.POLYVALENT VI RAL VECTORS AND A SYSTEM FOR PRODUCTI ON THERECF 5 BACKGROUND
OF THE | NVENTI ON The use of viral vectors to express antigens has
been described. Further, the use of fusion peptides as antigen has been
descrj bed. Fusion peptide based vectors sinplify the dosing reginen and
create .nore 10 opportunities for heterol ogous boosting. However, the
unpredi ctabl e nature of fusion peptide processing and epitope presentation,
and difficulties in creating and propagating adenoviruses carrying | arge

i nserts have bgg}qy roadbl ocks to their |arge-scale applications.

What is needed&tle’ YRE&INT AHRAMEGIORSIANENSr SYISTHEN FAIR vect or s usef ul
15f or del i ver yPOROGEHET {DNdTEIERESBVVARY OF THE | NVENTI ON A system for
generating viral vectors carrying at |east two distinct expression
cassettes is provided. The systemutilizes a unique pol yvalent plasmd

backbone t hat QﬁéﬂtﬁﬁbﬁmékﬁﬁiﬂkEﬁ%@ﬁﬁﬂ%ﬂ” and sel ection of inserted

expressi on cassettes So provi ded are nethods of generating
pol yval ent viral %ﬁ%h I%§ the aIe Q%ckbones of the invention.
20These and ot her & %?) n é%gﬁl éﬁ aSt B $5ivdti Birtsre descri bed
in nore detai |thdo@|eoﬁfusﬁﬁzmaﬁimm§eﬁ|zmbﬁﬁ JEIELERAWNGS Fig. 1 illustrates
t he assenbly of a AEI agen viral .vectors
USion pephde ased vectors simplify the dosing regimen and create more
10 opportunities for heterologous boosting. However, the unpredictable nature of
fusion peptide processing and epitope presentation, and difficulties in creating and
propagating adenoviruses carrying large inserts have become roadblocks to their
large-scale applications. |
What is needed are predictable methods for generating viral vectors usefil

15 for delivery of gene products.

SUMMARY OF THE INVENTION

A system for generating viral vectors carrying at least two distinct
expression cassettes is provided. The system utilizes a unique polyvalent plasmzd
backbone that permits efficient detection and selection of inserted expression
cassettes.

Also provided are methods of generating polyvalent viral particles using
the polyvalent backbones of the invention.

20 These and other embodiments and advantages of the invention are

described in more detail below.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 iliustrates the assembly of a AE;-AB; —adenoviral vectors,
25 Fig. 2 illustrates the introduction of antigens into the E1 and B3 deletion
loci of the adenoviral vectors.
Fig. 3 is a bar chart providing the results of an in vivo comparison of

expression from a recombinant chimpanzee C9 adenovirus expressing the same



25Fig. 2 illustrates the introduction of antigens into the El and E3

del etion loci of the adenoviral vectors. Fig. 3 is a bar chart providing
the results of an in vivo conparison of expression froma reconbi nant

chi npanzee C9 adenovirus expressing the same transgene (al AT) fromthe E
| ocus only (dark bars), or fromboth the El and E3 loci (light bars).
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5The present invention provides a
system for generating a viral vector carrying nultiple expression cassettes
to a target. The systemutilizes a DNA nol ecule carrying a viral genone -
cont ai ni ng novEMETE @ hgtwadsdtities:s oaly itk jaRokREm @eMas: & Thidss DNA

mol ecul e is usgd; tionggRerate a transfer vector carrying a viral genone that
contains multiple heterol ogous expression cassettes |ocated in 10different
loci within the viral genone. The viral genone carrying the heterol ogous

expression cas fer vector of the invention
and packaged i%Ezh§%¥?ggﬁg$§?r§ﬂhE%gg%%mgyé&ﬁ@§Wope protein to produce

pol yval ent ¥ir al Vé&ﬂ:(presentA&ehﬁﬁﬁa@)rm&@ie{@ystéxﬂ%r%r%geacdﬁlaﬁve%%g/ or transfer
vector can be(%%rivedtl§fron1an% genetic elenment that can carry the vira
genone accor di g6 THES HPEHEPOFSsTES Pdaerls Thapntine utifzet s Bt erring t he

genone into a rhasdulec@bdyingAR¥raSitnb@b b&udLne ik glgﬁﬂé o4 Q8 baCkbOgne) _can be
AT I N R e LR
, i 0
prokaryotic eﬁlﬂ’é@%ﬁ&rﬁé‘iha@é&n@%gﬁﬂ@ﬁlQEétergio%msn&prseg&tmecglgsegteas ocza?e%ein utilized.
10 different loci within the viral genome. The viral genome carrying the
heterologous expression cassettes are rescued from the transfer vector of the
- invention and packaged in a suitable viral capsid or envelope protein to produce
polyvalent viral vectors.
As used herein, the DNA molecule and/or transfer vector can be derived
15 from any genetic element that can carry the viral genome according to the
invention and that is capable of transferring the genome into a host cell. Any
suitable genetic eigmem {or backbone) can be selected, including, e.g., a plasmid,
phage, fransposon, cosmid, episome, and the like. In one embodiment, the genetic
element is suitable for prokaryotic expression, although other cloning systems can
20 beutilized.
As used herein, the term “different loci” indicates that the heterologous
expression cassette for a first selected target product is located in the viral
backbone in a site that is non-contiguous with a second heterologous expression
cassette, 1.e., viral sequences are located between heterologous expression
25 cassettes. These loci may be in different gene regions or in different open reading
frames within a single gene region. Alternatively, multiple loci may be within a
single open reading frame but non-contiguous with one another, e.g., separated by
spacers, native sequences, restriction enzyme sites, or the like.
As used herein an “expression cassette” comprises a nucleic acid sequencea

30 encoding a product for delivery to a host cell, The nucleic acid sequence



As used herein, the term"different loci" indicates that the heterol ogous
expression cassette for a first selected target product is located in the
viral backbone in a site that is non-contiguous with a second heterol ogous
expression cassette, i.e., viral sequences are |ocated between heterol ogous
expression 25 cassettes. These loci may be in different gene regions or in
different open reading franes within a single gene region. Alternatively,
multiple loci may be within a single open reading frane but non-conti guous
wi th one another, e.qg., separated by spacers, native sequences, restriction
enzyne sites, @}ooﬁlﬁggqeip@pct is under the contyyd olisgdater@nttolang - @xprasgi on
cassette" conpii £i id: Ce . ncodi ng a product for
delivery to a %ﬁ?fé%ﬁﬁﬁgg#ﬁggﬁﬁ%¥gF§§§§? 'S%%%éhﬁgemgﬁﬁﬁﬁﬁﬁﬁeﬁ%@ product is
under the conthestrologous gk ataoreqontes dlanisieg e naRatewWth 6k GhERGhRXPr €SSi on

of the producty,] S ui t abl t.he expression cassette is

het er ol ogous t%lé &%gﬁg’gg%gﬁrms%%e@n%c%éaﬁ hﬁ?ﬂ?‘iﬁ U FETEE 98 gRsete differone

enbodi nent ,5 t Heom égutgiaosry ceont clemesh enmabder fe@acdhub8laLQ]Qgous expression
cassette diffecrass@c‘teromthe regul.atory control elenents in the other

het er ol ogous epTaest ST RIUBIEELOf Higingit the gslhwidiomolagoor el i mi nate) t he

ri sk of horol cgousmitateomBinakd Qidsbogs ben, GhoR M2 BbAGES oo ad. in the
viral mani pul atjlés(r)r}gprocess in cells. In one enbodi nent, each het&r ol ogous
t

expressi on cas$ OpGeIRRadinerb Gask heterelp gqus cEmESspRoABEET is pavilfed wignhancer s,

and/ or poly AdsRgsepeRserHWRN 8hhankds HAGL di men one. het er ol ogous
expr essi on cassette@i n a pol yval ent  vect ogﬁgjf ﬁt @”F%”\gi‘(a&ﬁltsoi”(‘?ﬁe-lclﬁn have one or

more regul 19¢ o ,og,heé Rbdynersy, enpiriterdlns e REDRssintcassab hewlhelerelkegous

expressi on caggghifisih yval ent vector. |n such an enbodi ment, the
regul atory control glrgtﬁa%n%? V%O%eﬁ)}lgxpgarrg ‘Fg’“% ORBP I OBEELIBFEEMRHYEN does not

enabl e r econmbpidbdr deteroliss desstiibedsehe irethapoly igereneaded, pl-adyct may
der to induce a hunoral

provide a tar or the i ne em in o : ]
and/ or cel | ul glr%?c{ﬁ&rﬁ%étﬂ? reegﬁl%efon%éiéffﬁe%ﬁ pé%fjra‘iﬁ@lé{ﬁts}l?%?‘ﬂqaﬁ@?h‘émc}encoded
product, nay peowbdmablardenmbinetisrodul at or ef fect, and/or may provide a

therapeut%;g: ef f ect %:o ingti.on% of aucﬁh products can be delivered in a
pol yval ent” viral VetTEr 5 Sgrd HE CEGEherofvel BRY proride 20aFBet forthen

"funct i onal | yindebretsedim dn ofdfeﬂﬂ@Ciﬁ{h@@@-hu&i@z'a%ﬂd%?'éelfﬁ?a?ﬂﬁmw%es&ngem ficient
anount of the gﬁ;e region is renoved or otherw se danmaged, €.Q.”, by

mutation or nBE PF TR DAL fiFoethiat eeeed padcl wgy pievids anoniomger capabl e of

produci ng f ungbd0na e fREOHICE: 10T IBNE: BXREESS! esired t{se entire
gene regi on may_be renoved. Qaﬁg sui tabl% E?t%@%t'f(gémg%%@nﬁpgsr“ﬁ tion or

del etion are products can be delivered in a polyvalent viral vector according to the invention,

20 The term “functionally deleted” or “functional deletion” means that &
sufficient amount of the gene region is removed or otherwise damaged, e.g., by
mutation or modification, so that the gene region is no longer capable of

- producing functional products of gene expression. If desired, the entire gene
region may be removed. Other suitabie sites for gene disruption or deletion are

25 discussed elsewhere in the application.



25di scussed el sewhere in the application. Polyvalent Viral Construct A A
DNA Mol ecule Carrying a Viral Genone and Multiple Reporter Genes In one
aspect, the present invention provides a DNA nol ecul e carrying sequences of

a virus which is to be packaged into a polyvalent viral vector. In one
embodi nent, such a DNA nolecule is a plasm d. However, another suitable
genetic elenent, as defined above, may be sel ected. Introduction 50f the
vector into a cell can be achieved by any nmeans known in the art or as

di scl osed herein, including transfection. The viral sequences are selected
fromthe types'of vF@W@@@@Dfﬁﬁ@@“%ﬂ@ide5|red for use as a delivery vehicle

and that have suffigienty C | e expression
cassettes. These viral se%ﬁ%ﬁ@e@gggﬁf &8?585 f@%@@@ #Wﬂ?annng Vi ruses
havi ng a cap5|8@p®@$@3ﬁuﬁe g., adenOV|rus or from envel oped viruses, e.g.

retroviruses such as feljne Ieu i rus gFeL HTLVI and HTLVI1], and

lentivirinae [e.qg., hun&% RN ef‘?rﬁeétﬁEV‘n PR DROVCRd AN Asinplieare
i munodef i ci enyryingrsugietdh W a vit@lwinen & BBEASRILE RIS Yo s L1 ) -

vector. In one embodiment, such 2 DNA molecule is a plasmid. However,
another suitable geneiic element, as defined above, may be selected. Introduction
5 ofthe vector into a cell can be achisved by any means known in the art or as
disclosed herein, inctuding transfection.
The viral sequences are selected from the types of virus(es) that are
desired for use as a delivery vehicle and that have sufficient space 1o
accommodate multiple expression cassettes, These viral sequences can be readily
selected from among viruses having a capsid protein, e.g., adenovirus, or from
enveloped viruses, e.g., retroviruses such as feline Jeukemia virus {FeLV), HTLVI
and HTLVII], and lentivirinae [e.g., human immunodeficiency virus (HIV),
simian immunodeficiency virus (SIV}, feline immunodeficiency virus (F 1V,
equine mnfectious anemia virus, and spumavirinal)]), poxviruses (e.g., canarypox),
among others. Still other viruses can be readily selected by one of skill in the art.
in one embodiment, the viral sequences are from an adenovirus.
Suitably, the polyvalent DNA molecule contains micleic acid sequences from an
adenoviral genome that contains at least the sequences needed to package the viral
genome into a capsid. Typically, a polyvalent adenoviral molecule will contain
the 57 adenoviral cis-elements and 3° adenoviral cis-elements at the extreme 57
and 3’ termini of the adenoviral genome, respectively. The 5° end of the
adenoviral genome contains the 5° cis-elements necessary for packaging and
replication; i.e., the 5’ inverted terminal repeat (ITR) sequences (which functions
as origins of replication) and the 5° packaging enhancer domains {that contain
sequences necessary for packaging linear Ad genomes and enhancer elements for
the E1 promoter). The 3° end of the adenoviral genome includes the 3° cis-

elements (including the ITRs) necessary for packaging and encapsidation.



equi ne infectious anem a virus, and splunavirinal)D, poxviruses (e.g.,
canarypox), anong others. Still other viruses can be readily selected by
one of skill in the art. In one enbodinent, the viral sequences are from an
adenovirus. Suitably, the polyval ent DNA nol ecul e contains nucleic acid
sequences from an adenoviral genonme that contains at |east the sequences
needed to package the viral genone into a capsid. Typically, a polyval ent
adenoviral nolecule will contain the 5 adenoviral cis-elenments and 3'
adenoviral cis-elenments at the extrenes' and 3' termni of the adenoviral
genone, respectively. TH@aﬁﬁﬁ@hde@WWﬁeﬁéﬁéhouﬂmahrggngﬁgﬁﬁgﬂg@h@s the 5
cis-elements n n a i.e., the 5 inverted
term nal repea%ﬁ%?§%¥¥§tgke£§g§égé §1 9ﬂ5ﬁ%on§ﬁu&: “HPPB?W§“%F replication)
and the 5' pac%&gﬁﬁ@lgnhaﬂgem ﬁonmwn$o¢hha¢m@@ﬂh@hﬂﬂ$&ﬂﬁ%&ﬁﬁ§ﬂQﬁcessary for

packaging lin enhancer,. el enents . for the El pronoter). The
3' end of the%g%g@g%gﬁg{y%mﬁgﬁgﬁrﬁﬁyhﬁéghgﬁg ' POR}OR tRr@sthéng sﬂ¥|nclud|ng t he

| TRs) nece%arwglbmenqodmg&ga m/ambglaﬁca@@d SHatdr@Bf the late genes, .
addi ti on, thelppkx é;gt F% %ule contain ad tlongl a&éﬁOV|raI
{reiouie epnhpy

sequences, iray” 6& F?@ﬁé‘??ﬁﬁ@ﬁéﬁééﬁWﬁuﬁﬁendm nor e
adenovi r al geﬁﬁwﬁﬁgi@@ﬁcmﬁﬂnﬁw&r dﬁ%HE4ﬁBcﬁg§?OMfr la tor used in
the invention will contain the EZ region or i ona ion thereof

(e.g., the 5region encobfif§aEpls @mdAsertiery theadchovines @ﬁayatbdieeingfené he late
genes, e.9., lH3mdide dithindd Mtﬂeﬁdenb@xrés%’%@? ?lgb&glcggogﬁfigﬁf g7t fdenovi rus

vectors used in the invention may contain the E4 region
(e.g., theVEa vesmg)Lhe function of simian Eg s lwkiavadlte e atdievant tatHediidionaef t he

adenovi rus dekgﬁggmﬁqgh%lg% fuEgﬁyg%gg%cellmnated from the adenovirus

sequence which fornms a part o vector. The function of siman E3 is
bel i eved to be |rreIevdﬁneknmﬂhenEMnbkmﬁmubﬂﬂm@E@ﬂﬂﬁbhﬁﬂm@&h&ﬁﬁg£eCO”b'nant

s D Beleion of aplentshe TR SR B e £ oL e £ g,
or because of 1rtthefm1emtumf83m@;egidﬂ b entfrting tdgam. @‘tzl}tahbt%exfﬁgﬂo{i’&%fshe entire E4
eletion in the

region. Still. gﬁther vectg of th éSlnventlon contains a

del ayed ear | yUgEHEn EaRAngy delginn thedlglaged Reply gpre Raat §|‘uﬁabﬁ}hélelscate genes
(i.e., E, L2yectdds retedn thamde J,x&)esﬁ iangdiqbhes, ref %E@E&)S aRSRENLLAL L or packaging
of adenOV|raI vectors intqg vira partlcles Del et'i ons” nmay arsd be made’in

t he |nterned|§?%“ﬁ EEM$¥?%hﬂk@V@Znﬂd?ﬁ§@ﬁ@0ﬁuﬂg@§e§$ Cbhﬂmmdﬁhetlons may
be made in th@soigsdesh fﬂé(iﬁl%&ldla%rgeﬁl%r} %%]&T'\% ﬁa%om%denow rg)zl genes 20The
e ua

above di scussed del etions nmay be US I VI HHRgses. denovi r us
deletions may be made in the other structural or non—structural adenovirus genes.

20 The above discussed deletions may be used individually, i.e., an adenovirus
sequence for use in the present invention may contain deletions in only a single
region. Alternatively, deletions of entire genes or portions thereof effective to
destroy their biological activity may be used in any combination. For example, in
one exemplary vector, the adenovirus sequence may have deletions of the E]

25 genes and the B4 gene, or the Bl genes, with or without deletion of E3, and so on.

