructlon

of virus-associ at ed exa
descri bes the @GﬁgFr&%t¢(N5Qﬁ9 tﬁe5303) [K¥#$§i9b-v#RHA pM@in1d¢llThe

| K6. 1- VARNA pl m
Brew ously degg??beg \8?54 -1362, f!ggrw?f &{Wﬁ%%ﬁg&égﬁii Si’CR pr oduct
whi ch cont ai ns Sequence /presgatRNAThenddy EFD/aense eacodeshthaei r endogenous
pronot eriof or RiAeRSYYAES 3R thd&h&”b%ﬂeu?g(ﬁﬁ)g’gna W@Sreéu:.redcf ed int

the pl X6.1 pl t f
5' -et gct aacclto agsgwﬁﬁti@@*j)ﬁé"ugnm [Van e(rAaglrﬂlfe:;gﬁgﬁ‘gsS%n %;Z'TE;S(SEQ
ID NO 12) andVirelogy, 67: dd5adeéct ergIEIT.CCIHETGeRET (. u3' 61 AledyTs 11095
L0 o 1) "LUIRh R VOB odBESEeS SHIPIGRS 400L2) MGG, o1 her 20

t he Avr rcasevmreénes facilitate
cl oni ng (F|gur§e§EﬁnCQTﬂ?ﬁﬂQBﬁé&dvﬁ?VEﬁtream of the mouse a inhibin

promoter reglon A PCR product from m.u. 65.2 to 68.3
was generated u51ng primers S'-tccatttctagaTCGGCTGCGGTTG-
3' (SEQ ID NO: 10) (AdS NTs 24615 to 24627) and 5'-
ACGTGGTACTTGTCCATC -3 (SEQ ID NO: 11) (A4S NTs 23443 to
23460). The sequence conta1n1ng the Xba I site in
20 lowercase is present to facllltate ligation and cloning.
The PCR product was digested with both Xba I and Pvu I,
and ligated with the AdS Bam HI and'Pvu I DNA fragment
~ from NTs 21562 to 23501 (m.u. 59.9 to 65.2). The
.promoterless E2A DNA sequence' was next used to replace
25 - the pramoterless E4 reglon on the plasmid pIK6.1MIP(a)-
-E&w The transcrlptlon of the cloned E2A gene is driven
by the mouse a-;nhlbln promoter and the heterologous
polyadenylat;on s1gnals (SV40 polA) on the plasmid
backbone downstream of the E2A reglon was utilized. The
30 °  cloned EzA gene was sequenced to verify the accuracy of
the sequence. The pIK6. 1MIP(a)-EZA plasm;d was used to

generate the. packaglng cell line as descr;bed infra.
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associ ated RNA gene was sequenced to verify the accuracy of the
sequence. 4061 Al'l publications cited in this sg%%ification
arie herein |ncorporated by reference in their entirety as GSPSAAT,

i ndi vi dual publication was specifically and i ndi vidual l'y indicated
to be incorporated by reference: 30 As will be apparent to
thase skilled in the art to which the invention pertains, the
present invention may be enmbodied in forns other than those
specifically di scl osed above w thout departing fromthe spirit or

59 - WD 96/ 14061 PCT/ US95/ 14793

3 essential characteristics of the invention. The particul ar
enmbodi nents of the invention described above, are, therefore, to. be
considered as illustrative and not" restrictive. The scope of the

I nvention is as set forth 5 I n tﬂ@ﬁﬁﬁﬁEQﬁgp clains rather than being
limted to the exanpl es contair _'foregoing'description.

5 The following example describes the '
construction of the 293-E2A cell lines. To construct a
packaging cell line which is able to complement both the
El and the E2A gene functions in trans simultaneously,
the plasmid pIK. MIP(x)-~E2A was cotransfected into 293

10 cells with a plasmid containing the Neo® gene. The 293
cells (ATCC CRL1573) were grown in Dulbecco's modified
Eagle's medium (DMEM), l1lg/L glucose (JRH Biosciences,
Denver, PA), 10% donor calf serum (Tissue Culture
Biologics, Tulare, CA). Cells were seeded at S5x10°per 10-

;5 cm plate 48 hours prior to the transfection. Ten mg of
pIK6.1MIP(a)~-ORF6 and 1 mg of pGEM-pgkNeo.pgkpolya,
encoding the néomycin resistance gene under the control
‘of the mouse phosphoglycerate kinase promoter were co- '
transfected into 293 cells by calcium phosphate co-

20 precipitation [Wigler, et al, Cell 16: 777-785, (1979)].

Pifty G418 resistant clones were isolated,
expanded and screened for integration of the E2A sequence
by Southern blotting. Genomic DNA from each clone was
digested with Xba I and Afl II and hybridized to the E22a

25 Tprobe. Twelve out of the total 50 screened clones

" “Yétained at least one copy of predicted 1.44 kb fragment
-for intact B2A regzon The blots were reprobed with the
El probe (Ad5 Hind III E fragment from m.u. 7.7-17.1).
All twelve 293-E2A cell lines have a fragment with same
30 size as that in the parental 293 cells. This example
' demonstrates that the structure of the E1 gene has not
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60 WO 96/ 14061

PCT/ US95/ 147 SEQUENCE |
LI STI NG ‘%’%ﬁ‘““ (1) GENERAL | NFORMATION: 5 PQI/GSININP CANT:
WANG, QI NG FINER M TCHELL H. | :
JIA, XIAO-CH 10 (ii) TITLE OF I NVENTI O\ NOVEL ADENOVI RAL

VECTORS, PACKAG NG CELL LINES, RECOVBI NANT ADENOVI RUSES,

AND METHODS - . _.

10

15

20

25

30

been altered in these cell lines and that the cell lines
retain at least one copy of the E2A gene.

. Example 25

- I . f 293-Ed/E22 11 14

The following example describes'the i
construction of the 293-E4/E2A cell lines. To construct
a packaging cell line which is able to complement the
functions of the El,.the E2A and the E4 in trans '
simultaneously, the plasmid pIK. MIP(c)-E2A was | ‘ '
cotransfected into 293-E4 cells with a plasmid containing
the Neo® gene. The 293-E4 cells were grown in Dulbecco's
modified Eagle's medium (DMEM), 1lg/L glucose (JRH

- Biosciences, Denver, PA), 10% donor calf serum (Tissue

Culture Biologics, Tulare, CA). Cells were seeded at 5x10°
per 10-cm plate 48 hours prior to.the transfection. Ten

mg of pIK6.1MIP(a)-ORF6 and 1 mg of pGEM-pgkNeo.pgkpolyA.
encoding the neomycin resistance gene under_thefcontrol

of the mouse phosphoglycerate kinase promoter were co-
transfected into 293 cells by calcium phosphate co-
precipitation [Wigler, et al, 1979]. Fifty G418

resistant clones were isolated, expanded and screened for -
integration of the E2A sequence by Southern_blotting.

