SIMIAN ADENO VIRUS NUCLEIC ACID AND AMINO ACID SEQUENCES, VECTORS CONTAINING
SAME, AND METHODS OF USE 5 BACKGROUND OF THE INVENTION Adenovirus is a
double-stranded DNA virus with a genome size of about 36 Kilobases (kb), which has been widely
used for gene transfer applications due to its ability to achieve highly efficient gene transfer in a variety
of target tissues and large transgene capacity. Conventionally, El genes of adenovirus are deleted and
replaced with a 10transgene cassette consisting of the promoter of choice, cDNA sequence of the

gene of interest andsapaly: Arsiguet resuitingdnracentioationrsigiective yegombinantyitds.
Adenoviruses have a characteristic morpholo eg@? hedral ca sid consisting of three major
proteins, hexon (II),}5%1‘31W\T‘{ﬁa%91\(II’51I"$LI§DI}§]J f%ﬂ;% é\%ﬁi)%gfaﬁ&\}fv 5 number of other minor
proteins, VI, VIII, IX, Ma and IVa2 [\N C. Russell, J. 15 Gen Viral., 81:2573-2604 (Nov 2000)]. The
virus genome is a "%ﬁé %% - @termlnal protein attached covalently to the 5'
termini, which have % e repew he virus DNA is intimately associated with the
highly basic protein VII andcarsxﬁaus mm@ tetrmedt it Arotheriprotene ¢ siscpdekagéd with this
DNA-protein complex and iavides.a slustyraldinktedhs sansidnia RpgirilidL dhe.2Qviys also

contains a virus-encoded protease, which is necessary for, processing of some of the structural

proteins to produce AESHFE HEHBUS GRS T2REESHIBHIGN SRS eV EE b bEEI S cribed for
delivery of moleculestaiostoeltsiiSedy IS Ratent 81083|7t6ravhichddesriliesdhétigenome of two
chimpanzee adenovigjses, %M@&M@f@?ﬁ@m%@ areqmoresftactie yectomswhichavoid the

effect of pre- existing immunity to selecte enovirus serotypes in the population and/or which are
useful for repeat adi‘?ﬁ‘?f?ﬁ@ﬁ&r?ﬂﬁ&%ﬁﬁef%‘%%ngaﬂypgé%boﬁdif{fﬁ%‘iﬁé‘i?8ﬁ“bif‘?‘@cftﬁ‘r‘éd Summary of
the Invention 30The presekﬁenmmnwﬁ%pmw@e@memmwmme'w?amdcs&(m@amssmd amino acid
sequences of six S'%@Em‘x’ﬂé&lﬁ% MEEIOES GORIRAHM eﬁ%&?ﬁa ?H?Qﬁ;eém%ge‘&?%}m@ expressmg

simian adenovirus genes. Also provided are a number of methods for usmg}the vectors and cells of the

invention. The ARSHBHR %’f"cﬁ‘@“lrn%ﬁﬁ?fﬁ“i’ﬁvb?\/%t‘dlé%yénHBIoR% BletLvesidtedFustiotogous
gene(s) to a mammatiaipalieht ixs ddidinisie it A. vBctoiref theinviationaBéachliser-thedarious vector
constructs are deriyg from simianJathsthanfem.buan aeoovitiags. hr maLe.system of the

non-simian human or veterinary patient is not 5primed to respond immediatel y to the vector as a
foreign antigen. Us&BHaE %ﬁép%gffﬁ%ng B fivs W’é‘ﬁﬁﬁﬁ“ﬂ?ﬁ@ﬁéﬁ?ﬁﬁ?ﬁ‘ﬁ‘ﬁﬁeﬁémébé%f)ressmn of the
selected transgene phen A enitisterecbtotal nenesintian jatientise, of theeempositions of this
invention for vaccingfian:peimits eseniafiondl aselesiad ANaro auihe elictation ghprotective

immune responses. Without wishing to be bound Ig/t eory, the ability of the 10adenowruses of the
invention to trar. sdd’é@%ﬁﬁ%%‘ﬁ%@ﬁ&rﬁf&%@?@%dﬁ‘ p}’aifl"t?glﬁl%&%stﬁ’lé‘%?%%éﬁﬂweo‘ffthe
recombinant constrietsroftthe paventiontodncucean ifmaneviesponse. The recombinant simian

adenoviruses of this Invertion Mak-A1a8 A% SRLIOL NadeiRgAateiainge SRR Oglygts in vitro.

Such gene products are themselves useful in a variety for a variety of oses such as are described
herein. 15These arfd'6tii&s &nbaiaiheAts-aHa BueantagBesdhaseive %Wé}i*é“ﬁ@é’éﬁbed in more detail
below. Brief Descriptigiavot:tae Drawings Fig. 1 provides an alignment of the amino acid sequences of
the Li and a pgrtion 200f sid pr on of chi enovirus ClI
[SEQ ID NO: 1%% chlmparﬁ'kz}%grgclgegr%%/%ﬁstécgg % lgi%gggjﬁ%@mx YNO- ;”ﬁh g\ﬁo’&} ":‘ié efuf%ve gFEanS [SEQ ID
NO:15], Pan6 [SECH NG 18} ENE W%?TSWYBUN@WWF%HHFﬁ‘]bﬁ?ﬁ’é‘é‘%}ti@ﬁi&rlmgcéétfuences of the
invention. The inteivenirg-censentethregion s part obthe-pedastaddamainsanserved.between
adenovirus serotypes. 25Fig. 2 provides an alignment of the amino acid sequences of the fiber knob
domains of chimpanzee C68 (Pan-9) [SEQ ID NO:18], Pan-6 [SEQ ID NO:19], Pan-7 [SEQ ID NO:20],
and Pan-5 [SEQ |0 Nw@eam| dribethe #ilittan adenoviruses serotypes 2 [SEQ ID NO:22] and 5 [SEQ ID
NO:23]. 30 DEJAILED DEQGRIEF N6 ﬂﬁldEdHN‘quENcT h@&\lnuc eiclRe! iRventienprevigdesdgvel nucleic
acid and amino acid seguences ggpm A% Pan 1':'2 .10 L\IQ %-5 agd gldpAd Igar}p {SEQ ID NO:
5-8, 16, 19], and AT SE, rotype ulaf§ (3 D N ié which were grl‘aﬁnaTy isolated from
chimpanzee lympheigydesie ﬁl@é’#}éﬁ%llmé{aﬁ%@@%h‘?d@gﬁévﬁﬁél%bééﬁ%ﬁm%h@é‘ﬁd@n@wruses are
alternatively termegd hereinsQhq 08 anckf7respectively. Also provided are sequences from adenovirus
SV1 [SEQ ID NO: 24-28], which was originally isolated from the 5kidney cells of cynomolgus monicey.
The invention also provides sequences of



adenoviruses SV-25 [SEQ ID NO:29-33] and SV-39 [SEQ ID NO: 34-37], which were originally
isolated from rhesus monkey kidney cells. The present invention provides novel adenovirus vectors
and packaging cell lines to produce those vectors for use in the in vitro production of recombinant
proteins or 10fragments or other reagents. The invention further provides compositions for use in
delivering a heterologous molecule for therapeutic or vaccine purposes. Such therapeutic or vaccine
compositions contain the adenoviral vectors carrying an inserted heterologous molecule. In addition,
novel sequences of the invention are useful in providing the essential helper functions required for
production of recombinaHteaBrehisk 488G A A VP AR FIREESF S TS 545&85hvention provides
helper constructshsmethodssaneeeiblineswhich psethesedseguences vecsuchtpradiction methods.
The term "substagiia) Romelao,.fe.iRstanlal similanhy e (E/eHI0 R 3.AuslgiRACId or ragment

thereof; indicates ﬁ%atlfs\fcv en optimally aligned with appropriate nucleotide insertions or deletions with
another nucleic asfg @ rsEoRipRIEREFFEPAREN POTHRAS SRR ST EBORAMESd8Nntity in at least
about 95 to 99% ofithe: aligneshsenueniaes. o the Maedenn Tsuhstamighhamalogy” or "substantial
similarity.” when (eferfing {0, amina.acids. ok fadments fersabudicalss, habuhiengptimally aligned
with appropriate &MikG acid insertions or dele lons with another amino acid (or its complementary
strand), there is draiecaeivhseediBREERRINMAYIF Sieast ol F5rfdhosumpstHerarg #éd sequences.
25Preferably, theihamelogy is@ueriulbdengtp-sequences asdeprateitistheredf; etcadiagatent thereof
which is at least & aipino, acids, oL IOre. desiAnlv. ALRER! 4588 aeids I dangtl xambles of
suitable fragment% are described herein. The term percent sequence identity" or identical” in the
context of nugleicdwiaviasaen fesTErEi s tHasFReUsRINtaHe tif e BB dLRees it Bre the same when
aligned for 30 maxippriThiegEreEPIdenca.: Therengih afrsequence:idesiiycompacisen may be over
the full-length o the genome (e-gr, about 36 kbp), the. ulllenth atan open reading frame of a gene,
protein, subunit, SPIézn%?/rrﬁséjTgeé, e.g., the {ables providing the adenovira COd[nd/ regions], or a
fragment of at least&bour G006 BOTOTEiesiteSicHdeivey. Noweses piadityamong smaller
fragments, e.g. ofiatleastabautining.nucleptides:sisualhaideast aboutaQ in.2d-nugleotides, at least
about 28 to 32 nucleotides, at Igat%t abo%Jt 36;.0{8 m rgdgy%e%ti&%é ma %Iso bg Sc(i:eggraeg}. Similarly,
"percent se&aence identi S“rﬁ%yobglrggaqﬁ}r%“&etermmed] gt ammo ac ‘s%&ﬁeﬁcéls, over the full-length
of a protein, or a fragrreni Hereof Suitably, a fragment is at least about 8 amino acids in length, and
may be up to about 700 amino acids. Examples of suitable fragments are described herein.

Identity is readily determined .usinfg such algorithms and computer programs as are defined herein at
default settings. §Fé?g%eﬁﬁ¥f}’§{?8ho|&%%§{§‘? Gver the full length of the protein, enzyme, subunit, or over

a fragment of at least abaut $ranieracldsirderigs. sHoweverssgentityoitay Weabdsedrigpon shorter
LegiQES, \I{Vh%e syited {0 ﬁ'afsp%@tdﬁg é’é(ﬁﬂfaﬁaﬁ&%i:i%%ﬂgﬁékQﬁr&ﬁiﬂgﬁ%&%iﬁmmﬂ @‘}!t{-?lEQ I/rssl dglsclzi/lb?d |
ereih, alignments are performed using any of a variet icly or commercially ayailable Multiple
Sequence Alignrﬁg?fﬂgr(‘iﬁi’ﬁﬁai%z,%ﬁgﬁ“g‘g”‘g SSSIZ? WWE@@?@%@@W@J&%W&%& Yon the
intemet. AlternatilielyOuégtBaiilSitilitie s'ard @lsel used [IHe B B dlsohanpamber efalgorithms known

in the art that canhe.ysed to.measure ntdeatide seoserse.identity.ingluging thase contained in the
programs described above. As another example, g%l%nucleotide sequences can be compared using

Fasta, a progrant iFEEENEIE OIS T PRSI br60iaeeRiignments and percent sequence 20identity of
the regions:sf the best Bielap bdtweaerithequefihandisearcirspguencébe Fberikgtance, percent
sequence identity hetween pucleic. aeick sequences;canbs; determinathusinghhastawith its default

parameters (a word size of 6 and the NOPAM factor for the scoring matrix) as provided in GCG
Version 6.1, herdirRe8riorated sy rérerafte -Simitark/5rBg e 8 SVARSS S R 8 forming amino
acid alignments. [Géhératy) thpse2omipgiamsad .used at default settings, although one of skill in the
art can alter these settings as needed. Alternatively, one of skill in the art can utilize another algorithm
or computer program that provides at least the level of identity or alignment as that provided by the

referenced #lgor & p‘?&é%ﬁ&%‘ﬁ%ﬁ%ﬁ&%\ﬁ%‘% specification and the claims, the term

"comprise" and its 30 Vardanisiineludingss' cormiprisés’ tcomprisinglsidmongethiervariants, is inclusive
of other compongts relements,. integess stepsand.thedikes Tae darme cansists, ot.oLygonsisting of”
are exclusive of other components, elements, integers, steps and the like. The Simian Adenovirus
Sequences The invention provides nucleic acidzsequences and amino acid sequences of Pan5,
Pan6, Pan7, SVI, SV25 and SV39, which are isolated from the other viral material 5with which they are
associated in nature, A.Nucleic Acid Sequences The Pan5 nucleic acid sequences of the invention
include nucleotides Ito 36462 of SEQ ID NO:l. The Pan6 nucleic acid sequences of the invention
include nucleotides Ito 36604 of SEQ ID NO: S. The Pan7 nucleic acid sequences of the 10invention
include nucleotides | to 36535 of SEQ ID NO: 9. The SV I nucleic acid sequences of the invention
include nucleotides Ito 34264 of SEQ ID NO: 24, The SV25 nucleic acid sequences of the invention
include nucleotides Ito 31044 of SEQ ID NO: 29, The SV39 nucleic acid sequences of the invention
include nucleotides Ito 34115 of SEQ ID NO: 34. See, Sequence Listing, which is incorporated by

reference hereain



15The nucleic acid sequences of the invention further encompass the strand which is complementary
to the sequences of SEQ ID NO: 5, 9, 24, 29 and 34, as well as the RNA and cDNA sequences
corresponding to the sequences of these sequences figures and their complementary strands. Further
included in this invention are nucleic acid sequences which are greater than 95 to 98%, and more
preferably 20about 99 to 99.9% homologous or identical to the Sequence Listing. Also included in the
nucleic acid sequences of the invention are natural variants and engineered modifications of the
sequences provided in SEQ ID NO: 5, 9, 24, 29 and 34 and their complementary strands. Such
modifications includepTdSBRAMple; fabels tREE atddkrisamoineihe lamokred iydaticrnardesubstitution of

one or more of the paturally. 2Roscusringsusleatidaswith. gidegenerateanglgatide The invention
further encompasses fragments of the sequences of Pan5, Pan6, Pan7, SV |, SV25 and SV39, their

complementary strafe EBRAERERRIR Complett itany e SUlfRBIR S HEATEUSPESt least 15
nucleotides in lengtherand-endenfpasShihaholial fajhenish ves fragmiéntswhidhvaraof biological
interest. 30For example, a funetional AgMENLcanRXRIES. desiiediacienpviral roduct or may be

useful in production of recombinant vi]rEaI vectors, Such fragments include the %ene sequences and
fragments listed in P& EABRSE BRlow. 52 PR foowitg tabreslprovide e frans cHiptTégisns and open
reading frames in thezsiniaiddehibvirus: sequerneesidfighesiivention. For certain genes, the transcripts

Sand open reading ffame%g}j%@ mdg&aﬁ@@m@s%ga@%m@9@@@%@%&%}@ pegeated in SEQ
ID NO: 5, 9, 24, 29 and 34. See, e.?%., E2b, E4 and E2a. The calculated molecular weights of the

encoded proteins dRPHISE SRS R e B4 BF& Tty AERe B ERS HOS8-9436 of SEQ ID
NO:1], Pané [nt 57640rt43FrafiBE@IBMN OB andiPanjat fE6ites b43FcHEEQIDNG: 9] contain

internal splice aosia%ﬁvm?sdmimsggfﬂmmra%e%maggatwQPM%@M;g%seé%ﬁ’c%qﬁeﬁia%%&Q IDNO: |
Regions Start (nt) End (nt) ALIF, (Da/tons) ]ITR 1 120 El a Transcript 478 135 576-664, 233- 1436

28120 or vaceine compositions confain the adenoviral vectors carrying an inserted heterologous
molecule. In addition, novel sequences of the invention are useful in providing the
essential helper functions required for production of recombinant adeno-associated viral

15 {AAV) vectors. Thus, the invention provides nelper constructs, methods and cell lines
which use these sequences in-such production methods,

The term “substantial homology” or “substantial similarity,” when referring to a
nucleic acid or fragment thereof, indicates that, when optimally aligned with appropriate
nucleotide insertions or deletions with another nucleic acid (or its complementary strand),

20 there is nucleotide sequence identity in at least about 95 to 99% of the aligned sequences,

The term “substantial homology” or “substantial similarity,” when referring to
amino acids or fragments thereof, indicates that, when optimally aligned with appropriate
amine acid insertions or deletions with another amino acid {or its complementary strand),
there is amino acid sequence identity in at least about 95 to $9% of the aligned sequences.

25  Preferably, the homology is over full-length saquencé, or a protein thereof, or a fragment
thereof which is at Ieast 8 amino acids, or more desirably, at least 15 amino acids in
length. Examples of suitable fragments are described herein.

The term “percent sequence identity” or “identical”™ in the context of nucleis acid
sequences refers to the residues in the two sequences that are the same when aligned for

30 maximum correspondence. The length of sequence identity comparison may be over the
full-fength of the genome (e.g., about 36 kbp), the full-length of an open reading frame of

a gene, protein, subunit, or enzyme [see, e.g., the tables providing the adenoviral coding

3



125 576-1046, 1233- 1436 24389 95 576-644, 233- 1436 9962 Transcript ,1516 Elb Transcript 1552
Sinai' T 1599 2171 22317 Large T 1904 3412 55593 [X 3492 3920 14427 Transcript 3959 .. E2b

Transcrit .

regions], or a fragment of at feast about 500 to 5000 nucleotides, is desired. However,
identity among smaller fragments, e.g. of at least about nine nucleotides, usually at least
about 20 to 24 nucleotides, at least about 28 10 32 nucleotides, at least about 36 or mere
nucleotides, may also be desired. Similarly, “percent sequence identity™ may be readily
5 determined for amino acid sequences, over the full-length of a protein, or a fragment
thereof. Suitably, a fragment is at ieast about 8 amino acids in ler:gth, and may be up to
about 700 amino acids. Bxamples of suitable fragments are described herein.
Identity is readily determined using such algorithms and computer programs as
are 5eﬁned herein at default setfings. Preferably, such identity is over the full length of
10 the protein, enzyme, subunit, or over a fragment of at least about § amino acids in length.
However, identity may be based upon shorter regions, where suited to the use to which
the identical gene product is being put. |
As described herein, alignments are performed using any of e variety of publicly
or commercially available Multiple Sequence Alignment Programs, such as “Clustal W”,
15 accessible through Web Servers on the internet. Alternatively, Vector NTI wtilities are
aiso used. There are also 2 number of algorithms known in the art that can be used to
measure nuclectide sequence identity, including those contained in the programs
described above. As another example, polynucleotide sequences can be compared using
- Fasta, a program in GCG Version 6.1, Fasta provides alignments and percent sequence
20 identity of the regions of the best overlap between the query and search sequences. For
instance, percent seguence identity between nucleic asid sequences can be determined
using Fasta with its default parameters (a word size of 6 and the NOPAM factor for the
scoring matrix) as provided in GCG Versicn 6.1, herein incorporated by refarence.
Similarly programs are avaifable for performing amino acid alignments. Generally, these
25  programs are used at default settings, although one of skill in the art can alter these
settings as needed. Alternatively, one of skill in the art can utilize another algorithm or
computer program that provides at Jeast the level of identity or alignment as that provided
by the referenced algorithms and programs.
As used throughout this specification and the claims, the term “comprise” and ifs
30 variants including, “comprises-”, “comprising”, among other variants, is inclusive of other
components, elements, integers, steps and the like. The term “consists of” or “consisting

of” are exclusive of other components, elements, integers, steps and the like.