In another embodiment, a lentiviral genome is utilized. Typically,

a lentiviral vector plasmid contains cis-acting genetic sequences necessary for the
vector to infect the target cell and for transfer of the heterolo gous expression

cassettes. Suitably, the original envelop nroteins, and £ag sequence promoter

30 have been removed.



sequence for use in the present invention may contain deletions in only a
single region. Alternatively, deletions of entire genes or portions thereof
effective to destroy their biological activity nay be used in any

conbi nation. For exanple, in one exenplary vector, the adenovirus sequence
may have del etions of the El 25genes and the E4 gene, or the El genes, wth
or without deletion of E3, and so on. I n anot her enbodi nent, a
| entiviral genone is utilized. Typically, a lentiviral vector plasmd
contains cis-acting genetic sequences necessary for the vector to infect
the target cell and for The @idpasipenses ipties Metwid Ghdgonsnced prids divord casset t es.
Suitably, the .ori.gi _ | uence .pronot.er 30 have
been renoved.Sgﬁhg&%%gﬁﬁn¥§%ﬁ$ﬁ§&8%§g?§@ggggﬁ%%gmﬁﬁg?WgH%Fagﬁgk%mbackbone
need not be | ipksmabbackbogie quenensin yyaltsheuenyqdroof omapsi shuae tlemwel ope i n whi ch
they are inser : sm d kbone contain viral sequences
from one vi raIeg(gagﬁlg%g&?ﬁ'%%ﬁ%?gln%’n%gfggggé%fgo &7 p%éﬁ%&%?qr G R “envel ope
from anot hér soyvdent HHrveearmlte packafedioloyvmall Enhvdibné; ¥ eat-@llene BV be packaged

into an Hy envelope: . a polyval ent FElV vector can be packaged into an HV
envel ope; a paFvWEFER%Pﬁ%%%%&FPﬁ?P &Y q%a%p@§wﬁ?ﬁ%gﬁgﬂmgﬁFﬁwéméapsid from
anot her ser ot ypgackSgddlihtoatcagsid peeuetakiefpadtype.r 8ill v@et RERioWbkd vikg readily
apparent to one o rt. ce.the viral sequences are cl oned

f s%%ll Lﬂfthe art _
into a plasm d°GEF K TOIECRAPRYEE 1% ki) RSB of skill in the art, the
viral genone is alteredid® tgonbdicudcdd #8toARMaR! S &a88L1L | ocated in a
first deleted region of a viralfg%none and a second novable cassette

| ocated inla &EbuAwsqapEr bdbessgl B! Brthaayitharira srrome.is Opridonatiigin the
plasmi d can coRt@if il Eds@ﬁ@l%ﬁt\é%lmﬁﬁm&ééﬁgiongﬁgbirilg&m%hgna di stinct

| ocus of the viral genone. Eac e novabl @ cassettés I's ked by a

15uni que set &fcopkmpyabia japtstielezyierbingist@sd iplieteh reme afiatvirat frebmesel ecti ve

Casserte. o OBRoRIRSL SAaBh P AR AR R Rl S B et on
cont ai ns nucl dittacalbicts febprent gsook. Gadetldotminablorepetdsds ggaeboper abl y
sui t abl v, ‘Sack B The ababh e E Heath BB Bk B BBr cor gene
t hat i s readithy pibstd amdutashabb@od slorhete@ogd@ exgeRes casseite.
Each the movable cassettes used in the invention contains nucleic
acid sequences of a detectabie reporter gene operably linked to sequences that wiil
direct expression thereof in a host cell. Suitably, each of the movable cassettes
2¢  contains a unique reporter gene that is readily distinguishable from reporter genes
carried by other movable cassettes carried by the plasmid backbone. In one
embodiment, the reporter genes express products which are differentiated from
one another by color,
Suitable reporier genes include those encoding products which can
25 be distinguished from other reporter genes carried by the polyvalent plasmid
backbone of the invention. For example, fluorescent proteins are distinguishable
by color upon excitation with the appropriate wavelength of light, including, e.g.,
red fluorescent protein, green fluorescent protein, biue fluorescent protein, cyan
fluorescent protein, yellow-green fiuorescent protein. Suitable fluorescent proteins

30 for use for the selected host cell type are available commercially, e.g., from



carried by other novabl e cassettes carried by the plasm d backbone. In one
enbodi nent, the reporter genes express products which are differentiated
from one another by color. Suitable reporter genes include those encoding
products which can 25be distinguished fromother reporter genes carried by
t he polyval ent plasm d backbone of the invention. For exanple,fluorescent
proteins are distingui shable by color upon excitation with the appropriate
wavel ength of light, including, e.g., red fluorescent protein, green

fluorescent protein, blue fluorescent proteln cyan fluorescent protein,
yel | ow green f¢1%"¥eé§ celift opprorEahie eyt g wﬁuqh@rfe@@tewgwsmbm i @eor30f or use

for the select; A}:OLS\% g@sAl (b{;xl)é)o@sﬁ&?(rgdﬁafuln@és% {%ﬁmgﬁcﬁ LR g%\XCt?mdagc from

Cl onTech. Stil ot he i tablé reporter genes I'ngui shabl e by
col or incl ude,Altergptiyelgusaoc{ :ﬁ{lﬁbel)thé @smrﬁwéﬁ@notheumpbm asee t@megi) and

bet a- gal act osi 0 n.the .C rovi de
anot her repor gcr?&%gr@htaﬁ ?@Ji&beg,rr%av g?g’hl dﬁe 31(}?”3 5 Hiesq ﬁkﬁll ﬂﬁﬁ’g’ of whi ch
are known t5o t hose of s$<unlab1e|rﬂspot*thegeaeatare selected Wﬂhavwwﬁmh'é@bdt@eﬂ eporter
genes are sele ted Wit vi e n1use for cloning.
The host cel | TSPt S e ou Sy MTmfiPase Y Eh RS Digkew

i ncl udi ng probammﬁﬁuﬁw&ﬁmgpxmmqﬁﬁe@@anmg@ﬁmjﬁﬂmaﬁd ﬁ&kﬁﬁk%&kﬁc cells,

i ncludi ng, inse cel |l s, east c%gls and an cel as described in

nmore detail b zgiﬁﬁﬁt8‘€3ﬁﬁﬁf Pd ?F%%V@C@ﬁ%@ﬁﬁﬁﬁﬁwe a

prokaryotic systgpibsg. used. Further, the host cell is capable of
transfection of DNA and expression of the transfected DNA, and of
expreSS|ndOthe sel ect ed2PBpBFEGIAedsaiigbip quphed Wﬁﬁﬁéﬂﬁﬁﬁﬁ@ﬁcﬁgmﬁé§lred e.g.

color i met 1 cablyt, FERAANLER0LISULLANE 8 RLAKALNALIIS S YS) Blh.-ALE el | known,

15i ncl udi ng bacterial cells. For exanple, suitable bact strai ns may
i ncl ude, e.g. heppprHei¢dcAN. &wldf eggoping tk selegted reparigrazent lrthdmeupE44, thi-1,

| euB6, IacYI ] [ Huynh, Young, and Davis (1985) DNA
O oni ng, Vol . “&%ﬂé%iem% gnmf?fl"]i‘ethcgny, recAl, endAl, gyrA96, thi-1, hsdR17

(rick, rrik[H supE44, ﬁmameo{$ﬁaﬂbgg$@ymyﬂ@mHam&hamﬂ@ﬁ@@ﬂ)1 Mal . Biol.
iSSE 4257t ﬁ? 0; I?qugiﬁg%%cténa % GFGtZeQ{%lgBr §%)1‘cabl %acte[r)l(amrams mcxydlr?CIYRdemé g), 172, endAl,
Escherichic coiz C6OO F-, €14, merA, thr-1 supE44, thi-1, leuB6, lac Y1, tonA21,
{[lambdai] [-} {Huynh, Young, and Davis (1985} DNA Cloning, Vol 1, 56-1101;
DH1 - F{-], recAl, endAl, gyrA96, thi-1, hsdR17 (tk[-], mk{+], supE44, relAl,
[{lambda]]{-] {-Hanahan (1983) J. Mol Biol. 166, 557-580; XL1Blue-MRF' -
20 D{merA)182, D(merCB-hsdSMR-mir)172,endAl, supE44, thi-1, recA, gyrAYs,
relAl, lac, I, [F'proAB, lac I[qjZDMI15, Tnl0 (tet[r]})]; SURE Cells [ Stratagene];
el4{merA), D(merCB- hsdSMR-mrr)171, sheC, recB, recl, umuC::Tn5 (kan[r]),
uviC, supEd4, lac, gyrA96, relAl, thi-1, end A1[F'proAB, lacl{g]DM15,
TnlO{tet[r])]; GM272 - F[-], hsdR544 (tk[-], mk[-]), supE44, supF58, lacY] or
25 [[DeltajjlaclZY®6, galK2, galT22, metBim, trpRS5S5, [[lambda]}f-]; HB101 - F[-],
hsdS20 (rb{-], mb[-]), supE44, aral4, gaiK2, lacY1, proA2, rpsL.20 (str[R]), xyl-3,
mtl-1, {{lambdall[-], recAl3, merA(+), merB(-) [Raleigh and Wilson (1986) Proc.
Nail. dcad. Sci. US4 83, 9070-9074]; IM101 - supE, thi, [[Delta]](lac-proAR),
[F', raD36, proAB, laciqZ[[Delta] IM15], restriction: (tk{+], mk[+]), mcrA+
30 [Yanisch-Perron et al. (1985) Gene 33, 103-119]; XL-1 blue recAl, endAl,



relAl, lac, |-, [F proAB, lac I[q]ZDMVML5, Tnl0 (tet[r])]; SURE Cells [
Stratagened; el4(ncrA), D(ncrCB- hsdSMR-nrr) 171, sbcC, recB, red, unuC. :Tn5
(kan[r]), uvrC, supE44, lac, gyrA96, relAl, thi-1, end Al [F proAB,

| ael [cODML5, TnlO(tet[r])]; OM272 - F[-], hsdR544 (rk[-], nk[-]), supE44,
supF58, lacYl or 25[[Delta]llaclZzY6, gal K2, gal T22, netBlm trpR55,

al anbda]][-J; HBI 01 - hsdS20 (rb[-], nbH), supE44, aral4, gal K2, lacVl,
proA2, rpskE20 (str[Rl), xyl-5, nmt1-1, [[lanbda]][-], recAl3, nctrA(+),
mcffl(-) [Raleigh and WIlson (1986) PI'OC. Natl. Acad. Scl USA 83,

9070- 9074] ; JINBEAYS. s 1 7 (k[ L il tsap 44 eedA pribaBhda) [ lac, {(F aDBAB, pr oAB,

| acl qZ[ [ Del t a]:} It €f 100, B A+ 30 i sch-Perron
et al. (1985) 1%@%%@%% ?’tifgﬁj(&f“@%ﬁmlg%pﬁ’é e?%%@f@e%i@”qu%ﬁg@ thi,
hsdR17 (rK[ - F]37° G920 $tuprEd4 Baghaiap] Yalg Eicalrbaadtd]Stdck Caesr [F', proAB,

e S AP A T e LRl S
(SSOCHTORON): o el iginfs Sl Dei 25 [ et abm- oL AGUGUBS bDhbB1sdl ac
e ¢ ost 1@y s B P o 9L et Do RS VR eSS Me2o00 -

(araD139, WAr D/bewdir®, gl thix0alhe N ps ksl Wi LEDERB FA L [ F- , e14-
1- ncr Ai supE44 recA56 al K2, gal T22, net B1,

SupFE58, hsdS3P13[ -1 n. 13[ - 11 56,
|l ac-3 or | aCBW?’%étﬁ"l’ﬁfg’ﬁls@ pir‘gd’rf%%?é?t[ YeRhdhrecdap %—"fﬂég &aBvaiedtl &cfyr om t he
Arer i can Type od - Q. taaiies Otk @G Odst MIOAS S A3 b MAvorMRe AQLEL, RURI T C cel |

depositaries, and a variety of acadenm c and conmercial sources.” Sel ection
of a suit &bl e UI'YAHYeiyr rmagias.cehUS, sthsopubdic cilhilapatiiains, ehd ¢ he present

i nventi on. variety of acadeF@C hdQbmb G oMk e Sglgfnﬁﬁtotfgf%ui'tﬁ% .40, 4 he construct

of the invention'is flanked by a unique set rare restriction enzyne
sites. Each s&fstegforcghl & npse Bstpiiastdl div nessPymvesiitres provides a first rare
restriction enzyne site 083 t abl e cassette and a second
rare restriction enzymsag%%e tﬁg‘f%’? e?lsg %Sféa%%%q}\r{reo‘%?&ﬁﬁﬂg 8%@%8?’?‘31.0% n one
enbodi ment , t hélasied bofa unigue set@$ tard ettiicivnenzymesisk.tkash adt bome: di rect i onal

cloning of:a REEsSsi on ette inpto the locus. However, the invention is
ot 1§ ¢ 50 (s RLR A FRR PGy B P oA St Wortts S Povabl o 90
cassette and/ e niohishihetetio kogossoekpleassiaion eassetse HFy «Re.dpcat ed eit her

5 to 3, or 3 aﬁi 5 tg,. tIh res gcdﬁé tohtéhe otl;fi entation of the reading frame
of the surroufidl % GPFal GERORBOOEIFLHET S P PUF P ERbER $8ht s, the set
of rare rest rilbi dieioas RRnSiglof Sn BRYesabh 00 Midiea68s On@lese!, @i ng of the
expression cassette.into the sel ected | ocus.
vention is not Jimited to the direction of the insert. In other words, the movable
20 cassette and/or the heterologous expression cassette may be located either 5° 1o 37,
or 3’ to 57 with respect to the orientation of the reading frame of the surrounding
viral genome. Further, in certain embodiments, the set of rare restriction enzyme
sites may allow non-directional cloning of the expression cassette into the selected
locus.
25 In one example, the rare restriction enzyme I-Scel may be selected
for both the 5° and 3" rare restriction enzymes sites which compose a single set.
This enzyme allows directional cloning, even when flanking both ends of a
cassette. In other embodiments, I-Scel may be used in combination with another

rare restriction enzyme to form a set of restriction enzyme sites. Suitably, each set



251 n one exanple, the rare restriction enzyne |-Scel nmay be selected for
both the 5' and 3' rare restriction enzynes sites which conpose a single
set. This enzyne allows directional cloning; even when flanking both ends
of a.cassette. In other enbodinents, |-Scel nmay be used in conbination with
-another rare restriction enzyne to forma set of .restriction enzyne sites.
Suitably, each set of rare restriction enzynes is unique, to allow
digestion of only a single |ocus and ready insertion of a heterol ogous
expressi on cassette into a selected target site. In a further
enbodi nent , t haf RETestidiopepeines is wimynie allew daleathed o8l atshate 166k ¥nd he

sel ect ed | ocat {90 Sderdidh & I eaved,, i..e., cleavage is
5achi eved at onl(g}(the %6%%5%%{@%}3%%&8%@?%%%%{\%% gsgiggcggpfgét qd/ or

het er ol ogous expr essi on tasget enbodivtnh didt aerrethieiog @AsiniCis edig@nt carryi ng
the viral gen Jops Ln the viral none are cut.. I'n
t he present agtglgtiOgi}itt?%%?&géggﬁ&%bﬁg)&F}%egfﬁag%ﬁng’ﬁlfﬁﬁg??%e &f ntleRvagaiare cutter.
Exanpl es of> suwhicralas oplytthed sinil Aténddef hbpseathamisaete OO LI QNS Sites for
seven, 10ei ght - {%Esi agsegaseﬁh".b;gclhudi ng, e.9., I-Ceu I, PT-See |, Tevll,
Binol, Drmor, Feal ., Pacl  pref e ‘f—‘i,eg%’é“‘gf?}eﬁaﬁﬁlC?H%&Eh@,\fl@h&expmeDrd|, EcoNI ,
Fsel, MaM I, Ngier[qcatao i the Peli@iehomShk ek, Swa I, Xcm 1, and Xm |, and the
| i ke. Suitable rare &utteri rrlﬁ]y be identified using information readily
avail abl e to those of°SKFTI" SPRCHHRE: Hch apsfiicHen praveras ermeedandreicntta. vari ety

of on-1ine datiabagesof @ichrare iQrRERASEIM dat §c?gmn]o§§%'uets ?oq'lsg gutters for
C

the net ho Dcan.%e readily d_et}er'n‘i ned using a variety o orrpu‘feg”r pr ogr ans
and/ or on-1i n& 8 FArEFREE SRR & dstauilch T B IeheyinBmoarEmayRict abl e from a
variety of comagrehal pEOWEES NGl HARDEG: : _ nzgH g‘ Io! EE! s, Obi ogene,
Li ft Technol og&/, Roche, BégCI ont ech: Bg?(rl’alﬁigggﬁggﬂ%ﬁgr P rmaci a, anong
ot hers. 70Thu$’ "¢ hé€shedt §i &Sl Ptradrand Xofn &t hel thallent fudnablc ent aidks, at | east

estricton eneysoterpc RER EomBLE Rl LOMF L Bhefe dk NifeShivanl o
cassettes wit ﬁleéitﬂﬁ@p@ﬁgﬁ @gomiem redise dramassekl te REmaSE Pahyyval ent
o o ds 25, SRRl agL el e ask el Lk bl RSILL express on of the
Carryi ng Het etwtmotpopsdgrams and/or on-line databases. Suitable restriction enzymes are
available from a variety of commercial sources mcluding, e.g., England Biolabs,
Obiogene, Lift Technology, Roche, BB Clontech, Stratagene, Amersham
Pharmacia, among others.
20 Thus, the polyvalent plasmid of the invention contains at least two
movable casseties, each of which is flanked by a unique set of rare restriction
enzymes that permits selective replacement of the movable cassettes with a
heterologous expression cassette. These polyvalent plasmids are n'ansfeéted inte
host cells that permit expression of the markers carried by the movable cassettes
B. Polyvalent Transfer Vector Carrying Heterologous
Expression Cassettes
5 Once the appropriate digestion enzyme(s) is selected, conventional
digestion and religation techniques are utilized. Typically, the plasmid DNA is
mixed with the restriction enzyme(s) and incubated for about 12 to about 48

hours. Following this, a conventional phenol/chioroform extraction step is



Expressi on Cassettes 250nce the appropriate digestion enzyne(s) is

sel ected, conventional digestion and religation techniques are utilized.
Typically, the plasmid DNA is nmixed with the restriction enzyne(s) and

i ncubated for about 12 to about 48 hours. Followi ng this, a conventional
phenol / chl or of orm extraction step is perfornmed. For exanple,

phenol / chl orof orm extraction may be utilized, followed by precipitation
with ethanol, and dissolving the precipitate (e.g., in TE or another

sui tabl e buffer) for use in the remai nder of the nethod steps. See, e.g.,

Sanbr ook, Mol eB#feamed Hricnygnpia plng@éfpléwfqmmnuaion n2d:be bdlizedSfolBBy 32,
Appendi x E. 3- r prin Fbrbor New
York, 1989). Eb}ﬁpreé %%%gg@\[mﬁ%ﬁ{a{; o%ﬁ Ssalvb r%v?i}agﬁe @? {haE RRAIEE ur er or
vendor of the w@gﬂpbuﬁmbﬁwemzyﬂeruMamﬁaeﬁﬂQOﬁmﬁh&ﬁmn§§ kpown, 9.t hose of
skill in the r nsure pr |nsert|on of the
het er ol ogous %EEC%—W%@E%L@O& ﬁé Ihg %gl ersta o%oﬁ@@fépﬂééﬁ ‘bn
cassettes is f{l@tﬂ@dmgﬁames Pﬁ:ss aotll SR TRA: Widh YE&STIgo¢ tdpn (&

restriction S|teﬂs1 q‘ﬁhmap;g) are. Ierrent %/ to the set of restric on enzyme
sites that flank tH ngﬂ‘v’ée élg’trf‘aél fGrurE e vaIdeeotithe whitictont dueyiex pr essi on

cassettes ar e tilisel bedtherwise known to thosER¥S tyBL Gl |y, a first heterol ogous
expression cassette is ¢l oned |nto the site of the excised novable
cassette, Advantageousl VP, getdn P caFUTE REDPESInspviEmtdf dire ketradﬂbg:mst he rapid

i dentificati orxphssinasimds ﬂi‘e%ﬁn?dwgoﬂgepﬁﬁ?é‘smfoh sg?ttepgtfﬁnfge dl? oug pressi on

cassette. 8ucq pl asm ds | ack expression of I'rst , but wll
be expressll ng tﬁ’%ﬂ“@‘é’é’c?ﬁfﬁmﬁﬁﬁlr%éﬁ‘m@g@ﬁéwmro@f@@wh(casreminbleamntafyyto@Eefb%! mar ker

gene product s opf8senin t .novabl e cassette
expressed green f Iluor e%ﬂgigﬁ% %egg{aél n (dtﬁ%m()(’ bﬁseeCnESEH%f or MESER TEBIER Mol | owi ng

20di gest i on af®PreEiongatseen awgiidertecadi cat e successful renoval of the novabl e
cassette Thus, typically, a first heterologous expression cassette is cloned
into the site of the excised movable cassette, Advantageously, the method of the
15 invention enabies the rapid identification of plasmids containing the first
heterologous expression cassette, Such plasmids lack expression of the first
marker gene, but will be expressing the second marker gene product (as well as
any other marker gene products present). In other words, if the first movable
cassette expressed green fluorescent protein, the absence of green color following
20 digestion and religation will indicate successful removal of the movabje cassetfe
into the site of the first marker gene.
In one embodiment, the digestion and religation steps are repeated
sequentially for each of the movable cassettes. In other words, a first digestion

step is performed using a first set of restriction enzymes to remove a single

I
w

movable cassette, in order to ensure that the heterologous expression cassette is
inserted in to the desired locus. Thereafter, a second digestion step is performed
using a second set of restriction enzyme unigue to the set flanking the second
movable cassette. A second heterologous expression cassette flanked by
restriction enzyme sites corresponding to the set flanking the second movable

30 cassette is ligated into the plasmid backbone and clones are selected which lack

10



into the site of the first marker gene. In one enbodi nent, the digestion
and religation steps are repeated sequentially for each of the novable
cassettes. In other words, a first digestion step is perfornmed using a
first._set of restriction enzymes to renove a single 95novabl e cassette, in
order to ensure that the heterol ogous expression cassette is inserted into
the desired |locus. Thereafter, a second digestion step is perfornmed using a
second set of restriction enzyne unique to the set flanking the second
novabl e cassette. A second heterol ogous expression cassette flanked by
restriction en¥Higssionpede swprespbaidiong Ppiahidy.set of harkintig: tihestiecond

movabl e 30cassgbted Sedoh 8884, dePl et 1.4 kbone, and cl ones are
sel ect ed whi ch I%%k ﬁ%fbregggg%pofetﬁgugggﬁﬁ%n%ﬁgﬁ%fmﬁgh Ca¥t¥onal Iy, one
or nore further digesti ditus thepsethnde! ey ihomned pérmioetielent prol@moN 8F HNE Or

more further npyabhl i . Thus, .the net hod of the

i nvention per2?tggg%f?%%%ﬁ%&%ﬁgﬁﬁ%f?%%mg#ngj8€W§§%W§ﬁwgﬁﬁg $Fer vector
useful for production of infectious viral particles. Method of Producing
Pol yval ent Viral Vi r.9 | yvalent tr fer vector of the invention can
be used to ge#@rat2ﬁ@ﬁP%P£%§$F%895§pwﬁ ”?ﬁﬁaép%gﬁkid or an envel ope, using
nmet hods kndwn to t hosely@fensitadster batidrE tRMiAvenSUEAn e Gl 18 @:?erdg@@'lréf de
conventional cloning techni ques of cDNA such as those descri ed' in texts

[ Sanbr ook et d12THS RAYPSBSHRINC Or 8 ENGTORSY B NP RiNor kopivg emibetcadskitlen sequences

of the adenoviihéigt IR0 MRENiqRINRE 3SR N IE SRS L suitabl e
nmet hod whi ch provides the desired nucﬁeétﬁd% s%%ugﬁggﬁggﬁgﬁgggﬁm

transfection ZAEEHIEFAGEIBEK GProttsetnt guededabevamst ofedrlaeig , CaPO4
preci pi tation dieehicaiRSeqhhi8 or GORYERLF-ANAL B p&gaeﬁgzpé o¥ed,d.ncl ude
honol ogous reconbi nati on of the viral genohes, ptagurng o VitUgeEs in agar
over| ay, et hddd aef sutas methad which medvidge Herdasiedmpclasitietshpiehdek e.
Standard wransfection and co-transfection techniques are employed, e.g., CaPO.
precipitation techniques. Other conventional methods emploved include
homologous recombination of the viral genomes, plaquing of viruses in agar
overlay, methods of measuring signal generation, and the like.
Suitable production cell lines are readily selected by one of skill in the art.