_Genomic DNA from each clone was digested With Xba I and
* "AfY: IT and hybridized to the E2A probe. Twenty-one out
‘of the total 50 screened clones retained at least one

copy of predicted 1.44 kb fragment for in;act'EZA region.
The blots were reprobed with the El1 probe (Ad5 Hind III E
fragment from m.u. 7.7-17.1) and E4 probe (Smal H
fragment from m.u.92-98.4). All twentybone 293-E2A cell
lines have the same integrated El and E4 DNA patterns as
those of theit parental cell line-293-E4. This example
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(iii) NUVBER OF SEQUENCES: 13 15 (iv) CORRESPONDENCE ADDRESS:

(A) ADDRESS GENESYS, |INC. - (B) STREE

LAKES| DE DRE&E’QW‘“ (O CTY: FOSTER CITY 20 I":";i?sa”""’”(D)
STATE: CALI FORNI A - (E) COUNTRY: USA (F)
ZI P: 94404 (v) COVPUTER READABLE FCRM 25 (A
MVEDI UM TYPE: Fl oppy disk (B) COMPUTER: | BM PC -conpati bl e
(C) OPERATI NG SYSTEM PC- DOS/ M5- DOS (D) SOFTWARE:
Patentl n Rel ease #1.0, Version #1.25 30 - (vi) CURRENT
APPL| CATI ON DATA: 61 WO 96/ 14061
PCT/ US95/ 14793 demonstrates that the sdfﬁcﬂﬂg%E|GQTEﬁélﬁ$W§ER genes

(B) FILI NG DATE: gE (S}, CLASSIFI CAT) go 5
(viii) ATTORNEY/ ABBK® T‘R‘Fc?ém*n%}&ered in these cell lines -13<RUPEN,
KAREN | . addition, ¢ CEE SERAHeOE2NNBER i84révdined in all of

(C) REFERENCE/ DOCKREIAUMBER: . CELL 16.3 10 (i x) TELECOMMUNI CATI ON
| NFCRVATI O\ fidsd (A) TELEPHONE: (415)358-9600 X131

(B) TELEFAX3 (415)349- 3792 15 (2) | NFORMATI ON FOR SEQ I D NO 1:

Example 26

This example describes the construction of the
10 pPIK6.1-VARNA plasmid.' The pIK6.1-VARNA plasmid was
derived from the pIK6.1 which was previously described by
Finer et al in WO 94/29438. A PCR product which contains
Ad5 VA RNAlL and VA RNA2 genes with their endogenous
promoter for RNA polymerase III from m.u. 29 to 30.1 was
15  cloned into the pIK6.l1 plasmid. The PCR product was
generated using primers 5'-tactaacctaggACGCGGTCCCAGATGTTG
-3' (Ad5 Nts 10504 to 10521 ) (SEQ ID NO: 12) and 5'-
tactaacactacCCGCTCCTCTTGCTCTTG -3' (AdS5 NTs 11095 to
11112) (SEQ ID NO:13). These sequences containing either
20 the Avr II or Dra III site in lowercase were present to
facilitate cloning (Figure 13). The cloned virus-
associated RNA gene was sequenced to verify the accuracy
of the sequence. |

25 - ~ All publications cited in this specification
- are herein incorporated by reference in their entirety as
if each indiwidual publication was specifically and
individually indicated to be incorporated by reference.

30 - - As will be apparent to those skilled in the art
to which the invention pertains, the present invention
may be embodied in forms other than those specifically
disclosed above without departing from the spirit or
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(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH 31 base pairs

(B) TYPE: acid 20 (C) STRANDEDNESS: singl e

(D) TOPOL W‘(ﬁ‘ﬁe : ( i) MOLECULE TYPE: DNA ®§&t 24793 o5

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 1: GCGCAAGCTT CGGGAGTGGG

AGATAAGGCT C 30 31

62 WD 96/ 14061 _ '

PCT/ US95/ 14793 (2) | NFORVATION FOR SEQ I D NO 2: 3

(|) SEQUENCE CHARACTERI STI CS: (A) LENGTH:. 31 base pairs
(B) TYPE: nucleic acid (C STRANDEDNESS:

?;ggleDNA (genoﬁ?sznﬁi?l JHQEELEPQEQEXcsleeéﬂe invention. rhe' ) MOLECULE
particular embodiments of the invention described above,
are, therefore, to be considered as illustrative and not
restrictive. The scope of the invention is as set forth

5 in the appended claims rather than being limited to the
examples contained in the foregoing description.
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v
(xi) SEQUENCE DESCRI PTION: SEQ I D NG 2: 15 GGCCTCTAGA AGITCACTTG

CCCTGATGAC 31 (2) | NFORMATI ON F
NOE3: 20 A""""“"‘“"“( i) SEQUENCE CHARACTERI STI CS: %ﬁ};%,}&,;
LENGTH: 18 base pairs (B) TYPE: nucleic acid

(C) STRANDEDNESS: single (D TOPOLOGY: |inear 25

(ii.) MOLECULE TYPE: DNA (genonic) 30 (xi) SEQUENCE

DESCRI PTI ON. SEQ | D NQ 3: 63

WD 96/ 14061 PCT/ US95/ 14793

GAGGACTAAG GATTGATT 18 (2) | NFORVATI ON FOR SEQ
IDNO 4 5 (i) SEQUENCE CHARACTE (A)
LENGTH 18 base pairs (B) TYP%%%CIEEWG

(C) STRANDEDNESS: single 10 - (D TOPOLOGY: | i near

{1) GENERAL INFORMATION:

5
(i) APPLICANT: WANG, QING
FINER, MITCHELL H.
JIA, XIAO-CHI
10 (ii) TITLE OF INVENTION: NOVEL ADENOVIRAL VECTORS,
PACKAGING '_ CELL LINES, RECOMBINANT ADENOVIRUSES,
AND METHODS
(iii) NUMBER OF SEQUENCES: 13
15 :

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: CELL GENESYS, INC.
(B) STREET: 322 LAKESIDE DRIVE
(C) CITY: FOSTER CITY
20 . (D) STATE: CALIFORNIA
(E) COUNTRY: USA
(F) ZIP: 94404

: (v) COMPUTER READABLE FORM:
25 (A) MEDIUM TYPE: Floppy disk
| () COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version
#1.25 B
30 | |
(vi) CURRENT APPLICATION DATA:
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(i1) MOLECULE TYPE: DNA (genom c)
DESCRI PTw@V¥eé/19b66? | D NO 4:

20

15 (xi) SEQUENCE
CGTGAGATTT TGGATAAG  peT/US9s/I4T 18
' SEQUENCE

(2) I NFORMATI ON FOR SEQ I D NO. 5: (i) S

CHARACTERI STI Cs:
(B) TYPE: nucleic acid
(D) TOPOLOGY: linear

64

WD 96/-14061

PCT/ US95/ 14793
CCTACGCACG AC

NQO 6:

(A) LENGTH: 12 base pairs 25
- (C) STRANDEDNESS: single
(i) MOLECULE TYPE: DNA (genomc) 30

(xi) SEQUENCE DESCRI PTION: SEQ | D NO 5:
12 5 (2) | NFORVATI ON FOR SEQ I D

10

15

20

25

30

(1) (REQbMICATTERANOMBERT | CS:
(B) FILING DATE: 03-NOV-1995
(C) CLASSIFICATION: ‘

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: KRUPEN, KAREN I.
(B) REGISTRATION NUMBER: 34,647

(C) REFERENCE/DOCKET NUMBER: CELL 16.3

(ix) mzcomumcyr:on INFORMATION:
(A) TELEPHONE: (415)358-9600 X131
(B) TELEFAX: (415)349-3792 '

(2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single.