4



10349 PTP 10349 845172930 Polymerase 8448 5083127237 Va2 5604 398050466 Transcript
3960 28.1 icD 5155 597928141 Agnop o e n 7864 858025755 Li Transcript 120849 HHHIIMIIIINII 12025

52/55D 10851 lilal 12050 13819 165669

L The Simian Adenovim§ Sequences
The invention provides nucieic acid sequences and amino acid sequences of
Pans, Pané, Pan7, SV, SV25 and SV39, which are isolated from the other viral material
5 with which they are associated in nature.
A Nucleic Acid Sequences

The Pan5 nucleic acid sequences of the invention include nacleotides I to
36462 of SEQ ID NO:1. The Pan6 nucleic acid sequences of the invention inciude
nucleotides 1 to 36604 of SEQ ID NO: 5. The Pan7 nucleic acid sequences of the

10 invention include nucleotides 1 to 36535 of SEQ ID NO: 9. Thé SVI1 nucleic acid

equences of the invention include nucleotides 1 to 34264 of SEQ ID NO: 24, The §V25
nucleic acid sequences of the invention include nucleotides 1 to 31044 of SEQ ID NO:
20, The SV3% nucleic acid sequences of the invention include nucleotides 1 to 34115 of
SEQ ID NO: 34, See, Sequence Listing, which is incorporated by reference herein.

15 The nucleic acid sequences of the invention further encompass the
strand which is complementary to the sequences of SEQ IDNO: 5, 9,24, 29 and 34,
as well as the RNA and cDNA sequences corresponding to the sequences of these
sequences figures and their complementary strands. Further included in this invention
are nucleic acid sequences which are greater than 95 to 98%, and more preferably

20 about 99 to 99.9% homologous or identical to the Sequence Listing. Also included in
the nucleic acid sequences of the invention are natural variants and engineered
modifications of the sequences provided in SEQ ID NG: 5, 9, 24, 29 and 34 and their
complementary strands, Such modifications include, for example, labels that are
known in the art, methylation, and substitution of one or more of the naturally

25 occurring nucleotides with a degenerate nucleotide.

The invention further encompasses fragments of the sequences of
Pan3, Pan6, Pan7, SV1, SV25 and SV39, their complementary strand, cDNA and
RNA complementary thereto. Suitable fragments are at least 15 nucleotides in length,
and encompass functional fragments, i.e., fragments which are of biclogical interest,

30  For example, a functional ragrment can express a desired adenoviral product or may



Transcript 1 13832 3894 L2 Penton 13898 1549059292 VIl 15494 1607821478 16123

1716639568 Mu 17189 174228524 transcript 17442 Transcript 17488 L3 VI 17491 18222 26192

Hexon 18315

10

be useful in production of recombinant viral vectors. Such fragments include the gene
sequences and fragments listed in the tables below.

The following tables provide the transcript regions and open reading frames
in the simian adenovirus sequences of the invention. For certain genes, the transcripts
and open reading frames (ORFs) are located on the strand complementary to that
presented in SEQ ID NO: 5, 9, 24, 2% and 34, See, e.g., E2b, B4 and EZa. The
calculated molecular weights of the encoded proteins are also shown. Note that the
Ela open reading frame Pan5 [nt 576-1436 of SEQ ID NO:1], Pané [nt 576 to 1437 of
SEQID NO: 5] and Pan7 [nt 576 to 1437 of SEQ ID NO: 9] contain internal splice

sites. These splice sites are noted in the following tables.



21116 104874 Endoprotease 20989 1 21783 28304 transcript 21811 Ad Pan-.5 (coned) [SEQ ID
NO: 1] Regions Start (nt) End (nt) MTV. (Da/tons) E2a Transcript 26782 - DBP 23386 21845 57358

transcript 21788 - L4 Transcript 23406

-

J

I Ad Pan-3 [SEQ ID NO:1]
Regions Start End MW
{(nt) (nt) (Daltons)
ITR | ] 120 -
Ela | Transcript | 478 | N
138 576-664,1233- 28J2ﬂ
1436 | -
125 576-1046, 1233 | 24389
1436
98 576-644,1233- 9962
1436
[ Transcript [ | 1516 -
Elb | Transcript | 1552 _ - |
| Small T 1599 | 2171 | 22317 ]
Large T ‘ 1904 | 3412 ] 35595 1
IX 34921 39200 14427
Transcript | 3959 ) -
E2b | Transcript . 10349 ' -
{PTP 10249 | 8451 72930
| Polymerase | 84481 5083 127237
Va2 | 5604 ) 3980 50466
| Transcript | 3960
28.1 kD 5155 | 5979 28141
| Agnoprotein 7864 | 8580 25755
| L1 | Transcript 10849 B -
52/55D | 10851 [12025 [ 1
1l | 12050 | 13819 | 65669 |
Transcript f 13832 R {
Transcript l 13854 -
L2 | Penton 13898 | 15490 59292 |
VI 15494 | 16078 21478 |
v 16123 | 17166 39568 |
Mu 17180 | 17422 8524 |
I transcript 174472 -
Transcript 17488 -
L3 | VI 17491 | 18222 ) 26192
| Hexon 18315} 21116 | 104874 |
| Endoprotease | 20989 21783 | 28304 )
1]

! [ transcript L {2181




- 1001(D 23412 25805 88223 33 IcD homolog 25525 26356 24538 VIII 26428 27111 24768
transcript 27421 3 Transcript 26788 Orf #1 27112 27432 12098 Orf #2 27386 28012 23040 Orf #3

27994

Ad Pan-3 (cont’d) [SEQ ID NO:1]
Repgions Start . End MW
{nt) (nt) (Daltors)

E2a | Transcript 26782 “
DBP 23386 | 21845 57358
transcript P 21788 -

14 i Transecript x 23406 -

| 100D [ 23412 [ 25803 88223

| 33 kD homolog 25525 | 26356 24538

| VIII 26428 | 27111 24768
| transcript 27421 - f
E3 | Transcript 26788 -
[ Orf#1 27112 | 27432 12098 |

Orf#2 27386 | 28012 23040

; Orf #3 27994 | 28527 19525
J Orf #4 28557 | 29156 22567
Orf#5 29169 | 29783 22267

| Orf #6 29798 | 30673 31458

Orf #7 30681 | 30056 10477

Orf#8 30962 | 31396 16523
| Orf#9 31389 | 31796 15236 |
transcript 31837 - |
L5 | Transcript 32032 -]
Fiber 32035 | 33372 47670 |
transcript 33443 - f
E4 | Transcript 36135 -
Lo 33710 | 33462 9197 |

Orf 6 34615 | 33710 35005

Orf 4 34886 | 34521 13878

| Orf3 35249 | 34896 13641

| o2 35635 | 35246 14584 ]

| Lol - 36050 | 35676 | 13772 |
( | Transcript | 33437 |- - |
| ITR | 36343 | 36462 | - |




28527 19525 Orf #4 28557 29156 22567 Orf #5 29169 29783 22267 Orf #6 29798 30673 31458 Orf
#7 30681 30956 10477 Orf #8 30962 31396 16523 Orf #9 31389 31796 15236 transcript 31837 L5

Transcript

| Ad Pan-6 [SEQ ID NO: 5] {

Regions % Start (nt) | End ] MW,
(nt) (Daltons)
ITR I 123 | -]
Ela | transcript 478 ! -
( 138 576-1143, 1229- 28297
= 1437
, 128 576-1050, 1229~ 24634
1437
98 | 576 — 645, 1220- 10102 |
1437
transecript i516 -
Elb | transeript 1553 -
| Small T 1600 | 2172 22315 |
{ LargeT L1905 3413 55594
| IX | 3498 [ 3926 14427 |
transcript | N -
E2b | transcript 10341 ] | -
PTP 10340 | 8451 72570
Polymerase 8445 1 5089 126907
Va2 56107 3986 50452
transcript 38466 -
L1 | wanseript 10838 - |
52/55 kD | 10840 | 12012 [ 44205 |
e 12036 | 13799 55460 |
Transcript 13812 - |
28.1 kd si6l | 5985 28012
| Agnoprotein | 7870 | 8580 25382 |
{ L2 | transcript 13874 ]
Penton 13878 | 15467 59314
VIl i5471 | 16055 21508
% 16100 | 17137 39388 |
J Mu _ 17160 | 17393 | 8506
transoript 17415 -
L3 | transeript 17466 I - |
VI 17469 | 18188 25860
Hexon 182841 21112 J06132
Endoprotease 211341 21754 23443
transeript 21803 | -
| B2a | transcript | 26780 f .
DBP | 23375 21837 | 57299
Ctransoript | | 21780 ] g




32032 - Fiber 32035 33372 47670 transcript 33443 E4 Transcript 36135 - Orf 7 33710 33462
9191 Orf 6 34615 33710 35005 Orf 4 34886 34521 13878 Orf 3 35249 34896 13641

AdPan-6 {cont’d) [SEQ ID NO:5}
Regions Start (nt) End MW
{nt) Daltons)
L4 | Transcript 23398 -
| 100kD 23404 | 25806 88577
33 kD homolog 255231 26357 24608
VI 26426 1 27108 2474
transcript | , 27419 -
E3 | transcript 26786
Orf#1 27110 | 27430 12098
Orf #2 27384 | 28007 22880
Orf #3 27989 | 28519 18460
Orf#4 28553 | 29236 25403
Orf #5 29249 | 2098460 22350
Qrf #6 208751 30741 31028
Orf #7 30749 1 31024 10469
Orf #8 31030 | 31464 16540 |
| Orf 89 31457 | 31864 15264
transcript 31607 -
L5 | transcript 32159
Fiber 32162 | 33493 47364
transeript 33574 -
E4 | transcript 36276 -
Orf7 338411 333593 8177
Orf6 34746 1 33841 35094
Orf4 35017 | 34652 13937
Orf3 35380 | 35027 13627
Orf2 35766 | 35377 14727
Orf'} 36181 | 35807 13739
franscript | 33558 -
| ITR | 36482 | 36604 | - |

10



Orf 2 35635 35246 14584 Orf 1 36050 35676 13772 Transcript 33437 - ITR 36343 36462 Ad
Pan-6 [SEQ ID NO: 5] Regions Start (nt) End (nt) M. W. (Dalions) ITR 123 _ Ela transcript 478 1 133

576-1143, 1229- 1437 28291

Ad Pan-7 [SEQ ID NO:9]

Regions Start (nt) | End (nt) | MW (Dalions)
il 132 -
ITR '

Ela { transcript 478 f -

138 576—1143, 1229-1437 28218

128 576 1050, 1228- 14237 24561

o5 576 — 645, 10102

1228 — 1437

transcript 1516 | -

Bib | transcript 1553 ~

Small T 1600 2178 22559

LargeT 1905 3419 55698

Va2 3692 5616 30210

transcript 3971 -

E2b | transcript 10341 : : ' -

PTP 10340 3457 72297

Polymerase 8451 5095 126094

194 3504 3032 14441

' transcript 3972 -

28.1kD 5167 5991 26028

Agnoprotein 7876 8386 25424

L1 | transcript 10834

52/535 kD 10836 12011 44302

Hla 12035 13765 655339

transcrint 13808 -

L2 | transcript 13870 -

Penton 13874 15469 | 59494

VI 15473 16057 | 21339

V 16102 17139 30414

Mu 17167 17460 8508

| transcript l o 17420 -

I3 | transcrint 17467 -
VI 17470 18198 26105 1

Hexon 18288 21086 104765

Endoprotease 21106 21732 23620

franscript 21781 -

E2a | transcript 26764 -

DBEP 23353 21815 27198
transcript 21755 -

11



123 576-1050, 1229- 1437 24634 93 576 - 645, 1229- 1437 10102 transcript 1516 Elb transcript
1553 - Small 1 1600 2172 22315 LargeT 1905 3413 55594 X 3498 3926 14427 transcript 3965
E2b transcript

Ad Pan-7 {cont’d} [SEQ ID NO: 9]
Reglons Start (nt} | End (nt) | MW, (Daltons)
L4 | transcript 23370 .
100D ' 23376 25781 883520
33 kD 25489 26338 25155
homolog
VIIT 26410 27093 24749
transcript 27403 -
E3 | transcript 26770 .
Orf#1 27054 27414 12056
Orf 42 27368 27988 22667
Orf#3 27870 28500 19462
Qrf #4 28530 29150 | 22599
Orf#5 . 29163 28777 22224
Orf#6 29792 30679 32153
Orf#7 30687 30962 10511
Orf #8 30968 31399 16388 |
Orf 49 31392 31769 13205 |
franscript 31842 - |
L5 | transcript - 32094 -
Fiber 32094 33425 47344
transeript 33517 -
E4 | transeript 36208 -
1 Orf7 33784 13536 Q18]
Orf6 34689 33784 35063
Orfd 34860 34595 13879
Orf3 35323 34970 1364]
Orf2 35708 35320 14644
Orfl 36123 35749 13746
franseript 33501 -
ITR 36404 | 36535 R

1z



10341 - PTP 10340 8451 72570 Po lymerase 8445 5089 126907 Va2 5610 3986 50452 transcript
3966 _ L I transcript 10838 - 52/55 kij 10840 12012 44205 Eta 12036 13799 65460

Ad SV-1 AdSV25 Ad SV-39
[SEQ ID NO:24] [SEQ ID NC:29] [SEQ ID NO: 34]
Region Start End Start End Start find
ITR 1 106 1 133 1 150
Ela 352 1120 - - 404 1400
Elb 1301 289 ] 359 2273 1518 | 3877
E2b 9257 2882 9087 2754 | - 101437 3868
EZa 24415 20281 24034 20086 25381 21228
E3 24974 27886 24791 25792 25790 | 29335
B4 33498 3088] 30696 | 28163 33896 | 31157
ITR 34145 34264 30912 | 31044 33966 | 34115
Ad SV-1 - [AdSV-25 Ad SV-39 !
[SEQ ID NO:24] [SEQ ID NO:29] [SEQ ID NO: 34]
Region Start End Start End Start { End
ITR i 6 i 133 1 150G
L1 9513 112376 19343 12206 10416 13383
12 12453 15858 | 12283 15696 13444 16877
L3 15910 20270 15748 20080 17783 21192
14 21715 25603 21526 25420 22639 26427
L5 28039 30899 25320 | 28172 | 29513 31170
ITR 34145 34264 30912 31044 | 33966 34115

13



Transcript 13812 - 28.1 1cd 5161 5985 28012 Agnoprotein 7870 8580 25382 L2 transcript 13874
Penton 13878 15467 59314 VII 15471 16055 21508 V 16100 17137 39388 Mu 17160 17393 8506

transcript

protein Ad SV-1, SEQID NO: 24
Start End MW
TR 1 106 .
TEla 1138 45 953 75039
128
Elb Small T ]
LargeT 1301 2413 42293
'[D( 12391 | 2885 16882 -
E2b rwaz 4354 2924 54087
| Polymerase 6750 4027 | 102883
S 9257 | 7371 72413‘*
Agno-protein 6650 7455 20984
L1 52/55 kD 9515 10642 | 42675
1lla 10663 12372 | 636568
12 Penton 12454 _ 13665 56725
v | 13968 14531 (20397 |
v 14588 15625 | 39374 t
| Mu J 15645 15857 | 7568 Ji
| L3 Vi 1591 7 16753 }304]8 ]
{Hexon { 16841 19636 J 104494
[ Endoprotease ; 19645 20262 | 23407
} 2a DBP 21700 20312 | 52707
Ld 100kD 21721 24009 | 85508
VI - 24591 25292 | 25390




17415 L3 transcript 17466 - VI 17469 18188 25860 Meson 18284 21112 106132 Endoprotease
21134 21754 23445 transcript 21803 EZ2a transcript 26780 DBP 23375 21837 157299

T ] protein Ad 8V-1 (cont’d) ' 1
SEQ IDNO:24
Start | End MW,
E3 Orf 1 25292 25609 | 11950
Orf #2 | 25563 26081 ; 18940
Orf 43 26084 26893 | 30452 |
Orf #4 26908 27180 | 10232
Orf 43 27177 L 17512 §12640
Orf #6 27505 27873 | 13639
L5 Fiber #2 28059 20150 | 39472
| Fiber #1 20183 30867 | 61128
E4 Orf 7 31098 30892 | 7837
Orf 6 31082 31122 | 33027
Orf4 32277 { 31915 | 14338
Oif 3 32629 32279 | 13386
Orf2 33018 132626 | 14753
Orf ] 33423 13043 | 1430]
[I’I‘R | 34145 j34264 f

15



Ad Pan-6 (cont' d) [SEQ ID NO 5] Regions Start (at) End 00 M. W. (Do/tons,) L4 Transcript 23398
-1001cD 23404 25806 88577 33 IcD homolog 25523 26357 24609 VIII 26426 27109 2 7 9 transcript

27419 E3 transcript 26786

protein | Ad SV-25, SEQIDNO:29 | Ad SV-39, SEQ ID NO:34
Start End M. Start End MW

TR 1 33 |- 1 150 -

Ela | 138 492 1355 28585
128 492 1355 | 23007

Elb | Small T | 478 1030 | 20274 (518 2075 21652
Largs T | 829 2244 | 52310 1823 3349 55534
IX 2306 2716 | 13854 | 3434 3844 14075

E2b | Va2 4208 7755 | 54675 3012 5141 46164
Poly- 6581 3858 | 102839 | 7753 5033 103988
merase .
PTP 0087 7207 | 71326 10143 | 8335 69274
Agno- 6681 7139 | J6025 - - N
protein

L1 | 52/55kD | 9345 10472 | 42703 10418 | 11608 | 44232
iy 10493 | 12202 | 63598 11574 | 13364 | 66078

12| Penton 12284 | 13801 | 56949 13448 | 14959 | 56202
VI 13806 | 14369 | 20369 114960 [ 15517 | 20374
vV 14426 | 15463 | 39289 15567 | 16628 | 30576
Mu 15483 | 15695 | 7598 | 16650 | 16871 | 7497

L3 | VI 15749 | 16591 | 30347 16925 | 17695 | 28043
| Hexon 16681 | 19446 | 104035 | 17785 | 20538 | 102579
Endo- 19455 | 20072 | 23338 | 20573 | 21181 | 22716
protease

2a | DBP 21511 | 20123 | 52780 | 22631 | 21231 | 53760

L4 | 100kD 21552 | 23820 | 83970 | 22630 35355 | 100362
VIII 24408 | 25109 | 25347 | 25410 | 26108 | 25229




Orf #1 27110 27430 12098 Orf 42 27384 28007 22880 Orf #3 27989 28519 19460 Orf #4 28553
29236 25403 Orf #5 29249 29860 22350 Orf #6 29875 30741 31028 Orf #7 30749 31024 10469 Orf

#8 31030 31464

| protein | Ad SV-25, SEQ ID NO:29 Ad SV-39, SEQ ID NO:34,
(cont’d} ’ (cont’d}
Start End MW, Start End MW
E3 | Orf#l 25100 | 25426 | 11890 26375 | 27484 | 42257
Orf#2 27580 | 28357 | 29785
Orf #3 28370 28645 | 10514
Orf ##4 28863 120333 | 18835
Ot #5 |
Orf #5 _
T5 | Fiber#2 | 25380 26423 | 37529 |
Fiber #1 | 26457 | 28136 | 60707 29515 | 31116 | 56382
B4 | Oif7 31441 [ 31118 | 11856
tIOL'fG 20255 | 28395 | 33905 32292 {31438 1133437- [I
Orf 4 20550 | 29188 | 74399 32587 4 32222 [ 13997
Orf 3 20902 | 29352 | 73284 32054 | 32607 | 73353
Orf2 30291 | 29899 | /4853 33348 | 32959 | 14821
O 1 | 30316 | 30696 | 14307 33764 | 33378 | 14235
ITR 30912 | 31044 33966 | 34115 |

The Pan5, Pan6, Pan7, SV, §V25 and SV39 adenoviral nucleic acid
5 sequences are useful as therapeutic agents and in construction of e varisty of vector
systems and host celis. As used herein, a vector inciudes any suitable nucleic acid
molecule including, naked DNA, a plasmid, a virus, a cosmid, or an episome. These
sequences and products may be used alone or in combination with other adenoviral
sequences or fragments, or in combination with elements from other adencviral or non-
16 adenoviral sequences. The adenoviral sequences of the Invention are alse usefui as
antisense delivery vecters, gene therapy vectors, or vaccine vectors. Thus, the invention
further provides nucleic acid molecules, gene delivery vectors, and host celis which

contain the Ad sequences of the invention.