For example, a suitable host cell can be selected from any biological organism,
including prokaryotic (e.g., bacterial) cells, and evkaryotic cells, including, insect
cells, yeast cells and mammalian cells. Host cells can be selected from among any
mammalian species, including, without limitation, cells such as AS549, WEHI, 3T3,
20 10T1/2, HEK 293 cells or PERC6 (both of which express functional adenoviral E1)

[Fallaux, FJ er al, (1998), Hum Gene Ther, 9:1909-1917], Sacs, C2C12, L cells,

HT1080, Hep(2 and primary fibroblast, hepatocyte and mycblast cells derived from

mammals including human, monkey, mouse, rat, rabbit, and hamster. The selection

of the mammalian species providing the cells is not a limitation of this invention; nor
25 isthe type of mammalian cell, i.e., fibrobiast, hepatocyte, tumor cell, ete,

Generally, when delivering the polyvalent transfer vector comprising the

heterologous expression cassettes to a host cell by transfection, the backbone is

delivered in an amount from about 5 g to about 100 ng DNA, or about 10 to

il



15Sui tabl e production cell lines are readily selected by one of skill in
the art. For exanple, a suitable host cell can be selected from any

bi ol ogi cal organi sm including prokaryotic (e.g., bacterial) cells, and
eukaryotic cells, including, insect cells, yeast cells and mammalian cells.
Host' cel s can be sel ected from anong any mammal i an species, including,
without Iimtation, cells such as A549. WEHI, 3T3, 2010T1/2, HEK 293 cells
or PERC6 (both of which express functional adenoviral El) [Fallaux, R et
al, (1998), Hum Gene Ther, 9:1909-1917], Saos, C2C12, L cells, HT1080,
HepG2 and’ pri nebeyt FiHsrioBde aboth e paf owslis & 2and Iy o1 agls, @ebbs 1derdived from
manmal s i nclu i hanster. The

sel ection of ?ﬁgﬂﬁgﬁggpﬁgn specFEEnggﬁ?éﬁ&At§ﬁ§Q°& rquga%8$mg linitation
of this inventtilong infrofong8ergtierhmacit {apiersafs tireriveated anctaethk delives: methédr obl ast ,
hepat ocyt e, t%ﬁR%xﬁ%Ex%ﬂ?&&m Seneral Iy, when delivering the polyval ent
transfer vector conpri he het er ol ogous expressi on cassettes to a host
cell by trwfltsfecﬂbmnﬁh@ﬁe;bam&hﬁm@nﬁﬂudabmwefadmhm1@&w%ﬂ§%@k from about 5
ug to about 10 bout 50 ug DNA to _about 1 x 104
cells to about” &%ﬂfﬁﬁ%m 8@?%%ngn§ﬁ%ﬂfMT%DE%PP?HlH%N%VE?“Eﬂﬁgwrelative

anounts of pl qsmvﬁ[eIENAaI 2enbast expeklis WetetDo!oadidsbedsiol akinag, 40t o
the delivery nethod and

consi deration suc s the selected vect or,

the host cell §‘°’S§‘é€l 88" mgsF{)a}B‘iO&}éq qapsid prgeiing) SpvaPBHRrOlEA&IBranvect or s ar e
cultured in th@%@@5§weeb&§mmhlch express the capsid protein and/or envel ope
protein, In the host cells, the polyvalent viral genomes expressing the

het er ol ogous expr e8si on¥ @dé@eﬁve@aWﬂ@Cﬁﬁ@@U@@&aﬁe packaged into the capsid

protein or envel ope pr R, cl.e. AViral
Vect ors Havi ng Capsid g%g?gﬁﬁgxﬁﬁ&ﬁhﬁymk&ﬁﬁﬁ%hRHiﬂﬁ %5ﬁngﬁ?xﬂ@ﬁe i nvention

provi des a ne@ﬁ@dvﬁﬂﬂp@ékﬁgmngﬂal@Uh&ﬁakemtdvmpaﬁ genone into an infectious

viral capsid. idis derived
from an gdenovi rus. An a&%én%%@g@pag !I”C gapmd grfvgfl%(gfn at“ﬁ‘gerﬁ?’&%nt

invention is é@mp@medaiovhﬂatr dr mﬁ@mqfdmsvradmnmmrmmspbmp@aemoﬂ:@p5| d havi ng
packaged therein.a, val.ent. viral. enone é |n|n t wo _or
het er ol ogous exprlesssaﬁg%o CEERSIFeEsid %‘i‘in%{fac gméeé% Qi gdent &‘tmrlyl ng a
product to begewpmesmedxgnwbhEmb@$amdM@mmém&&ﬁ@ﬁc@&h@gkaﬂﬂﬁ%m%@ese
adenoviral vectors are.repl |£at| n-def ective, thereby avoiding replication
; asseties carrying 2 produ tto e expressed in the host.  In a further
in a host celf?
embodiment, these adenoviral vectors are replication-defective, thereby avoiding
replication in a host cell.
The selection of the serotype of the adenoviral sequences present in
veetor s not a limitation of the present invention. A variety of adenovirus strains
are available from the American Type Culture Collection, Manassas, Virginia, or
available by request from a variety of commercial and institutional sources.
Further, the sequences of many such strains are available from a variety of
databases including, e.g., PubMed™ and GenBank™. Homologous adenovirus
vectors prepared from other simian or from human adenoviruses are described in
the published literature [see, for exaraple, US Patent No. 5,240,846]. The DNA
sequences of a number of adenovirus types are available ffofn GenBank, inciuding
type Ad5 [GenBank™ Accession No. M73260]. The adenovirus sequences may

be obtained from any known adenovirus serotype, such as serctypes 2, 3,4, 7,12



The sel ection of the serotype of the adenov ral sequences present in vector
is not alimtation of the present invention. A variety of adenovins
strains are available fromthe Anerican Type Culture Coll ection, Mnassas,
Virginia, or available by request froma variety of conmercial and
institutional sources. Further, the sequences of nmany such strains are
available froma variety of databases including, e.g., PubMedTm and
GenBankTM Honol ogous adenovi rus vectors prepared from other siman or from
human adenovi ruses are described in the published literature [see, for
exampl e, US Parb#ft appfurberiggugnginy of i mNaSeideiicd suntn &ptfunber of

adenovi rus types: aval.l msGenBa [Wele i : [ GenBanl cTM
Accessi on hb.@§@%©§%gc ?H% gh§§§ﬁ§&|rugagggﬂgﬁ%gég%§§g6%%o ?al ed from any
known adenovi rlss bsenpbygian teuekioangurcttof pesin@ent®p. & o enb@dimeandt 40, and
! ¢ bocy H08,2 B0 b iBrREREN . S8R 1 SO DHRR o ¥ PR M L 2TV
adenovi ruses known to I nfect” non-human ani mal's (€. q., S|n1ansT'nay al so be
enpl oyed i n t hemwecEprmdensitsntrbicnoofiutian srimacenducones idchiddmneiembodi ment , at

nons hunan pri RIEET Eatsrde 3P B0 AR B R e Sk b liatbos -

i ncl udi ng si niCas) aadenowWetasidsant sdeabviases Hlanbeepaksab&bior dfass ofal so C6)

Pan7 | Cr),.Pan 9 | 8 d . i t ad; [ h b
desar | bed 1 or PASFGERY B Bo Mo S o ha T oA SSeR OB R Mo,

6,083, 716, WhighrPlawidasmanenwhndlanyeelelosiraRs ivefdiImmitd@rhao
chi npanzee adenoyviruses, C and CB% (also_terne and | nternationa

d P 9
Pat ent Publ i cB# GATRE ey g PasghBrbipsiiondo. %@?Bﬁﬁz@iﬁ%ﬁ’%n dért g kect or s] .

However, the 1puaRlieAckS MAtev8Oihkhehi®h is not so limited. A variety of
production nethods for adenoviral particles is known to those of skill in

the art. The sel ecti on“ofargpprapringioa pileds éerisdenovielivedisieaisdonet a

limtation of,t tnk DY efld ORc1i0268 : q , 083, 716;
InternationalwﬁgﬁggfgéﬁgﬁP%%?ionﬁ%b?lmo 5%%%%§%§¥§£§§5€§#E@?%ﬁ Application
5No. 10/ 465, 302 adindtaliersof tht preseat invawdibn.coasne. gx paAPaiend®. Z085/7061103.

Briefly, ap : \.r.al ¢aﬁ§; torn . ef..the, invention that

| acks the abﬁk%%é%gﬁﬁggggggéh%%?ﬂhgt|ona/1¥§$§ﬁ8%gg$£§§§p@§§§ﬁ{ia

adenovi r al5 geNe 114681361 afdetsgniembdiona) coghierpaE2® 0 ER2B/00aNd/ or E4 ORF6) can be
cultured in the presence of the m ssi.ng adenoviral ge roducts which are
required for viral 10i %@%ﬁVPﬁVm&%&dﬁgﬁgggﬁﬁﬁ%H“*?g&ﬂgaggﬁﬁww  particle.
These hel per lhekacid iigy meakphes proasicdeld-ebyonciflakyedsaigial enbaakpoae in the

presence of one.or, nor struc _g., .a plaspnd or virus) or a
packagi ng hostrod¥ @ﬁ“é@éﬁghg§5%§§HﬁP@%r%%g&ﬁggﬁﬁﬁﬁﬁg@ﬂﬁggé??bed for
preparation qafresanéérﬁf@ﬁermﬂsé'm@mm@pg&@?wdﬁm: whidd hree&tRH fdrRirkint er nat i onal

Pat ent Publication No. W96/ 13597, published Ngy 9, 151996. 1. Hel per
Viruses 10 infectivity and propagation of an adenoviral particle. These helper functions may

be provided by culturing the backbone in the presence of one or more helper
constructs (e.g., a plasmid or virus) or a packaging host cell. See, for example, the
techniques described for preparatior: of & “minimal®™ human adenovirus (Ad)
vector in International Patent Publication No. W096/15597, published May 9,
15 1996.
L Helper Viruses
Thus, depending upon the adenovirus gene content of the

polyvalent transfer vector employed to carry the expression cassettes, a helper

adenovirus or non-replicating virus fragment may be necessary to provide

13



Thus, dependi ng upon the adenovirus gene content of the polyval ent transfer
vector enployed to carry the expression cassettes, a hel per adenovirus or
non-replicating virus fragnent nay be necessary to provide suf ficient
adenovi rus gene sequences necessary to produce an infective reconbi nant
viral particle containing the expression cassette. Useful hel per viruses
contain sel ected adenovirus gene sequences not present in the adenovirus
vect or construct and/ or not expressed by the packaging cell line in which

t he 5vector is ansfgcted. I n one enbodi ment, the helper virus is
replicati on- deFEEETY AITAY SEREGICALIECSARPTETY tolrodibe po ifectise genes i N

addi tion to thecsaaHences aestihRedinahave: I pers Mirus is desirably
used in conbination wth an Bl - expﬁgssingﬁggﬁFmﬁﬁﬁg.ngFgghmﬂiruses may

al so be for med EBEOpEILeieged anaCes SEtREIescasotpseni hetk idanduet a?, J.
Biol. Chem, 264,16986:1698 %' .sher and J. M. WIson,

Bi ochem J., 299?49 (A%ril %?&%ggﬁ %@E@ﬁ%@?55%$ﬁ§mﬁgﬁe85?&%%§¥Iy contain a
second repor t eicciExisresgian. dassetmbediniennubedpeoliraue kephepohiefc@genes are
known to the apfconl f reporter..gene on the hel per virus which
is different froﬁ?%%gsggﬁ%%gﬁgﬁﬁgyﬁgﬁﬁgﬁﬁﬁ38@%@%??@§m@§@f%¥hﬁﬁﬁéﬁs 15bot h
the Ad backboréosre Suol a heigertvives lhdbgpablywisédia chobRardongigpangdent | y nonit or ed.

This second reporter is,used to enable separation between the resulting
r econbi nant virﬁgggﬁdmﬁﬁgahelper virus upon purification. 2, Conplenentation

Cel | Lines To generate recormijnaniusadeapyiss bsesméA, fel.ehed in any 200f
tegieﬁfingf 10esGLL 08 ARV e NS Whin S LR, Pt t he det 2ted 6557 (1989 K. f
J. Fisher and J. M. Wilson, Biochem. .J., 299:49 (April 1, 1994). Helper virus may
optionally contain a second reporter expression cassette. A number of such
reporter genes are known to the art, The presence of a reporter gene on the helper
virus which is different from the gene product on the adenovirus vector allows
15 both the Ad backbone vector and the helper virus to be independently monitored.
This second reporter is used to enable separation between the resulting
recombinant virus and the helper virus upor purification,
2. Complementation Ceil Lines
To generate recombinant adenoviruses (Ad) deleted in any
20 of the genes described above, the function of the deleted gene region, if essential
to the replication and infectivity of the virus, must be supplied to the recombinant
virus by a helper virus or cell line, i.¢., a complementation or packaging cell line.
In many circumstances, a cell line expressing the human E1 can be used to
transcomplement the chimp Ad vector. This is particularty advantageous because,
25 due to the diversity between the chimp Ad sequences of the invention and the
human AdE] sequences found in currently available packaging cells, the use of
the current human El-containing cells prevents the generation of replication-

competent adenoviruses during the replication and production process. However
5

In certain circumstances, it will be desirable to utilize a cell line that expresses the
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to the replication and infectivity of the virus, nust be supplied to the
reconbi nant virus by a helper virus or cell line, e., a conplenentation or
packaging cell line. In many circunstances, a cell |ine expressing the
human-El can be used to transconpl enent the chinp Ad vector. This is
particul arly advantageous because, 25due to the diversity between the chinp
Ad sequences of the invention and the human AdEl sequences found in
currently avail abl e packaging cells, the use of the current human E
-containing cells prevents the generation of replication-conpetent

adenovi ruse, s %h$$ﬁ§“FH@Sﬁé@ﬂﬂéﬁ#ﬁdﬁwﬁﬁéﬁﬁk@dummeﬂkpomcmsShm&bmever in
certain circungt-anseSee S |j,ze a cell line that
expresses the E geneig%gﬁﬁ%?s§&%?g tggg%%?%ﬁéggbéﬁ%El-deleted sim an
adenovjrus. Such cell Iines Hé@séfeé;é@nmeslahwuhdseqmm eotided MS:iPat ent No,
6, 083, 716. ing | iz e sequences
provi ded hereﬁ%n?ges ackagh 8Cgl%gﬁggé%ﬁggbgﬁﬁw5 EFPHF?hgm@H§PV€%bresses
at a mni mm Ell”@n@.d@@mhﬂﬁnasscﬁﬂhorgémtruinﬂamrdrﬁtﬂeﬁfbﬁ@@@é’slsﬂaﬁ ironal control of

a pronoter forg cted rent cell line. Inducible or
constitutive psﬁﬁ%§€?§ﬁﬁéih %mf tuvgﬁo? O R POTKTH Bk be eRplayidder of such

pronoters are thiegmpodaeﬁxam;ﬂdmfau&h @bﬁlﬁt&ﬁ%ﬁ“@ddséhﬂeb'1§d<§ﬁ?<9§écu}h%1%tlh9{13 A parent
cell is selectee%1 or. t he %energ é a _novel cell Iline exg}e55|ng any
desired Ad genB it Hodt PHFHCE AL S6i5S ot {QE Fre genpaptionof @apyel ieplhdnemay 10 be Hela

[ ATCC ACCESSI @ﬁplBkBlng@@Ldéﬁlred AB45nd W@Quﬁﬁ&ﬁﬁ%oﬁmm axggll-c[ @gl EK 293, KB
, anong

CCL 17 Detroit 510 and
Lthers ]TH se E%@?iﬁyﬁggﬁﬁ?%m%?wbdggﬁFhﬁﬁé9f'Bﬁ$ﬁheﬁﬂnehbc@ﬁLT&ﬁe Cul ture
Col | ecti on, 1®M299“KB?C§3UM] Mbﬁyﬁgd@e&\%ﬁ gi’jo tL 10- 2209,
m o

O her SU|tabIe parent cell Iines nay be obtalne rces. 15Such
El - expr essi ng Ebﬁpmhﬁﬁ%%séﬁ@ﬁ%@@ﬂﬁ$ﬁmﬁaﬁh@m@@ﬂénamh©ﬂﬂmhumeg@ﬁblnant

adenovints E C%&r@?@ﬁlec‘é Etl‘%@i Uﬁqgﬂsﬁ Q&ﬁédﬂi’ I\Pands%ésmrg%ia: %&éﬁ Qgh%n ovir al

i nvention provides cell Iines xpress one 0
gene product sOtheppuitgble Eﬁrew cefERaes laéryddcmbtaﬁwdﬂal%ﬁ;th@almb@ constructed using

essenti al t he same proced ] ration of reconbi nant
si m an ZOQ?raI vectors. Sucﬁ{1 %? 8{F%§§ E@AH%%dgPﬁ%Wi@&“ﬁ%n?Wﬁﬁ§%onplenent

aci enovi rus v@@@n@smﬁekﬁbedmﬂﬁcbhﬁﬁes&amtﬁamng@m@§mhm@ﬁm§QQQQQ t hose

products. The; [ f t cell according to this invention
i nvol ves techﬁ?%@gg %&%g 6%15 T?“%ﬁm§gfg@F@H“BNA*?@M%@@@@S Thi s

assenbly may pedwmscogpEls e, Hﬂa; dridii B CRIBYERA b eARkruteehRiAues. Such

t echni ques |nclug§ rFENA and &: c clonlng, 25whi ch are well |cnown and
are descri bed I H-SHBY HHIE REP ‘Fres OF Pieat theisbhesationd reppmbinant simian

20 viral vectors. Such cell lines can be utilized to transcomplement adenovirus
vectors deleted in the essential genes that encode those products, The preparation
of a host cell according to this invention involves techniques such as assembly of
selected DNA sequences. This assembly may be accomplished utilizing
conventional techniques. Such techniques include cDNA and genomic cloning,

25 which are well known and are described in Sambrook et al., cited above, use of
overlapping oligonucleotide sequences of the adenovirus genomes, combined with
polymerase chain reaction, synthetic methods, and any other suitable methods
which provide the desired nucleotide sequence.