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1l:

GCGCAAGCTT CGGGAGTGGG AGATAAGGCT C
31

62



R

(A) LENGTH.. 12 base pairs 10 (B) TYPE nucleic acid

(C) STRANDE - .Sj ngle (D) TOPOLOGY: line

(id) NU_ECU%%E&DNA (genonic) 15 (xi) %@Eﬁ@mmm
DESCRI PTI ON:  SEQ | D NQO 6: 20 TGITTGGGTT AT 12
(2) | NFORMATION FOR SEQ I D NO 7: 25 (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH. 15 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D TOPOLOGY: |inear 30 (ii) MOLECULE TYPE: DNA (genomic)

65 WO 96/ 14061 PCT/ US95/ 14793

(xi) SEQUENCE DESGHPEaebiuFRoN R0k 1p Ro:2: GACCGTGAGG ATACT

(i) SEQUENCE CHARACTERISTICS:
_ (A) LENGTH: 31 base pairs
S (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic).

10
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
15 GGCCTCTAGA AGTTCACTTG CCCTGATGAC A
31
(2) INFORMATION FOR SEQ ID NO:3:
20 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
25
{ii) MOLECULE TYPE: DNA (genomic)
30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: '
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15 (2) | NFORMATION FOR SEQ ID NO'8: 10 (i) SEQUENCE

CHARACTE ” (A) LENGTH. 29 base pairs

(B) TYPE?}%@PC acid (C) STRANDEDNESS: BfHYSs14793

(D TOPOLOGY: |inear 15 (ii) MOLECULE TYPE: DNA (genomic) .
20 (xi) SEQUENCE DESCRI PTION: SEQ I D NG 8: GCCAATCTAG
AGCTTCAGGA AATATGACT 29 25 (2) I NFORMATI ON FOR SEQ

I D NO 9: (i) SEQUENCE CHARACTERI STI CS: TA :
LENGTH:. 29 base pairs (B) TYPE: nucleic acid 30

(C) STRANDEDNESS: single (D TOPOLOGY: |inear

66 WO 92644664ac GaTTGATT

PCT/ US95/ 14793 1a (ii) MOLECULE TYPE: DNA (genonic)

{

(2) INFORMATION FOR SEQ ID NO:4:

5
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
10 - (D) TOPOLOGY: linear ‘
(ii) MOLECULE TYPE: DNA (genomic)
15 _ _
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
CGTGAGATTT TGGATAAG
18
20

(2) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
'_ (A) LENGTH: 12 base pairs
25 o (B) TYPE: nucleic acid
' ' (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
30 '
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5 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 9: CATCTCTCGA

GGGAGAAGTC W]‘ﬁ@ 29 10 (2) INF FOR SEQ
| D NO. 10: (i) SEQUENCE CHARACTER! STI CS: oRssinétss
(A) LENGTH. 25 base pairs (B) TYPE: nucleic acid 15

(C) STRANDEDNESS: single (D) TOPOLOGY: |i near

(ii.) MOLECULE TYPE: DNA (genomic) 20 (xi) SEQUENCE

DESCRI PTI ON: SEQ | D NG 10: TCCATTCTA GATCGEECTGC GGITG 25

25 (2) | NFORMATI ON FOR SEQ I D NO: 11: : (i) SEQUENCE
CHARACTERI STI CS: 30 (A) LENGTH 18 base pairs

67 WO

4793

(B) TYPE: nucleic aci : . o
96/ 14061 d(x:.) SEQUENCE DESCRIPTION: SE%&P/ ngg i1

CCTACGCACG AC
12

(2) INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 12 base pairs
10 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA (genomic)
15

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

20 TGTTTGGGTT AT
12

(2) INFORMATION FOR SEQ ID NO:7:

25 . (i) SEQUENCE CHARACTERISTICS:
- (A) LENGTH: 15 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear -
30 ' '
(ii) MOLECULE TYPE: DNA (genomic)
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(C) STRANDEDNESS: single (D TOPOLOGY: |inear

(1) ShRdddsEn s

I D NG 1l : 10 ACGTGGTACT TGICCATC

(i) ML E: DNA (genomc) 5

bEStR PTIERDS

18 (2) | NFORMATI ON FOR SEQ I D NO 12: 15 (i) SEQUENCE
CHARACTERI STI CS: (A) LENGIH: 30 base pairs :
(B) TYPE: nucleic acid : (C) STRANDEDNESS: single

(D TOPOLOGY: |inear 20 (ii) MOLECULE TYPE: DNA (genomic)

25 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 12: TACTAACACT
ACCCGCTCCT CTTCCTCTTG ' 30 30 (2) | NFORMVATI ON FOR
SEQ I D NO 13: _ - . 68 WD 96/ 14061

PCT/ US95/ 14793

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

5 GACCGTGAGG ATACT
15

(2) INFORMATION FOR SEQ ID NO:8:

10 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

15
(ii) MOLECULE TYPE: DNA (genomic)
20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
GCCAATCTAG AGCTTCAGGA AATATGACT
29
25 (2): INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
30 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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§
(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH 30 base pairs

(B) TYPE: nq@bg@@w@pid o (O STRANDEDNESS: Siggwﬁﬂéhfms
(Dy TOPOLOGY: |i near (ii) MOLECULE TYPE: DNA (genomc 10
(xi’) SEQUENCE DESCRI PTION: SEQ I D NO 13: TACTAACCTA GGACGCGGTC
CCAGATGITG 30 15 -

69 -

(ii) MOLECULE TYPE: DNA (genomic)

5 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

CATCTCTCGA GGGAGAAGTC CACGCCTAC
29 '

10 (2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
15 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

20
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
chamcm GATCGGCTGC GGTTG

25 L : 25
(2) INFORMATION FOR SEQ ID NO:11:

(i) SEQUENCE CHARACTERISTICS:
30 ' (A) LENGTH: 18 base pairs
(B). TYPE: nucleic acid
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WD 96/ 14061

L4

PCT/ US95

| nt er nat %Zﬁ ml i cati on No: PCT/ Pcrms”’“’”

M CROORGANI SMS Optional Sheet in connection with the m croorgani sm -
referred to on page_ lines _ of the description A. | DENTI FI CATI ON
OF DEPCSI T Further deposits are identified on an additional
sheet Nane of depositary institution American Type Culture
Col |l ection Address of depositary institution |including postal
code and country) 12301 Parklawn Drive Rockville, NMD 20852
Date of deposit August 3Qc)l88daNsEmesdsn diwgher ' CRL 11711 8.
ADDI T1 ONAL | NDI CATI ONS (| eave bl ank if_ not applicable). This information is
concerned on a separate 4P)aTAROLQAGEp(linear C. DESI GNATED STATES
FOR VHI CH | NDI CATI ONS ARE MADE * (if the [err] ‘ - D. SEPARATE
FURNI SHI NG COF | NDI CATI o if not a pl i cabl e) The

i ndications |isted ‘' O@&T'm ) Eaﬁ%‘gb% (getngmg.ﬁ I nt ernati onal Bureau

| ater* (Fpecify the general nature of the indications e.g. "Accessi on
Nunber of Deposit") E. This sheet was received with the