16540 Orf #9 31457 31864 .15264 transcript 31907 L5 transcript 32159 Fiber 32162 33493 47364
transcript 33574 i - E4 transcript 36276 - Orf 7 33841 33593 9177 Orf 6 34746

20

30

For example, the invention encompasses a nucleic acid molecule
containing simian Ad'ITR sequences of the invention. In another example, the invention
provides & nucleic acid molecule containing simian Ad sequences of the invention
encoding a desired Ad gene product. Still other nucleic acid molecule constructed using
the sequences of the invention will be readily apparent to one of skill in the art, in view of
the information provided herein.

In one embodiment, the simian Ad gene regions identified herein may be
used in a variety of vectors for delivery of a heterologous molecule to a celi, For
example, vectors are generated for expression of an adenoviral capsid protein (or
fragment thereof) for purposes of generating a viral vector in a packaging host cell.  Such
vectors may be designed 1_?0:' expression in trans. Alternatively, such vectors are designed
to provide cells which stably contain sequences which express desired adenoviral
functions, e.g., one or more of Ela, E1b, the terminal repeat sequences, E2a, E2b, B4,
E4ORF6 region.

In addition, the adenoviral gene sequences and fragments thereof are
useful for providing the helper functions necessary for production of helper-dependent
viruses (e.g., adenoviral vectors deleted of essential functions or adeno-associated viruses
(AAVY). For such preduction methods, the simian adenoviral sequences of the invention
are utilized in such a method in a manner similar to those described for the human Ad.
However, due to the differences in sequences between the simian adenoviral sequences of
the invention and those of human Ad, the use of the sequences of the invention essentially
eliminate the possibility of homologous recombination with helper functions int a host ¢cell
carrying human Ad E1 functions, e.g., 293 cells, which may produce infectious
adenoviral contaminants during rA AV production,

Methods of producing rAAYV using adenoviral helper functions have been
described at length in the literature with human adenoviral serotypes. See, e.g., US Patent
6,258,595 and the references cited therein. ‘See, also, US Patent 5,871,982, WO
99/14354;, WO 99/15685; WO 99/476%91. These methods may also be used in production
of non-human serotype AAV, inciuding non-human primate AAV serotypes. The simian
adenoviral gene sequences of the inveation which provide the necessary helper functions
(e.z., Ela, B1b, E2a and/ar E4 ORF6) can be particuiarly useful in providing the

necessary adenoviral function while minimizing or eliminating the possibility of

18



33841 35094 Orf 4 35017 34652 13937 Orf 3f 35380 35027 13627 Orf 2 35766 35377 14727 Orf 1
36181 35807 13739 transcript 33558 - ITR 36482 36604 1 Ad Pan-7 [SEQ ID NO:9] Regions Start

(nt) End (nt) M IV. (Dairons) ITR
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recombination with any other adenoviruses present in the rAAV-packaging cell which are
typically of human origin. Thus, selected genes or open reading.frames of the adenoviral
sequences of the invention may be utilized in these rAAV production methods.

Alternatively, recombinant adenoviral simian vectors of the invention may
be utilized in these methods, Such recombinant adenoviral simian veciors may include,
e.g., a hybrid chimp Ad/AAV in which chimp Ad sequences flank a rAAYV expression
cassette composed of, e.g., AAV 3 and/for 5° ITRSs and a fransgene under the control of
regulatory sequences which control its expression. One of skil] in the art will recognize
that still other simian adenoviral vectors and/or gene sequences of the invention wilf be
useful for production of rAAV and other viruses dependent upon adenoviral helper,

In stil} another embodiment, nucleic acid molecules are designed Tor
delivery and cxpressi.on of selected adenoviral gene products in a host cell to achisve a
desired physiologic effect. For example, a nucieic acid molecule containing sequences
encoding an adenovirus Ela protein of the invention may be delivered to a subject for use
as a cancer therapeutic. Optionally, such a molecuie is formulated in a lipid-based cartier
and preferentially targets cancer cells. Such a formulation may be combined with other
cancer therapeutics {e.g., cisplatin, taxol, or the like}. Still other uses for the adenoviral
sequences provided herein will be readily apparent to one of skill in the art.

in addition, cne of skill in the art will readily understand that the Ad
sequences of the invention can be readily adapted for use for a variety of viral and non-
viral vector systems for in vifro, ex vivo or in vivo delivery of therapeutic and
immunogenic molecules. For example, the Pan3, Pang, Pan7, SV 1, §V25 and/or SV30
simian Ad genomes of the invention can be utilized in a variety of rAd and non-rAd
vector systems. Such vectors systems may include, e.g., plasmids, lentiviruses,
retroviruses, poxviruses, vaceinia virtses, and adenc-associated viral systems, among
others. Selection of these vector systems is not a Himitation of the present invention.

The invention further provides molecules useful for production of the
simian and simian-derived proteins of the invention. Such molecules which carry
polynuclectides including the simian Ad DNA sequences of the invention can be in the

form of naked DNA, a plasmid, a virus or any other genetic element.

i3



| 132 - Ela transcript 478 - 133 576 - 1143, 1229-1437 28218 123 576 - 1050, 1229- 1437 24561 93
576 - 645, 1229- 1437 10102 transcript 1516 _ | Bib transcript 1553 Small T 1600 2178 22559

LargeT

B. Simian Adenoviral Proteins of the Invention
The invention further provides gene products of the above adenoviruses,
such as profeins, enzymes, and fragments thereof, which are encoded by the adenoviral
ﬁucle'{c acids of the invention. The invention further encompasses Pan3, Pané and Pan7,
5 SV1, 8V25 and SV39 proteins, enzymes, and fragments thereof, having the amino asid
sequences encoded by these nucleic acid sequences which are generated by other
methods, Such proteins include those encoded by the open reading frames identified in
the tables above, in Figs. I and 2, and fragments thereof.
Thus, in one aspect, the invention provides unique simian adenoviral
10  proteins which are substantially pure, i.e., are free of other vira! and proteinaceous
proteins, Preferably, these proteins are at least 10% homogeneous, more preferably 60%
homogeneous, and most preferably 95% homogeneous.
In one embodiment, the invention provides unigue simian-derived capsid
proteins.  As used herein, a simian-derived capsid protein includes any adenoviral capsid
15  protein that contains a Pan5, Paﬁé, Pan7, SVI, SV25 or 8V39 capsid protein or a
fragment thereaf, as defined above, including, without iimitatidn, chimeric capsid
proteins, fusion proteins, artificial capsid proteins, synthetic capsid proteins, and
recombinantly capsid proteins, without limitation to means of generating these proteins.
Suitably, these simian-derived capsid proteins contain one or more Pan$,
20 Pané, Pan7, SV1, SV25 or SV39 regions or fragments thereof (e.g., a hexon, penton, fiber
or fragment thereof) in combination with capsid regions or fragments therecf of different
adenoviral serotypes, or modified simian capsid proteins or fragments, as described
herein. A “modification of a capsid protein associated with altered tropism” as used
herein includes an altered capsid protein, i.e, a penton, hexon or fiber protein region, or
25 fragment thereof, such as the knob domain of the fiber region, or a polynucleotide
encoding same, such that specificity is altered. The simian-derived capsid may be
constructed with ane or more of the simian Ad of the invention or another Ad serotypes
which may be of human or non-human origin. Such Ad may be obtained from a variety of
sources including the ATCC, commercial and academic sources, or the sequences of the

30  Ad may be obtained from GenBank or other suitable sources.

The amino acid sequences of the simian adenoviruses penton proteins of

the Invention are provided herein. The AdPan5 penton protein is provided in SEQ ID

20



1905 3419 55698 Va2 3992 5616 50210 transcript 3971 EZ2b transcript 10341 PTP 10340 8457
72297 Po lymerase 8451 5095 126994 1X 3504 3932 14441 transcript 3972 28.11cD

NO:2. The AdPan7 penton is provided in SEQ ID NO:6. The AdPan6 penton is
provided in SEQ ID NO:10. The SVI penton is provided in SEQ ID NO:25. The SV25
* penton protein is provided in SEQ ID NO:30. The SV39 penton is provided in SEQ ID
NO:35, Suitably, any of these penton proteins, or unique fragments thereof, may be
5 utilized for a variety of purposes. Examples of suitable fragments include the penton
having N-terminal and/or C-terminal truncations of about 50, 100, 150, or 200 amino
acids, based upon the amino acid numbering provided above and in SEQ ID NO:2; SEQ
ID NO6; SEQ ID NO:25, SEG ID NO:340, or SEQ 1D NO:35, Other suitable fragments
include shorter internal, C-terminal, or N-terminal fragments. Further, the penton protein
16 may be modified for a variety of purposes known to those of skill in the art.
The invention further provides the amino acid sequences of the hexon
protein of Pan5 [SEQ ID NO:3], Pan6 [SEQ ID NO:7], Pan 7 [SEQ ID NO:11], SV1
[SEQ ID NO:26], §V25 [SEQ ID NO:31], and/or SV39 [SEQ D NO:36]. Suitably, this

hexon protein, or unigue fragments thereof, may be utilized for a variety of purposes.

fod
L

Examples of suitable fragments include the hexon having N-terminal and/or C-terminal
truncations of about 50, 100, 150, 200, 300, 40C, or 500 amino acids, based upon'the
amino acid numbering provided above and in SEQ ID NO: 3, 7, 11, 28, 31 and 36, Other
suitable fragments include shorter internal, C-terminal, or N-terminal fragments. For
example, one suitable fragment the loop region {(domain) of the hexon protein, designated
20  DEI and FG1, or a hypervariable region thereof. Such fragments include the regions
spanning amino acid residues about 125 to 443; about 138 to 441, or smalier fragments,
such as those Spanni'ng about residue 138 to residue 163; about 170 to about 176; about
193 to about 203; about 233 to about 246; about 253 to about 264 about 287 to about
297; and about 404 to about 430 of the simian hexon proteins, with reference to SEQ ID
25  NO:3,7 11,26, 31 or 36. Other suitable fragments may be readily identified by one of
skill in the art. Further, the hexon protein may be modified for a variety of purposes
leown to those of skill in the art. Because the hexon protein is the determinant for
serotype of an adenovirus, such artificial hexon proteins would result in adenoviruses
having artificial serotypes. Other artificial capsid proteins can also be canstructed using

30 the chimp Ad penton sequences and/or fiber sequences of the invention and/or fragments

thereof.



5167 5991 28028 A anoprotein 7876 8586 25424 LI transcript 10834 52/55 IcD 10836 12011 44302
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In one example, it may be desirable to generate an adenovirus having an
altered hexon protein utilizing the sequences of a hexon protein of the invention, One
suitable methed for altering hexon proteins is described in US Patent 5,922 315, which is
incorporated by reference. In this method, at least one Joop region of the adenovirus
hexon is changed with at least one foop region of ancther adenovirug serotype. Thus, at
least one loop region of such an altered adenovirus hexon protein is a simian Ad hexon
loop regicn of the invention (e.g. Pan7). In one embediment, a loop region of the Pan7
hexon protein is replaced by a loop region from ancther adenovirus serotype, In another
embodiment, the loop region of the Pan7 hexon is used to replace a loop region from
another adenovirus serotvpe. Suifable adenovirus serotypes may be readily sefected from
among human and non-human serotypes, as described herein. Pan7 is selected for
purposes of iliustration only; the other simian Ad hexon proteins of the invention may be
similarty altered, or used to alter another Ad hexon. The selection of a suitable serotype
is not & limitation of the present invention. Stil} other uses for the hexon proi;;in
sequences of the invention will be readily apparent to those of skill in the art.

The invention Turther encompasses the fiber proteins of the simian
adenoviruses of the invention. The fiber protein of AdPan 5 has the amino acid sequence
of SEQ ID NO:4. The fiber protein AdPan6 has the amino acid sequence of SEQ ID NO:
8. The fiber protein of AdPan7 has the amino acid sequence of SEQ ID NO: 12, §V-1
has two fiber proteins; fiber 2 has the amino acid sequence of SEQ ID NO:27 and fiber 1
has the aminge acid sequence of SEQ ID NO:28. 5V-25 alsc has two fiber proteins; fiber
2 has the amino acid sequence of SEQ [D NO:32 and fiber | has the aminc acid sequence
of SEQ ID NO:33. The fiber protein of SV-39 has the amino acid sequence of SEQ ID
NG:37.

Suitably, this fiber protein, or unique fragments thereof, may be utilized
for a variety of purposes. One suitable fragment is the fiber knob, which spans about
amino acids 247 1 425 of SEQ ID NO: 4, 8, 12, 28, 32, 33 and 37, See Fig. 2. Examples
of other suitable fragments include the fiber having N-terminal and/or C-terminal
truncations of about 50, 100, 150, or 200 aminc acids, based tpon the amino acid
numbering provided above and in SEQ ID NO: 4, 8, 12, 28, 32, 33 and 37. Still other
suitable fragments include internal fragments. Further, the fiber protein may be modified

using a variety of techniques known to those of skill in the art.
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15473 16057 21339 V 16102 17139 39414 Mu 17167 17400 8506 transcript 17420 - L3 transcript
17467 V117470 18198 26105 Hexon 18288 21086 104763 Endoprotease 21106 21732 23620

The-invention further encompasses unique fragments of the proteins of the
invention which are at feast § amino acids in length, However, fragments of other desired
lengths can be readily utilized. In addition, the invention encompasses such
modifications as may be introduced to enhance yield and/or sxpression of a Pan$, Pan6,

5 Pan7,8VI, SV25 or SV39 gene product, £.g., construction of a fusion moelecule in which
all or a fragment of the Pan5, Pan6é, Pan7, SV1, SV25 or V39 gene product is fused
(either directly or via a linker) with a fuston partner to enhance. Other suitable
modifications include, without [imitation, truncation of a coding region (e.g., a protein or
enzyme) to eliminate a pre- or pro-protein ordinarily cleaved and to provide the mature

10 protein or enzyme and/or mutation of a coding region to provide & secretable gene
product. Still cther modifications will be readily apparent to one of skill in the art. The
invention further encompasses proteins having at least ahout 95% to 99% identity to the
Pans, Pané, Pan7, SV1, SV25 or SV39 proteins provided herein, -

As described herein, vectors of the invention containing the adenoviral

15 capsid proteins of the Invention are particularly well suited for use in applications in
which the neutralizing antibodies diminish the sffectiveness of other Ad serotype based
veetors, as welf as other viral vectors. The rAd vectors of the invention are particularly
advantageous in readministration for repeat gene therapy or for boosting immune
response (vaccine titers),

20 - Under certain circumstances, it may be desirable to use cne or more of the
PénS, Pané, Pan7, SVI1, SV25 and/or SV39 gene producis (e.p., & capsid protein or a
fragment thereof) to generate an antibedy. The term "an antibody," as used herein, refers
to an immunoglobulin molecule which is able to specifically bind to an epitope. Thus,

. the antibodies of the invention bind, preferably specifically and without cross-reactivity,

25 to aPan3, Pan§, Pan7, SVI, SV25 or SV39 epitope. The antibodies in the present
invention exist in a variety of forms including, for example, high affinity polyclonal
antibodies, monoclonal antibodies, synthetic antibodies, chimeric antibodies, recombinant
antibodies and humanized antibodies, Such antibodies originate from immunoglobulin
classes IgG, IgM, IgA, IgD and IgE.