In still another alternative, the essential adenoviral gene

30 products are provided in &rans by a vector and/or helper virus. In such an instance, a



over | appi ng ol i gonucl eoti de sequences of the adenovirus genones, conbined
wi th pol ynerase chain reaction, synthetic nethods, and any ot her suitable
met hods whi ch provide the desired nucl eotide sequence. In still another

al ternative, the essential adenoviral gene 30products are provided in trans
by a vector and/or helper virus. In such an instance, a suitable host cel
can be selected fromany biol ogi cal organism including prokaryotic (e.g.,
bacterial) cells, and eukaryotic cells, including, insect cells, yeast

cells and nanthhﬁg celhs.,SuitabIe host cells include those known in the
art, as well a8 tHo¥e' o4& terpladediste i bismins sunmbiny, ivfudiigmékaRart i cl e and

Transfection of.gaboadibl) kdiRGnd eukaryotic celis, including t Q4 f the mssing
adenoviral genes qu b? sﬁgbLy int; rated %ﬁ%ﬁggﬁe g%ﬁg%gcé%aT%e host cell,
stably express8d B8 RAT Sonultle §pst g %F@é@%ﬁwﬁﬂﬁﬁypéWb¢yﬁa?h@lgemaeproducts
may all be expresfethetdiansi ently, on an episone or stably integrated, or

sone of th% gene produc%s may be exPressed_lostany while others are
expressed transiently. Furt HeFHBPE O VHe Fsrisiomer safséetiencts 6l kihe

adenoviral genes may be sel eiced rlRAGRRNIRRLL Yad O3 6O0SLIL UL Ve
pronoter, an LndHCI | e pronoter or a native adenovir proﬁn?er. The
promot ers may HEFFEGETIGEE genomsof dednpicell staplyaexpperiifas epiphysi @l ogi cal state
g%iation state or in

of the organi sefkeC@inkichtdly. BrercelYnibhE %y f.er . r
replicating or quiescéﬁf_%%lf?feormby gﬁg éﬁgﬁgﬁ SH ST Y o
I ntroducti on GPSYRECTTEPECBcEg(ay sphashithdsererpradictsses)beienp@ssthie host cel

may al so ke aQQQ?H%héBﬁgm%ﬁhﬁgméﬁggﬂ&ﬁgﬁﬁ_kno““ to the skilled artisan and

as di scussed throughout the specificatio I n one enbodi nent, direct
cloning techniques are util FadtrmSuche peohrirgfiesadhay echaan 4asehdsbed [ G

Gao et al, Geﬂﬁy be selected independently from a constitutive promoter, an inducible
promoter or a native adenoviral promoter. The promoters may be regulated, for
example, by a specific physiological state of the organism or cell (i.e., by the

15 differentiation state or in replicating or quiescent celis) or by exogenousty-added
factors. Introduction of the moiecules (as plasmids or viruses) into the host cell
may also be accomplished using techmiques known to the skilled artisan and as
discussed throughout the specification. In one embodiment, direct cloning
techniques are utifized. Such techniques have been described [G. Gao er al, Gene

20 Ther. 2003 Oct; 16(22):1926-1930; US Patent Publication No. 2003-0092161-4A,
May 15, 2003; International Patent Application No. PCT/IIS03/ 12405}, In
another embodiment, standard transfection techniques are used, e.g., CaPOy
transfection or electroporation. Assembly of the selected DNA sequences of the
adenovirus {as well as the sequences encoding the product and other vector

25 elements) into various intermediate plasmids, and the use of the plasmids and
vectors to produce a recombinant viral particle are all achieved using conventional
techmques. For example, following the construction and assembly of the desired
polyvalent viral vector, the vector is transfected #17 vitro in the presence of a helper
virus into the packaging cell line. Homologous recombination oceurs between the

30 helper and the vector sequences, which permuts the adenovirus-gene Sequences in
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20Ther. 2003 Cct; 10(22).1926-1930; US Patent Publication No.
2003-0092161-A, May 15, 2003; International Patent Application No.

PCT/ US03/ 124053. I n anot her enbodi nent, standard transfection techniques

. are used, e.g., CaPOX transfection or electroporation. Assenbly of the

sel ected DNA sequences of the adenovirus (as well as the sequences encoding
t he product and ot her vector 25elenents) into various internediate

pl asm ds, and the use of the plasm ds and vectors to produce a reconbi nant
viral particle are all achieved using conventional techniques. For exanple,
fol | owi ng the CHHEEYUERPF BRlicatdl %< seshesd iop vithin wpsds eeulpng yvad ent i r al
vector, the vegt®fbihs: b I N\ i resence of a hel per
virus into the packagiﬁgﬁgg%ﬁﬁ%?%g#'E%%% oagﬁg%ggggﬁ%lH%F%ﬁﬁgggﬁﬁrs bet ween
t he 30hel per dififideias yesfestionskageie ftweyventiechyepaomishst idiedademavi r us- gene
sequences in pihesvector to be replicated and packaged into virion:
capsids, resulting in the reconbinant viral vector particles. The current
met hod for Jproduci ng such viFlusegpiingireloedinast 4deanshegtianehaged. However,

t he i nvention i L0 o h, nmet hods. 5The resul ti ng reconbi nant
adenovi r uses é%gﬁﬁggghky%ﬁglFﬁﬁg %ﬁ?ﬁ%@oaﬂﬁe%WE%6Wéa§@F@§l%Hﬂﬁ%ﬁeroIogous
expressi on cassiégttes to a selected cell. B.Viral Vectors Having Envel ope

Pr ot ei ns . aneot her , enbodi nent, the transfer vectors of the

i nvention are usedto pg'é%a\%ép SU?V'&B%@E@P FTRtsan i nfectious particle of
a virus having an envel BpaopEh®blimes:, the BB MLy dﬁhecﬁvs%ﬁgggr\éi rus.
Exanpl es of suitable |lentiviruses include, e.g., human | mMmunodefi ci ency

virus (HV), SIH'GRASRAPRMYERETICNr drie gn PFscigusmwycle dapriunbaang dwitis and
encephal i tis ¥iveltse pRAYH NS b MnBGHIsOWS pBREL ARV hovi.ne i nmunodefi ci ency
virus, visna vi{ﬁg,pand ?giing inﬁunogeficieﬁ%%ﬁég?ﬁg%%%ﬁﬁ?ﬁn$ﬁgﬂexanples
provi ded her el UeF et Tae mmanqdsicigicy it gENessindien innednddeBiereddyV and FI V.
However, ot heg;|aRt¥VEL WSS BB pon-hunan origin nmay al so be used.
The sequences ﬁéﬁd f%lgﬁe cong?rucpsm%%hfﬁgﬂ#h%gﬁ?ff%gﬁﬁ@mﬁ%”%erived from
acadenmi ¢, nonVigebqwne(iamynodafigenyymeirni.camaType aGifdine enaloiekdidey, Manassas,
Virginia) or GO i llentiviruses, Methods of generating such
viral vectors are Qﬁba%ego &%%?gg%?d§ﬁ$FVhF%H¥ﬂ%eE?P?Hmngﬂms erived Vet hods
of produci ng FrentViandFIV.eBowesr, bavelcheeuseastninges: noSafmas ofgin JE Col eman

et al., Physigl gﬁﬁ 1.6S+ 2003 Febﬁg;1%%3 : 221-8., which l10descri bed
production of "&n %E%e%agiéeﬁe?igﬁ?ﬁsyf i TSRSt ST 1hg veptian machs vat i ng
lentiviral vebtioediohncangiexarpbly (eig€mMd Ahéddan 1964 Ofifr@EEILLgated in a
transient tr fection.systemin which a gell line is transfected with
al\qg S5a] lé J (jf;
three separat€ ptasm 8 ﬁFég@Fﬁﬁug?§¥%ﬁ§.k?ﬁ@ﬁéﬂincIude the transfer
vector pl asmidgthwdyi cfledesatpE GbUGaE @6GAN AL RGO HE: PFESERLLd Jyention and
contains portions of t sglected lentiviral
Methods of producing lentiviral vectors have been described. See,

e.g., JE Coleman, ef al | Physiol Genomics. 2003 Feb 6;12(3):221-8., which
10 described production of an HIV-1 based lentiviral system using self-inactivating

lentiviral vectors. In one example, lentiviral vectors are created in a transient

transfection system in which a cell line is transfected with three separate plasmid

expression systems. These include the transfer vector plasmid, which is produced

according to the present invention and contains portions of the selected lentiviral
15 provirus and the heterologous expression cassettes, the packaging plasmid or

construct, and a plasmid with a lentiviral envelope gene (ENV) which may be an

envelope protein of the same leativirus or a different virus [Amado and Chen,
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15provirus and the heterol ogous expression cassettes, the packaging plasmd
or construct, and a plasmd with a lentiviral envel ope gene (ENV) which may
be an envel ope protein of the same lentivirus or a different virus [ Amado
and Chen, Lentiviral Vectors-the Prom se of Gene Therapy Wthin Reach?

Sci ence. 285 (5428): 674-76 (1999)]. The three pinsm d conponents of the
vector are put into a packaging cell which is then inserted into a
lentiviral shell. In one enbodinent, the transfer vector plasm d contains
ci s-acting 5genetic sequences necessary for the vector to infect the target
cel | and for t+aW&Fer et ttée Criereamdcre Thaery Bpon Reedr genecanzBont ai ns
restriction sitsesgf gy 5' t he
ori gi nal envel%pe>p§£t§?§2%% OQEQ&Eggehﬁﬁﬁggsgﬁ%ﬁognF\ﬁﬁveﬂﬁagﬁmPenoved

The packagi ng %P%%ﬁﬁ@%%@nﬁeﬁﬂsﬂmhemem®hemm§aﬁeqwmhdd for vector packaging

such as structural g ene 0 exc ene env which codes
for infection of T cgﬁn ,E%Ddl%;{n%é glgér Sferv% C %Qﬁ?fé‘aﬁtﬁlgi nf ect these

cells), andt @nanzsymcasrmactes%nﬁ)r ﬂie@*emeﬁb@ﬂife@alﬁetth@bt%%ﬂ aly Rl 6@hdey. the
ent Si nals are renoved so themparts

packagi ng signal
responsi bl e fgbr%t%a@ gaﬁlgc Orﬁeém{}?gﬁ?mlﬁﬂﬁ PR e gsHaT far waertienph t he parts
that activat e dehiexhgeddsuShe Bm;dﬁagkaglmoﬁg@ﬁw@lﬁk%ﬁ@c\ﬂdﬂmgﬁ%d %}g, i ncor por at ed

into 15the viral Jenone tr|1 e Virus WI|| not reproduce af it has
infected the W8St cel Proter fave SenTFREYCh{ boPapragi g eendiple gene of a

different vi rw&n&ﬁeem{uneefdﬂkx}a&oﬁp\é@z@g 5681 4s s&@ctﬁz@f IIQ%IIQ’}%!QJ ect instead of
e g| ycoprotel n Ofg vesi cul ar omati ti s” Vi rus, known as

the T cell
VSV, M.V, @noﬁa%smtﬁ%er%em RIST VR §odeg for @5¢Ptlpﬁﬂ%”€t>ﬂlbn¢ryhm*edcp:e wolklaely s because
they use thei e gpd Z0inpLohelRei, alﬂﬁ%shgyx%%jhat é%e%?dvec ot %%lﬁlas However, 1t

is possible to genetically exchange t protein for
anot her pr ot eiliPeHkt theddeiseine signsleard tfl@ea(émems@nhlsmpememdvsh ilgh gene

therapy will Bhgpes S ent VI ral or a broad range
of possible tgr get pfgg Pg%r&lﬂéa mgéhr?ﬁ’?’i% }?gﬁ B L?Ets? ?ﬁ%&??&% vect or
el enents are #esedtivigetheim Thas, eravmtkagnal se&i&h&lﬂtmﬂ’uhtl aeeﬁddxwﬁatmmom

03/ 092582, 5 wh dy by, 1 ef Il oth
e S R R Y S R a s inunt Wnpoverhl

envel oped vira vec ors can

backbones rret hods offht:Mdlmasmmsmsioﬁegenee;fgd1ffeﬂ'éh@vxk&€§§ec9£fies%i“ ruses as
Vect ors”, 583-595 (Decenber 2003);

T )
M E. Perkus, {yg b Gﬁ%aﬁf)%( W%éfeﬁtdg%ﬁdfﬁgﬁo%@ﬁéérﬁlﬂé"a$lé%0?f<6¢1n of

vesicular stomatitis virus, known as VSV, MLV, among others, Nommally HIV
can infect only helper T-cells because they use their gp120 protein to bind to the
20 CD4 receptor. However, it is possible to genstically exchange the CD4 receptor-
binding protein for another protein that codes for the different cell type on which
gene therapy will be performed. This gives the lentiviral vector a broad range of
possible target cells. Other lentiviral production methods and vector elements are
described in International Patent Publication No. WO 03/0925 82, which 1s
25 incorporated by reference.
Still other enveloped viral vectors can be preduced using the
polyvalent viral backbones methods of the invention. See, e. g “The Uses of
Poxviruses as Vectors™, Current Gene Therapy, vol. 3, no. 6, pp. 583-593

(December 2003); M. E. Perkus, el al, “Poxvirus-based vaccine candidates for
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cancer, AIDS, and other infectious diseases", Journal of Leukocyte Bi ol ogy
Vol 58, Issue 11-13, (1995). Uses for Polyvalent Viral Vector 5The

pol yval ent viral vectors of the invention are fornulated in a conposition
contai-ning a physiologically conpatible carrier. These conpositions are
useful 'in a variety of therapeutic and inmmunization regi nens.

Advant ageousl y, the expression of nmultiple gene products fromthe

pol yval ent viral vectors may reduce the anmount of vector, or other drug,
necessary to deliver_10to the subject to achieve the desired biol ogical

ef f ect . Frrcene lEnpodpirernlectdve diselsys aloamal v Ealkoryetion g0l 4 he

i nvention contgjmguglbggqﬁgé gous expression cassette carrying a .

t herapeutic product. Such a polyvalent viral vector can further carry one
or nore additional therapeutic products. An additional therapeutic product

can be directem.to{k&gqug&gwﬁgﬁ\ﬁgﬂeg&gconditions or synptons related to
., or

the first therapeutic produ [fferent indication. Were desired,
a sel ect ed & her apeUt polyesient piraducbrsodmebe 88 M t&Gul@anpgdul at e any

reaction to th%F£8£¥%ﬁ£% Hﬁvir I VEFtO@% .. I'n anot her enbodi nent, the
pol yval ent viral "vector of thePPRVEstroncet bl sariar. Héeer simpgsitisnsex pr essi on
cassette carrytmgmﬁﬂhwmm&mﬁydﬂﬂk&@ehﬁd&@%ﬁmﬁmgﬁkﬁﬂﬁﬂﬁéh_and/or cytotoxic

i mrune respons%it% a t@rget.'Such a pol yval ent viral vector can further
carry one or rora ARFAPLY-SHPPESEen fiimitiely asvieerasiod fotsthe Fhivelaecond product

can be direct egral RcioRGhGi B8icAMel ARG FHESHONSERL Ot NE. Larget .. or a
cross-reaq@ive arget. I'n another enbodineh@fﬁ?%gn%%%%ﬁ a%?%ﬂﬂEFrcan be a

t her apeut i'¢ protfEtoite i ashiere the desiisdbiokgivphaivst. associ ated with the

under | yi ng 25condi ti @8 embBdisthi e 3BT iLment,. the second product can
be an adjuvant for anofﬁ%rlgené B?ogdggﬁgg i§§P£§ﬂ§§m¥ﬂ%mﬁsﬁvv%§%nt vi ral

vector. In yepetgqq%pgﬁ@rexpression cassefte carrying a therapeutic product. Such a
polyvalent viral vector can further carry one or more additional therapeutic
products. An additional therapeutic product can be directed to ireaiment the same

15 conditions or symptoms related to the first therapeutic product, or to a different
indication. Where desired, a selected therapeutic gene product can be delivered to
modulate any reaction to the polyvalent viral vector.