I nternational application when filed (to be checked by the receiving
Ofice) - : :

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

10 ACGTGGTACT TGTCCATC (

18
{(2) INFORMATION FOR SEQ ID NO:12:-

15 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single .
(D) TOPOLOGY: linear

20
(ii) MOLECULE TYPE: DNA (genomic)
25 - (xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
 TACTAACACT ACCCGCTGCT CTTGCTCTTG
10 S
30 (2) INFORMATION FOR SEQ ID NO:13: -
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[}

(Aut hori zed O ficer) The daze of receipt (fromthe applicant)
by the Inte '

I k Bur eau”
(Aut hori zed %@?lklgxelri* Form PCT/ RO 134 (January 1981) PCT/US98/14793
70° ‘WO 96/ 14061

PCT/ US95/ 14793 I nt ernati onal Application No: PCT/ Form
PCT/ RO 134 (cont .) American Type Cul ture Collection 12301

Par kl awn Drive "Rockville, MD 20852 us _ Accessi on
No. . Date of Deposit 75879

August 30. 1994 ' - Cctober 25,

1995 (i) SEQUENCE CHARACTERISTICS: Cctober 25, 1995
Cctober 25, 1995 (A) LENGTH: 30 base pairs '
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single -
5 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

10 : :
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:
TACTAACCTA GGACGCGGTC CCAGATGTTG
30
15
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71 WO 96/ 14061
PCT/ US95/ VE CLAI M
W 5diiage1 "~ or gene regi grér{?@?%odes a

pl asm d conprising an adenoviral gene

cytotoxic protein operably 5 | inked to an inducible pronoter. .
2. The DNA plasm d of claim 1l wherein saileematonal Application No: PCT/ o
MICROORGANISMS :

‘Optional Sheet in connection with the microorganism referred to on page _, lines __ of the description '

A. IDENTIFICATION OF DEPOSIT* '
Further deposits are identified on an additional sheet *

Name of depositary institation *
American Type Culture Collection

Address of depositary institution linciuding postal code and country) *

12301 Parklawn Drive
Rockville, MD 20852
us

Date of deposit * August 30, 1994 Accession Number * CRL 11711 ‘

8. ADDITIONAL INDICATIONS * fleave biank if rot sppiicable). This informanon is consiound 0f 2 separme asached sheer

C. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE * wee - -

D. SEPARATE FURNISHING OF INDICATIONS * ricave blank if ot applxcable)

The intications-uisted below will be sudmItted to the intenstonst Bursau later * (Specity the genersi naturs of the NdCaTIONs o.g..
“Accession Number of Deposit®) '

E D'l'hls sheet was received with the International application when filed (to be checked by the receiving Office)

{Authorized Officer)
O The date of receipt (from the applicant) by the international Bureau *

- Form PCT/RO/134 (January 19811

(Authorized Officer)
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adenovi r al gene or gene region is selected fromthe E2A gene or

gene region. 3. A DNA plasm d conpri si
-agsoci at ed Wﬂ’&{l"ﬂ‘éne that encodes a protein operably W?@gan

i rduci bl e pronoter. 15 4. The DNA plasmd of claims3
wherein said adeno- associ ated viral gene is selected fromthe rep.
gene regi on and cap gene region. 5. A DNA plasm d
cohpri sing an adeno- 20 associ ated viral gene wherein said gene encodes
one of intetridohEARlicaBS B PEIY ed/vi rus Rep proteins and is operably
linked to an inducible pronoter. 6. The DNA plasm d of
any one of cla the alternative wherein said inducible
pronoter is thhﬂﬁmﬁw@nbﬂwﬁﬁ%ter fromthe cAVP. response el enent binding
protein Amegmhakcdwgeumwm: 7. The DNA plasm d of any
one of clainms 1: ! the alternative wherein said inducible pronoter
i's sel e iéh th'dme gene encodi ng mammal i an al pha i nhi bi n.

72 VE)960§4061 PCT/ US95/ 14793
8. The DNA plasm d of any one of clains 1-5 in the alternative
wherein said inducible pronoter is sel ected fromthe gene encoding
nouse al pha i nhi bi n. .

Accession No. - : - Date of Deposit
75879 August 30, 1994

October 25, 1995
October 25, 1995
October 25, 1995
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9. The DNA plasm d of any one of claim1l wherein said inducible ¢

pronoter & ' 4a@ted fronlthe gene _ encodi ng the tetracycline

respon3|ve prono _ 10. The plasmi d plREG/ISWIRI) - E4

desi gnat ed ATCC #75879. 11. A packaging cell line

t hat supports the grow h of a nutant adenovirus defective in

replication, 15 wherei n said adenovirus conprises at |east two

del eti ons, at least two nutations, or at |east one nutation and one =

deletion selected fromthe group consisting of El, E2A . E4 early

gene regions, viral structural genes, and optionally a deletion of

the E3 gene regieNenadi;: 12. A packaging cell line that

supports the gromﬂh of a reconbi nant adenoviral vector, wherein said

vector conprises at |east two deletions, two nutations. or one

del eti on and one nutatlon.seheDNAdplasmddfuamyn&&ﬁnQSan adénvdirell ganel El

E2A, E4 early | Y d.o onaIIy a
95 Egdrfel) z%@&on H:EQ{: encodes, ) dij'@o'éfaﬁkc ote ﬁ%@ﬁg@ﬁ _

del eti on gf the, E I on and reco

vect or QME% B &BﬁBF% 1) QFQWQ%E?gene that replaces any one
of said deletions. 73 VO
96/ 14061 1 JUS9Q5/ 14793

13. A packaging cell [|ine thalt'x suppopltassu{l'ﬁi of cj'gg#} %f at’rﬂ‘tant

adeno- associ at ¥fieRoViiTadcgere| 98 gepe region, ig) $eh@¢¢ﬁﬂ Mm@hn EaAd

packagi ng cel | denee o20BRr g@Ré region. the El, E2A and E4 early gene regions,
the DNA ggquences 5 encodi ng the virus- associated RNA, and wherein said

Vi rus is free of hel per adenovirus. 14. A
packagi ng cel|l |ine that3suphd®¥A nlasmid comprising an adeno- ‘

associated viral gene that encodes a protein operably
‘linked to an inducible promoter.

15 4. The DNA plasmid of claim 3 wherein said
‘adeno-associated viral gene is selected from the rep gene
region and cap gene region.

| 5. A DNA plasmid comprising an adeno-
20 associated viral gene wherein said gene encodes one of
the adeno-associated virus Rep proteins and is operably
linked to an inducible promoter.

6. The DNA plasmid of any one of claims 1-5 in
25 athe alternative wherein said inducible promoter is the
_;promoter from the caMp response element binding proteln
#egulated genes.