30 Such antibodies may be generated using any of a number of methods
know in the art. Suitable anttbodies may be generated by well-kknown conventional

techniques, e.g. Kohler and Milstein and the many known modifications thereof,
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transcript 21781 - E2a transcript 26764 - DBP 23353 21815 57199 transcript 21755 - Ad Pan-7
(cont'd) [SEQ ID NO: 9] Regions IStart (nt) End (nt) , M.W. (Daltons) L4 transcript 23370 - 10010
23376 25781 88520 33 kD homo | og 25489

Simiiarly desirable high titer antibodies are generated by applying known recombinant
techniques to the monoclonai or polyclonal antibodies developed 1o these antigens [see,
e.g., PCT Patent Application No. PCT/GB85/00352; British Patent Application
Puhlication No, GB218R638A; Amit et al, 1986 Science, 233:747-753; Queen ¢i ol

.5 1989 Proc. Nal'l. Acad. Sci. US4, 86:10029-10033; PCT Patent Application No.
PCT/W09007861; and Riechmann ef /., Nature, 332:323-327 (1988); Huse ef o, 19882
Science, 246:1275-1281]. Alternatively, antibodies can be produced by manipulating the
complementarity determining regions of animal or human antibodies to the antigen of this
invention. See, e.g., E. Mark and Padlin, "Humanization of Monoclonal Antibodies®,

10 Chapter 4, The Handbook of Experimental Pharmacology, Vol. 113, The Pharmacology
of Monaoclonal Antibodies, Springer-Verlag (June, 1994); Harlow ez al., 1999, Using
Antibodies: A Laboratory Manual, Cotd Spring Harbor Laboratory Press, NY; Harlow ef
al., 1989, Antibodies: A Laboratory Manual, Cold Spring Harbor, New York; Houston et
al., 1988, Proc. Nall. Acad Sci. USA §5:5879-5883; and Bird e/ ., 1988, Sciance

15 242:423-426. Further provided by the present invention are anti-idiotype antibodies
(Ab2) and anti-anti-idiotype antibodies (Ab3). See, e.g.., M. Wettendorffet al,
"Modulation of anti-tumor immunity by anti-idictypic antibodies.” in Idictypic Network
and Diseases, ed. by I, Cerny and J. Hiernaux, 1990 J. dm. Soc. Microbiol., Washington
DC: pp. 203-225]. These anti-idiotype and anti-anti-idiotype antibodies are produced

20 using technigues well known to those of skill in the art. These antibodies may be used for
a variety of purposes, including diagnostic and clinical methods and kits.

Under certain circumstances, it may be desirable to introduce a detectable
label or a tag onto a Pan5, Pan6, Pan7, SV1, 8V25 or SV39 gene product, antibody or
other construct of the invention. As used herein, a detectabie label is a molecule which is

25 capable, alone or upon interaction with another molecule, of providing a detectable signal.
Most desirably, the iabel is detectable visually, .z, by fluorescence, for ready use in
immunohistochemical analyses or immunoflucrescent microscopy. Far example, suitable
labels include flnorescein isothiocyanate (FITC), phycoerythrin (PE), allophycocyanin
{APC), coriphosphine-0 {CPO} ortandem dyes, PE-cyanin-5 (PC3), and PE-Texas Red

30 (BCD). All of these fluorescent dyes are commercially available, and their uses known to
the art. Other useful labels include & colloidal gold label, Still other useful labels include

radioactive compounds or elements. Additionally, labels include a varisty of enzyme
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systems that operate to reveal a colorimetric signal in an assay, e.g., glucose oxidase
{which uses glucose as 2 substrate) releases peroxide as a product which in the presence
of peroxidase and a hydrogen donor such as tetramethy! benzidine (TMB) produces an
oxidized TMB that is seen as a blue color. Cther examples include horseradish
peroxidase (HRP) or alkaline phosphatase (AP), and hexokinase in conjunction with
glucose-6-phosphate dehydrogenase which reacts with ATP, glucose, and NAD+ to yield,
among other products, NADH that is detected as increased absorbance at 340 nm
wavelength.

Other label systems that are utilized in the methods of this invention are
detectable by other means, e.g., colored latex microparticles [Bangs Laboratories,
Indianal in which a dye 1s embedded are used in placé of enzymes to form conjugates
with the target sequences provide a visual signal indicative of the presence of the
resulting complex in applicabie assays.

Methods for coupling or associating the label with a desired molecule are
similarly conventional and knewn to those of skill in the art. [Known methods of label
attachment are described {see, for example, Handbook of Fluorescent probes and
Research Chemicals, 6th Ed,, R. P. M. Haugland, Molecular Probes, Inc,, Eugene, OR,
1996; Pierce Catalog and Handbook, Life Science and Analytical Research Products,
Pierce Chemical Company, Rocicford, IL, 1994/1995], Thus, selection of the label and
coupling methods do not limit this invention.

The sequences, proteins, and fragments of the invention may be produced
by any suitable means, including recombinant production, chemical synthesis, or other
synthetic means. Suitable production techniques are well known to those of skill in the
art, See, e.g., Sambrook et al, Molecular Cloring: A Laboratory Manual, Cold Spring
Harbor Press (Cold Spring Harbor, NY). Alternatively, peptides can also be synthesized
by the well known solid phase peptide synthesis methods (Merrifield, J. Am. Chem. Soc.,
§5:2149 (1962); Stewart and Young, Solid Phase Peptide Synthesis (Freeman, San
Francisce, 1969) pp. 27-62). These and other suitable production methods are within the
knowledge of those of skill in the art and are not a limitation of the present invention.

In addition, one of skill in the art will readily understand that the Ad
sequences of the ihventioa can be readily adapted for use for a variety of viral and non-

vira} vector systems for in vifro, ex vivo or in vivo delivery of therapeutic and
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immunogenic molecuies. For example, in one embodiment, the simian Ad capsid
proteins and other simian adenovirus proteins described herein are used for non-viral,
protein-baséd delivery of genes, proteins, and other desireble diagnostic, therapeutic and ..
immunogenic molecnies. In one such embodiment, a protein of the invention is linked,
5 directly or indirectly, to a molecule for targeting to cells with a receptor for adenoviruses.
" Preferably, a capsid protein such as a hexon, penton, fiber or & fragment thereof having &
ligand for a cell surface receptor is selected for such targeting. Suitabie molecules for
dalivery are selected from among the therapeutic molecules described herein and their
gene products. A variety of linkers including, lipids, polyLys, and the like may be
10 utilized as linkers. For exampie, the simian penton protein may be readily utilized for
such a purpose by production of a fusion protein using the simian penton sequences in a
manner analogous to that described in Medina-Kauvwe LK, et al, Gene Ther. 2001 May;
8(10).795-803 and Medina-Kauwe LK, et al, Gere Ther. 2001 Dec; 8(23): 1753-1761.
Alternatively, the amino acid sequences of simian Ad protein IX may be utilized for
15 tafgeting vectors to a cell surface receptor, as described in US Patent Appln
20010047081, Suitable ligands include a CD40 antigen, an RGD-contain ing or
polylysine-containing sequence, and the like. Still other simian Ad proteins, including,
e.g., the hexon protein and/or the fiber protein, may be used for used for these and similar
purposes.
20 Still other adenoviral proteins of the invention may be used as alone, or in
combination with other adenoviral protein, for a variety of purposes which will be readily
apparent to one of skill in the ért. In addition, still other uses for the adenoviral proteins

of the invention will be readily apparent to one of skill in the art.

25 1L Recombinant Adenoviral Vectors
The compositions of this invention include vectors that deliver a heterologous
molecule to cells, either for therapeutic or vaccine purposes. As used herein, a vector
may include any genetic element including, without limitation, naked DNA, 2 phage,
transposon, cosmid, episome, plasmid, or a virus. Such vectors contain simian
30  adenovirus DNA of Pan5, Pané, Pan7, SVI, SV25 and/or SV39 and a minigene. By

"minigene” is meant the combination of a selected heterclogous gene and the other
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regulatory elements necessary to drive translation, transcription and/or expression of the
gene product in a host cell.
Typically, an adenoviral vector of the invention is designed such that the
minigene is located in 2 nucleic acid molecule which contains other adenoviral seguences
5 in the region native to a selected adenoviral gene. The minigene may be inserted into an
existing gene region to disrupt the function of that region, if desired. Alternatively, the
minigene may be inserted inte the site of a partially or fully deleted adenoviral gene. For
example, the minigene may be located in the site of such as the site of a functional El
deletion or functional E3 deletion, among others that may be selected. The term
10 "functionally deleted" or “functional deletion” means that a sufficient amount of the gene
region is removed or otherwise damaged, e.g., by mutation or modification, so that the
gene region is no fonger capable of producing functional products of gene expression, If
desired, the entire gens region may be removed: Other svitable sites for gene disruption or
deletion are discussed elsewhere in the application.
15 For example, for a production vector useful for generation of a recombinant virus,
the vector may contain the minigene and either the 5° end of the adenoviral genome or the
3’ end of the adenoviral genome, or both the 5° and 3° ends of the adenoviral genome.
The 5’ end of the adenoviral genome contains the 5° cig-elements necessary for packaging
and replication; i.e., the 5’ inverted terminal repeat (ITR) sequences (which functions as
20 origins éf replication) and the native 5' packaging enhancer domains (that contain
sequences necessary for packaging linear Ad genomes and enhancer elements for the EI
promotet). The 3’ end of the adenoviral genome includes the 3 cis-elements (incleding
the ITRs) necessary for packaging and encapsidation. Suitably, a recombinant adenovirus
contains both 5° and 37 adenoviral cis-elements and the minigene is located between the
25 5" and 3" adenoviral sequences. Any adenoviral vector of the invention may also contain
additional adenoviral sequences.

Suitably, these adenoviral vectors of the invention contain one or more adenoviral
ciements derived from an adenoviral genome of the invention. In one embodiment, the
vectors contain adencviral ITRs from Pans, Pan6, Pan?, SVI, SV25 or $V39 and

20 additional adenoviral sequences from the same adenoviral serotype. In another

embodiment, the vectors contain adenoviral sequences that are derived from & different
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adenoviral serotype than that which provides the ITRs. As defined herein, 2 pseudotyped
adenovirus refers to an adenovirus in which the capsid protein of the adenovirus is from a
different serotype than the serotype which provides the ITRs. The selection of the
serotype of the ITRs and the serotype of any other adenoviral sequences present in vector
5 iz notalimitation 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
10 adenoviruges are described in the published Iiterature [see, for example, US Patent No.
5,240,846]. The DNA sequences of a number of adenovirus types are available from
GenBanl, including type Ad5 [GenBank Accession No, M73260]. The adenovirus
sequences may be obtained from any known adenovirus serotype, such as serotypes 2, 3,
4,7, 12 and 40, and further including any of the presently identified human types.
15 Similarly adenoviruses known to infect non-human animals (e.g., simians) may also be
employed in the vector consiructs of this invention. See, e.g., US Patent No. 6,083,716,
The viral se‘quences, helper viruses, if needed, and recombinant viral particles,
and other vector components and sequences employed in the construction of the vectors
described herein are obtained as described above, The DNA sequences of the Pans, Pang,
20 Pan7, SVI, §V25 and/or SV39 simian adenovirus sequences of the invention are
employed to construct vectors and celi lines useful in the preparation of such vectors,
Modifications of the nucleic acid sequences forming the vectors of this invention,
including sequence deletions, insertions, and other mutations may be generated using
standard molecular biclogical techniques and are within the scope of this invention.
25 A. The "Minigene" '
The methods employed for the selection of the transgene, the cloning and
consiruction of the "minigene” and its insertion into the viral vector are within the skill in
the art given the teachings provided herein.

1. The transgene

30 The transgens is a nucieic acid sequence, heterologous to the
vector sequences flanking the transgene, which encodes a polypeptide, protein, or other

product, of interest. The nucleic acid coding sequence is operatively linked to regulatory
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components in a manner which permits transgene transcription, transtation, and/or
axpression in a host cell.

The composition of the transgene sequence will depend upon the
uge to which the resulting vector wili be put. For example, one type of transgene
sequence includes a reporter sequence, which upon expression produces a detectable
signal. Such reporter sequences include, without iimitaﬁan, DNA sequences encoding -
lactamase, f-galactosidase (LacZ), alkaline phosphatase, thymidine kinase, green
fiucrescent protein (GFP), chloramphenico! acetyltransferase (CAT), luciferase,
membrane bound proteins including, for example, CD2, CD4, CD8, the influenza
hemagglutinin protein, and others well known in the art, to which high affinity antibodies
directed thereto exist or can be produced by conventional means, and fusion proteins
comprising a membrane bound protein appropriately fused to an antigen tag domain from,
among others, hemagglutinin or Myc. These coding set;uenaes, when associated with
resulatory elements which drive their expression, provide signals detectable by
conventional means, including enzymatic, radiographic, colorimetric, fluorescence or
other specirographic assays, fluorescent activating cell sorting assays and immunological
assays, including enzyme linked immunocsorbent assay (ELISA), radioimmunoassay
(RIA) and immunohistochemistry. For example, where the marker sequence is the LacZ
gene, the presence of the vector carrying the signal is detected by assays for beta-
galactosidase activity. Where the transgene is GFP or luciferase, the vector carrying the
signal may be measured visually by color or light production in a luminomster.

However, desirably, the transgene is a non-marker sequence encoding a
product which is useful in biology and medicine, such as proteins, peptides, RNA,
enzymes, or catalytic RNAs. Desirable RNA molecules include tRNA, dsRNA,
ribosomal RNA, catalytic RINAs, and antisense RNAs., One example of z usefu] RNA
sequence is a sequence which extinguishes expression of a targeted nucleic acid sequence
in the treated animal.

_ The transgene may be used for treatment, ¢.g., of genetic deficiencies, as a
cancer therapentic or vaccine, for induction of an immuns respongse, and/or for
prophylactic vaccine purposes. As used herein, induction of an immune response refers
to the ability of 2 molecule {e.g., & gene product) to induce a T cell and/or & humoral

immune response to the molecule. The invention further includes using multiple
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transgenes, e.g., to correct or ameliorate a condition caused by a multi-subunit protein. In
certain situations, a different transgene may be used to encode each subunit of a protein,
or to encode different peptides or proteins. This is desirable whan the size of the DNA
encoding the protein subunit is large, e.g., for an immunogiobulin, the platelet-derived
growth factor, or a dystrophin protein. In order for the cell to produce the multi-subunit
protein, a cell is infected with the recombinant virus containing each of the different
subunits. Alternatively, different subunits of a protein may be encoded by the same -
transgene. In this case, a single fransgene includes the DNA encoding each of the
subunits, with the DNA for each subunit separated by an internal ribozyme entry site
(IRES). This is desirable when the size of the DNA encoding each of the subunits is

small, e.g., the total size of the DNA encoding the subunits and the IRES is legs than five

kilcbases. As an alternative to an [RES, the DNA may be separated by sequences

encoding a 2A peptide, which self-cieaves in a post-transiational event. See, e.g., M.L.
Donnelly, ef al, J. Gen. Viral., T8(Pt 1):13-21 (Jan 1997); Furier, S., ef al, Gene Ther.,
8(11):864-873 (June 2001); Klump H., et al, Gerne Ther., 8{103:811-817 (May 2001).
This 24 peptide is gignificantly smaller than an IRES, making it weil suited for use when
space is a limiting facfor. However, the selected transgene may encode any biologically
active product or other product, e.g., a product desirable for study.

Suitable transgenes may be readily selected by one of skill in the art, The
selection of the transgene is not considered to be a [imitation of this invention.

2. Regulatory Elements

In addition to the major elements identified above for the

minigene, the vector also includes conventional control elements necessary which are

- operably linked to the transgene in a manner that permits its transcription, translation

and/or expression in a cel! transfected with the plasmid vector or infected with the virus
produced by the invention. As used herein, “operably linked” sequences include both
expression control sequences that are contiguous with the gene of interest and expression
control sequences that act in #rans or at & distance to contrel the gene of interest,
Expression control sequences include appropriate transcription
initiation, termination, promoter and enhancer sequences; efficient RNA processing
signals such as splicing and polyadenylation (polyA) signals; sequences that stabilize

cytoplasmic mRNA; sequences that enhance transiation efficiency (i.e., Kozak consensus
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sequence); sequences that enhance protein stability; and when desired, sequences that
enhance secration of the encoded product. A greaf number of expression contro!
sequences, including promoters which are native, constitutive, inducible and/or tissue-
specific, are known in the art and may be utilized.

Examples of constitutive promoters include, without [imitation,
the retroviral Rous sarcoma virus (RSV) LTR promoter {optionally with the RSV
enhancer), the cytomegalovirus (CMV) promoter (optionally with the CMV enhancer)
[see, e.c., Boshart et al, Cell, 41:521-530 (1985)], the V40 promoter, the dihydrofolate
reductase promoter, the B-actin promoter, the phosphoglycerol kinase (PGK) promoter,
and the EF1g promoter [Invitrogen).

Inducible promoters allow regulation of gene expression and can
be regulated by exogenously supplied compounds, environmenta} factors such as
temperature, or the presence of a specific physiological state, e.g., acute phase, a
particular differentiation state of the cell, or in replicating celis only. Inducible
pl'OInoters and inducible systems are available from a variety of commercial sources,
including, without limitation, Invitrogen, Clontech and Ariad. Many other systems have
been described and can be readily selected by one of skill in the art. For example,
inducible promoters include the zinc-inducible sheep metalicthionine (MT) promoter and
the dexamathasone (Dex)-inducible mouse mammary tufnor virus (MMTYV) promoter.
Other inducible systems include the T7 polymerase promoter system [WO 98/100887; the
ecdysone insect promoter [No ef al, Froc. Nail. Acad. Sei. US4, 93:3346-3351 (1996)],
the tetracycline-repressible system [Gossen et al, Proc. Nafl. Acad. Sci, USA, 89:5547-
5551 (1992)], the tetracycline-~inducible system [Gossen ef al, Science, 268:1766-1769
(1995), see also Barvey et al, Curr. Opin. Chem. Biol., 2:512-518 (1998)]. Other systems
include the FIC506 dimer, VP16 or p65 using castradiol, diphenol murislerone, the
RU486-inducible system [ Wang et al, Nar. Biotech., 15:239-243 (1997 and Weng ef i,
Gene Ther., 4:432-441 (1997)] and the rapamycin-inducibie system [Magari et al, J. Clin.
Invest., 100:2865-2872 (1997)]. The effectiveness of some inducibte promoters
increases over time. In such cases one can enhance the effectiveness of such systems by
inserting multiple repressors in tandem, e.g., TetR linked to a TetR by an IRES.
Alternatively, one can wait at least 3 days before screening for the desired function. One

can enhance expression of desired proteins by known means to enbance the effectiveness
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of this system. For example, using the Woodchuck Hepatitis Virus Posttranscriptional
Regulatory Element (WPRE),

In ancther embodiment, the native promoter for the transgens will
be used. The native promoter may be preferred when it is desired that expression of the
transgene shouid mimic the native expression. The native promoter may be used when
expression of the transgene must be regulated temporally or developmentally, or in 2
tissue-specific manner, or in response to specific transcriptional stimuli. In a further
embodiment, other native expression control elements, such as enharncer elements,
polyadenylation sites or Kozak consensus sequences may also be used to mimic the
native expression.