In another embodiment, the polyvalent viral vector of the Invention

contains a heterologous expression cassette carrying a product which induces a

20 humoral and/or cytotoxic immune response to a target. Such a polyvalent viral
vector can further carry one or more additional such immunogenic products. This
second product can be directed to inducing an immune response to the target, or a
cross-reactive target. In another embodiment, the second product can be a
therapeutic product designed to treat symptoms associated with the underlying

25 condition. In still another embodiment, the second product can be an adjuvant for
another gene product delivered by the polyvalent viral vecior. In vet another
embodiment, the second product is a therapeutic product delivered to modulate

any reaction to the polyvalent viral vector.
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enbodi ment, the second product is a therapeutic product delivered to

nodul ate any reaction to the polyvalent viral vector. As used
herein, i mmune nodul ators include products that nodify the reaction of the
i mune syst'em e.g., to a viral vector. Exanples of immune nodul ators

i nclude, e.g., cytokines and interleukins. As used herein, suitable

i mmunonodul atory conpounds can include, e.g., 5 CTLA4 i nmunogl obul i n;
anti-CD4 anti bodi es; FK506; and interleukins (IL), including any of IL1-21,
e.g., IL-2, IL-3, IL-4, I1L-10, IL-12, ‘and I1L-18. For exanple, 1L-10 may be
useful in down- modubatsengerin, Demineantiaionf halutBpORYc GHRONSS mFas | i gand

may be useful | ~regul ati ng adenovirus-nediated T cell " responses.
10Sti |l ot her Ils‘egﬁtgg\é/?tehe “%W%%ﬁsl%%égo?o PIBYIHY- tyapplegedinpamed in a

C
pol yval ent vi rabdweatdichafe, & fecidinRninORierlbikigs, cOckt ai | cont ai ni ng one or

nore pol yvalent viral vectors of the invention, or in a reginmen involving
delivery of one or ‘o ‘?g‘?fwxﬁéqt@ﬁ?EHWLW&WOGQBWW%OWW%@& meladt.ie@n, will be

appar ent t & t hOBesOfmBhiigldbuiin sheDAhifdm Fhgd Eﬁfﬁ{éhmﬁ@%gi fyi cation.
15A. Pol yval ent. (?fc{.al Vectﬁr- Medi at ed_Del i very of Therapeuti %I ecul es
In one enmbodi MBALYE #Y PHel et velt-drls-alk 18di 19, stdi eld. tor humans

accordi ng to puithpished giek hads.40r eNSdAIBHAPY 10 A yliah pol yval ent vect or

carrying multiple heterol ogous expression con y be
20adni ni st er ed*¥Perss; fritigars mapbeafseibibldpws uspeaiteddémvaudhaliagi Takl v
conpati bl e soltiip8; or pharmaceutically acceptable delivery vehicle. A
suitabl e vehicle i1 ncludes sterile saline.. Oher aqueous and non-aqueous

i sotoni c dferile ifhjiéeotheomitgdt wnonsioand ragliesus handiveeniagueous sterile

cnown t ot hobgs of SR PR PEEH v 5 iy 25ASE] it e s pur pose,
polyvalent viral vectors of the invention, or in a regimen involving delivery of one
or more polyvalent viral vectors of the invention, will be apparent to those of skill
in the art from the present specification.
15 A.  Polyvalent Viral Vector-Mediated Delivery of Therapeutic
‘Molecules
In one embodiment, the polyvalent vectors are administered to
humans according to published methods for gene therapy. A viral polyvalent
vector carrying multiple heterologous expression control casseites may be
20 administered to a patient, preferably suspended in a biologically compatible
solution or pharmaceutically acceptable delivery vehicle. A suitable vehicle
includes sterile saline, Other aqueous and non-aqueous isotonic sterile injection
solutions and aqueous and non-aqueous sterile suspensions known to be
pharmaceuticaily acceptable carriers and well known to those of skill in the art
25 may be employed for this purpose, |
The polyvalent vectors are administered in sufficient amounts to
transduce the target cells and to provide sufficient levels of gene transfer and
expression to provide a therapeutic benefit without undue adverse or with
medically acceptable physiological effects, which can be determined by those

30 skilled in the medical arts. Conventional and pharmaceutically acceptable routes
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The pol yval ent vectors are adm nistered in sufficient anounts to transduce

the target cells and to provide sufficient |evels of gene transfer and

expression to provide a therapeutic benefit w thout undue adverse or with

medi cal | y accept abl e physi ol ogi cal effects, which can be determ ned by

t hose 30skilled in the nedical arts. Conventional and pharmaceutically

acceptable routes of adm nistration include, but are not limted to,

direct delivery to the retina and other intraocul ar delivery nethods,

direct delivery to the liver, inhalation, intranasal, intravenous,

i ntranuscul ar, ofisdmpattregiohelude dubutanediss jo, iditdraderamlo, ihd R&hAkng Or al and
. Routes of admnistration 5 may

ot her parenter d of .adm ni.stration.

be combi ned, i@ﬁ%é§#%§§§n%#%§ fﬁs0%%gﬁ%%@ﬂ&@ﬁ&@&ﬁ&ﬁ@ﬁwéwgﬁﬁ@ product or the
condi tion. Thenirgusa iofavatsnibsimatilen inni-aaell s}ﬁbléﬂtﬁhe@@d?ﬁﬂﬁdé}%af he nature
of the condithggﬂbegg% treated. .Dosages_of the viral 'vector will
depend pri mar ity ol RECEFE PETEH T EhY ABiHFEFion Beirpitduatadtior he age;
wei ght and Sheabdytbeabmbhed patidsead, or anddaa¥ydidis u%QM%%%eﬁé@H&cP&l%eem s. For
example, a therquuti ally effective adult hurman or veterinary dosage of
the viral vectBpigh g]&ﬁé? 1‘3P{?C#“’ﬁmﬁtF?é‘OFaH@éfﬂéffWﬁlldelmnébome 100 pithe t 0 about
100 nL of a cabfidigsn @iwdadNg concentrations of fromabout 1 x 106 to
about 1 x 1015 particles, about 1 x 1011 to 1 x 1013 particles, or about 1
x 109 to |x 1012 partiePsaeesyf figgiralpsetayesl deppdd rriamgéy defrerodi sngh mpon t he
size of the amid b 0 1.hi.st.ration. .For exa e, a
sui t abl e human g?hﬁégggﬁﬁéggmgbgggggP?%ﬁﬂ%%gﬁéﬁgﬁ% R e MR tLlf*gor

i ntranuscuPar viijaEeeg patiant. Far edepicangerapfutiaiudifedtive 4100 ht@aahout 5 X 1012

particles per ol ; i y . site .Optionally, multiple sites of

adni ni stration rr%aﬁ}g%(’sg%ﬂf?/g%\gﬁfvﬁ%ﬁ” és%‘fl%ﬁy ]é%gmp%‘f tja‘cp%?lfoé}bi@ human or
veterinary dogshgeatayl@@enl pf b bericrangeindly cal@btratbnX oA0d 2bQ: aoyt 1 x 201015
particles for_an oral}%prnulation skil.l in the art may adjust these

One,, of NS
doses, depend iy ¥He" FOUPBUTFS: &R h¥ P r & | 5A0" amdciener abrat apdltfoc or
vacci nal appl bxat't patifley vinki DBsabBewileeRRRENAR \iE&t t‘ﬂ% sir8 oBAPLOYEd. The
| evel s of fxpression of the therapeutic rodqc?, or tor art I nmunogen, the
| evel of &1 rcHedEs WytedH piBBiraticaiopes & opitailethonde bevatiriiert he fr equency

?f dosage 2 ?a&ﬂﬂg’&i (SdriaBéit QA 80 ¥ehniRbH & i%&ﬁggﬁarfh%gctggtiseﬁ] MyIN & he timng of
requency o about 1 x 10° to about 5 x 102 particles per mL, for a single site. Optionally,
multiple sites of administration may be delivered. In another example, a suitable
human or veterinary dosage may be in the range of about 1 x 10! to about Ix
20 10" particles for an oral formulation. One of skill in the art may adjust these
doses, depending the route of administration, and the therapeutic or vacecinal
application for which the recombinant vector is emploved. The levels of
expression of the therapsutic product, or for an immunogen, the level of
circulating antibody, can be monitored to determine the frequency of dosage
25 administration, Yet other methods for determining the timing of frequency of
administration will be readily apparent to one of skill in the art,
In one embodiment, a polyvalent viral vector contains a
heterologous expression cassette encoding a therapeutic product and a
heterologous expression cassette encoding an immune modulator. The selected

30 immune modulator is defined herein as an agent capable of inhibiting the
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adm nistration will be readily apparent to one of skill in the art. In one
enbodi nent, a polyvalent viral vector contains a heterol ogous expression
cassette encoding a therapeutic product and a het er ol ogous expressi on
cassette encoding an i mune nodul ator. The sel ected 30i mune nodul ator is
defined herein as an agent capable of inhibiting the formation of
neutralizing antibodi es directed agai nst the reconbi nant vector of this
invention or capable of inhibiting cytolytic T |ynphocyte (CTL) elimnation
of the vector, The imune nodul ator may interfere with the interactions

bet ween the T hehspier oﬁﬂﬂa&ﬁmng(a'ﬁhbocﬁdfs iett2) agatnﬁt Be e@bhSink debbi i t
neutralizing aptlbod 5fornation Altern t he i mmune nodul at or may

inhibit the i NP&FREYTGHT HBE QBmlh’rh’t&gl%D \élgwgocty@ &8R- b cur rence

of CTL el i m najritene@br. 1€ inehOhodAadhieiitrlfe wigehulnd-Arenerameyl ators and
dosages for use of sane are described, for exanple, in Yang et al., J.
Virol., 70(9) tpskptlper S&@gfe)@mwﬁfféa&ﬁa% Pk to Pl eﬂlﬂfalmm&%nti 6 No. WO

96/ 12406, publg,she Norativdi9 98 rgiggnélgg;{ggmt bli cati on No.
WO 96/ 26285. 1. Thefg%p'\%u?l chr?od%%:t Useful th eé%q%h?%g?%ﬁﬁh%@; encoded by

t he het er ol ogdasveexpmesss @ﬁ Q%é@tqﬁécq e P%d@empﬁﬁﬁé@laﬂmﬂgm ofvbh and

di ff tiat I

gr out h_hor mond ST eky LA Speh b T B e % P e aei g
factor (GRF), demkibéd e esmmlixaﬁamggermér»ﬁlﬂrel {TeSH) Sepltut ¥l6ixi Iziengtitrad none (LH),
Puman, chor | oniye. GONRIORORL My T0R 4o AREHLEE N AOAOLRE! LAY Or N, act or

(VEGF), angi opoiétins rostatin qran ﬁ ng factor
( GCSF) , enwthm@@ﬁﬂﬁmhﬂmbﬁﬁﬁb%Kb%ﬁhﬁ@ﬁ|ve tissue growh factor (CTGF), basic
fibroblast growth factor Q cuplc fibroblast growmh factor (aFG),
epi dermal growth factor" (E %Fapa“‘ roduct

Useful therapeutic products encoded by the heterologous

expression cassette include hormones and growth and differentiation factors
including, without limitation, insulin, glucagon, growth hormone (GH),

15 parathyroid hormone (PTH), growth hormone releasing factor (GRF), follicie
stimulating hormone (FSH), luteinizing hormone (LH), human chorionic
gonadotropin (hCG), vascular endothelial growth factor (VEGF), angiopoietins,
‘angiostatin, granuiocyte colony stimulating factor (GCSF), erythropoietin (EPO),
connective tissue growth factor (CTGE), basic fibroblast growth factor (bFGE),

20 acidic fibroblast growth factor (aFGE), epidermal growth factor (EGF),
transforming growth factor o (TGF ), platelet-derived growth factor (PDGE),
insulin growth factors 1 and II (IGF-I and IGF-II), any one of the transforming
growth factor superfamily, including TGF, activins, inhibins, or any of the bone
morphogenic proteins (BMP) BMPs 1-13, any one of the

o]
h

heregluin/nevregulin/ ARIA/neu differentiation factor (NDF) family of growth
factors, nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF),
neurotrophins NT-3 and NT-4/5, ciliary neurotrophic factor (CNTT), glial cell line
derived neurotrophic factor (GDNF), neurturin, agrin, any one of the family of
semaphorins/coliapsins, netrin-1 and netrin-2, hepatocyte growth factor (HGF),

30 ephrins, noggin, sonic hedgehog and tyrosine hydroxylase.



transformng gromh factor a (TG a), platelet-derived growh factor
(PDGF), insulin growh factors I and Il (IG~1 and I1G--11), any one of the
transform ng gromh factor superfamly, including TCE, activins, inhibins,
or any of the bone rnorphogenic proteins (BWP) BMPs 1-15, any one of the
her egl ui nf neuregal i n/ ARI A/ neu differentiation factor (NDF) family of growth
factors, nerve growh factor (NGF), brain-derived neurotrophic factor
(BDNF), neurotrophins NT-3 and NT-4/5, ciliary neurotrophic factor (cNTF),
glial cell line derived neurotrophic factor (GDNF), ncurturin, agrin, any
one of the famly of serrapho@dhétslseml geapsiotdscts ﬁﬁiﬂdﬁ@roleimdatm@ﬂdtd’l 2,

hepat ocyte growh factor soni ehog and
tyPOSI n)é hygr 6];(93,1%1518 sysiem mcludmg, out Pmltat g%}@&q 6fyn§)glﬂlgm?§r #uct s

i ncl ude prot elaﬂ&mézh@dporeﬁgm}ab)emttdm%umamnpu,syﬁltr@@ﬂmlst@@lbmgm Wi d hout
limtation, %tol ci nes and oki nes 2 ch as thronbop0| etl n (TPO)

i nterl eukins (412 Hrt-l- ltzﬁﬁé%ﬁ )I IPOQ%CYE‘? BRffrAgant @rotgge, levkppiay o4, | L-12
and I'L-1 8k, noRQYS %ct%h%%dﬁﬁ%%}té%%ﬁ)@ﬁag%rcgfoﬁ& @mmm%ﬁg%&blap% 1@311@' tory

factor, granul ocyte-macrophage col ony stinulatin fg factor, Fas |igand, tunor
necrosis fact G¥BOTAREIOSH REWFT @onsTicnpy o sism ed ReteraBieafil figaadp/ 0t 3 1 i gand.

Cene products d%@p%gﬁcgs d@m&a@ bl lt}?tmflﬁmﬁe@s@m AL B1s2h A %@é ?Hveﬁtﬂ) the

i nvention. These imtation, I mmunoglo IngG I gM
| gA, 1gD and ITgﬁe igddeewitiout imiiaogl wbukiogPulnsriafi Igéfﬂ IghtlpDedd BE, single

chain ant| bOdI Beri mqr%uno(lgﬂ%% SeHLtLrgéﬁmfi%rwm%ﬁ{els;\:ﬁu%ic an?gedoesof césli single

chain T cell rece 67 ecu wel | as
engi neer edJdi nmapigzlspd:bmhtrrts:f emlckeMp%drCsxmrglleehmhé‘scelllds:elfatuis gmeamfﬂﬁhsct s al so

i ncl ude conpl atory.proteins such a I atory

b ot o1 s, _menbrAHG TORHEoR T EE S e pdR e R ke R il Eeror (oa)
CR1, CF2 and Q&1 gehbpioiihdis gbdi@tlubsaidienganeopiaetysbsidsreiiude any one of
the receptors for the hornones rovthF factors, tokl nes, | ynphoki nes,
regul atory pr 6VBPIREEHE A al‘ﬁ‘fﬂﬁ@“’é&sfné ﬁP‘E)?‘gF‘%%‘"pr ’@(Wérﬁef’ﬁn enconpasses

receptors for ,&hrlest ekl (magyloghi om addobapdi ng the | ow density Iipoprotein
(LDL) receptor hi gh densMéB1 @gprot ein (FIDL) receptor, the very | ow
o

density Iilpoprotein (VLDL) epEht gengﬁﬁaoctuﬁ i enyete Hdept or . The

i nvention al sQ..enGoIRASSARmIRREBHAIHGES SHWEhASHBIHELS Qfudhe steroid
hornone receptor superfamly i ncluding gl dcocorticold réceptors and

estrogen I eceplogiiss, an/irpmasyPenasepnor Biegndnsoherconpesearcepecdpt ors. I n

addi tion, usezw;es&gme [aagyqﬁaudlﬁggéhygg‘;cg%]glgf@ggwgg@%&%@,I

asj un,fos , serumrespon nyb, MyoD 25
and nyogeni n, d&EF®; bpnpmt@nﬂéDhB ngezmrotheivﬂs Jovir E«E@iw E@IOtﬁnl‘}’EDLATFZ, ATF3,

ATF4, ZFS NLAT tcf‘RE%t e scavengerT EB% %1 %nl 1 also encc srs]f(:jl g, Pr OF el .ns’
i nt erferon re@ GrPAR: B ?acflor f P f)um)r i, 5“ETS- bi ndi ng

pr ot ei n, STATpm%TsﬂsanDXS ihémkrngl the mreidrlmxmmegecepﬁﬁa'@eﬁamﬁmdmituhﬁgf orl chead
famly Of w ngggocg%cgn r cregttc-rs ang estrogen receptors, Vitamin D receptors and other

nuclear receptors. In addition, useful gene products include transcription factors

such as jiim, fos, max, mad, seram response factor (SRF), AP-1, AP2, myb, MyoD

25  and myogenin, ETS-box containing proteins, TFE3, H2F, ATF1, ATF2, ATF3,

ATF4, ZF5, NFAT, CREB, HNF-~4, C/EBP, SP1, CCAAT-box binding proteins,

interferon regulation factor (IRF-1), Wilms tumer protein, ETS-binding protein,

STAT, GATA-box binding proteins, e.g., GATA-3, and the forkhead family of

“winged helix proteins.
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O her useful gene products include, carbanoyl synthetase |, omthine

t ranscar banyl ase, argi nosucci nate synt hetase, argi nosucci nate | yase,

argi nase, fumaryl acetacetate hydrol ase, phenyl al ani ne hydroxyl ase, al pha-1
antitrypsin, glucose-6-phosphatase, porphobilinogen deam nase, factor VIII,
factor ‘51 X, cystathi one beta-synthase, branched chain ketoacid

decar boxyl ase, al bum n, isoval eryl-coA del aydrogenase, propionyl CoA

car boxyl ase, nethyl mal onyl CoA nutase, glutaryl CoA dehydrogenase,

i nsulin, beta-glucosidase, pyruvate carboxyl ate, hepatic phosphoryl ase,
phosphoryl ase kinase, glyci n®tiecsthiqeyd pseuctHnPued, eirPamdyl By 48id; a cystic
fibrosis trans%@%rna@renre%ul t or é.CFTR. sequence, 10 and a dystrophin cDNA
sequence. Ot her useruf™§8 %“%?%u‘“d PRUCHBRG JEt Rt At trsasdinatolyesr r i ng
pol ypepti des, &lgﬁiﬂse@lﬁmﬁéﬁjriﬁ@tdcﬁat@hyd&yﬁéé,gh@@la}i’eﬁﬁﬁtﬂy@%ﬁiﬁygg}g&ﬁ
non-naturally o%ﬁur I n%u am no._aci d sequence containing I nsertions,
del eti ons or aPhSPHRiLesibePiephaashOmepiliagemseaninatenigpier ¥Haifrci@ngi neer ed
i mmunogl obut i N&X, eodihiBiobebdtDsaatd brah&e@%ﬁ&i@ik&oidm%gﬁ% %r%guenginpat lents.
O her types of. non-naturally occurring gene sequences | ncl ude aft i sense
mol ecul es and lé%YagﬂrX}tcioé dehrdrescasaciraRions ek casborylbszyrbsl, muthiyd ltoeoul d be
used to reducemPMes ExRk i r - luction _and/ or nodul ati on of
expression of a gen?ar%%ﬁ%?%?%ﬁ%%’ %ggfnfg%?g&fg%%ﬁfergﬁuﬁ@ﬁt of

hyper prol i f er @ RPEYIg6EnfiERcorhssrbREase trdpinhery idsy kinyperipeiod ddeamatjing, 20cel | s,
as are cancer PSOLLAST S wydal . tides incl t hose

pol ypept i des V\S[/?]T}g% ng’flg[j%?%%Eg}é%@gggo%ﬁg%%ﬁ%&é?mﬁ g‘ﬁ%&rﬁggs%ﬁi?ﬁéw%mﬁﬂ

hypei pr ol i ¥ler sl gdygwphy BV comparced to normal cells. Target antigens

i ncl ude pol ypepti des encode Q enes such as b, nyc, fyn, and the
transl ocati on gene bcr/ abl, d?tggr,mésﬁfc)%nﬁgﬁo,duﬁéﬁfc%? }%EW@@R‘P?{‘Wﬁgaddi tion
to oncogene probuetislcasudhar gimefinbi IGOAS polyds@Rts 1%5&%'3)41@@%%@%1? for
anti-cancer treatnents and. protective regi mens include variable regions of
anti bodi es mads By EBEEP F“P%?bﬁ%?ﬁﬁ%m%lﬁwgﬁﬁf%% deleiéqzs onamiop adidcel |
receptors of Tuimehdiohsy MohemBHMIhEBchiif SRR -ATRRMLSBNMSns 8.8 & SO used as

target anti.gens faor autoi mune disease. Ot her tunor-associated polypeptides
can be used ad Uy ET ARt RIERISEE PRtgEs pDliyppes cfesnwhichiyar e found at
hi gher ocourring gene sequences include antisense molecules and catalytic nucleic acids,

such as ribozymes, which could be used to reduce overexpreésion of a target.
Reduction and/or modulation of expression of a gene are particularly desirable for
treatment of hyperproliferative conditions characterized by hyperproliferating

20 cells, as are cancers and psoriasis. Target polypeptides inchude those polypeptides
which are produced exclusively or at higher levels in hyperproliferative cells as
compared to normal cells. Target antigens include polypeptides encoded by
oncogenes such as myb, mye, fyn, and the translocation gene ber/abl, ras, sre, P33,
neu, itk and EGRF. In addition to oncogene products as target antigens, target

25 polypeptides for anti-cancer treatments and protective regimens include variable
regions of antibodies made by B cell lymphomas and variabie regions of T cell
receptors of T ceil lymphomas which, in some embo&iments, are also used as
target antigens for autoimmune disease. Other tumotr-associéted polypeptides can

be used as target polypeptides such as polypeptides which are found at higher
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| evel s in tunor cells including the poiypeptide recognized by nonocl onal
anti body 17-1A and fol ate bi ndi ng pol ypepti des. O her
sui t abl e therapeutic pol ypeptides and proteins include those which nay be
useful. for treating individuals suffering from autoi mune 5di seases and

di sorders by conferring a broad based protective i mmune response agai nst
targets that are associated wth autoinmunity including cell receptors and
cells which produce self-directed antibodies. T cell nediated autoirnnune
di seases include rheumatoid arthritis (RA), multiple sclerosis (M),