7. The DNA plasmid of any one of claims 1-5 in

30 the alternative wherein said inducible promoter is _
selected from the gene encoding mammalian alpha inhibin.
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¢ L
growt h of a reconbi nant adeno-associ ated virus defective 10 I n

replication ﬂ&ﬂ%ﬁﬂkﬂ a packaging cell |ine conprising tﬂﬁhﬁ%ﬁn@%ﬁ
-ard E4 early regions, and virus-associ ated RNA sequences, er

said virus is free of hel per adenovirus. 15 _ 15. A
‘packaging cell line that supports the growt h of a nutant

. adeno-associ ated virus defective in replication, said packagi ng cel
‘l'ine conprises El, E2A, . E4 early gene regions, virus-associated RNA
sequences, : adeno-associ ated virus rep gene region, and optionally 20
the E3 early gene region, and wherein said nutant virus carries a
del eti on of adeno-associated virus rep gene region and is free of

hel per adenovi rus. . 6.. A packagi ng cell Ling fhat .
produces a 25 r econbi nant® addRs- Qg’éoe}%?‘g’oé\ﬁag@??’dgf‘gc? v%f?"ﬁ“s 1-5 in
replication, whererhesalteynatiivg whereih said igglypibjespromoter Hs E2A, E4
early gene regi onsgei ity &F RF 2heChend! 8fcoding mdﬁbb“élﬁﬁéofﬂﬁﬁyihlqwq

adeno-associ%Led virus rep gene . regi on, and optional |y the E3 eérly
regi on, and erein 30 said nmutant virus carries a deletion of
adeno- associ at ed Vi ru®.r efhgeDNA rplasmidrof ianyf one of dldimerl
adenovi rus. : s 3 4 : 4 9 4

h d bl t 1l
PCT/ USO5/ 14793 ~ "nerein said inducible promoter ts s ﬁgegg% Fiol T gene
supports the encRifich the SehrRaYELinf FRSRODSLVE: PHOPPERS: def ective in
replication, wherein said packaging cell line conprises El, E2A, E4
earl y gene gggions, virus-aggect #hedy Blhid pricidUueneas-ef dRIAARIAE At od
virus rep gene region, adeno- as8001 &req Vi I Us cap gene region and -

optionally the E3 ATCC #75838.y gene region, and wherein said nutant virus

carries a. del eti on of adeno-associated virus rep gene regi on and
Is free of hel per adenoviru 10 . .18. i LI line
t hat produces a reco%%Fnaﬁtpaﬂgﬁ%¥§§§§%ﬁa ééngﬁhg%%gﬁg%$%V an

growth of a mutant adenovirus defective in replication,
15 wherein said adenovirus comprises at least two deletioms,
at least two mutations, or at least one mutation and one
deletion selected from the group consisting of E1, E2A,
E4 early gene regions, viral structural genes, and
optionally a deletion of the E3 gene region.
20 ' _

12. A packaging cell line that supports the
growth of a recombinant adenoviral vector, wherein said
vector comprises at least two deletions, two mutations or
one deletion and one mutation selected from the group

25 consisting of E1, E2A, E4 early gene regions, viral
' structural genes, and optionally a deletion of the E3
gene region and said recombinant adenoviral vector
additionally comprises a transgene that replaces any one
 of said deletions.
30 '
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replication, wherein said packaging cell |ine conprises El , E2A E4 "
early gegwo égipgrns. DNA sequences encoding 15 Vi rus-ass

adeno-associ ated virus rep region, ‘the adeno-associate V|rus cap
gene region and optionally the E3 early region, and mhereln sai d -
mut ant virus carries a deletion of adeno-associated virus rep gene
region and is free of hel per adenovirus. 20 19. A nutant
adenovirus defective in replication, wherein said adenovirus ¥
conprises at |east two deletions, at |least two nutations, or at |east
one mut ati on and one del etion selected fromthe group 25

consisting of El, E2A, EY¥3eard pagkaginggcabl, 1ime athat sup;ﬁiﬁﬁ&th"em genes,

and optional | yga_. ggheéfog ﬁtérﬂ:e anl‘:ﬁm, Esogfg@ %Ie;?iﬁq'{bn’ed% I’gl n said

adenovirus is a| M1
75 WO 9gepipeation, wherein sazd packagzng cell line comprisesos/ 14793

28 A nmutant gHeNRY|rE2A dei®®4 early gene regidis, Qdid mml \Heluehbesal d
adenovi r co t . t'SQf east .two

nut at i onlsss %hﬁggrs‘ %ﬂﬁ%aﬁ s-assoflé?é%%dér'l one d’é} é'te"&n S2AF.YEEWSt 1 om
t he group is frenseEthedpest adenowrUsSE4 early gene regions, viral
structural genes, and optionally a deletion of the E3 gene region.

10 _ conbi napt adenov. aor, wherein sai d
vector conprises at Ieas]{Aqe WroﬂO g‘??bﬂ% c?%aime Cttl’arﬁtséfpp8ﬁ§s Fhgne

del eti on and ogzowtir 20f @n mmadntr@ﬂeno-assoqmeg} sigusodeifetctigeof El,
E2A, E4igarly ﬂﬁnféﬁfiﬁéﬂﬁbn grown iNi& aéﬁié%ﬁé“&ﬂllQQEﬁes%3Hﬁ?g§§ngand

optionally a 15 | t he  E3 ene re wherein

reconbi nant  the E’aﬁeéé\/ ar"’gl %eﬁ?ﬁ?‘ya ’t‘?’b‘ﬁagqriffé’ §§§°51?F§ﬁsgene

t hat RNA sequences, wherein said virus is free of helper
adenovirus.

15 - 15. A packaging cell line that supports the
growth of a mutant adeno-associated virus defective in
replication, said packaging cell line comprises E1l, E2A,
E4 early gene regions, virus-associated RNA sequences,
adeno-associated virus rep gene region, and optionally

20 the E3 early gene region, and wherein said mutant virus
carries a deletion of adeno-associated virus rep gene
region and is free of helper adenovirus.

1s6. A-pa;kaging cell 1ine';hat p:oduces a
25 ' recombinant adeno-associated virus defective in :
replication, wherein said packaging cell line comprises
El, E2A, E4 early gene regions, DNA sequences encoding
virus-associated RNA, adeno-assoczated virus rep gene
region, and optionally the E3 early region, and wherein
30 said mutant virus carries a deletion of adeno-associated
' virus rep gene region and is free of helper adenovirus.
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3
repl aces any one of said deletions, said vector is produced fromthe

packagi ng cewlo dgdgs10f claim 12. 20 o 22. A rem?wg.,”
adenoviral vector, wherein said vector conprises at |east two
deletions, two nmut ati ons or one deletion and one nutation sel ected
from the group consisting of El, E2A, E4 early gene regions,

viral structural genes, and optionally a deletion of the 25 E3 gene
regi on, wherein said reconbi nant adenovi r al -vector additionally
conprises a transgene that repl aces any one of said deletions.