Another embodiment of the transgene includes a transgene
operably linked to a tissue-specific promoter. For instance, if'expression in skeietai
muscle is desired, a promoter active in muscle should be used. These include the
promoters from genes encoding skeletal B-actin, myosin light chain 2A, dystrophin,
muscle creatine kinase, as well as synthetic muscle promoters with activities higher than
naturally occurring promoters {see Li ef al., Nat. Biotech., 17:241-245 (1999}}. Examples
of promoters that are tissue-specific are known for liver (albumin, Miyatake ez al,, /.
Virol., 71:5124-32 (1997); hepatitis B virus core promoter, Sandig et al., Gerne Ther.,
3:1002-9 (1996); alpha-fetoprotein (AFP), Arbuthnotetal., Hum. Gene Ther., 7:1503-14
(1996)), bone osteccalcin (Stein ef al., Mol Biol Rep., 24:185-96 (1997)); bone
sialoprotein (Chen ez al., J. Bore Miner. Res., 11:654-64 (1996)), lymphocytes (CD2,
Hansal ef @l., J. Immunel., 163:1063-8 (1998), immuncglobulin heavy chain, T call
receptor chain), neuronal such as neuron-specific enolase (NSE) promoter (Andersen ef
al., Cell. Mol. Neurobiol,, 13:503-15 (1993)), neurofilament light-chain gene (Piccioli ef
dl., Proc. Nail. Acad. Sci. USA, 88:5611-5 (1991}), and the neuron-specific vgf gene
(Piccioli ef al., Newron, 15:373-84 (1995)), among others.

Optionatly, vectors carrying transgenes encoding therapeutically useful or
immunogenic products may also inciude selectable markers or reporter genes may include
sequences encoding geneticin, hygromicin or purimycin resistance, among others. Such
selectable reporters or marker genes (preferably located outside the viral genome to be
packaged into a viral particle) can be used to signal the presence of the plasmids in

bacterial cells, such as ampicillin resistance. Other components of the vector may include
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an origin of replication. Selection of these and other promoters and vector elements are
conventional and many such sequences are available [see, e.g., Sambrook et al, and
references cited thersin].

These vectors are generated using the techniques and sequences provided
Lierein, in conjunction with technigues known to those of skill in the art.
Such techniques include conventional cloning techniques of ¢cDNA such as those
described in texts [Sambrook et al, Motecular Cloning: A Laboratory Manual, Cold
Spring Harbor Press, Cold Spring Harbor, NY], use of overlapping ofigonucieotide
sequences of the adenovirus genomes, potymerase chain reaction, and any suitable

method which provides the desired nucleotide sequence.

II.  Production of the Recombinant Viral Particle

in one embodiment, the simian adenoviral plasmids (or other vectors) are used to
produce recombinant adenoviral particies. In one embodiment, the recombinant
adenoviruses are functionally deleted in the Ela or E1b genes, and optionally bearing
other mutations, e.g., temperaturs-sensitive mutations or deletions in other genes. In
other embodiments, it is desirable to retain an intact Ela and/or Elb region in the
recombinant adenoviruses. Such an intact E1 region may be located in its native location
tn the adenoviral genome or placed in the site of a deletion in the native adenoviral
genome {e.g., in the E3 region).

In the construction of useful simian adenovirus vectors for delivery of a gene to
the human {or other mammalian) cell, a range of adenovirus nucleic acid sequences can
be employed in the vectors. For example, all or a portion of the adenovirus delayed early
gene E3 may be eliminated from the simian adenovirus sequence which forms a part of
the recombinant virus. The function of simian E3 is believed to be irrelevant to the
function and production of the recombinant virus particle. Simian adenovirus vectors
may also be constructed having a deletion of at least the ORF6 region of the E4 gene, and
more desirably because of the redundancy in the function of this region, the entire E4
region. Still another vector of this invention contains a deletion in the delayed early gene
E2a. Deletions may aiso be made in any of the late genes LI through LS of the simian
adenovirus genome. Similarly, deletions in the intermediate genes IX and I'Va: may be

useful for some purpeses. Other deietions may be made in the other structural or non-
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structural adenovirus genes, The above discussed deletions may be used individually,
i.e., an adenovirus sequence for use in the present invention may contain deletions in only
& single region. Alfernatively, deletions of entire genes or portions thereof effective to
destroy their biological activity may be used in any combination. For example, in one

s exemplary vector, the adenovirus sequence may have deletions of the E1 genes and the
E4 gene, or of the E1, E2a and E3 genes, or of the EI and E3 genes, or of El, B2a and E4
genes, with or without deletion of E3, and so on. As discussed above, such deletions may
be used in combination with other mutations, such as temperature-sensitive mutations, to
achieve a desired resuli.

10 An adenoviral vector lacking any essential adenoviral sequences {e.g., Ela, Elb,
E2a, E2b, E4 ORFG, L1, L2, L3, L4 and L5) may be cultured in the presence of the
missing adenoviral gene products which are required for viral infectivity and propagation
of an adenoviral particlé‘ These helper functions may be provided by.cu [turing the
adenoviral vector in the presence of one or more heiper constructs (e.g., a plasmid or

15  virus) or a packaging host cell. See, for example, the techniques described for preparation
of a "minimal" human Ad vector in International Patent Application WO96/13597.
published May 9, 1996, and incorporated herein by reference,

1. Helper Viruses
Thus, depending upon the simian adenovirus gene content of the

20 - viral vectors employed to carry the minigene, a helper adenovirus or non-repiicating virus
fragment may be necessary to provide sufficient simian adenovirus gene sequences
necessary to produce an infective recombinant viral particie containing the minigene.
Useful helper viruses contain selected adenovirus gene sequences not present in the
adenovirus vector construct and/or not expressed by the packaging cell line in which the

25  vector is transfected. In one embodiment, the helper virus is replication-defective and
contains a varietry of adenovirus genes in addition to the sequences described above.

Such a helper virus is desirably used in combination with an El-expressing cell line.
Helper viruses may also be formed into poly-cation conjugates as
described in Wu et al, J. Biol Chem., 264:16985-16987 (1989); I J. Fisher and J. M.

30 Wilson, Riochem. J., 299:49 (April 1, 1994}, Heiper virus may optionally contain a

second reporter minigene. A nufnbm of such reporter genes are known te the art. The

presence of a reporier gene on the helper virus which is different from the transgene on
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the adenovirus vector allows both the Ad 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 upon puriﬂdétidh. ’
2. Complementation Cell Lines

To generate recombinant simian adenoviruses (Ad) deleted in any
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, l.e., a complementation or packaging cell line. In many
circumstances, a cell line expressing the human Bl can be used to transcomplement the
chimp Ad vector. This is-particularly advantageous because, due to the diversity between
the chimp Ad sequences of the inventicn 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, in certain circumstances, it will be desirable to utilize &
cell line which expresses the E1l gene products can be utilized for production of an El-
deleted simian adenovirus. Such celi lines have been described. See, e.g., US Patent
6,083,716.

If desired, one may utilize the sequences provided hersin to

generate a packaging cell or cell line that expresses, at a minimum, the adenovirus El
gene from Pans, Panb, Pan7, SV1, SV25 or SV39 under the transcriptional control of a

promoter for expression in a selected parent cell line. Inducible or constitutive promoters

“may be employed for this purpose. Examples of such promoters are described in detail

elsewhere in this specification. A parent cell is selected for the generaticn of a novel call
line-expressing any desired AdPan3, Pané, Pan7, SV, SV25 or SV39 gene. Without
limitaticn, such a parent cell iine may be Hela JATCC Accession No. CCL 2}, AS49
[ATCC Accession No. CCL 185, HEK 293, KB [CCL 17}, Detroit [e.g., Detroit 510,
CCL 72] and Wi-38 [CCL 75] cells, among others, These cell lines are all available from
the American Type Culture Collection, 10801 University Boulevard, Manassas, Virginia
20110-2209. Other suitable parent cell lines may be obtained from other sources.

Such El-expressing cell lines are ugeful in the generation of
recombinant simian adenovirus El delsted véctors. Additionaliy, or alternatively, the

invention provides cell lines that express one or more simian adenoviral gene products,
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e.g., Ela, E1b, E2a, and/cr E4 ORF6, can be constructed using essentially the same
procedures for use in the generation of recombinant simian viral vectors. Such cell lines
can be utilized to franscomplement adenovirus vectors deleted in the essential genes that
encode those produbts, or.to provide helper functions necessary for packaging of a helper-
5  dependent virus (e.g., adeno-associated virus), 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 ¢DNA.and genomic cloning, which are well iinown and are described in
Sambrook et al., cited above, use of overlapping oligonucleotide sequences of the
10 adenovirus genomes, combined with polymerase chain reaction, synihetic methods, and
any other suitable methods which provide the desired nucleotide sequence.
in still ancther alternative, the essential adenoviral gene products
are provided in frans by the adenoviral vector and/or helper virus, In such an instance, a
suitable host cell can be selected from any biological organism, including prokaryotic
15 {(e.g., bacterial} celis, and eukaryotic cells, including, insect cells, yeast celis and
mammalian celis. Particularly desirable host cells are selected from among any
mammalian species, including, without limitation, celis such as A549, WEHIL, 373,
107172, HEK 293 cells or PERCG (both of which express functional adenoviral E1)
[Fallaux, FJ et al, (1998), Hum Gene Ther, 9:1909-1917], Saos, C2C12, L cells, HT1080,
20 HepG2 and primary fibroblast, hepatocyte and myoblast cells derived from mammals
including hum.an, monkey, mouse, rat, rabbit, and hamster. The seiection of the
marnmalian species providing the cells is not a limitation of this invention; nor is the type
of mammalian cell, i.e., fibroblast, hepatocyte, umor cell, etc.
3. Assembly of Viral Particle and Transfection of a Cell Line
25 Generaliy, when delivering the vector comprising the minigene by
transfeciion, the vector is delivered in an ambunt from about 5 pg t about 100 pg DNA,
and preferably about 10 to about 50 ug DNA to about | x 107 celfs to about 1 x 10" cells,
and preferably about 10° cells. However, the relative amounts of vector DNA to host
cells may be adjusted, taking into consideration such factors as the selected vector, the
30 delivery method and the host cells selected.
The vector may be any vector known in the art or disclosed above,

including naked DNA, a plasmid, phage, transposon, cosmids, episomes, viruses, etc.
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Introduction into the host cell of the vector may be achieved by any means known in the
art or as disclosed above, including transfection, and infection. One or more of the
adenoviral genes may be stably integrated into the genome of the host cell, stably
expressed as episomes, or expressed transiently. The gene products may all be expressed
transiently, on an episome or stably integrated, or some of the gene products may be
expressed stably while others are expressed transiently. Furthermore, the promoters for
zach of the adenoviral genés may be selected independently from a constitutive promoter,

an inducible promoter or a native adenoviral promoter. The promoters may be regulated

by a specific physiological state of the organism or cell (Le., by the differentiation state or

in replicating or quiescent cells) or by exogenously-added factors, for example.
Introduction of the molecules (as plasmids or viruges) into the host
cell may also be accomplished using techniques kinown to the skilled artisan and as
discussed throughout the specification. In preferred embodiment, standard transfection
techniques are used, e.g., CaPOy transfection or electroporation.
Assembly of the selected DNA sequences of the adenovirus (as
ell as the transgene and other vector elements into various intermediate plasmids, and
the use of the plasmids and vectors to produce a recombinant viral particle are all
achieved using conventional techniques. Such techniques include conventional cloning
techniques of ¢cDNA such as those described in texts [Sambrook et al, cited above], use of
overlapping cligonucleotide sequences of the adenovirus genomes, polymerase chain
reaction, and any suitable method which provides the desired nucleotide sequence.
Standard mwansfection and co-transfection techniques are employed, e.g., CaPO,
precipitation techniques. Other conventional methods employed include homologous
recombination of the viral genomes, plaquing of viruses in agar overlay, methods of

measuring signal generation, and the like.

For example, following the construction and assembly of the desired
miﬁiganaucontaining 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
helper and the vector sequences, which permits the adenovirus-transgene sequences in the
vector to be replicated and packaged into virion capsids, resuiting in the recombinant viral
vector particles. The current method for producing such virus particles is transfection-

based. However, the invention is not limited to such methods,
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The resulting recombinant simian adenoviruses are useful in transferring &
selected fransgene to a selected cell. In i vivo experiments with the recombinant virus
grown in the packaging cell lines, the El-deleted recombinant simizn adenoviral vectors

of the invention demanstrate vtility in transferring & transgene to a non-simian, preferably

5  ahuman, ceil.

Iv. Use of the Recombinant Adenovirus Vectors

The recombinant simian adenovirus vectors of the invention are useful for gene
transfer to a human or non-simian veterinary patient in vifro, ex vivo, and in vivo.

10 The recombinant adenovirus vectors described herein can be used as expression
vectors for the production of the products encoded by the heterclogous genes in vitro,
For example, the recombinant adenoviruses containing 2 gene inserted intc the location of
an E1 deletion may be transfected into an E1-expressing cell line as described above.
Alternatively, replication-competent adenoviruses may be used in another selected cell

15 line. The transfected cells are then cuitured in the conventional manner, allowing the
recombinant adenovirus to express the gene product from the promoter. The gene
preduct may then be recovered from the culture medium by known conventional methods
of protein isolation and recovery from culture.

A Pan3, Pang, Pan7, SV1, SV235 or SV3%-derived recombinant simian adenoviral

20 vecfor of the invention provides an efficient gene transfer vehicle that can deliver a
selected transgene to a selected host cell in vivo or ex vivo even where the organism has
neutralizing antibodies to one or more AAV serotypes. [n one embodiment, the rAAV
and the cells are mixed ex vivo; the infected calls are culturéd using conventional
methodologies; and the transduced cells are re-infused into the patient. These

25  compositions are particularly well suited to gene delivery for therapeutic purposes and for
tmmunization, including inducing protective immunity.

More commonly, the Pan 5, Pan6, Pan?, SV1, V25, or SV39 recombinant
adenoviral vectors of the invention will be utilized for delivery of therapeutic or
immunogenic molecules, as described below. It will be readily understood for both

30  applications, that the recombinant adenoviral vectors of the invention are particularly well
suited for use In regimens invoiving repeat delivery of recombinant adenoviral vectors.

Such regimens typically involve delivery of a series of viral vectors in which the viral
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capsids are alternated. The viral capsids may be changed for cach subsequent
administration, or after a pre-selected number of administrations of a particular serotype
capsid (e.g., one, two, three, four or more). Thus, a regimen may involve delivery of a
rAd with a first simiab capsid, delivery with a rAd with a second simian capsid, and
5 delivery with a third simian capsid. A variety of other regimens which use the Ad capsids
of the invention alone, in combination with one another, or in combination with other Ad
serotypes will be apparent to those of skill in the art, Optionally, such a regimen may
involve administration of rAd with capsids of other non-human primaie adenoviruses,
human adenoviruses, or artificial serotypes such as are described herein, Each phase of
16 the regimen may involve administration of 2 series of injections (or other delivery routes)
with a single Ad serotype capsid followed by a series with another Ad serotype capsid.
Alternatively, the recombinant Ad vectors of the invention may be utilized in regimens
invelving other non-adenoviral-mediated delivery systems, including other viral systams,
non-viral delivery systems, protein, peptides, and other biologically active molecules.
15 The foilowing sections will focus on exemplary molecules which may be
dalivered via the adenoviral vectors of the invention.
A.  Ad-Mediated Delivery of Therapeutic Molecules
In one embodiment, the above-described recombinant vectors are
administered to hurmans according to published methods for gene therapy., A simian viral
20  vector bearing the selected transgene may be 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-agueous
isotonic sterile injection solutions and aqueous and non-aqueous sterile suspensions
known to be pharmaceuticaliy acceptable carriers and well known to those of skill in the
25  art may be employed for this purpose. |
The simian adenovival vectors are administered In sufficient amounts to
transduce the target celis and to provide sufficient levels of gene transfer and expression
to provide a therapeutic benefit without undue adverse or with medically acceptable
physiclogical effects, which can be determined by those skilled in the medical arts.
30  Conventicnal and pharmaceutically acceptable routes of administration include, but are
not fimited to, direct delivery to the retina and other intraccular delivery methods, direct

delivery to the liver, inhalation, intranasal, intravenous, intramuscular, intratracheal,
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subcutaneous, intradermal, rectal, oral and other parenteral routes of administration.
Routes of administration may be combined, if desired, or adjusted depending upon the
transgene or the condition. The rovte of administration primarily will depend on the
nature of the condition being treated.

5 Dosages of the viral vector will depend primarily on factors such as the
condition being treated, the age, weight and health of the patient, and may thus vary
among patients. For example, a therapeutically effective adult human or veterinary
dosage of the viral vector is generally in the range of from about 100 pl. to about 100 mL
of a carrier containing concentrations of from about 1 x 10° to about 1 x 10" particles,

10 about1x 10" to 1 x 10% particles, or about I x 10° to 1x 10 particies virug. Dosages
will range depending upon the size of the animal and the route of administration. For
example, a suitabie human or veterinary dosage (for about an 80 kg animal) for
intramuscular injection Is in the range of about 1 x 10° to about 5 x 10" particles per mL,
for a single site. Optionally, multiple sites of administration may ve delivered. In another

15 example, a suitable human or veterinary dosage may be in the range of about 1 x 10" to
about 1 x 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 vaccinal application
for which the recombinant vector is employed. The levels of expression of the traﬁsgene,
or for an immunogen, the level of circulating antibody, can be monitored o defermine the

20 frequency of dosage administration. Yet other methods for determining the timing of
frequency of administration will be readily apparent to one of skill in the art.

An optional method step involves the co-administration to the patient,
either concurrently with, or before or after administration of the viral vector, of a suitable
amount of a short acting immune modulator. The selected immune modulator is defined

25 herein as an agent capable of inhibiting the formation of neutralizing antibodies directed
against the recombinant vector of this invention or capable of inhibiting cytolytic T
bymphocyte (CTL) elimination of the vector. The immune modulator may interfere with
the interactions between the T helper subsets (Ty; or Tys) and B cells to inhibit
neutralizing antibody formation. Alternatively, the immune modulator may inhibit the

36 interaciion between Ty, celis and CTLs to reduce the occurrence of CTL elimination of
the vector. A variety of useful immune modulators and dosages for use of same are

disclosed, for example, in Yang ef al., J. Virol, 70(9) (Sept., 1996); International Patent
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Appl.ica‘tion No. WO96/12406, published May 2, 1996; and International Patent
Application No.PCT/USS6/03035, all incorporated herein by reference.
L. Therapeutic Transgenes '
Useful therapeutic products encoded by the transgene include
5 | hormones and growth an-é ﬁifferf:mia‘zion factors including, without limitation, insulin,

glucagon, growth hormone (GH), parathyroid hormone {(PTH), growth hormone releasing
factor (GREF), follicle stimulating hormone (FSH), luteinizing hormone (LH), human
chorionic gonadotropin (hCG), vaseular endothelial growth factor (VEGF), angiopoietins,
angiostatin, granulocyte colony stimulating factor (GCSF), erythropoietin (EPO],

10 connective tissue growth factor (CTGF}, basic fibrobiast growth factor (bFGF), acidic
fibrobiast growth factor (aFGF), epidermal growth factor (EGF), fransforming growth
factor {TGF ), platelet-derived growth faetor (PDGE), nsulin growth factors Tand 11
(IGF-I and IGF-II), any one of the transforming growth factor superfamily, including
TGF, activins, inhibing, or any of the bone morphogenic proteins (BMP) BMPs 1-15, any

15 one of the heregluin/neuregulin/ARIA/neu differentiation factor (NDF) family of growth
factors, nerve growth factor {NGF), brain-derived neurotrophic facter (BDNF),
neurotrophins NT-3 and NT-4/5, cifiary neurotrophic factor (CNTF), glial cell line
derived neurbis‘Ophic factor (GDINF), neurturin, agrin, any one of the family of
semaphorins/collapsins, netrin-1 and netrin-2, hepatocyte growth factor (HGF), ephrins,

20 noggin, sonic hedgshog and tyrosine hydroxylase.