Sj Ogrerfs syndsefEn ngad-eoldagidng thasollypaptide pengent] beinadbetiesalnel | it us

(1 DDV, autoi ne 10 thyroiditis, reactive arthritis, ankyl osing
spondylitis, gg%@ﬁﬁdgﬂﬁh?ﬁﬁgﬁﬁﬁV@gﬁﬁPE?mﬁEPﬁatonyositis, psori asi s,
vasculitis, \\egener's granul om@isesibse thedaphific polbeRidseandpebitthepeabis ve
colitis. Each of these diseases is characterized by T cell receptors (TCRs)

that bind to éWtoydHBmRYAsEFYEHe BRERY Hetidel sthemefioafHatg Yy cascade

associ at ed swi i aut %id]mr%ﬁ%ﬁﬁt%g Al dReoRol WakeRtimtuhalesygst ors of the
invention are particularly well suited for therapeutic reginens in which

mul tipl e vir akgsedicagsdthaelrd seqoiaasl Wwih geeipnpmad instuslingselyessepred ané. g. , in
regi mens invol_ yi : i very SR ., WP i nation

regi nens invof%#ﬁ%négﬁ§®g¥§gﬁgﬁé%%Egugeﬁesqggggﬁ%?ggagggﬁgﬁ%talent Vi ral
Medi at ed Del i dsessenichidmimegsniderGere Ry odultipks sclerosis (MS), Sjogis pol yval ent
viral vectors of. the invention .nma . I j nogenj c
conpositions.Sﬂgnﬁg%amﬁgr%%h?mgﬁ“%ﬁ%%%%ﬁgﬁF%gggﬁ%ggﬁﬁﬁ%%ﬂggmggggﬁposition
to whi ch aol miprabiéasgiyve antitbody)lodng gehiiyitarscleedgmsa, poleyyafitxic T

25cell) response is mounted. to a pr.oduct delivered . the. i mmunogenic
conposi tion f ?W%NW%@”H@ﬂFW@?V’F@QQ%ﬁB ?ﬂéﬁﬁm§P5$§Fa§F9ﬂgH§FF te. The
present i nvenhi®OmcHERE DBSs. FpPbYMedk Aitkat [sahai@eiad by Makll eaeptegnt ai n in
any of its adenovirus sequence del etions firs terologous expressi on

3 . h
cassette encoﬁﬂﬁ&ﬂémﬁ@gﬁﬁ%ﬁx@ﬁ%ﬂﬁﬁﬁ@ﬁ@mfﬁiuﬂﬁwy BIERERAYAF26%E or can
further contahg,a.08t84eLeEoN:-3eXpE ession cassette encoding an adj uvant

for the i munogen, additional
15 The polyvalent viral vectors of the invention are
particularly well suited for therapeutic regimens in which multiple viral-mediated
deliveries of gene products is desired, e.g., in regimens involving redelivery of the
same product or in combination regimens involving delivery of other genes
- products.
20 B. Polyvalent Viral Mediated Delivery of Immunogenic Gene
Products
The polyvalent viral vectors of the invention may also be employed
as immunogenic compositions. As used herein, an immunogenic composition is a
composition to which a humoral (e.g., antibody) or cellular (e g., a cytotoxic T
25 cell) response is mounted to a product delivered by the immunogenic composition
following delivery to a mammal, and preferably a primate. The present invention
provides a polyvalent viral vector that can contain in any of its adenovirus
sequence deletions a first heterologous expression cassette encoding a desired
immunogen. The polyvalent viral vector can further contain a heterologous

30  expression cassette encoding an adjuvant for the immunogen, additional



i mmunogeni ¢ products, a therapeutic product, or a product that

down-regul ates an i nmune response to the polyvalent viral vector.

When t he polyval ent viral vector is a polyvalent adenoviral vector, suited
for use as a live reconbinant virus vaccine in different aninmal species 5
conpared to an adenovirus of human origin, but is not limted to such a
use. The reconbi nant pol yval ent viruses can be used as prophylactic or

t her apeuti c vacci nes agai nst any pathogen for which the antigen(s) crucial
for induction of an inmune response and able to limt the spread of the
pat hogen has béemunent pfddeds anterfpatoioeht, oh g pedN ths BYA (l:%%% & 1OSUCH
vacci nal (or otnger i Mmuno e@%ggg conposi tions -are fornulat eé n a suitable
del i very vehi cl'8R"NdFEUE P HECEBBGE VieEeloal |y, doses for the i mmunogenic
conposi tions are in the Waagge faiine6ialov&ofiok nihen LG §OIRosi tions.
The | evel s of imﬂal?i tg of the sef’ect ed gene, canp_bg rr%gi%?etgregiéﬁ%twgg%fet erm ne
the need, if aMy{BEbEFLEreombEARGMuAyacaie s didssmentimafspandsi body
15titers instheorSarddm aOMdnonals dPegs! ea-g&"-mr}; ] may, be desired.
Optional ly, a vaccinal conposition of the i nveﬁ?i%ﬁ%ﬁaﬁfﬁ%&aﬁ‘a‘? Fated to
contai n ot her EEMHPUMEhPAY V3o Vireenesn be uged aadjaphalatts; orshakbicbizer s, pH

adj usters, presgEMatiY8s «80dad, ike. component.s. are wel |l known to
those of skill in th& ‘vacc?gaé ggr%%}!f&@%ﬁlp%ée:%ﬁ%?n u‘ifP%?}f‘“%“a Hart®@ i ncl ude,
Wi t hout 201 i mi ¥Erune Fespeisp asbahisto lativihe spraxde lesphees hdsibBidadisand any

bi ol ogical ly i .act or uch as .cytokine, an interleukin, a chenokine,
a |igands, ang&og%syn}g@l @Qgﬁo)lr\r%’iig]aa‘ﬁ%%?% thereof Certain of these biologically
active factlors can be exjuchsaethd (o vibeOimn@mn@genidicBmBoi@sH.d or viral

vector. For e | such..an adj uvant, can be adm nistered with a primng
DNA vacci ne e)r%g% |}E§%d an Sﬁlrrﬁabl}egcgeﬁ‘lw’% V@HW&ﬁééeﬁcﬁé‘ﬁ%@PV@e‘ﬁew}:ﬁé@j dases fommune
response conpakeithiwinbfent &g e a&@i&iﬂ%@ﬁge@ﬁﬂﬁé@éb%_?%%?‘B{%f;@&in{? ng with a

DNA vacci ne encodi nt?Q t hﬁh ﬂti gen only. e polyvalent viral
vectors are adRPRIST®EFeds lvels elammupinnlobetsicstedmonmedn benattoied o an anount

of pol yval ent dviefgihe $hQ@GEQY ifiasy, abf RGLENEFAID | pistration to
transfect the desired cells a%d provirde Suﬁ??%%?ﬁ?@ﬁ%@ﬂ%ﬁ?ﬂ@éo% expr essi on

of the selldct dF 8k £ Ratiens! brpsienmmmizadeponsche ddfierde

Optionally, a vaccinal composition of the invention may be

formulated to contain other components, including, e.g. adjuvants, stabilizers, pH
adjusters, preservatives and the like. Such components are well known to those of
skill in the vaccine art. Examples of suitable adjuvants include, without
20 limitation, liposomes, alum, monophosphoryl lipid A, and any biologically active
factor, such as cytokine, an interleukin, a chemokine, a ligands, and optimally
combinations thereof. Certain of these biologically active factors can be
expressed i vivo, e.g., via a plasmid or viral vector. For example, such an
adjuvant can be administered with a priming DNA vaccine encoding an antigen fo
25 enbance the antigen-specific immune response compared with the immune
response generated upon priming with a DNA vaceine encoeding the antigen only.
The polyvalent viral vectors are administered in a "an
immunogenic amount”, that is, an amount of polyvalent viral vector is effective in
a route of administration to transfect the desired cells and provide sufficient leveis

30 of expression of the selected gene to induce an immune response. Where
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protective immnity is provided, the polyvalent viral vectors are

consi dered to be vaccine conpositions useful in preventing infection and/or
recurrent disease. Alternatively, or in addition, the vectors
of the invention may contain a gene encoding a peptide, polypeptlde or

prot éin which induces an 5 immune response to a sel ected i munogen. The

pol yval ent adenoviral vectors of this invention are expected to be highly
ef fi caci ous at inducing cytolytic T cells and anti bodies to the inserted
het er ol ogous antigenic protein expressed by the vector. For exanple,

i mrunogens may phescs® ietheety iy R6vided) BeipBlyyaoh: Mial & anpl es of
viral famlies a%alnst whi ch an |nnun§@gégponsg wgﬁﬁgﬂﬁgﬁ%g%ﬁﬁgbfﬁ i ncl ude,

t he plcornaV|ru@lFﬁﬁ@?@”ﬁ%ﬁFEﬁﬁﬂﬁbpﬁﬁ@§ngﬁ@mg@méﬁﬁnnhmn©Muhw$ﬁs which are

responsi bl e for about 5Q9eatiica f%ﬁ%dki@ﬁ HOVIRR ﬁﬁkgmvexg@ enera

enteroviruses, which include polioviruses, coxsackievir %chovi r uses,
and human ent ef GV} Li8@e eé“tﬂ?ﬁlg@eﬁwamlm@@ﬂ# oiprofsin véneh infiecgener a

apt hovi r uses, M@&&ﬁréﬁéken{§§ﬂ£ﬂ%'Bkﬁn&% iﬁ%%%@%ﬁg@ﬂ@ggwg%ﬁ%ﬁ%ﬁ%% vi ruses,

primarily in non-human ani mal s
t ar get ant|geﬁ@“ﬂﬁ@ﬂh@bﬂﬁﬁQEVEiwEvﬁ@ﬁﬂw@%¢mmﬁmatmQMnm&&&dmem$§% viral

of viluses, whroh Sraan | hobrEareokely pide S ER or repamhe O

of viruses, which are an inportan
gastroenterltﬂ§cw5illl another viral famly desirable for use in 20

targeting antigens for F&q%%nﬁgi nmune res?gnses i n. humans and non- human

animals is the togavirus®famday, "Whres™F mel Gusdedtwgrgenaristatiphaii r us,

whi ch i ncllde f@nmdbl%campiassé&ml Rosisi & ageistwitistSan 1%91;1%«%@%&&?%{?1@ prastem &
Western EqU|n%£§ i ncl udi ng 'a virus. The

EF i‘i and ru i virus
flaviviridae famty THE u%%gwaﬁﬂﬁﬂﬁ Ay, (Mghflesledes tipppanegenenoeshal i ti s,

St. Louis ence@hﬂmwdmgxﬁﬁbﬁm&n%b&@oﬂﬂﬁQ%mQ@Pﬁ@@?%hbh%mHHBuses Q her target
antigens may be %enerated fromthe Hepatitis C [se . U&?Publ i shed

Pat ent Appl i c&FORINGS: Vighingale i s0BistsOets@kRO0BYEs, L5 2002/ 081568 (Jun 27,

2002)] or t he hGR&DRR b FHS nﬁalégw Whi. C Qa.nunber. o n hu
vi ruses s%gh as infectious broﬁchltlsgg?%ﬁgh?%%ﬁ eHEBEB8P§§ ich
i

transm ssitbl earﬁégsp?lggﬁq BE fqot GG meuty gisedses, pomailnén non-human animals.
Within the picornavirus family of viruses, target antigens include the VP1, VP2

VP3, VP4, and VPG. Another viral family includes the caleivirus family, which
encompasses the Norwalk group of viruses, which are an lmportant causative
agent of epidemic gastroenteritis. Still another viral family desirable for use in
20 targeting antigens for inducing immune responses in humans and non-human
animals is the togavirus family, which includes the genera alphavirus, which
include Sindbis viruses, RossRiver virus, and Venezuelan, Eastern & Western
Equine encephalitis, and rubivirug, including Rubella virus. The flaviviridae
family includes dengue, yeliow fever, Japanese encephéiitis, St. Louis encephalitis
25 and tick borne encephalitis viruses, Qther target antigens may be generated from
the Hepatitis C [see, e.g., US Published Patent Application No. US 2003/190606
(Oct 9, 2003); TS 2002/081568 (Jun 27, 20023} or the coronavirus family, which
includes a number of nen-human viruses such as infectious bronchitis virus
{poultry), porcine fransmissible gastroenteric virus (pig). porcine

30 hemagglutinating encephalomyelitis virus (pig), feline infections peritonitis virus



30hemaggl uti nati ng encephal omyelitis virus (pig), feline infectious
peritonitis virus (cats), feline enteric coronavirus (cat), canine
coronavirus (dog), and hunman respiratory coronaviruses, which nmay cause the
common. cold and/or non-A, B or C hepatitis, and the putative causative
agent of sudden acute respiratory syndrome (SARS). Wthin the coronavirus
famly, target antigens include the El (also called 5Mor matrix protein),
E2 (also called S or Spike protein), E3 (also called HE or
hemaggl uti n-el terose) glycoprotein (not present in all coronaviruses), or N

(nucl eocapsi d) (caS}, iftline@hiags c@biavgensataynibecdrahfehedo 202l he
r habdovirus fam | i.ncl udes the genera vesiculovirus (e.g.,

whi ch
Vesi cul ar St omBtT &Y RPPRY UsSnduPhBay eves Se crygwaveldasd/omcg:-A, B abi es) .

L0, e, Ptk LA T L GE o

G protein or t otein, The faml

henor r hagi ¢ fe&gx%‘ﬁgf&é’ééh%{i?&m”é}@sl‘ﬁﬁﬁﬁhﬁ@g@ﬁdﬁﬁu@lm}zﬁé tha ] (aley cddled a

sui tabl e sour cgl @hant L 9ens. 1ol R B f.am i nclu

par ai nfl uenza Vir usa Ty%e {121?’ pa(lrgg?ﬁ ,{egéwnoggﬁt}“}iegﬁoste@y%gey%fo' %Jé?ﬂdﬁé or

par ai nf | uenza WrPEgU pléerase) glitautasii fues plerumpsalMickdisyiruspar @iNf | uenza Vi rus

T 2, 15 { I T tle di i hi ck

et pest oy T ROR, Sl e e i RS Ratrtoan ot enper . aind
pneurovi r uls : vfw}:dh VWil iude@:f I:]}ngahﬂ_atfeﬂiqmmgyi g.ar esiéh!ai:@%)mﬁﬁﬁs ifﬂlf‘té){-le BIZ a
virus is clas in. the famly orthomyxovirus and is a suftable
source of ant ?%leFh%%gl\.%gr&,nystsﬁvémﬁﬁ'%TTS’I?%?)n%ﬂl“l‘é irhabAestias familyThistablany avi r us
fam |y i nclfudestigchergehedaidliiyavha® p2@¢ical idor phaieneephglj tis, La

Crosse), phlebovirus (R ft Valley Fever), hantavirus (purerala is a
91? &ée,sérf,ncth%{nlc}#lg

hemahagi n fever: Vird ?Fihr%ié’m(‘?@é‘i OB Vg pehdis dealie) amhBoolar i ous

unassi gned bunrgay infay$es suilddR Bied apdniidsnsi ank #)_éfarﬂﬁ%\{/irgseémﬁ ?ﬁ%ﬁ{% ce of
antigens against. LCM and Lassa fever virus. The reovirus fam Yy includes
the genera r eBWJP%}g?nZP UEY I YRR, PRRIEHerFages Tarait. dogaspardsfiteard ti s in
CTror e 2o SO e O i (R gt ever Laborns
15" parainfluenza virus Type 4, Newcastle disease virus (chickens), rinderpest,
morbillivirus, which includes measles and canine distemper, and pneumovirus,
which includes respiratory syneytial virus. The influenza virus is classified within
the family orthomyxovirus and is a suitable source of antigen (e.g., the HA
protein, the N1 protein). The bunyavirus family includes the genera bunyavirus
20 (California encephalitis, La Crosse), phlebovirus (Rift Valley Fever), hantavirus
(puremala is a hemahagin fever virus), nairovirus (Nairobi sheep disease) and
various unassigned bungaviruses. The arenavirus family provides a source of
antigens against LCM and Lassa fever virus. The reovirus family includes the
gencra reovirus, rotavirus (which causes acute gastroenteritis in children),
25 orbiviruses, and cultivirus (Colorado Tick fever, Lebombo (humans), equine
encephalosis, blue tongue),
The retrovirus family includes the sub-family oncorivirinal which
encompasses such human and veterinary diseases as faline leukemia virus, HTLVI
and HTLVIL Ientivirinal {(which includes human immunodeficiency virus (HIV),

30 simian immunodeficiency virus (SIV), feline immunodeficiency virus (FIV),
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The retrovirus famly includes the sub-fam |y oncorivirinal which
enconpasses such human and veterinary di seases as feline | eukem a virus,
HTLVI and HTL VII, lemvirinal (which includes human i mmunodefi ci ency virus
(W) ,.-30si mi an i munodeficiency virus (SIV), feline inmmnodeficiency virus
(FI'V), - equine infectious anem a virus, and spumavirinal). Anong the

| entiviruses, many suitable antigens have been described and can readily be
sel ected. Exanples of suitable rint and STY antigens include, wthout
limtation the gag, pol, Vif. Vpx, VPR Env, Tat, Nef, and Rev proteins, as

wel | as vari ougufnk ageoEblSankher @ak, dnekpurdv@xalplaenons Widiehheufdagpent s of the
Env protein may, include any of its subunits such as the gp 120, gpl60,

gp4l, or smal |61 WYFERDEVe brsp deFribel g cangradity Yesgigeteq poxammesafi no aci ds

in |ength. Sind}and vy flagrentse@inddie daloPhalain Bkbs, selkegted. [ See,
US Patent 5,891,994 and US Patént 6,193,981.] See, alsoO, the H'V'and SIV

prot ei ns descriiBednynl45N¢l BdRsuertans. as wellas whiped fragnegE3)er@46Pe2467

10( March 2Q01) d Rk " L ; .. 89- ril 2001).
In anothergexéﬁ%ﬁ@fsgﬁe H eﬁkﬂé&ﬁéﬁ%yé%%&g%%gé%%%éﬁggfgﬁﬁéggﬁ&peptides may
be used to forsmtfasshiecgylph.epeitagpdr comrdler irrpmenodentd, apl| efoules. See, e.g.,
the H V-1 Tat Iqr.: Nef . f usj pLot-ei ns..and | ni.zati.on regi mens
described in Fh&gﬁnaﬂygﬁgFubgggﬁtg%&%?ﬁt%%?%ﬁhgg?w PEATE AT © publ i shed
August 2, 200%kgleand [3&d, DiSdrateat 589109 94Rat 1%t PakRubb il 8898 10N SO M) 129/ 16884,
publ i shed Apri/l.. 8, 9. The inyventi LS not ljmte he HV_and/or SW
i Mmunogeni ¢ pﬁhYéPﬂ&Rngﬁ@Ef?a%¥E@5§§?€Béﬁ?ﬁ@?éLﬁ?éqﬁwggéﬁgﬁ@ﬁ¥ﬁa variety
of nodifiqati ersrchQothese HROAghaScthas haemadescrd @egropogould readily be
made by one of skill in the art. See, e.g., the nodi ieq@?ag protein that

i s described PROSSeEMRdnthaELY iy SI¥ dgmipggepi@roternysy pepiegawybed H vV

and/ or SI'V i MyuRQgens B A8l Y@EEchnalnBRS: OholkAi&ORBE Nat ignduch
conbi nati ons may .include expression froma single vector or fromnmnultiple

vect ors. 1 Tepwidon el {psioa mertvies andompioneiarresmgny drveited idel i very of one
or DT € eXPr e | AMAAGENS ki ekl ST« Ab ANGAK ARLE Df)hhg MMUnogens
0 ssed i n

in 25protein rm Such conbinations are disc re detalrl bel ow
The papovad§i r igerhetivnklyPaientPuidiestionite WEhe¥ b4 .ypuplddhydnmi §,088% TBKU and | CU

el gnant pr oyt AR AT OB L AR 1 G e b RRE "t  gens
and co nb! nat i oesritdddesof Ihaddtiteenvades of inb&ticaiSeetn tiesg protelidB Haw b¢dns hgad
2oeLy 2 on DBy Z008LAEOASR A AR08, LS topL ot o o
fam |y incl udesdied dsesoteithat ATescrRDin 08 Batpnty, GJ97C 806 eRr@s kfiat or y
di sease angl of 208 BV bidor HSBRhyeot T bd &hvela biSnd O Ramb S

Such combinations may include expression from a single vector or from multiple

vectors.