-23. A mutant adeno-associ ated virus defective 30 in replication growmn
I n a packaging cell |ine, wis.ei A packagingi depdckime nchate|dupporescalgeri ses

the El, E2A and Edgrowth off® %t%@eaa‘éﬂ'bggésoéﬂgté&'%% %&\L%%%Fl 861

encodi ng virus- ) ] ) . ) ¢ I
PCT/ US95/ 14793 - Yeplication, whezein: saiftnpackaging et Line) cpmprises

free of hel per El, E2X|e/Bdvieardy gene regions, virus-abbociated@ manant

adenoviral vegctor ' —al DL ; 1L - agi cel |
e, whor el o' HEASEde,  aeno-abBobFREEATVLEN U herdh SMAGK ullatz,
early gene regi ons28§9Riaged, yizysocant genR\region rd Lptionally, the E3

optionally the E3 early detiec regiof!) aAAlwhbEeeth "s&id Grutant vithisUesakgibsee

ot rue tof ectrve. 4aetgbion. of adeng-agpeci&Psa v{Mid Mok CERE FapReh had
wherein sai is finseagfnhedppr ademovimpsises El, E2A, E4 early gene
regi ons, theoDNA sequences encoding virus-associated RNA, 15
adeno-associated virus rep ggne pegion, and OPH Y¥ld %hat produces a
recombinant adeno-associated virus defective in
replication, wherein said packaging cell line comprises
El, E23, E4'ear1y gene regions, DNA sequences encoding
15 virus-associated RNA, adeno-associated virus rep region,
the adeno-associated virus cap gene region and optiocnally
the E3 early region, and wherein said mutant virus
carries a deletion of adeno-associated virus rep gene
region and is free of helper adenovirus.
20 '

19. A mutant adenovirus defective in
replication, wherein said adenovirus comprises at least
two deletions, at least two mutations, or at least one
mutation and one deletion selected from the group

25 consisting of E1, E2A, E4 early gene regions, viral
'é;ructural genes, and optionally a deletion of the E3
_gene region,, and wherein said adenovirus is produced in
the packaging cell line of claim 11.
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the E3 early gene region, and said nutant virus conprises a deletion 7

of adeno-wevedested virus rep gene region and i's froyaisel r
adenovi rus. 20 . 26. A reconbi nant adeno-assocl aset e *7\9/|§ral
vector defective in replication grown in a packaging cell i ne, .
wherei n said packaging cell line conprises El, E2A E4 early gene

regi ons, the DNA sequences encodi ng virus- associ at ed RNA,

adeno-associ ated virus rep gene region, 25 and optionally the E3 earl y ¢
regi on, wherein said viral vector carries a deletion of

adeno- a5500|ated virus rep gene region and is free of hel per

adenovi rus, and _ addi tional | y conprises a transgene that repl aces

said del etion. 3020. A mutant adenovirus defect::.ve i WO

96/ 14061 PCT/ US95/ T 705

27. A mutant adSRGISREORA: ¥ReFPIR S Aderayirus '“‘“Pﬁ"-?%ﬁl 2t Aeagt gr own
in a packagi ng twol dellehdonsheati heast two muaqaa:neagbngateléaét rehecONPri ses

El, E2A, 4 eamputa8esa and one r&‘éli@t%on téﬁé@}% 3 r e é:{nﬁe@éi nd
VI T UsS

Vi rus-associ at ed_RNA %ﬁ eno- assom at egion, the
adeno- 5??8&?5?‘%9 Fr yoﬁe&ﬁdrsgf-?%ﬁal‘r’yrﬁlhe E3
early gene regstructuzal agenesit and \npmrrair]m @sdeletion ofledind im3n of
adeno- associ at ggnglfgéléﬁp gene region and is free of hel per
adenovirus. 10 '28. A'reconbi nant adeno-associ ated viral

vector defective in replication grown in a packaging cell ' l'i ne,
wher ei n18ai d packagi ng 02911 |A neecombyiriadns adenokzAal vectcr,E%rﬁ%'éh.ﬁ gene

regi ons, the : I 1 d
adeno- associ ate VI r us re ne(gréepla\(?n Least iwo 83?%5%1%&0';‘3{ Ced vir us cap '
gene region an’au%’ﬂ-?ﬁ'%lcﬁl th’fﬁa deletioncandaong mubation sselectiedalfromct or

carries a del etheng®dup consisting of El3dena, azﬁoéaﬁh??éﬂé ‘i'%gﬁ.%ﬁsgene
90 o R S AR end SR STV COrPr ses
' 15 eletion of t:he E3 gene region, where:.n said recombinant
adenoviral vector add:l.t:.onally comprises a transgene that
replaces any one of said deletions, said vector is
produced from the packaging cell line of claim 12.

20 22. A recombinant adenov;ral vector, wherein
said vector comprises at least two delet;ons, two
mutations or one deletion and one mutation selected from
the group consisting of El, E2A, E4 early gene regions,
‘viral structural genes, and optionally a deletion of the

25 = E3 gene region, wherein said recombinant adenoviral

' . wector additionally comprises a transgene that replaces

‘-1"..any one of sazd deletions.

23. A mut:_ant adeno-associated virus defective
30 in replication grown in a packaging cell line, wherein
said packaging cell line comprises the E1, E2A and E4
early gene regions, and the DNA sequences encoding virus-
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§
29. A nethod of infecting a manmal i an target cell with a reconbi nant

adenovi rus ojyogAlesI2SSoci at ed virus containing a tran |
method conprising the 25 st eps of: i ﬁ%ﬁ@@??ﬁgbgaid

target cell with a reconbi nant viral vector of any
one of . clainms 21, 22, 24, 26 or 28 in the

al teernative, said viral vector carrying a 30 sel ected
transgene and, . iil. expressing said transgene in the
targeted cell. _ 78
WO 96/ 14061 PCT/ US93/ 14793

30. Mammal i an t ar ged¢seeidtsed RNRGH eﬂd\l\whér&n said vikuisnigefredrofl ey
t he net hod of cl ai 31. The target cells of claim 30

wherein said 5 éaéﬁ%?s are sel ected fromthe group consisting of
replicating, sIOMfrepllcatlng or non-replicating humah cells.
32. The packaging cell line2ggri xeéeéémﬁuf&aradk@mvua@nbé&e&@é@éﬁﬁm

I1s gi h d .
A et hod of 1 eat 17 SFARAANiPG, oot in a packaGibg,calichine SReFSIR nod

conpri sing the st@amidbpackaging cell line dompriseési thet Bl ng2& and E4
phar maceutical ly early gene reglons, thé“ﬁEHﬁéﬂQSQOQQSEe&fRﬁh é%&ﬁgﬂdéént
adenoviral derived- §ﬁ¢no o& aéf barly gene region, an wh )
derived- vector o ¥ 5Pfs Yy g gion, and %ﬁ? ”2&3156
or 28 in the altewﬁgMSves free of helper adenovirus.

10 '

25. A mutant adeno-associated virus defective
in replication grown in a packaging cell line, wherein
said packaging cell line comprises El, E2A, E4 early gene
regions, the DNA sequences encoding virus-associated RNA,

15 "adeno-associated virus rep gene region, and optionally
the E3 early gene region, and said mutant virus comprises
a deletion of adeno-associated virus rep gene region and

is free of helper adenovirus.

20 26. A recombinant adeno-associated viral
vector defective in replication grown in a packaging cell
line, wherein said packaging cell line comprises El, E2A,
E4 early gene regions, the DNA sequences encoding virus-

'associated RNA, adeno-associated virus rep gene region,

25  and optionally the E3 early region, wherein said viral

.Qvector carries a deletion of adeno-associated virus rep

'fgene region and is free of helper adenovirus, and
additionaily comprises. a transgene that replaces said
deletion.