Other useful transgens products inctude proteins that regulate the
immune system including, Without limitation, cytokines and lymphokines such as
thrombopoietin (TPO), interleukins (IL) IL-1 through IL-25 {including, e.g., IL-2, [L-4,
1L.-12 and IL-18), monocyte chemoattractant protein, leukemia inhibitory factor,

25  granulocyte-macrophage colony stimulating factor, Fas ligand, tumor necrosis factors
and, interferons, and, stem cell factor, fik-2/ft3 ligand. Gene products produced by the
immune system are also useful in the invention. These include, without limitation,
immunoglobulins 1gG, IgM, IgA, IgD and [gF, chimeric immunoglobulins, humanized
antibodies, single chain antibodies, T cell receptors, chimeric T cell receptors, single

30 chain T cell receptors, class I and class [T MIHC molecules, as well as engineered

immunogiobulins and MHC molecules. Useful gene products also include complement

ft=N
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regulatory proteins such as complement regulatory proteins, membrane cofactor protein
(MCP), decay accelerating factor (DAF), CRI, CF2 and CD59.

Still other useful gene products include any one of the receptors

for the hormones, growth factors, eytokines, lymphokines, regulatory proteins and
5  immune system proteing, The invention encompasses receptors for cholestero! regulation,

including the low density lipoprotein (LIDL) receptor, high density lipoprotein (HDL)
receptor, the very low density lipoprotetn {(VLDL) receptor, and the scavenger receptor.
The invention also encompasses gene products such as members of the steroid hormone
receptor superfamily including glucocorticoid receptors and estrogen receptors, Vitamin

10 Dreceptors and other nuclear receptors. In addition, useful gene products include
transcription factors such as jun, fos, max, mad, serum response factor (SRF), AP-1, APZ,
myb, MyoD and myogenin, ETS-box containing proteins, TFE3, E2F, ATF1, ATF2,
ATF3, ATF4, ZF5, NFAT, CRERB, HNE-4, C/EBP, SP[, CCAAT-box binding proteins,
interferon regulation factor (IRF-1), Wilms tumor protein, ETS-binding protein, STAT,

15  GATA-box binding pr;)teins, e.g,, GATA-3, and the forkhead family of winged helix
proteing.

Other usefl] gene products include, carbamayi synthetase I, -
ornithine transcarbamylase, arginosuccinate synthetase, arginosuccinate lyase, arginase,
fumarylacetacetate hydroiase, phenylalanine hydroxylase, alpha-1 antitrypsin, glucose-6-

20  phosphatase, porphobilinogen deaminase, factor VIIL factor IX, cystathione beta-
synthase, branched chain kstoacid decarboxylase, albumin, isovaleryi-coA
dehydrogenase, propionyl CoA carboxylase, methy! malonyl CoA mutase, glutaryl CoA
dehydrogenase, insulin, beta-glucosidase, pyruvate carboxylate, hepatic phosphorylase,
phosphorylase kinase, glycine decarboxylase, H-protein, T-protein, a cystic fibrosis

25 transmembrane regulator (CFTR} sequence, and a dystrophin ¢cDNA sequence.

Other useful gene products include non-naturally occurring
polypeptides, such as chimeric or hybrid polypeptides having a non-naturaily occurring
amino acid sequence containing insertions, deletions or amino acid substitutions, For
example, single-chain engineered immunoglobulins could be useful in certain

30 immunccompromised patients. Other types of non-naturally occurring gene sequences
include antisense moiecules and catalytic nucleic acids, such as ribozymes, which could

be used to reduce overexpression of a target.
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Reduction and/or medulation of expression of 2 gene are
particalarly desirable for treatment of hyperproliferative conditions characterized by
hyperproliferating cells, as are cancers and psoriasis. Target polypeptides include those
polypeptides which are produced exciusively or at higher levels in hyperproliferative cells
as compared to normal cells. Target antigens include polypeptides encoded by oncogenes
such as myb, myc, fyn, and the translocation gene ber/abl, ras, sre, P53, neu, tric and
EGRF. In addition to oncogene products as target antigens, target polypeptides for
anti-cancer treatments and protective regimens include variable regions of antibodiss
made by B cell iymphomas and variable regions of T cell receptors of T cell lymphomas
which, in some embodiments, are also used as target antigens for autoimmune disease,
Other tumor-associated polypeptides can be used as target polypeptides such as
polypeptides which are found at higher levels in tumor cells inciuding the polypeptide
recognized by monoclonal antibody 17-1A and folate binding polypeptides.

Other suitable therapeutic polypsptides and proteins include those
which may be useful for treating individuals suffering from autoimmune diseases and
disorders by conferring a broad based protective immune response against targets that are
assoclated with autoimmunity including celi receptors and cells which produce self-
directed antibodies. T cell mediated avtoimmune diseases include Rheumatoid arthritis
(RA), multiple sclerosis {MS), Sjégren's syndrome, sarcoidosis, insulin dependent
diabetes meliitus (IDDM), autoimmune thyroiditis, reactive arthritis, ankyiésing
spondylitis, scleroderma, polymyositis, dermatomyositis, psoriasis, vasculitis, Wegener's
granulomatosis, Crohn's disease and ulcerative colitis. Each of these diseases is
characterized by T cell receptors (TCRs) that bind to endogenous antigens and initiate the
inflammatory cascade associated with autoimmune diseases,

The simian adenoviral vectors of the invention are particularly
well suited for therapeutic regimens in which multiple adenoviral-mediated deliveries of
transgenes is desired, e.g., in regimens invoiving redelivery of the same transgene or in
combination regimens invelving delivery of other fransgeres. Such regimens may involve
administration of a Pan5, Pan6, Pan7, SVI, V25 or SV39 simian adenoviral vecior,
followed by re-administration with a vector from the same serotype adenovirus.
Particularly desirable regimens invoive administration of & Pan3, Pané, Par7, SVI, SVZ35

or SV319 simian adenoviral vector of the invention, in which the serotype of the viral
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vector delivered in the first administration differs from the serotype of the viral vector
utilized in one or more of the subsequent administrations. For example, a therapeutic
regimen invelves administration of a Pan$, Pané, Pan7, SV1, SV25 or 8V39 vector and
repeat administration with one or more adencviral vectors of the same or different
serotypes. In another example, a therapeutic regimen involves administration of an
adenoviral vector followed by repeat administration with a Pan3, Pané, Pan7, SV1, §V253
or SV39 vector of the invention which differs from the serotype of the first delivered
adenoviral vector, and optionally further administration with another vector which isthe
same or, preferably, differs from the serotype of the vector in the prior administration
steps. These regimens are not fimited to delivery 61‘" adenoviral vectors constructed using
the Pan5, Pan6, Pan7, SV1, SV25 or SV35 simian serotypes of the invention. Rather,
these regimens can readily utilize vectors other adenovira! serotypes, including, without
limitation, other simian adenoviral serotypes (e.g., Pan9 or C48, Cl, stc), other non-
human primate adenoviral serotypes, or human adenoviral serotypes, in combination with
ane or more of the Pan3, Pané, Pan7, SV1, SV25 or V26 vectors of the invention.
Examples of such simian, other non-human primate and human adenoviral serotypes are
discussed elsewhere in this document. Further, these therapeutic regimens may involve
either simultaneous or sequential defivery of Pan 5, Pan6, Pan7, SV, SV25, and/or SV39
adsnoviral vectors of the Invention in combination with non-adenoviral vectors, non-viral
vectors, and/or & variety of other therapeutically useful compounds or molecules. The
present invention is not limited to these therapeutic regimens, a variety of which will be
readily apparent to one of skill in the art, ‘

B. Ad-Mediated Delivery of Immunogenic Transgenes

The recombinant simian adenoviruses 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 cell)
response is mounted to & fransgene product delivered by the immunogenic composition
following delivery to a mammal, and preferably a primate. The present invention
provides a recombinant simian Ad that can contain in any of its adenovirus sequence
deletions a gene encoding a desired immunogen. The simian adenovirus is likely to be
better suited for use as a live recombinant virus vaccine in different animal species

compared to an adenovirus of human origin, but is not limited to such & use. The
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The Pan5, Pan6, Pan7, SVI, 3V25 and SV39 adenoviral nucleic acid 5 sequences are useful as
therapeutic agents and in construction of a variety of vector systems and host cells. As used herein, a
vector includes any suitable nucleic acid molecule including, nalced DNA, a plasmid, a virus, a cosmid,
or an episome. These sequences and products may be used alone or in combination with other
adenovirai sequences or fragments, or in combination with elements from other adenoviral or non-
oadenoviral sequences. The adenoviral sequences of the invention are also useful as antisense
delivery vectors, gene therapy vectors, or vaccine vectors. Thus, the invention further provides nucleic
acid molecules, genEWEIRBY. YEERrE B EFhBSHEEIRS WRRH ReHftaiihave Rl SEGHarTaE Bt invention.
For example, the inyantiomencampassesigenutieiciacic nalecle Containing sinvan AaiFR:sequences
of the invention. In anoiher example, e xenton.LavIdes et Acd melaaus conalning simian
Ad sequences of the inventibn enco ngg a desired Ad gene product. Still other nucleic acid molecule
constructed using 5the sequences'6 tH&FRvERtIBHNVINBEREHIl QB PAFERT ¢ 6ne BF &kifl i the art, in
view of the informatignprevides-hesaine, as describhd emeembadimertsthestmianidgere regions
identified herein may be used,in.a yariely, of yegtorsfor. delivery, of 2 hielsrglogousmelecyl to a cell.
For example, vectors are generated for expression of an adenovira capS|d1 protein (for 10fragment
thereof) for purposessfigeneafating s §it 4F V@b P Ia PREGGIAYHBEE dInSHhdh aRsctdrs may be
designed for expressiendn trenswAlteinatively:suchniectors:arendrsigned tetpravideseells which stably
contain sequences yﬂfg}%%%ig%%ss d%§ired_ enoviral functions, e.g., one or more of El a, El b, the
terminal repeat sequences, a,nﬁ)é , %e , E4ORF6 region. 15In addition, the adenoviral gene
sequences and¥ragments thereoPaferabefuyfeiiiiaieting the Hehserratetiony Retusadrpdor
production of helpeeggpendentyvinses{e:giudagrqyisalveatorssieletedrot@ssential functions or
acieno-associated virses, (MAV). Fonuch Rredyction mehars. (e simian adgnpuiral sequences of
the invention are utfiz&d in SUch a method In a manner similar to those described for the human Ad.
20However, due to thesiliffete Reagilssseguisntesbeaie dv'itie. siktian daenoviriisengendes of the

invention and thoseof humamad. ithe usaohiheispguences:ef therinvention essentially eliminate the

possibility of homologous recombination with helper functions in a host cell carrying hyman Ad El
Runctions, e.0.+ 265 BAEL I S oA e A S S BN SR T

production. Mathydds ofcpro dutirigrrnim\emsing Gdernoviral, Nelpetafmd tomsshasacbeen described
at length in the literafiirg with-nsiman adenaviral SeroliRes:368me: gk BRIENL8i258,595 and the
references cited therein, See, also, US Pateﬂng 5,871,932; WO, 99/14354; WO 99/15685: WO
99/47691, These mBtHEGEHAE 1D BELES e SPOFTIEnaH of HBRHAEFER S FSRIFE A ifkiuding
non-human primatenmavismotypess Frhicecsimam:30aderitviraNgerrecsegquentestbf thesimvention which
provide the nequssgﬁyyhelper functions (e.g., Ela, El b, E2a and/or E4 ORF6) can be particularly useful
in providing the necessary adengyiral fur]?ction \gpile_minimizin or eliminating the possibility of
recombination with any other ad% VBRI ESEI I TR PN P ARRA] Y BRITTNRIERFE typically of
human origin. Thusjrseletiethgerresioropehrteading frames ofitheadgiotiralisequendes of the

invention may be ufilized in.thess rAAY: predustion.metheds Altermativelk, Lecambinant, adenoviral
simian vectors of the invention may, 5 be utilized in these methods. Such recombinant adenoviral

simian vectors may InERHECEY' & KB RATRITAGFRRY Sn WHTEH GRS A SEG i BEY AghK a rAAV
expression cassettéheomposiechoidevg/irakVirg candder:6 4 PR sanck actranstena:ssfiden the control of
regulatory sequenc&gVMng cantrol its expressien ne of skill in the art will recognize that still other

simian adenoviral vectors and/oggene_sequer_lces of the invention will be 10useful for production of
rAAV and other viruses dependélElBEH Xd¥HBrEFRRIFErY ectors of tiR WHAHAR tREr WRBBdiment, nucleic
acid molecules are:dasignechfodidelivepsicnebbxpressiomof-selattechadenayirmhgenepoaeticts in a
host cel to achieve, 3, desiied aihisiolonis fedibnt Reample, a/uaRs addmolecyieaanianing

sequences encoding an adenovirus El a protein of the invention may elivered to a subject for use
15as a canceftheraplight, Stenaty Liurg Mokt ’itsnhutibetisha ipidseastd carrier and
preferentially targetsteangen cetidz-Siuchosformudatio hymay ieocombined with other cancer therapeutics
(e.g., cisplatin, taxol, or the like). Still other uses for the adenoviral sequences provided herein will be
readily apparent to one of skill in the art. In addition, one of skill in the art will readily understand that
the Ad 20sequences of the invention can be readily adgpted for use for a variety of viral and non- viral
vector systems for in vitro, ex vivo or in vivo delivery of therapeutic and immunogenic molecules. For
example, the Pan5, Pan6, Pan7, SVI, SV25 and/or SV39 simian Ad genomes of the invention can be
utilized in a variety of rAd and non-rAd vector systems. Such vectors systems may include, e.g.,
plasmids, lentiviruses, 25retroviruses, poxviruses, vaccinia viruses, and adeno-associated viral
systems, among others. Selection of these vector systems is not a limitation of the present invention:
The invention further provides molecules useful for production of the simian and simian-derived
proteins of the invention. Such molecules which carry polynucleotides including the simian Ad DNA

sequences of the invention can be in the 30form of naked DNA, a plasmid, a virus or any other genetic
alement R <imian Adenoviral Proteine nf the Invention The invention fiirther nrovidec Aaene



sequences encoded by these nucleic acid sequences which are generated by other methods. Such
proteins include those encoded by the open reading frames identified in the tables above, in Figs. |
and 2, and fragments thereof. Thus, in one aspect, the invention provides unigue simian adenoviral
10proteins which are substantially pure, i.e., are free of other viral and proteinaceous proteins.
Preferably, these proteins are at least 10% homogeneous, more preferably 60% homogeneous, and
most preferably 95% homogeneous. In one embodiment, the invention provides unique
simian-derived capsid proteins. Asuseshereipuacsiiianyipsived capsid pratein scludes any
adenoviral capsid 15 rotel that £€o) t ins.a n6, Pan7, S VI, SV25 or SV39 capsid protein or
a fragment thereof, a8 éfeﬁn% a ove mcliabdlnvérgv%ﬁﬁ;ffI?%mfgﬁgﬁicghﬁ%@}%%%ﬁgﬁ pr&e’l‘%gs fusion
proteins, artificial capsidsprdteins|idyrithetrorapsie protising dritcfedonibigraaty dapsidsproteins,
without limitation to mg@n&p,feg@agmlfgg 1hesenroieing: Stitakhmthese simian-gderived capsid proteins
contain one or more Pan5, 20Pan6 Pan7, valé SV25 or SV39 re |ons or fragﬁmen&s thereof (e.g., a
hexon, penton, ﬁberSBtrefPﬁd‘r’ﬁent the}g%#}‘?ﬁ Tombination wi G(%&E)SI reecgfjdlr]fslor f?aglr]n’en[ls thereof of
different adenoviral sgeotyjess srcmaditistiSimign capsithpzonteinsbdiofisgrentictesedescribed herein. A
"modification-of a capgid-pigian rssaciates M&@H@&ﬁﬂ%@@iﬁmo@&%@m@r@én ngludes an altered

capsid protein, i.e, a penton, h fiber protein region, or 5fra e ch s the knob
r 11: rus?pg 2t zm*ncg e\/g?t\{gﬂ

domain of the fiber i &%?‘?‘V&aaﬁ% nucledtide éncodim 13513?721% cd{ichithat spedificity Ts*ftered, The

simian-derived capsi@®faybehconsth e mﬁimmféwamnexﬁxméf snwmmwmes iivention or

another Ad serotypeswhigh, imay.pe et Umain ot @@nfmummgﬂgme aushAdymay:pe obtained from a
variety of sources including the A%ﬁ*k’ comme |aJ arc}d a%? ?I‘T]IC sources, or the sequences of the

30Ad may be obtairfF fiohi e %tﬁ1 ALTEUBTIFCRE T HE T LB E Rlences of the
simian adenowrusemql)@nt@nhrm@rnemsa@rﬁwﬁemhvemﬂm“@rerplmmmmmemthfh@ﬂdmaﬁa&zpenton protein
is provided in SEQ | J}l%ﬂe@%&%}@z penion \%m{pwa@@u@@EQARS%LOR@SSE*\%W@% penton is
-provided in SEQ ID NO:10. The SVI gcn ISF_prOVI ed in SEQ ID NO:25. The SV25 penton protein is
provided in SEQ IDFD: SO RE SV et VR ERES 1 N3 S MBI BHY0F these
penton proteins; or umqu&iﬁm@memt@mﬁerelmﬁnma}pmltmulazmiwrfavvadaiw@a‘epmpm&em Bxamples of
suitable fragments ingluds s peaton Jme&&ﬁmma& aRdlar erermipaliincations of about S0,

100, 150, or 200 amino aC|ds based upon the amino acid numbering provided above and in SEQ ID