Optionally, another combination may involve delivery of one or more
expressed immunogens with delivery of one or more of the immunogens in
25 protein form. Such combinations are discussed in more detail below.

The papovavirus family includes the sub-family polyomaviruses (BKU and JCU

viruses) and the sub-family papillomavirus {associated with cancers or malignant

progression of papilloma). For example, papillomaviras antigens and

combinations thereof have been described. See, e.g., US Published Application



5(feline enteritis), feline panl eucopeniavirus, canine parvovirus, and
porci ne parvovirus. The herpesvirus famly includes the sub-famly

al phaher pesvi ri nae, whi ch enconpasses the genera sinpl exvirus (HSVI,
HSVI1)., varicellovirus. (pseudorabies, varicella zoster) and the sub-famly
bet aherpes-virinae, which includes the genera cytonegal ovirus (HCW,

mur omegal ovirus) and the 10 sub-fam |y gammaher pesvirinae, which includes
t he genera | ynphocryptovirus, EBV (Burlcitts |ynphoma), infectious
rhinotracheitis, Marek's disease virus, and rhadi novirus. The poxvirus

fam Iy incl udeNd ben3sioi Sl ¥ 0.CI08 dORDOY i N aG 1 MLE %@%@ ses the
genera orthopozélrus vari ol a %Snal£$ox) and Vaccli nra 8 wpox)),
par apoxvi rus, avipoxRAUFlSS fEst NpdxdA2rad4, | epori poxvi rus, sui poxvirus,

15and the sub-fam | ynenkasmoxulifyRaics Theabanadnayiays § ailx,i nol udes the
Icn ma

Hepatitis B virus. One unclassified virus e 'sul't @ source of
antigens is th&URFARTAGE dgease and/pransritist Thel paptolvins fairlalfel 80 e oG TRY

include avian i@fiechious ﬁyﬁéé%yéyz S\ rus and porcine respiratory and
reproductive syndrone vﬁfus. he dﬁ%ﬁ%&?FU%%F55$V?9¥W%FH§§§m@ﬁUine
arteritis viruBEndruyaf hadipspe OB depiiaintiuis thd subsesily alphaherpesvirinae, The
present inventign, nARY.ALS9. &N OIRAsSS i mun ﬁﬁﬁ} h are useful to
i muni ze a hunman or ngﬁfﬁd%anganfﬁ%?pgﬁg?%§?§gﬁ rléaﬁﬁﬁﬂéﬁguﬁncluding
bacteria, fungipseudambiss viageatih cosony ganhsys-foniiyubhieekinhar whaRasi tes which
i nfect human %ﬂﬁ Q%Qﬁh%gg%cverte rate%, §$[front a cancer cell or 25tunor
cel | . Exanpl es of bacterral’ BEFHDYeHs vy aargmrbyany engiam positi ve
cocci incl Ude pidunideamanihegienfiiiyle0eBiok incinafith 8 b&RRN 9B GH i Ralhogeni ¢
gran}negatlve}§§§%$ lncky%gﬁnenhgggcoccus; génpcoccu§..Pat ogeni’c enteric
gram negat i ve | W“#? SRR Ak BB%@F@FP giaehlagkeuliromoass, and
aC|netopacternﬁm&mﬁhabrnﬁ&%khﬂﬁfﬁﬁﬁﬁ?&ﬂ@&&&émEQEHHQS%ﬁﬁio§%¥z%lla;
haenophi | us; noraxella; H= 30ducreyi (which causes” chan rold) = brucel | a;
Frani sel | a t ulSHEnSremparfisd seaers eghonouyiasdiemgla (Sreallpbri ad (padtieur el | a) ;
st rept obaci | | ys,ps) '5@g9g§u§gq bk 1oL LR ositi.ve bacilli include
listeria nnnocytogenLg;_erysiﬁelgﬁﬁiii Pt Te CHPOXVITUS, sulpoxvirus,
15 and the sub-family entomopoxvirinae, The hepadnavirus family includes the
Hepatitis B virus. One unclassified virus which may be suitable source of
antigens is the Hepatitis delta virus. Still other viral sources may include avian
infectious bursal disease virus and porcine respiratory and reproductive syndrome
virus. The alphavirus family includes equine arteritis virus and various
20 Enpcephalitis viruses.
The present invention may also encompass immuno gens
which are useful to immunize a human or non-human animal against other
pathogens including bacteria, fungi, parasitic microorganisms or multicellular
parasites which infect human and non-human vertebrates, or from a cancer cell or
25 tumor cell. Exampies of bacterial pathogens include pathogenic gram-positive
coccl include pneumococet; staphylococet; and streptococci. Pathogenic
gram-negative cocci include meningocoecus; gonococeus. Pathogenic enteric
gram-negative bacilli include enterobacteriaceae; pseudomonas, acinetobacteria

and eikenella; melioidosis; salmonella; shigelia; haemophilus; moraxella; &

30 ducreyi (which causes chancroid); brucella; Franisella tularensis {which causes
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rhusi opat hi ae; Corynebacterium di phtheria (di phtheria); cholera; B.
anthracis (anthrax); donovanosis (granuloma inguinale); and bartonell osis.
Di seases caused 5by pat hogeni ¢ anaerobi c bacteria include tetanus;
botuli.sm other clostridia; tuberculosis; |eprosy; and other mycobacteri a.
Pat hogeni ¢ spirochetal diseases include syphilis; treponematoses: yaws,

pi nta and endenic syphilis; and | eptospirosis. Qher infections caused by
hi gher pat hogen bacteria and pat hogeni c fungi include actinonycosis;
nocar di osi s; cryptococcosis, blastonycosis, 10histoplasnosis and

cocci di oi donycosirepiak aadinii @siarcias pesgidatios SonBRSIUGOEIAG0S] S;

sporotrichosi s; RALAcOcal dho'dﬂ glosi S, petriellidiosis, torul opsosis,

nycet oma and chrondmyeosre: " B HEFHaropRioees: crsiekletrisi a' i nfecti ons

i ncl ude Typhusrhhﬁu;mthiad,?mk}yze&@wﬁﬁzﬂzicﬁ};fﬁ]ﬂg@zfag@i@hﬂl@ﬂe@[czther; OV &t BN

Ri ckettsi al pox %ﬁg’% es of mycopl asma and chl anydi al 1'nfections include:
15 nycopl asma %‘ﬂ Oﬁ%‘fan?%%ﬁﬁblf@ﬁéﬂ%‘ﬁ”&l%@ﬁérbélﬁﬂﬂeﬂfpﬁsﬁi- tRiseeessicaysednd
perinatal chl apygdiketohectobRNgeeRAhNageRiGue kAL L 8%, gﬁ%‘ﬁﬁﬁass pat hogeni ¢
protozoans and hel m nths and infections pr oduced ther e y i ncl ude:

anebi asi s; mal HPireplosis leopmarmnd sihsr myqopacieres dieitmebrse stioxiop dmmsi s;
Pneun2ocysti s ig@ il . o} g b .babesi osi.s; giardiasis;
trichinosis; fil gbﬁggggkqgwgta%g%ﬁﬁ@a%ﬁg% 6%@’§ﬁ§1tg’raélfjmt odes or
flukes; and cegttegbogs apbaonfptidnatestd bnisigher pathogen bacteria and pathMadye of t hese

or gani sms and/Qf.; t EXIL d reby have been jdentified by the
Centers for Di segése %%%t%ﬁg?%%&%c dE?éngaFrtyﬁté’ﬁ?cc?)sf‘S’ PRV Hunan Ser vi ces,
USA] , I as d@enthsstwiﬁﬁmwsihﬁ&écl'opci_ﬁie'rdf)inabosfsocandsms}snadsbh@iéﬁgg,ﬁﬁg attacks. For
exanpi e, some n%co}myec%sels; si;(?ro‘%%hc%?s; paar c%g}:iai’odcl)nqgcolélis,eﬁatrie?licdliosis?S

torulopsosis, mycetoma and chromomycosis; and dermatophytosis. Rickettsial

infections include Typhus fever, Rocky Mountain spotted fever, Q fever, and
Rickettsialpox. Examples of mycoplasma and chlamydial infections include:

15 mycoplasma pneumoniae; lymphogranuioma venereumn; psittacosis; and perinatal
chlamydial infections. Pathogenic eukaryotes encompass pathogenic protozoans
and helminths and infections produced thereby include: amebiasis; malaria;
leishmaniasis; trypanosomiasis; toxoplasmosis; Preumocystis carinii;, Trichans;
Toxoplasma gondii; babesiosis; giardiasis; trichinosis; filariasts; schistosomiasis;

20 nematodes; trematodes or flukes; and cestode {tapeworm) infections.

Many of these organisms and/or toxins produced thereby
have been identified by the Centers for Disease Control [{(CDC), Department of
Heath and Human Services, USA], as agents which have potential for use in
biological attacks. For example, some of these biological agents, inctude, Bacillus

25 anmthracis (anthrax), Clostridium botulinum and its toxin (botulism), Yersinia
pestis (plague), variola major (smallpox), Francisella tularensis (tularemia), and
viral hemorrhagic fevers [filoviruses (e.g., Ebola, Marburg], and arenaviruses
te.g., Lassa, Machupa)), all of which are currently classified as Category A
agents; Coxiella burnetti (Q fever); Brucella species (brucellosis), Burkholderia

30 mallei (glanders), Burkholderia pseudomallei (meloidosis), Ricinus communis and
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25anthracis (anthrax), dostridiumbotulinw and its toxin (botulism;
Yersinia pestis (plague), variola major (smallpox), Francisella tularensis
(tularem a), and viral henorrhagic fevers [filoviruses (e.g., Ebola,

Mar bur.g], and arenaviruses [e.g., Lassa, Machupo]), ad of which are
currently classified as Category A agents; Coxiella burnetti (Q fever);
Brucel | a species (brucellosis), Burkhol deria 30mallet (glanders),

Bur khol deri a pseudonal | ei (el oidosis), RCGnNUS COM Ini S and its toxin
(ricin toxin), Costridiumpecfringens and its toxin (epsilon toxin),

St aphyl ococcus ifs pei (esnamxdinl l@éisfrzah@fxpdﬁ‘ﬁ n{g@ﬁlst Q{d%@@@dn@(e@z}on%{ @”Zyd' a psi
ttact (psittac brio ch

g’?a ,%/lbc cr_u saf S#é, 0 (
Cryt ospori di umt parvum S‘lsi??ﬁ‘leﬁé" Gt "(‘F% EII“?‘érP’Ecé‘FnaB)péVﬂ/aZ?E&lﬁmfﬁacand viral

encephalitis (@sphmmu&£&, aRtyGhreatd MENEZYLD BRLISGHI halitis. eastern
equi ne encephail tis; a@rsn ggufie@ncezphal i t?’gg @9 %?fip\/\ir\pa% ”z)re
currently clas$i¥1'8& 55 ?@W@“‘B&"é‘@éﬁﬁ@é’lfalafﬁd@mﬁlpt&r(alvhmmamdg

hant avi ruses, Whicchelag @qu%érehé‘éjﬁhrhﬁﬁsféa%\%ﬁﬂ er% &g}n or nt s. In
addition, other org a?nl sns, which are so ass P or'd tI y
classified, me§PeBERERnelpf %@daﬁépwmﬂy@dlmmd @tﬂdtegalymmmggeaﬂdn the future.

It wll be remqiphﬂvgwﬁggﬁggﬁge abn &Q%u%é&fﬂa gwfmﬁ%ﬁq@%&ﬁé%@%ﬁrUCtS

described herein are useful to deliver
vi ruses, thei ring@ggifiag oger @tglﬂwm&;y&bmbc&m:sto&,laswlﬁe@hr ber%nt@»f EUEMRE4, 3 or treat

i nfection or Oéeh%nmﬁgéf i ursgcﬂ&% su %g pﬁ“xﬁt/ged%x %ﬁp Ea‘tv ﬂ}ggé@ggmﬁogens

Adm nistration of the vectors o

agai nst t heé vaimdetioed ﬂegih@mmifvecttdsrea@ Gt con@hicGidkscABed (IRNE L ESPONSE
CILs) to elimnate those 'Fce Is. In

i ncluding cyt G Al tes
rheumat oi d ar ??1 | 5 'Ig%\ %ﬁﬁéﬂréaélﬁgléi Yisesy deiraniies aretficoms of T-cel |

recept or (TCRsp)odmh'iscxhhlaHze;ﬂl;ﬁrmht/e@ld/ok&e&thﬁeéﬂoﬁ%%ﬁ char cterized.
These TCRs |n(1;h gmlegwalv 14, V-17 and Va-17. Thugi%\é&ﬁ?%gér}lﬁm% nucl ei c

aci d sequence agents.
- Administration of the vectors of the invention to deliver

15 immunogens against the variable region of the T cells elicit an Imrnune response
including cytotoxic T-lymphocytes (CTLs) to eliminate those T cells, In
theumatoid arthritis (RA), several specific variable regions of T-cell receptor
(TCRs) which are involved in the disease have been characterized. These TCRs
mclude V-3, V-14, V-17 and Vo-17. Thus, delivery of a mucleic acid sequence

20 that encodes at least one of these polypeptides will elicit an immune response that
will target T cells involved in RA. In multiple sclerosis (MS), several specific
variable regions of TCRs which are involved in the disease have been
characterized. These TCRs include V-7 and Va-10. ‘thus, delivery of 2 nucleic
acid sequence that encodes at least one of these polypeptides will elicit an immune

25 response that will target T cels involved in MS. In scleroderma, several specific
variable regions of TCRs which are involved in the disease have been
characterized. These TCRs include V-6, V-8, V-14 and Va-16, Vo-3 C, Vo-7,
Va-14, Va-15, Va-16, Vo-28 and Vo-12. Thus, delivery of a recombinant simian
adenovirus that encodes at least one of these polypeptides will elicit an immune

30 response that will target T cells involved in scleroderma.
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20 that encodes at | east one of these pol ypeptides will elicit an immune
response that will target T cells involved in RA In nmultiple sclerosis
(Ms), several specific variable regions of TCRs which are involved in the
di sease have been characterized, These TCRs include V-7 and Va-10. Thus,
delivery of a nucleic acid sequence that encodes at |east one of these
pol ypeptides will elicit an i mmune 25response that wll target T cells
involved in M5. In scleroderma, several specific variable regions of TCRs
which are involved in the di sease have been characterized. These TCRs

i nclude V-6, V-8, V-14 and Va-16, Va-3C, Va-7, Va-14, Va-15, Va-16, Va-28
an adenovirus that encodes

and Va.-12. Thus of a i hant s

at | east one of thesefgﬁ%%%%mgnﬁ i%rFﬁe§F99Wn%ﬁﬁ¢%mﬁﬁ@f@bresponse t hat
will target T amehbsrubeswed ﬂxedonms@neffeﬁlﬁﬁﬁmv pollN&ediQbL M NI, L3
illustrate the, clonln hﬁvmo val ent _adenoviruses an e constructlon
of exenpl ary po??ﬁ%néﬁ?ﬂﬁa% ?ﬁémﬁ%%¥%ﬂ§ﬁﬁﬁvemﬂ%@ﬁé&pwégemtmxnventlon.
These exanpl esscafeefiHelputsént atventgnonl y, and do not limt the S5scope of the
present invention. EXAMPLES As illustrated if Figs. 1 and 2,

chi npanzee adenovirus Pan9 based vector is constructed as a pol yval ent
transfer vectdﬂﬁ@megﬁging to the i nvention. 10A Construction of DNA

Mol ecul e with Movahl e Cassette Wth reference to Fig. 1, a
pl asm d backbone nsirged @Jlg@hl &l % shipipeszee hdenohirmPan? eec@dengyd r us Pan9

viral genone, cBawihBed & IpH oLeER otein marker (G P)
cassette |n the site ofﬁyﬁﬁakm Iﬁ% r%%ﬁg ?%Q?%%Kﬂé%@‘ﬂﬁvpne growt h hor none

pol yA, andYa partiél Eetectionof WAN@EMM?}IMO\E%SQM&@@ in nmore
detail in Internati OnalWPt@‘i‘eﬁf&IemP L&pb f:at pcfasml\gbacy\g%nzeov?a%/sgigc?gdzxﬂhzch

carries the chimpanzee adenovirus Pan9 viral genome, having a mutant green
fluorescent protein marker (GFP) cassette in the site of the Pan9 E1 gene region,
the bovine growth hormone polyA, and a partial E3-deletion. This plasmid is

15 described in more detail in International Patent Publication No, WO 2003/046124.

pPan9-pkGEP is digested with Avrll (Fig. 1A) to remove the E3
region of Pan 9 which is cloned into pSL1180 [obtained coxﬁmerciaﬂy from
Pharmacia), to form pSL1 180-Pan9-Avr{Il}, which contains the ampiciliin
resistance gene.

20 Plasmid RSV-Red? contains an RSV promoter, a lac promoter
driving the AsRed2 product (Lac-AsRed?), flanked by an I-Scel and PI-Pspl site,
followed by an SV40 PolyA. This pRSV-Red? plasmid was constructed by
clening the RSV promoter into a plasmid constructed from pUC19 and pkRFP
(Clontech). The pSL1180-Pan9-Avr(Il) plasmid was digested by Nrul (Fig 1B) to

25 release the Pan9 E3 fragment, pRSV-Red2 was digested with Pvull and Hpal (Fig.
1C) to release the I-Scel-RSV-lac-AsRed2-PI-Scel cassette and religated to form a
plasmid SL1180-Pan9-Avr(I)pkRFP, which contains the ampicillin resistence
gene, and the I-Scel-RSV-lac- AsRed2-PI-Scel cassetie in the site of the E3

region.
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pPan9- pkGFP is digested with Avrlil (Fig. 1A) to renove the E3 region of Pan
9 which is cloned into pSL1180 [ obtai ned commercially from Pharmacia], to
formpSL | 180-Pan9-Avr(l1), which contains the anmpicillin resistance gene.
20PI asm d RSV-Red2 contains an RSV pronoter, a Inc pronoter driving the
AsRed2 product (Lac-AsRed2), flanlced by an I-Scel and PI-Pspl site,

foll owed by an SV40 Pol yA. This pRSV-Red2 plasm d was constructed by
cloning the RSV pronoter into a plasm d constructed from pUCL9 and pl cRFP
(d ontech). The pSL1180-Pan9-Avr(11) piasm d was digested by Nrul (Fig 1B)
to 25 rel ease the Par& EQsd fea@imntom BRIV Rad2 i bgestied . LD, Pyul | and
Hpai (Fig. 10 e rel gase the .| - Scel - RSVlac%s%?ﬁE%%séggﬁP\éﬂa%ggae and
religated to form & ‘PI40H eorEi T8 HePapdvin epomediayiRER delstibic thoR ai ns t he
anpi ci I 1'i n resieglhanke. gentlio &b 3 - - AsRed2-Pl-5cel cassette
in the site of ‘téﬂ% %ﬁ ionm‘ e ’%ergsuﬁﬁ%lﬁsi%&r@%ﬁ‘frﬁeﬂﬁﬁ?’gbmthe Avrl |
di gestion of p]f-% -”‘g'l’g h’é‘s RAHe anabo el i 1§0-Rap-as il lEoPtaishinge t he Pan9
viral genone hdiyiskg vamde) BtEni ~ ion (Fi 1D); follow ng
religation, th g,r esul ti ng .Sffa%s%)%n?g&lgg?%{g?g%}ﬁgﬁ%‘gfe L APFRTrg the Thi s

pl asmid and t e PSP Gemman dheAl lappleRE P RFRsmhattea pene 0 ig est 6 Wirkdh Avr | |

(Fig. 1E) and gghd : or 100 1 ntai ning the G-P
reporter gene i%Et%n%gﬁaéﬁﬁf%é%@egh%ﬁgﬁg%ﬂ%&fg@g}‘ﬂ‘gﬁgggﬁéeiﬁﬁmﬁﬁ@‘ E3 | ocus.
The resul ting lcaishiprissing grlived opPam@ts(fEl)ecpkGRRrkE3) Rk ReFR By sl ecting

for col onies gﬁﬂ{%&w@ %(}Ae!h[lsc.)w, one selects for vectors expressing both the
green and red uor escen

proteins. 1 OThis design allows easy shuttle in

the anti geé® expression "ﬂasSﬁﬁgnaﬁoﬁméhsﬁ@ﬁwh%an@ig&%@ﬁ:%%p col.ony
sel ection of ragggrrbi nant S i%h w |l be suitable for hig TRy olighput
vector creatién: “ B O e PIERCYeypsieqing of reombimanis erhidtewtire

I n order to censbldsthigh peliywakebhotsansf er vector of the invention, a

first selected hetgrol ogous expressi on cassette is cloned into an
appropriate site im onstruction of Polyvalent Transfer Vector

In order to construct a polyvalent transfer vector of the invention, a
first selected heterologous expression cassette is cloned into an appropriate site in
a shuttle vector.