30
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target cell, wherein said vector

B ¢ gene

20 in a
conpri se fesoene wherei.n said 1S a
therapeu?chg£ne and ii. expressing sa.diéﬂéggﬁﬁﬁ

in the

.acquired disease is aneliorated.

conprising a reconbi nant

viral derived

55, 30

target cell such that the hereditary or 25
34. A vaccine
adenoviral derived or adeno-associ ated.

vector of any one of clains 21, 22, 24, 26, 28, 36

57, 59, 60 or 62 in the alternative, and a
pharnaceutlcally acceptable carrier.

WO 96/ 14061 A mutant adeno-associated’ %ﬂgaé/e%.ézgfbe
35. A packaglng cel | I|ne t hat supports t he
adenoviral vectfr FeRhifation grewmodfpa packag:.ngoq:,ﬂ.} €t Whersint wo

del etions sel estéd packadireg grellp line compethsessEinEN, B4 eadlyigand | y

gene regions a o
wherein said QQg@gﬁ'&r‘econ‘%

transgene t hat 28f8pPaRESOGIALeh ¥Viguss XEeR gepet Fegkon, the adeno-

YoNR sequetcds! & bvec % x"rfiﬁaf%s%%%ﬁé%'%

y conprises a
36. A

| nant adenovira

reconbi nant adesssciated efinis cspecygene t@gion &md copriinallgothei Bes at
| east two del e

g.of El and E4
early gene Eg?i]? %%%?eeéo& oapdo%é??yﬁggﬁg{wg’%zﬁ' gE% gene region,
wherei n said réedpbieRmL mépcﬂ‘ééﬁérvm t¥eIhgeng region aashpis ses a
transgene that freel 6€ Selpetr AidRnovigdsd 15 del eti ons.

37. A
r eadi ng

15 -

20

25

pl asm d conprising an adenovi ral

rane ORF6 operab
28.

gene fragnent E4 open

y linked to an inducible pronoter.
A recombinant adeno-associated viral

vector defective in replication grown in a packaging cell
line, wherein said packaging cell line comprises El, E2A,
E4 early gene regions, the DNA sequences encoding virus-

associated RNA, adeno-associated virus rep gene region, -

adeno-associated virus cap gene region and optionally the
E3 early region, said viral vector carries a deletion of

adeno-associated virus rep gene region and is
free of helper adenovirus, and additionally comprises a
transgene that replaces said deletion.

29.

A method of infecting a mammalian target

cell with a recombinant adenovirus or adeno-associated
virus contalnzng a transgene, said method comprising the

steps of.

30

ii.

infecting said target cell with a
recombinant viral vector of any one of
claims 21, 22, 24, 26 or 28 in the
alternative, said viral vector carrying a
selected transgene and, .
expressing said transgene in the targeted
cell.
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5

desi gnat ed ATCC # transgene PrOduced by3tha pegh

adenovi r al

20 38. The DNA plasm d of claim 37 wherein the

i nduci bl e pr r is a pronoter selected fromithe cAWP response

el ement binding protein regul ated genes. 25 39. 3

pl dasm d of claim 38 wherein the i nduci bl e pronoter is selected from
t he gene encodi ng mammal i an alpha i nhi bin. 40.
The DNA plasm d of claim39 wherein the 30 I nduci bl e pronoter is from
mouse al pha i nhi bin. L 80 VO
96/ 14061 “ PCT/ US95/ 14793

41. The DNA plasm d of claim 37 wherein the I nduci bl e pronoter is

7 Cered TTOm A o0 et ol i o MepmatiShy Bikies ﬁﬂé}s i el

&£ficdaéBndPi si ng an
gene E2A operably linked to an inducible pronoter.

44, The DNA plasm d of Clal?&éﬁ Wﬂgrgaggagecells qf JTQ Lghdlﬁégnnterlﬁf a

pronoter selected fromthe
regul ated geRes.

wherein the

10

15

20

25

30

enen
cells are selected fgom trhe DOV Iconsiigting cofi m 44

réPTicE tilnfy , P QbR 2epl Scaelsg texd nfohaﬂ‘bblﬂi?cﬂeﬂfb angRY ng

cells.

32. The packaging cell line derived from human
embryonic kidney cells given the ATCC designation #CRL
11711.

33. A method of treating a hereditary or
acquired disease, said method comprising the steps of:
i. administering a pharmaceutically
acceptable dose of a recombinant
adenoviral derived- or adeno-associated
viral derived- vector of any one of claims
21, 22, 24, 26, or 28 in the alternative,
in a target cell, wherein said vector
comprises a transgene wherein said
transgene is a therapeutic gene, and
ii. expressing said therapeutic gene in the
' target cell such that the hereditary or
acquired disease is ameliorated.

34. A vaccine comprising a recombinant
adenov;ral derived or adeno-associated viral derived
 vector of any one of claims 21, 22, 24, 26, 28, 36, 55,
57, 59, 60 or 62 in the alternative, and a

pharmaceutically acceptable carrier.
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mammal i an al pha i nhi bin. 46. The DNA plasm d of claim45

wherein tw@ogtsosr | Nduci ble pronmoter is from nouse al pha i hﬁ&g’7§

47. The DNA plasm d of claim45 wherein the i nduci bl'e proﬁmiﬁ is a

drug inducible tetracycline’ responsi ve pronoter. 25

48. The plasmd plK6.1 MP([err])-E2A designated ATCC #.

49. A packaging cell line that supports the 30 grow h of a nutant

adenovirus defective in replication or a reconbi nant adenovi ral

vector, wherein said adenovirus ' or adenoviral vector conprises at

| east two del etions, at | east two nutations, or at |east one nutation

and one : 35. A ?ackaging celllline that WRdddr0fhe

PCT/ US95/ 4793 del ef i selected, fromthe, group consi sting of

5 E2A OTQUER 19 20, PRSP h Y eShoT - o WRFERLP | SALE R Fon of ¢ ho

E3 gene regi on compxsizies atcdedsnatwo attdediionsl sedetbed from theadadouponal |y

conprises a transang ihiabs’ 8P A€ EQBarANe gend regidis diogﬂi%haﬁ?-

50. A pacgagln efll [.I ne ha% squorts t he %ﬁgmm of "a mut an

adenovi r u? def ettIoAEEAT, 8h| PR tEDHPeRe region, ;whereimisaif adenoviral

vector, wherei rexmbiadatoadencvixal vemtoxdedditiahallyricomprdeesi aes two

del etions from f%¥ﬁ - r | and
ééﬁs@gglee%ﬂfl(a)% 0 ti‘lée:égE g ofid bY SEif édeq%e'l:ﬁ'g’irséconbi nant

optionally a ene regi on an

adenoviral vector additionally conprises a transgene that repl aces
any one of said del etion36.1% recombinant adenoviral vector, wherein
10 said vector comprises at least two deletions selected .
from the group consisting'of_El and E4 early gene ‘

regions, and optionally a deletion of the E3_gene'region,
wherein said recombinant adenoviral vector additionally
comprises a transgene that replaces any one of said

15 deletions.

37. A DNA plasmid comprising an adenoviral
gene fragment E4 open reading frame ORF6 operably linked
to an inducible promoter. '

20
38. The DNA plasmid of claim 37 wherein the
inducible promoter is a promoter selected from the cAMP

response element binding protein regulated genes.
25 . 39. The DNA plasmid of claim 38 wherein the
ﬂgigducible'promoter is selected from the gene encoding

. matimalian alpha inhibin.