NO:2: SEQ ID NO: 6= S5 Ej%‘dh?%f@%*‘é@ PGSO SEGTHING S SHEF SOREBR Fagments
include shorter internathGaterminal, soriNsteriaivak frageidntsirkuihenyihgopetonnprotdinemay be
modified for a Va“ebss%e9}&599%%&@@9&le%@a&fgﬁlﬂmLhe%e% salom emJ mﬁug ﬁantF@urthef

provides the amino ‘acid sequences o hexon proteln of Pan SEQ ID NO:7],
Pan 7 [SEQ IBNOBEF SR pEEBtiD e Y- [@E@j‘i’@’m@@ff n%ffBPfS\?@@angD ID NO:36].
Suitably, this hexorqrgtei amianigug:ftagnentsthereof iy becutiizeeton acvatigtynafopurposes.
15Examples of Su'tab'eAfrg%m@ﬂtgmu«3@fmﬁt@eag%smwpgzb'a;emga%'napéﬂrlg Srlgtinal truncations

of about 50, 100, 150, 200, 300 0 amino acids, based upon thé amino aC|d8 numbering
provided above an(ﬂafﬁpgﬁbd I N8R prqainp 6243 1s5ra s S@’tﬁéﬂ‘%lﬁfﬁﬁ‘f@ fedgAiartd'siéiide shorter

internal. C- term|nalgmemag%nmnmkiragmjm@arﬁtemexmn@lemmmelmtahlﬁxﬁﬁgmﬁm the loop region
(domain) of e hexan rotel,desianaled 200,800 EQ. 1oL auperyariabic. pgiap thereof. Such
fragments inc lide the reglopns Spanning amino acid residues a out 125 {0 443; ty138 to 441, or
smaller fragments, $lich B8 RBSESHARRING SHOUT eSidue 38 o Yeuriis YHBS)aB’éGMW% labout 176;
about 195 to about2@3;:akout 23Bite) almmmm&Jala@ml%&ﬁm@mm@@ﬁmmuﬁg&z terakput 297; and
about 404 to about 430, of i rot fere E 5NO: 3 7 11, 26, 31
or 36. Other swtabfe atg?nge] tgg%a%ypbe read y(?l(;%fe??t‘l ied y%‘ﬁlé 0 IC?n“t igﬂéaﬁtl uOrlfhalﬁ the hexon
protein may be motifisd fopa ety 6f %U%ﬁé%&%ﬁéWﬁ»ﬁé%@s@séﬁ@mﬁwm@@ﬂ@é&aﬁé@ the hexon
protein is the deterpinanidor Lsaamtyp&aflm @dﬂmw&ruamum@reﬂﬁqjalam@ﬁh@mt@énquuld result in
adenoviruses havin artIfICg%k%iengE{ (?the a}{l I awms msdd }#r\glggls S can ﬁu|§o bglco tructed using
30the chimp Ad penton s%quences andL} fber sequence of the InVeRfioh anaror fr%‘ilérr?'egnts thereof.
In one example, it ﬁnagﬁﬁé%é%?ﬁéb?@t@@%ﬁé?‘é‘té%ﬁ%&@?f@v tus aokaes anisleared hexon protein
utilizing the sequences of a hexon protein of the invention. One suitable method for altering hexon
proteins is described in US Patent 5,922,315, which isdhcorporated by reference. In this method, at
least one loop region of the adenovirus hexon is changed with at least one loop region of another
adenovirus serotype. Thus, at least one loop region of such an altered ad enovirus hexon protein is a
simian Ad hexon loop region of the invention (e.g. Pan?). In one embodiment, a loop region of the
Pan7 hexon protein is replaced by a loop region from another adenovirtis serotype. In another
embodiment, the loop region of the Pan7 hexon is used to replace a loop region from another
adenovirus serotype. Suitable adenovirus serotypes may be readily selected from among human and
non-human serotypes, as described herein. Pan7 is selected for purposes of illustration only; the other

simian Ad hexon proteins of the invention may be similarly altered, or used to alter another Ad hexon.
The celectinn of 2 cintahle cearntvvne ic not a limitationn of the nrecent inventionon <till other 11ceac for the



The invention further encompasses unique fragments of the proteins of the invention which are at least
8 amino acids in length. However, fragments of other desired lengths can be readily utilized. In
addition, the invention encompasses such modifications as may be introduced to enhance yield and/or
expression of a Pan5, Pan6, 5Pan7, SVI, SV25 or SV39 gene product, e.g., construction of a fusion
molecule in which all or a fragment of the Pan5, Pan6, Pan7, SVI, SV25 or SV39 gene product is
fused (either directly or via a linlcer) with a fusion partner to enhance. Other suitable modifications
include, without limitation, truncation of a coding region (e.g., a protein or enzyme) to eliminate a pre-
or pro-protein ordin&rY EEE e B SO VIERs I8 Th AT 1657ot&in et BN sh &R utation of a
coding region to proxidezarsetretaplengene red ittt Sfillothetimmodificationsvitllh e feadily apparent to
one of skill in the agt, The invention further aocampassesBrleingbaying Al leashabaul.A5% to 99%
identity to the Pan5, Pan6, Pan7, SVI, SV25 or SV39 proteins provided herein. As described herein,
vectors of the inveﬁﬁ’&r‘?%ﬁ‘f&ﬁﬁiF?@“tﬁé“é&‘@ﬁ%@ﬁ&ﬂ%%g & BrotSind g e mvRntien-are particularly
well suited for yse itra@pplications-in @hich:the heutdizingantihodiesdiminish:the éffectiveness of
other Ad serotype 99&5%‘4&8@[}%'(ﬁﬁi;\_’é{ﬁ'Ll?e%p()%@%s‘éj@lW%?FQJ?HHB%%M N&EIOFR.Qf the Jnvention are

particularly advantageous’in readministration for repeat gene therapy or forboosting immune response
(vaccine titers). 20 JRRANF EERZINY CHRRSEIEES, Gt HESFbedrdeirabie fUSsEBrie o 'iisreldf the Pans,
Pan6, Pan7, SVI, SAé2buardicy 8WB9egenaproducts (s, goj-a sapsidipietemserafmgraent:thereof) to
generate an antbogly,, e ot an.anthecht, g eed Aaran, (Rt anmmuegiabylio molecule
which is able to specifically’hind to an epitope. Thus, the antibodies of the invention’bind, preferably
specifically ad withGatiEieds-PRAEHERF 25t0 a Pan5, Pan6, Pan7, SVI, SV25 or 3V39 epitope. The
antibodies in the present invention exigidrcacvatiety-offorengdneleisingfok exammpie; Mighiaffinity
polyclonal antbodigs, monoclonalanibedics.synihsic.anthodiee shimeris. anihodies, Jecombinant
antibodies and humanized antibodies. Such antlbodles‘orlglnate from immunoglobulin classes IgG,
1gM, IgA, IgD andHgE Y BoBuer katiiadie s rir e gendraue dsingranyior £RMimbeisef methods know
in the art. Suitableianiihediasimay hesgenarare: byeldmeowmn convantional iechmiquess e.g. Kohler

and Milstein and the many known modifi_catlon/;\s ther%of Similarly desirab!)ef hi[gth titehr antibodies are

15 anemia virus and § unavuma:). mon e ien IVIFLSEes, “In syitanie aptigens Ve . .
generated by applying known recombinant techniques to the monocional or polygfona?antlbodles
developed to thes®&wgntigensqbart wiyremity> Piiatit pplicsric s NoitpE THOB8S/60392izBritish Patent
Application PublicationNe:Q52 138688 AhAmil stial,i 1986 Seiencs, 2334 b3 Quesn et al., 51989
Proc. Nat!. Acad. Sci, USA, 86:10029-10033; P I)FF:.%enieA%)Ij%g%gpn No. F(;?E/\%O%W_Bﬁl; and
Riechmann et ab, NaftH&’ 545575959 1 g8y HUSE B C oA GRREE Y4B 159 517581).
Alternatively, antiboaiiescian ¢ praeleiced Byysiartipglanhy.the €oaplamemality fdetermining regions of
animal or human aptibadies to theaniigansolibis inventien:Seene:aly E-Markand,Padlin,

Parmacoiogy, VAT LS5 e OArcay of HBraatal ARTBA ES ol gaiy S une, 1904)
Harlow et al., 199%haJ8inga it odiésn sl ¢salnchto By M BagathColtl Spiing Hdfbétdaldcratory Press,
NY; Harlow et al., 3289, fwtibadiesrAAaberataryManuabGolo:Spring:; Harbor,New,york; Houston et
al., 1988, Proc. Nall. Acad, Se }pSA 85:3;3,79-5883; and Bjrd at al., 1988, Science 15242:423-426.
Further provided B3R bra8ERt iRVERHoN AF 15%%38‘%?3’/%%Hgn%t988%55Cﬁﬁ’zk)eéﬁ?f ShiShti-idiotype
antibodies (A133). SeejemgisiM.ondtee ndoHietak ntModulatien ekante-iivior imanuhitidly anti-idiotypic

antibodies.” In Idigfypic Network and-hiseasesfr AL GRIY anslol HHieenamst20Q.Ain. Soc.
Microbial., Washington DC: %;/) é(ﬁ/s-2291. T esg antl-ldloté( e and anti-anti-idiotype anfibodies are

produced 20using tedARiGREE Well kKRGS tHEEE BY skil i the &PV His8ds &tibB R <y be used for
a variety of purpo$8s, intludiig idiagnastic anttlinicpt pivethizds iaedhkité. In additinder certain
circumstances, it may:pe:desiatle io intredyse adetectableabel.or.a ag.onie @ RaNG, Pané, Pan7,

SVI, SV25 or SV39 gene product, antibody or other canstruct of the invention. As used herein, a
detectable lafel iPANOTE e WhIcH s S8 capabie " aI3HE Breupdn rtetactisr Rith ot molecule, of
providing a detectale, signahrMostdesirably] fendbel s detectable migually; egedydflaorescence, for
ready use in immynghistochernical, @&%B{%ﬁ)&nﬁm@mﬂ%95%%%9%1%%%%?%&95??58{1‘p'e’ suitable
labels include fluorescein isofniocyanate (FITC), phycoerythrin (PE), allophycocyanin (APC),
coriphosphine-O (CPO) or tandem dyes, PE-cyanin-5,(P05), and PE-Texas Red 30 (BCD). All of
these fluorescent dyes are commercially available, and their uses known to the art. Other useful labels
include a colloidal gold label. Still other useful labels include radioactive compounds or elements.
Additionally, labels include a variety of enzyme systems that operate to reveal a calorimetric signal in
an assay, e.g., glucose oxidase (which uses glucose as a substrate) releases peroxide as a product
which in the presence of peroxidase and a hydrogen donor such as tetramethyl benzidine (TMB)
produces an oxidized TMB that is seen as a blue color. Other examples include horseradish
5peroxidase (HRP) or alkaline phosphatase (AP), and laexolcinase in conjunction with

glucose-6-phosphate dehydrogenase which reacts with ATP, glucose, and NAD+ to yield, among other
nrodiicte NNADH that ic detected ac increaced abenarbance at 240 nm wavelenath Other Iabhel eveteme



15similarly conventional and known to those of skill in the art. Known methods of label attachment are
described [see, for example, Handbook of Fluorescent probes and Research Chemicals, 6th Ed., R.
P.M. Haugland, Molecular Probes, Inc., Eugene, OR, 1996; Pierce Catalog and Handbook, Life
Science and Analytical Research Products, Pierce Chemical Company, Rockford, IL, 1994/19953.
Thus, selection of the label and 20coupling methods do not limit this invention. The
sequences, proteins, and fragments of the invention may be produced by any suitable means,
including recombinant production, chemical synthesis, or other synthetic means. Suitable production
techniques are well RRSWH S tHdse né‘l?ﬁﬁ?fh T AT Orig)%é%f%f/, FISIEEUBF Eloning: A
Laboratory Manual, €gidSpringn25HarboriPiess (ColohSpring-Harbor Ny o &lte natwvety{opeptides can
also be synthesized hy.the wellkoown.selid-phase.peptide synthesis methods (Merrifield, J. Am.
Chem. Soc., 85:2149 (1962); Stewart and Y'Ounﬁli[’é olid Phase P%ptide Synthesis (Freeman, San

Francisco, 1969) pp. 27-62). Thesd A BHEFSUIEARIE BrStIEH S HiStho L EYEARHIR the ¥nowledge of
those of skill in the ashafdlarewned anirtitatioraof ther pitesentrinventiont:80tnhadditiony one of skill in the
art will readily understand tha:the Ad sequenegs ofthe, inyeniarcan, he feadily adaniedfes use for a

variety of viral and non-viral vecg),r s%/stenms for in vitro, ex vivo orb, vivo delivery of therapeutic and
immunogenic molecatBl: Bdi-EX A8 h SR LB HE B & Siiian A8 REKSHEPIEtINs and other
simian adenovirus pieliemns:escribéd ihereiniaye fasadrfoinonpairaly protein<yasedite)ivery of genes,
proteins, and other desisgble diagnestis: igrapelsANckimmLNROERiSMAlastIaR 0 ang,such

e

embodiment, a protein of the invention is linked, directly or indirectly, to a molecule for targeting to
cells with a recéi?)tor‘f’é‘r‘%&l‘éﬁ’?&"\ﬂ?ﬁfgég?eﬁ?@?é"fé’&]?{%"é‘ﬁﬁ%&o@?{@(‘fFf'fé@ 980, penton, fiber or a
fragment thereof having:acligasi) ioicalieeh suftacaireceptorily setbetedion syuch targetines titable
molecules for delivet@é&gg ?ﬁ%%@ ﬁﬂ@éﬁm09:&9%;5@%5%%&5%59‘?ﬁ%%%@ﬁa,gﬁ?c”bed herein and their

| ) ; VY,

gene products. A variety of linkers including, lipids, polyLys, and the like may'be 10 utilized as linkers.
For example, the sirSEHBRHEIGH Sroteiliay BR e A iR varfne s e Bipdr B8 8 BiBroduction of a
fusion protein using thepsimigniPentor seguenicss:jnarchaniesanalogous-tadhatigesarbed in
Medina-Kauwe, LK, +Th ¥;, 8610).795-803 and Medina-Kauwe UK, et al, Gene
Ther, 2001 Dec 82 18 N ermmt e R eSS tei
may be utilized for iSRG VMBI ie I ERP s C& reisidtoTvag deBubRY IR USIFRaEREAppIn
20010047081. Suitabie HiganssingiudeoaGRAFgen;s anRQRREoMaInIRg S Rel¥sine-containing
sequence, and the like. Still other sigia? Adlgr,ote'n including, e.g., the hexon protein and/or the fiber
protein, may be used Yol TRESFAH theBE A Siil ?ﬁiﬁ%@é? %tilpd%'échﬁé‘HB@/iYﬁT%MS of the
invention may be useeayas alirtds sninecdmbbigeati orhwithpthedaderiovirdtiratein,fosaxasiety of
purposes Whlcbovv'",psyr;ﬁaqua@ma}n@&msomgfd%&lkéwaﬁlagaﬂatp!,@c@fé%@fﬁl?&taat'L&Fher uses for the

adenoviral proteins of the invention will be readily apparent to one of skill in the art. 25 Il.Recombinant

Adenoviral Vectors "PrOSH5E ESHITEEITORE bf thid e Rtd A THE (b (S Bre tHEEHEINBE 4%eterologous
molecule to cells, eithesfoEtherabesticiorsvaccine purposes. As used herein, a vector may include any

genetic element including, without limitafjon,.naked DA A Phage. transpasal), sasmid; gpisome,

plasmid, or a virus. Such vectors contain simian 30adenovirus DNA of Pan5, Pan6, Pan/, SV1, SV25
and/or 5V39 and a ATHEEHEC BT P IRATGEHE S hCAHL IR BB ARIBT ks edisetattdtdifiegous gene
and the other :reg_uIataeyiaeIﬁxﬂgeniﬁ-ge@essarw@dm@rtlrams'tatlmiag plaamefiwti_mn igfmd{ar;zax;pression of
the gene product in g fast el vaicalhe:0 acipaayital varterofdha nvention s desined such that

the minigene is located in a nucleic acid molecule which contains other aclenoviral sequences 5in the
region native to a sefeRtEHalENEYRAFGERE. SrHE RATHIRIIE iR/ UsE THEERRSEFite 4 oaReHig gene
region to disrupt thefuectioneidhatregian fFdesiedvAleakvely -he:Riigenedmayhesinserted into
the site of a partiall fully delet enqyiral . For.example, the minigene may be located in the
site of such as the é%%%eﬁ ?ugﬁllgligggé?géIl%%%gﬁqﬁ%@ﬁﬁﬁcﬁgﬁ%r agtéaféaﬁéaﬁ,’ E?m”gﬁ’é‘ Offiers that may be
selected. The erm 2FUistAFGRATR HilatEwe &F MerRitioTrardBrRmr shisdashtsarahduffisismedimount of the
gene region is remayed.onothantisecantaged s gy bynRitation-onmedification .sadhat the gene
region is no londer gapable otRredusing funstianal praduets of gens cxprsssion. { desired, the entire
gene region may be remo d: Other suitable sites for gene disruption or deletion are discussed
elsewhere in the application. ISFor example, for a produgction vector useful for generation of a
recombinant virus, the vector may contain the minigene and either the 5' end of the adenoviral generic
or the 3' end of the adenoviral genome, or both the 5' and 3' ends of the adenoviral genome. The 5'
end of the adenoviral genome contains the 5' cis-eletnents necessary for packaging and replication;
i.e., the 5" inverted terminal repeat (ITR) sequences (which functions as 20origins of replication) and
the native 5' packaging enhancer domains (that contain sequences necessary for packaging linear Ad
genomes and enhancer elements for the El promoter). The 3' end of the adenoviral genome includes
the 3' cis-elements (including the ITRs) necessary for packaging and encapsidation. Suitably, a

recombinant adenovirus contains both 5' and 3' adenoviral cis-elements and the minigene is located
hetween the 258' and ?' adennviral ceairiencee Anv adenoviral vector of the inventinn mav alen