With reference to Fig. 2, this is illustrated by cloning “antigene 17
into a plasmid having multiple cloning site, selecting the site flanked by restriction
enzyme sites corresponding to those in the desired region of the DNA molecule
produced according to part A above, i.e., flanked by I-Ceul and PI-Scel sites.

A second heterologous expression cassette (antigene 2) is cloned
into an appropriate vector (e.g., pUC19-RSV) between I-Scel sites.

Foliowing digestion with the appropriate enzymes, vectors
containing the desired heterologous expression cassettes can be selected by
colorimetric means. More particularly, colonies expressing red upon excitation
with the appropriate wavelength of light indicate the presence of vectors in which
the movable cassette containing the GFP have been replaced with antigene 1, but
the movable cassefte containing the RFP has been retained. Colonies expressing
green upon excitation with the appropriate wavelength of light indicate the

presence of vectors in which the movable cassette containing the RFP has been

34



a shuttle vector. Wth reference to Fig. 2, this is illustrated by cloning
"arttigene |" into a plasmd having nultiple cloning site, selecting the
site flanked by restriction enzynme sites corresponding to those in the
desired region of the DNA nol ecul e produced according to part A above,

i.e.l, flanked by I-Ceul and PI-Scel sites. A second
het er ol ogous expressi on cassette (antigene 2) is cloned into an appropriate
vector (e.g., pl.JCl9-RS V) between |-Scei sites. Fol | owi ng

digestion with the appropriate enzynes, vectors containing the desired

het er ol ogous eﬂé{éua@ewi@lrmﬁgéﬁqt, L@ShGANBR cRebecthdihy, ﬁ@k}%@ihg?ﬁ{?hc means.
More particularly, colonjés expressing red upon eXC|%at|on wth'the

appropri at e wa¥éihgtplopes Fhigherreadviidicr reltplieseiicigibbl iect ors in which
the novabl e C%%@RbhéeQQO&QQEthﬁhgépfﬁgiE&%ﬁﬁas%qw&%%kg%%ghg%ﬁp antigen 1,

but the novabl e cassette contal ning been retain Col oni es
expressi ng gr eedvablgonssetiasihee ieomrepiacdd witehadppiogprsicapessvavekengt h of i ght
indicate the ppes wﬂkch t he noyabl cassgttggggntaining

\ rs. |
the RFP has been’%$§%F§%gé%&%$ﬁ%%ﬁﬁ|%%némem%ﬁ¥n hEGASGEBe SE tte
cont ai ni ng t heofFReltasinlfeerecioet ditieddvenG@oh.oni es whi ch appear white after
excitation with light of. the_appr iate vel ths for the P and RFP
i ndi cate vectors i ‘mhi%Hm%égHﬁﬁﬁggikga%ﬁﬁggﬁwgggﬁﬁ@é”ﬁ@%ﬁmﬁ | aced with
het er ol ogous awprgss cassenssel heggenldpsessnn sel ecting for the white
col oni es, one can rapi and curately select for polyval ent transfer
vectors of die inventigh&“@?ggggba%ﬁkf HCHOBFAF IR FET CEr it EE3) and
orientation ofoduk aNMEYENQEREDTEELL NN @B NrRMBIIESSIPR1/E3-deleted
| denti cal CW-hAI AT expressi on cassettes were cloned into El |ocus of

El - del et ed Paity ‘CaPsrEarifed hogronbiems Sanas ez boeing 6TAERLES- del eted C9
vector separ ayftYen: IRLwELORIERLRANY in%te\ﬂ'ilgl_tgﬁ%ZBE?g%ﬁéﬁ{iggen%-[ Lr.om different

|l oci were produced and injected into C57 mce Intravenousl’y at a 5dose
of 1x1011 pt sHpsPSéxl seahsral e anemas beedldtat dgps BddndstEepost gene

transfer and ggr ATl | E@E red for conparison, The data
reveal ed t hat %ﬁ#ﬁ%ﬁg%%@%gég§??égn1 %3%§%§%d§%f€g§%?%%Pﬁ§c§% | east 2 folds
hi gher than t kataléd bmil ATooyssse8éem FH geudyerd havalyanleag 2Fslaceigserof t he

i nvention hasﬂ%nﬁgp%ggﬁﬁqgcdu%g_golgr 10sel ection systemfor the
0] pé?yvaF At s

reconbi nants fono- or vector. Further, this

The cloning process of the invention has a convenient dual coler
10 selection system for the recombinants of mono- or polyvalent vector. Further, this
data demonstrates that there is no negative Jocus dependent effect on the transgene

eXpIession in simian adenovirus vectors.

All publications cited in this specification, and the sequence listing, are
incorporated herein by reference. While the invention has been described with
15 reference to particular embodiments, it will be appreciated that modifications can
be made without departing from the spirit of the iInvention. Such modifications

are intended to fall within the scope of the appended claims.
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data denonstrates that there is no negative |ocus dependent effect on the
transgene expression in siman adenovirus vectors. Al publications cited
in this specification, and the sequence listing, are incorpﬁkﬁgﬁ her ei n by
reference. Wiile the invention has been described wth 15refe eto
particul ar enbodi nents, it will be appreciated that nodifications can be
made wi t RbGtMdeparting fromthe spirit of the invention. Such nodifications
are intended to fall within the scope of the appended clains. MCSLLP
CLAIMS: 1. A plasmd conprising nucleic acid sequences from an adenovir al
genone to be backayelsintwonpnisadendeicrald speieness fepgan adenoviral genomg g) g
first nnv%ple cagfgéte Iecq%%'v&ﬂﬂalgirst site of an adenoviral genomc
sequence’ SAPHRF L0 FHEHETE L ESEE TS conpri sing nucleic acid sequences
conprising a firstaoetschabiée topoetientedéne fivd kicho femcddes iahgeexrpiessi on
product which is_djstingujshable by col or fggrqﬁ%é | i nked to.sequences that
Wil | di r 8EReERprEdEPgROPRESESTEC CHPRISHSVEGISE TAEEEPTE DI % hked by a -
first sefOfedkdife ffSidigehd QRicEBRLAB: i dPRsGONPRAtE vaficiaisrare restriction
enzyne site at the 5 end of the first novable cassette and a rare

restri ct disingivkyhiebsialer enerabhelited éhspapgncenbaf wilkdireqpvapisaor 45886t e; and
(b) a second abl : t j : Sl the adenoviral
genom ¢ %%ﬁﬁ%ﬁ%%?g%%ﬁg%§§§?ﬁ%“#%@%ﬁﬁg“%g§§§%?§9§%ﬁ%F%g?ﬁ%“E%c|eic acid
sequencesneRal ¢S5 mg restsasorndzget setalbics’ capof the firgeneablhicedicttorraddes an

Sequencesrrtin SHrPect el St ghietg St bR B UEi e Lasset te bel ng
flanked by a secong) $&to@f mbadbe: deshiE Icthied i SRy sisd dfase apnposed of a rare

restriction enzyne site at the 5 end of the second novable cassette and a
rare resgamowid SIS AR S65and vablsEaS e GHNIE P IEHRCEEASHIFCABPSH! e casset te;

wher ei n r i f.. Sal A o | & enicgene and
éogrﬂaéﬁp% gt?sg%cingrzleféﬁﬁgfé(}ép09t61 sl difidi Stodl@LECkARL S BRALE Rhicl

t he secon e e reporter gene are distinguishable from one another by
col or, is distingunishablatbgrcelon opérablf linktd taneguseess ot sell dofct capressta@st ri cti on

enzyne sites.di.ffer  said rare restriction enz | eSS sL N0 at | east
7 bases ﬁﬁo%gFﬂamgﬂéﬁC?ﬁ%F3§H€6ﬁ?%§%%H%?ﬁg“g§¥gﬁﬁgyfgﬁgg|onz]%%yne cuts

these si§@s anshstebther: fehecgenetiae shedment 5 ead by ivgeddrd rvivable genone or
other locations in the viral genope i Syt bi the(ggﬁ%ne and
wher ei n qaetRaR] die BEFIQBEIEHESE® éld% i €4 4t SCeRPEBREP TS i U%r t ed
term nal repeat SEGUERACHe AprassiGIGDAN: bLiRiPREKAIMADIERPAGLEnsIamRI N, and a
3' adenovins inverted termnal repeat sequence.
the second detectable reporter gene are distinguishable from one another by color,
wherein the first and second set of rare restriction enzyme sites differ, said
rare restriction enzyme sites comprising at least 7 bases and being such that a
corresponding rare restriction enzyme cuts these sites and neither the genetic element
carrying the viral genome or other locations in the viral genome 1s cut by the enzyme, and
wherein the nucleic acid sequences comprise a 5° adenovirus inverted

terminal repeat sequence, a 5 adenovirus packaging enhancer domain, and a 3’

adenovirus inverted terminal repeat sequence.

2. The plasmid according to claim 1, comprising more than two movable

cassettes flanked by different sets of rare restriction enzymes.
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2. The plasm d according to claiml, conprising nore than t\/\ﬁo@ygbl e
cassettes flanked by different sets of rare restriction enzyres. 3.
The plasm d according to claim1, wherein the first and second sites are

| ocated in different genes within the adenoviral 2NONE. . . The

pl asni d accordi ng &6 qusg}“ir?clc,or‘g\%‘i"éiﬁ]aﬁmﬁhgrﬁ?ﬁe?lst eggs a%dgsgeg)%ndi ot %ﬁé are

| ocat ed jon, i ff £F&0oh RRENBAUEcAS@ABEWInti n @ singl e region of the
adenoviral genone. 5. The plasm d according to claiml, wherein the
first and second sites are |located within a single open reading frane of a
gene of the agdenovir.al - 0. I ! Gobdi ddgs fre claiml,
wherei n the det ecﬁaelpéasrg]g%g&?girm t(gr?glsngalr’ ghﬁﬁ%égiamd%ﬁ%%sel ected fromthe
group CoRsisd innfffetnigipes neatlingdraass enthirpr oegé regioned thy adspedEéaopot ei n, and
bet a- gal act osi dase. 7. The plasm d according to any one of clains 1
to 6, wherein the 5 and 3' rare restriction enzyne sites in the first set,
the second sef or hRIMERY ScRfEnd BelSaTewandinahe firndependeidkyasel ect ed
fromthe group consisting of |.-Ceu I, PI-Sce |, Tevll, Bnol, and Dnol.

8. The ploagnd withineoininepangeating Free ofs gpaphibe peRsT2\dBP PN the 5 and 3
rare restriction enzyne sites in the first set differ fromone another and
are independently selected fromthe group consisting of I-Ceu I, PlI-Sce I,
Tevlil, Bnol, @nd [Felplasmid accoglindlloelspinds wheremcbo Aefrdigplt BPARY S6A% of cl ai ms

1to 7, wherein the 5' a 3' .rare restrijcti j - it he second
set diff¥f! dFB‘?‘HdSIPng %}ﬁ%{%&?‘?ﬁl the gmuplcﬁglgltk% Oggggkgn@%ﬁgg%ggéﬁﬁﬂg petdo any one of

clai ms 1lgt@ReQentWibial ndie-psd@iidasaci d sequences further conprise one or
nore adenovi rus genes selected fromthe group consisting of E2, a
functional portion of E2, E4 and adenovirus | ate genes. 11. The

plasmi d accordi ng 0 Ay 088 offinElodniBnd 6C:1%Rs 1Wb el Rhdteinliee §iang 8’ novabl e
cassette is |ocat eci i'n an adenovirus El region. 12. The plasmd
accor di ngrd estEnyoromeynt siésai tiee frst sst, 1E, seqme e % boResersidsPe siaMi% cassette

is located.in a enovi E4 . egl ON.nsisting of 18en INE-RlcaSTaAL, 86&Qr ding to
any one Yf 1@%]&?’%5&?? ?efkf,r‘risfrv%n&héei %Lﬁjhncgnﬁurngto novabl e cassetté is 1ocated in
t he adengyimss] E3 regi on. 14. A cell culture conprising cells

transfected with the plasm d according to any of clainms Ito 13.

8. The plasmid according to any one of claims I to 6, wherein the 5° and 3°
rare restriction enzyme sites in the first set differ from one another and are independently

selected from the group consisting of I-Ceu [, PI-Sce I, TevIl, Bmol, and DmolL

9. The plasmid according to any one of claims 1 to 7, wherein the 5° and 3°

rare restriction enzyme sites in the second set differ from one another.

10.  The plasmid according to any one of claims 1 to 9, wherein the nucleic
acid sequences further comprise one or more adenovirus genes selected from the group

consisting of E2, a functional portion of E2, E4 and adenovirus late genes,

11, The plasmid according to any one of claims 1 to 10, wherein the first

movable cassette is located in an adenovirus EI region.
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15. A method for generating a transfer vector, said nmethod coqyrising t he
steps of: (a) mxing, in the presence of the fi MeSlddt of
enzynmes, a plasmd according to any of clains 1 to 13 and a first nucleic

acid nol ecul e_conmprising a first heterol ogous expressjion. cassette
conprising a hucl ef® lﬁﬁﬁn&ﬁ%‘iﬂ]‘gﬁ%@ "é‘ﬁf@BBPﬁﬂa‘éﬂ% Q&’g@tw ?1"8@1}@? is“ifhder t he
control  gfovahit eQWIRLOIN s aHaNRend @t EaQ8dis0l S expression of the product,
wherei n sai d heterol ogous expression cassette is flanked by the first set
of restriction enzyne sites; (b) selecting for the absence of
e oL aet pet abh {IERALLEDdif: AAYIHEPLAR 05 160RhaLAIAANe {11 St

het er ol ogous €Xpr essi‘on casset €; (c) mixing, in the presence
of the seweoside setetefis Bozydasthe tdveophadifi dg@and a second nucl eic acid

nol ecul e conprising a second het erol ogous expression cassette conprising a
nucl ei ¢ acid sequence encoding a target product under the control of a

regul atory seguencg ctinatinSOn s o@% s BSEFQRAGHH e pREdUGEordaes ei n sai d
het er ol ogous expressi on cassette is flanked by the second set of rare

restrict ivreishpit teiies; and (d) selecting for the absence of
t he second detectable reporter to provide plasm ds containing the second
het er ol ogous expressi on cassette, t hereby providing a transfer

vect or cont ai M. ng Ametdddovianalatigen ommieowppi, siidgnahdd qogtpriexptlessi on
cassette in a first site and a second expression cassette in a second site
(e) cul tUM®y the transfer vector in the presence of sufficient viral
sequences to per mh) paeka hg pakedchef theansferofeagimds, & plhanidncadeingvi r al
capsid to forman infectious viral particle. .. 16, The met hod

accor di n§ % ob¢lain 119 134rd adirst npdgicpriddpolgeiecqmypising aisrhelsrolgess i s green

fl uoresc ' ; t Dot FeARich ed
fluoresCﬁﬂ%w%?%%%%ﬁg%ﬂﬁ$h@%%%%ﬁ%ﬁga%@g%%%ﬂ?i?g&%@%gt?%aclaiﬁ#?%% wher ei n

the fir sthesetrobpl erczylitsy bajugnceCel contenhdexpresgen of the product, yereiftraidret hod
accor di q%tetr ogcgﬁ\;s. eggli%ss?(];n gals&lttrer?s f%asnk\%\«/]g}))g ﬁl’e t‘fﬁg%%teéf{}?éﬂtf&ioﬁlreﬁ%ﬁu;eesritey'eCt or

conpri ses adenovi f sequéences in i rst expression cassette is
|l ocated in an adembyiclaasndtor tegibeamce of the first Betedthisle Mglbohtedtopedadadi ng to any

one of cl ai 15 to 17, wherein the transfer vector conprises adenoviral
sequenpé@wﬁggﬁﬁFﬁﬁmP%gmgﬁggﬁEﬂg%HWé§§F§ﬁ“@é§§@??e_is |l ocated in an _
adenovi rus E4 regi@mnixing, in thePreseh€ oMt BRUnAGG QL hAehek Ah&MsiRden@h cl ai ms
15 to 17, wherein the transfer vector conprises adenoviral sequences in

whi ch t fecadaopplgicaxjshaslsiun camraa eserend stuplogousexprresiotessiéer us E3
fegton. cgyilnipési%ggrﬁﬁ&g{c R RlenPl 8{1881&%? a0 NG bt B c[ﬁ'ﬁ%cﬁ%ga()f any one of
15 to 20. . st cefl ¢

cl ai ns 0 rising a transter vector
accor di nggutigo saquan2d that controls expression of the product, wherein said heterologous

expression cassette is flanked by the second set of rare restriction enzyme sites; and

(d) selecting for the absence of the second detectable reporter to provide
plasmids containing the second heterologous expression cassette,

thereby providing a transfer vector containing an adenoviral genome
comprising a first expression cassette in a first site and a second expression cassette in a
second site

(e) culturing the transfer vector in the presence of sufficient viral
sequences to permit packaging of the transfer vector into an adenoviral capsid to form an

infectious viral particle.



23. A nethod of generating a virus conprising the step of culturing the
transfer vector according to claim?21 in the presence of suffi%' nt viral
sequences to pernit packaging of the adenoviral genome int oM&R Lﬁf ectious
viral envel ope. 24. A vins produced according to the nethaod of claim 23.
16.  The method according to claim 15, wheretn the first detectable reporter
gene is green fluorescent protein and the second detectable reporter gene is red

{luorescent protein,

17.  The method according to claim 15, wherein the first set of enzymes is I-

Ceu I and PI-Sce L

8. The method according to any one of claims 15 to 17, wherein the transfer

vector comprises adenoviral sequences in which the first expression cassette is located in

an adenovirus El region.

19. The method according to any one of clatms 15 to 17, wherein the transfer
vector comprises adenoviral sequences in which the second expression cassette is Iocated

in an adenovirus B4 region.

20.  The method according to any one of claims 15 to 17, wherein the transfer

vector comprises adenoviral sequences in which the second expression cassette is located

in the adenovirus E3 region.

21. A transfer vector produced according to the method of any one of claims
15 to 20.
22. A host cell comprising a transfer vector according to claim 21.

23. A method of generating a virus comprising the step of culturing the
transfer vector according to claim 21 in the presence of sufficient viral sequences to

permit packaging of the adenoviral genome into an infectious viral envelope.

24, A virus produced according to the method of claim 23,

39