40. The DNA plasmid of. claim 39 whergin the
30 inducible promoter is from mouse alpha inhibin.

80

* C L M s *

¥



~

55._The packagi ng cell line derived from human enbryoni ¢ ki dney

cells trans&giéaﬁwg%th the adenovirus 5 ° -~ °° E4 ORF6 DNA gene fragnment
~desi gnat ed 52. A packagi ng cell | i nePERAS Uﬁ%brts
t he growm h of a nmutant adenovirus defective in replication or
~a reconbi nant adenoviral vector, wherein said adenovirus or
adenoviral vector conprises two deletions fromthe El and E2A early
gene regions, and optionally a deletion of 25 the E3 gene region and
sai d reconbi nant adenoviral vector additionally conprises a
transgene that replaces any one of the del eti ons.
53. A DNA plasm d conpri si r@t ONGmQr @fira\glrnplﬂl %grggﬂetﬁggl ons
operably linked to a ‘etracyc res onS|ve
82 VO 96/ 14@Bgducible promoter 1s selected from a drug 1ndp€;by595/14793
54. The DNA pl asntdtpacydbine Yesphasive poomoter.  ddenoviral late gene
region is selected fromL1l, L2, L3, L4 or LS. 5 55.
A reconbi nant adenoviral vector, wherein sai d vector conprises two

del etions fomthe El and HB. The plasmid RHES rledldHe) -BAJOBPBEi onal |y a
del etion of the Edesignated@tec 9ion, and further wherein said reconbi nant
adenoviral vector additionally conprises a transgene that 10 repl aces
any of said del etions. 56. A mutant adenovirus defective
in replication, wherddi.n #aPNAzspbasmid eempnisingeent adenoviral
: gene E2A operably linked to an inducible promoter.
10 -
44. The DNA plasmid of claim 43 wherein the
inducible promoter is a promoter selected from the cAMP

response element binding protein regulated genes.

15 | '45. The DNA plasmid of claim 44 wherein the
inducible promoter is selected from the gene encoding
mammalian alpha inhibin.

46. The DNA plasmid of claim 45 wherein the
20 inducible promoter is from mouse alpha inhibin.

47. 'The DNA plasmid of claim 45 wherein the
| inducible promoter is a drug inducible tetracycline

responsive promoter.’ ' '

25 |
e 48. The plasmid pIK6.1 MIP(a)-E2A designated
ATCC #. '

49. A packaging cell line that supports the

30 growth of a mutant adenovirus defective in replication or
a recombinant adenoviral vector, wherein said adenovirus

or adenoviral vector comprises at least two deletions, at
least two mutations, or at least one mutation and one
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deletions fromthe El and E4 early regions, and 15 optionally a del etion

of the 57. A reconbi nant adepngviral vector,

wher ei nE%vdM‘%s}al d vector conprises three deletions from EYS/14E93

and E4 early gene regions, and optionally a deletion of 20 the E3 gene
_region, and further wherein said reconbi nant adenoviral vector

additionally conprises a transgene that ~replaces any of said

del eti ons. 58. A nutant adenovirus defective in 25 *

replication, wherein said adenovirus conprises three del etions from

the El, E2A and E4 early regions, and optionally a del etion of the

E3 region deletion selecteégfrgmreﬁéqai tcéﬂg?gﬁgd' évggtoﬁz avherein

early

30 said ve |ses two del et|ons from
gene regi ons, é%dﬁﬂﬁf A Fegignf et Ptiqpaldy a deleté@ﬁe°fe§hen and
further whereiB3 oenk regiohi andt said recombinant adenoviral vector 83

WO 96/ 14061 addltl(?ally comprises a trans ene that @g§ﬁyéggléﬁ;9$%5|aces

tlona y conpri ses a ransgene t

adenovirgl vect

any of said de?etgajss deletions. ~ 60. A nutant adenovirus defective
in 5 replication, wherein said adenovirus conprlses tmo

deletions fromthe El a E2 | nally a
deletion of the E3 re |§§ ﬁ‘ﬁ?@ﬂé@{ﬁﬁJéﬁﬁi 1@%% t?ﬁt h?Z

adenovi ral ved@XWtl of| g putent adenovirus S’GfeSP-VS?lBr reslmumm ani d
transgene i s a recombipaAssedendiliral Racter!,’ dhebihhgaidEdenovirus

phOSphoﬂaycerQﬁgadenov1ral vector comprises two deletions from the E1
and E4-ORF6 early gene regions, and optionally a l
_deletion of the E3 gene region and said recombinant
adenoviral vector additionally comprises a transgene that
replaces any one of said deletions. |

15 _
51. The packaging cell line derived from human
embryonlc kidney cells transfected with the adenovirus 5
E4 ORF6 DNA gene fragment de51gnated #CRL
20 52.. A packaging cell line that supports the

growth of a mutant adenovirus defective in replication or
a recombinant adenoviral vector, wherein said adenovirus
or adenoviral vector comprises two deletions from the El
and E2A early gene regions, and optionally a deletion of
25 the E3 gene region and said recombinant adenoviral vector
"addltlonally comprises a transgene that replaces any one
of the deletions.

53. A DNA plasmid comprising one or more

30 adnoviral late gene regions: operably linked to a
tetracycline responsive promoter.
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62. The reconbi nant adeno- associ at ed

&@L f claim26 or 28 wheréin said t ransgene '§CT $95/14793
S nklnase

control of the human phosphogl ycerate
84

S4. The DNA plasmid of claim 53 wherein said
adenoviral late gene region is selected from L1, L2, L3,
L4 or LS. ‘

55. A recombinant adenoviral vector, wherein
said vector comprises two deletions from the E1 and E4
early gene regions, and optionally a deletion of the E3
gene region, and further wherein said recombinant
adenoviral vector additionally comprises a transgene thét
replaces any of said deletions.

56. A mutant adenovirus defective in
replication, wherein said adenovirus comprises two
deletions from the'El'and E4 early regions, and
optionally a deletion of the E3 iegion.

57. A recombinant adenoviral vector, wherein

-said vector comprises three deletions from the El, E2A

and E4 early gene regions, and optionally a deletion of
the E3 gene region, and further wherein said recombinant
adenoviral vector additionally comprises a transgene that

‘replaces any of said deletions.

58. A mutant adenovirus defective in
replication, wherein said adenovirus comprises three

deletions from the El, E2A and E4 early regions, and

optionally a deletion of the E3 region

59. A recombinant adenoviral vector, wherein
said vector comprises two deletions from the E1 and E2A
early gene regions, and optionally a deletion of the E3

~ gene region, and further wherein said recombinant
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"adenoviral vector additionally comprises a transgene that

replaces any of said deletions..

k4

60. A mutant adenovirus defective in
replication, wherein said adenovirus comprises two
deletions from the E1 and E2A early regions, and
optionally a deletion of the E3 region.

61. The recombinant adenoyiral vector of claim
21, 22, 36, 55, 57 or 59 wherein said transgene is
expressed under the control of the human phosphoglycerate

kinase promoter.

62. The recombinant adeno-associated viral
vector of claim 26 or 28 wherein said transgene is
expressed under the control of the human phosphoglycerate
kinase promoter. ' ' :
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