5is 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 15ade"oviruses are described in the published literature
[see, for example, US Patent No. 5,240,846]. The DNA sequences of a number of adenovirus types
are available from GenBank, including t ge AdS [GenBank Accession No. M73260]. The adenovirus
sequences may be%ﬁf&iﬁgﬁc‘fi}bfﬁcgﬁﬁlé&ﬁlﬂlgﬁ) HOGTTE SETBRIo8 BUBH RO % Sty pes 2, 3, 4, 7, 12
and 40, and furtherdngludingeainy: ofthe: presenthgidentified:htimman typésitiBSindilarkzacienoviruses

known to infect non-human animals.(e.ge sinianssmay.alsa be.employedJn.thevastar constructs of
this invention. See, e.g., US Patent No. 6,083,71 The viral sequences, helper viruses, if needed,

o U 83,716 . que , .
and recombinant vi?é‘f%é?rfi‘&q&@,séﬁﬂ?Bﬁh@l‘{}@%?%%rﬁﬁ%ﬂ%ﬁtgugﬁﬁug’éﬁuléﬁ?ég’ BMSi8¥ed in the
construction ofthe mgctbrstatescritted neretnahetobtaingd ias Weseribed ahoverThe DNAssequences of
the Pan5, Pang, 2QRans, S¥d.2Y &2 and/a $Y39-simianade navirisseguenses.atthe invention are

employed to construct vectors and cell lines useful.in the preparation of such vectors. Modifications
of the nucleic acid &GRS FORATHG IHERTBE G b iS5 RSSO HeRa Y $54uence deletions,
insertions, and otherymutations, iMaycbe gendratadagsing stdrdanidimblegulss;bioldidiead, techniques and
are within the scopg, of thisOVERIRNARAEREMINIGENES. paracoccid R MRS eMRlaYRd for the

selection of the transgene, the cloning and construction of the "minjgene™ and its insertion into the viral
vector are withth thi"8IaRSHT 8 & Y7t 176 TERER R YEVIGEES RerEins L s talRsg&rEshThe
transgene is a nucleituacityseguienaeR heteldlogeus totthidevectofesaquentesddianking the transgene,
which encodes a p@%&%@&%?w&tgmmgragafaﬁraggﬁa%%egeﬁéggqés@?em;c%ﬂg acideading sequence

is operatively linked to regulatory components in a manner which permits transgene transcription,
translation, and/or SRFFEEEOH M A BRE CBHPFHE CEBo ERCA B HE RS IS E%¥Equence will depend
upon the use to whigihdfe kesudiingasectomyilshetipute dor-examiplen Ohe-types ef drafsgeme Ssequence
Includes a reparter, sequange:whIch ueon exIessIon Rduees A dalodialle signal. Such reporter
sequences include, without limitation, DNA sequences encoding P- lactamase, p-galactosidase
(LacZ), alkaline phiS¥pHATASE!StHyRIANTES ki fAE8 \greei T drseeieritpeatdin YE@s=Pyischlorarnphenicol
acetyltransferase (€Ad)siyciferases Membtane: bound proteinstinelding:fosexample a(2D2, CD4,
CD8, the influenza elgglc% _g%%ylgiq”@er%g[ilg, and others well known in the art, to which high affinity
antibodies directed thereto exist of can be produced by conventional means, and fusion proteins
comprising a membrane bound proteif aBptbbfrstergeRisei6/ A e taef dbisanA6m, among
others, hemagglutigi, a4 My dTiRase Cogingsantances;: whgomssosiated:-witt regulatery elements
which drive their expression, provids sianals defectable by.1aganventonal means, lncluding
enzymatic, radlograplfnc, coi}orm’Ietrlc, Uorescence or other spectrographic assays, ﬁuorescent
activating cell sortingressasesnard firithbiRolseit a assdyysidndaelifg @wzymedirikedimmunosorbent

assay (ELISA), radipimmunonassaycRA) ansdirminaehisteshemisty: Hosexampie: where the marker
sequence is the LacZ gen ,fghe resence of the yector.carrying the signal is detected by assays for
beta: 20galactosidte Aoy WHALS 18 Fanegune 1 G SPlUCHS/Ses R oator STy ing the signal
may be measdred(visugiyibyveshorGr Aight produttidndn ledsiriiomeadr all of whiclHistvever, desirably,

the transgene is afgasmaricerrseqsenteensadingapreduetwhichisusefalinehiologwand medicine,
such as proteins, peptides, RNA, ymes, or catalyti As. Desirable RNA molecules include
tRNA, dsRNA, zsz%ﬁé,%ﬁ%%?ﬁ%}x%% éil’ﬁti‘@@iil@i“%é?’a% i?é?%%’ﬁﬁﬁ’é?’@‘ﬁ%’é&‘grﬁge“ér a useful RNA
sequence is a seqiieiee whichéxdingtishes @xpressiohof ddargetddmaciein dsitbsequence in the
treated animal.  opsii0d RRiHRRRGBNEDIAY: Beesisesh for dreatmant: L.« RiHenglic.Aeficiencies, as a
cancer therapeutic or vaccine, for inductio ofﬁn im ung response, a, d/or for 30prophylactic vaccine

purposes. As Used HEFEI SIHHTE o SF AR ImmuUne reSponee ratef&to tha BTty 6t A mbiseule (e.g., a
gene product) to ifitipice & Rcglicndiorartmosaniniml rerdsptnsétethemolscule. The invention
further includes U%&wyiﬁipé%mne encephalitis; eastern equine encephalitis; western equine
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transgenes, e.g., to correct or ameliorate a condition caused by a multi-subunit protein. In certain
situations, a different transgene may be used to encode each subunit of a protein, or to encode
different peptides or proteins. This is desirable when the size of the DNA encoding the protein subunit
is large, e.g., for an immunoglobulin, the platelet-derived 5growth factor, or a dystrophin protein. In
order for the cell to produce the multi-subunit protein, a cell is infected with the recombinant virus
containing each of the different subunits. Alternatively, different subunits of a protein may be encoded
by the same transgene. In this case, a single transgene includes the DNA encoding each of the
subunits, with the DNACFBFEER %ﬁBGY{W@‘e?ﬂ'&f%&féﬁt?%ycéﬁﬁsiﬁ?&rﬁa@aﬁﬁ%ﬁ%ﬁé%W%‘??@“Rﬁﬁ‘ﬁ’ES). This is
desirable when the size oitherDbAwainccdingeach of thig:gubdnitgis Shaaglinte. go, dtétiotabisize of the
DNA encoding the sybunits, ang.fhe,IRE S, is:|ass dhardive ilohases. é@l ap;altprnative 19 ABdRES, the

DNA may be separated by sequences encoding a 2A peptide, which self-cleaves in a
post-translational evérftsSea PEgRsM:! Ei?eljpb‘i’iﬁeﬁ@,‘”é'{é’!? el arsie o gE i) 8L BRI 997);
Furier, S., etal, Qene;fﬁhze;@@ﬁ&(idés@ﬁﬁe&?e@e(xﬂwmen@@ﬂic);dlﬂﬁumang,emfair.n fﬁmz’@h@sﬁ(lO):Sll-Sl?
(May 2001). This 2A peptidg is sighificantly smaliertban:an IRFS.makingdt yellsuited for use when

space is a limiting factor. However, the selected transgene may encode any biologically active product
or other product, e.goREpibEGE eI HLIEFIP SHLRiglotcal agents s jitaple transgenes may be readily
selected by one of skill in the art. The 2@sieledticnofthé dransgerfatis inatntonsideted-to be a limitation
of this invention. ZR%@B%@A:EJ&mﬁ@g@ variabie re%jon J>'%zﬂ9%"£18[§ E%'P?n%%?!n?#%@g&%s identified above

for the minigene, the vector also'includes conventional control elements necessary which are operably
linked to the trarfsgeif6 ifiaghahné R pEHAHE Ttstranidipus e hamsrtior o Sin P ®Yression in a
cell transfected with tierplaisetidry @stoveadriindeciac: withvihiessirtigpreduet diysHECRy eptide. As used
herein, *operably linked" gaguences inglurle bt sxpressien sentiolseguences natare contiguous
with the gene of interest and expression control sequences that act in trahs or at a distance to control
the gene of interest. [EBeHPES SIOACEOLPRIGIBEE THESTIH CIBENAPDFEP ARt e MEE FEY T B0snitiation,
termination, promoteraneenhrncer seqseees; €fficientRNARICCESIING sighalsswehas splicing and
polyadenytation (polys) signals; ssquenses thal stabilizs cytoplasmie RN Spayences fat enhance
translation eff|C|encylb’.e., ozak consensus sequenteg; sequences that enhance protein sta{blllty; and
when desired, sequetices:tiit efihemsensetirt for ohthiecen eaeletiprodabi Rigrsat:hghsber of

expression control sggencessdneudingiprapotera whighvarennativey, corsiiathe sdngucible and/or
tissue-specific, are knowp in t_h%ar_tganncg ggaf%gse ‘,Hﬂéi;?ed--fst?‘\? nI%s gfsgog tituté\g(e promoters include,
without limitation, th&f&trSviral ROL1S Sarcoma Virus 2\5§\/3 L prSrﬁo”taésr igﬁﬁoheéllly with the RSV
enhancer), the cytorpegyadsvizes (ORI Promeltae (Gitionall Witidhéa-ChMVYethanedr)Msdé, e.g.,
Boshart at al, Gell, 43:524 530 {1985)]:the S VAOrprernates; the.dlaysipiolaie rediciase pramoter, the
fl-actin promoter, the %hgssprgt?%b{c%%lf tiggesoeo Pgm Jcs)r\gmg]tleirt,a%(?apql I}Qe EFla Rrom Eetrr%qvitrogen].
Inducible promoterseé oW r%gu ation of gene eXpression and can glé“regh %{jt%ndgeby e%géﬂ usly
supplied compounds, elviroeriehaidasérssuch as temperature, or the presence of a specific
physiological state, e.g., agute phaseiapadicdlakdiffesentiation state of the cell, or in replicating cells
only. Inducible 15promoters and inducible s sten]s are available from a variety of commercial sources,

| . y
inciuding, without limitation, Inv ittOG & ETERTeRR &7d RITAd NIEROthT &S STERE 850 Be8h described
and can be readily setettectby @mnenohskil methéf ary, FobeccenplByindugibte:promopters ficlude the
Zinc-inducible Sheepr%%ﬁﬁ&gg})@ﬂ&@%p%& promatey %@,Q%QEQ§§1%H{€$E'§U%%90@91X)'indUCible mouse

mammary tumor virus (MMTV) promoter. _i 0Other inducible systems Include the T7 polymerase
promoter system (W OBHITES[ e dsbne sy proniotar e’ stai sroe \atl AeEs Set USA,
93:3346-3351(1996)}- thestetracyslined st pressibieisystemitasselsat &l vRProos MNathinAcad. Set USA,
89:5547- 5551 (1992)], the tetracyclinerinducinle systam [Gossen et al. Seianes, 268:166-1769
(1995), see also Harvey at al, Cwt. Opin. Chem. Biol., 2:512-518 (1998)]. Other systems 25include the
F10506 dimer 3P 1661 pE& e Lol fRiiBe afSHeRB M urs I SHe 0t REABE HENE & system
[Wang eta?, Nat. Bioteathedlhn: 239-243 (1:9F¢)radd\angeta?, Gene Then, 4:432-441 (1997)] and the
rapamycin-inducible system [Magari at al, J. Clin. Invest, 100:2865-2872 (1997)]. The effectiveness of
some inducible promoters increases over time. In such cases one can enhance the effectiveness of
such systems by 30inserting multiple repressors in tandgm, e.g., TetR linked to a TetR by an 'RES.
Alternatively, one can wait at least 3 days before screening for the desired function. One can enhance
expression of desired proteins by known means to enhance the effectiveness of this system. For
example, using the Woodchuck Hepatitis Virus Posttranscriptional Regulatory Element (WPRE).

In another embodiment, the native promoter for the transgene will be used. The native promoter may
be preferred when it is desired that expression of the 5Stransgene should mimic the native expression.
The native promoter may be used when expression of the transgene must be regulated temporally or
developmentally, or in a tissue-specific manner, or in response to specific transcriptional stimuli, In a

further embodiment, other native expression control elements, such as enhancer elements,
nolvvadenviation citece or Ko7ak concenciice caalienceac mav alen he 1iced to mimic the



10native expression. Another embodiment of the transgene includes a transgene operably linked to a
tissue-specific promoter. For instance, if expression in skeletal muscle is desired, a promoter active in
muscle should be used. These include the promoters from genes encoding skeletal p-actin, myosin
light chain 2A, dystrophin, 15muscle creatine kinase, as well as synthetic muscle promoters with
activities higher than naturally occurring promoters (see Li etal., Nat. Biotech., 17:241-245 (1999)).
Examples of promoters that are tissue-specific are known for liver (albumin, Miyatake etal., J. Virol.,
71:5124-32 (1997); hepaititis B virus core promoter. Sanclig et at, Gene Then, 3:1002-9 (1996);
“alpha-fetoprotein (AP?), Arbuthnist eEERDHBRHITGRTE: T958R2 185 11472 B 99BY) stEie 85teocalcin
(Stein et al, Mot BiohiRep.£241135:96:£3990)) hopensialeproteir (Ghenetaiont, BoneMiner. Res.,
11:654-64 (1996)). lymphocylcs, (02, Hansal st al, Jdmmunoly, 46110038 (1998): Immynoglobulin
heavy chain; T cell receptor chain), neuronal sUCh as neuron-specific enolase (Rl Ifr) pron‘?ot%r
(Andersen et at, CelheNratNatirelsioting 345082 E5HE0 3 feur St e nt fig itk hdid d&ne @iccioli et
25at, Pros, Natls Acagh(SehohoAi88:56 kl-m:£1991))and the neuier.speciicahaens Riecioli et at,
.N-euron’ 1.5'373_84 egagdépﬂis [’gt(lao%go }J}g{g’ hbinant sing!)gﬁt Iz?cﬂ:%&%ir%%%%??Ocﬁ{%/m‘.%gﬁg ?9?510%?1%100&!’]9
therapeutically useful or immunogenic prokaucts may also Include selectable markers or reporter genes
may include sequeriEEs' EnEsinY HenerEh HYgohHGn ST Pty TEsBEarteEs@ntBAg others. Such
30selectable reporters:r. markesgeresipiaterblylocatedputsige thenvisakgensme ta bepackaged
into a viral particle) can ib%OHS%%i dtg st;ggsz%\érththz{%gce{g]g&gg dlﬂhlg ﬁ!eashr%faieq]s in bacterial cells, such as
ampicillin resistancé. Other c%mpcfvnents of the vector may Inc lde an origin of replication. Selection of
these and othé@promoters and VeetsrealetAEHs-dbe Bopvantadlenonrdng suchnésprences are
available [see, e.g. ,oamkrack-etak apdreferencescitodthemitdiivering 2 plkReREVECIQESAre
generated using the techni%rlfs and sefguen esbgrot\/Ii]dedI er.ein,cgrg]junction Wjjth technigues known to
those of skill in the S1t*"SUEHt&¢C “Pqu%sgmcluﬁe conven |6r%éf%€f§ni'n61]fés'é ‘%}bﬁg&o&%d {'such as
those described in tEkis [Sanilsrook eta!cMotesaiartSioningbrestatmrato iy Man e cQotes8pring Harbor
Press, Cold Spring HarharNeYds #ee ef-ovarlapringmligonusleptidessequences ahihe adspovirus
genomes, polymerase chain reaction jnd any suitable 10method which provides the desired

nucleotide sedﬁenc%?zﬁépd%&?iéﬁ"gfzﬂg) IO VIR AN e e G R ES R nent, the simian
adenoviral plasmidgr(@eintnbrnactors) @rewsed o groduce: resomiingntsabéviovirdlpakicles. In lie
embodiment, the recombinan$\15adrRayiTuses.atefunctionally deseted:in the, Fla, orBib,genes, and

optionally bearing other mutations, e.g., temperature-sensijtive mutations qr deletions in other genes.

. 9., € atuy !
In other embodimeRt! {48 AS5PLOTE" S FotaiH SR NYa BF 8 dnd?ér Bis egibh It idbftinant
adenoviruses. Suchnandntact:zhrediory maychelacatetkintsiativgilogationdhrthe ackknovical germine
or placed in the, site o, delegion in thedative,agdenoviral 20genome (e.g., in the E3 region). In the

construction of useful simian adenovirus vectors for delivery of a gene to the human (or other
‘mammalian) cell, -a range of addhSViEE NEEERE 20U YEGTEATAE B8 Bl EhmiByea e ectors. For
examplc_a, all or a prrtian pfdﬁ@@ﬂ@ﬁ@vﬁmt@t&yé@nmmgemiﬁ@ anay bsceumﬂ@amdlgr_@m the si_mian
adenovirus sequence XMEHH%M‘B!&P&%Q%&E%%EOW*BH%%Q’W%E&%JH_@E&‘ik%%‘vg&al%!af‘ E3is

believed to be irrelevant to the function and production of the recombinant virus particle. Simian
adenovirus vector® {idy 45 HEcr SABHER I hART A I BHATEF dP1eadt (HE BIRMYErdfion of the E4
gene, and more desirabiydecalise ofithevedundanaynithe:fisnetionsefthis regiomdheaentire 4 region.
stil another vectog.gf (his, vefign caBiARs.a delelion dhe deimed Satl 4e0e 40, £4q Deletions
may also be made in any of the late genes LI through L5 of the simian adenovirus genome. Similarly,
deletions in the intEiEback GEMES BCUAT N s be el for 88merplirp d8Es contraideletions may
be made in the other.siractsat nnohe situaisrel denatitsrgeneas: Theabeveidiscussed deletions
may be used individuallg/th!ié%., an adenovirus sequence for use in the present invention may contain
deletions in only aacsli}rqlzéllle”region. Alternatively, deletions of entire genes or portions thereof effective to
destroy their Biblogical activity ma§BESEE R AMNPESFAbRTSE6H: Foice Raraphes MisretBekemplary
vector, the adenovirusisequensemay:have deletiopsiobihe-ELhgenas andihe E4iganenerof the El,
E2a and 3 genes, or of the, 8 and F30¢es, a1 61F 2a.a0d F4,denss, with,of yithout deletion of
E3, and so on. As disclisse aB%ve, such deletions may be used in combination With other mutations,
such as temperature-sensitive mutations, to achieve a gesired result. 10An aclenoviral vector lacking
any essential adenoviral sequences (e.g., Ela, El b, E2a, E2b, E4 ORF6, LI, L2, L3, L4 and 1,5) may
be cultured in the presence of the missing adenoviral gene products which are required for viral
infectivity and propagation of an adenoviral particle. These helper functions may be provided by
culturing the adenoviral vector in the presence of one or more helper constructs (e.g., a plasmid or
15virus) or a packaging host cell. See, for example, the techniques described for preparation of a
"minimal” human Ad vector in International Patent Application W096/13597, published May 9, 1996,
and incorporated herein by reference.



1.Helper Viruses Thus, depending upon the simian adenovirus gene content of the 20viral vectors
employed to carry the minigene, a helper adenovirus or non-replicating virus fragment may be
necessary to provide sufficient simian adenovirus gene sequences necessary to produce an infective
recombinant viral particle containing the minigene. Useful helper viruses contain selected adenovirus
gene sequences not present in the adenovirus vector construct and/or not expressed by the packaging
cell line in which the 25vector is transfected. In one embodiment, the helper virus is
replication-defective an%j c%nta_ins ﬁjv?rietx oftaqFQaQ\{liaruslgd%naesﬂiQ %dgjgion to .theh§§gu}§%§:n%s
described above. SUH A REISEF IS 18 Geirably (ised in combination with an Er -expressing cell line.
Helper viruses mayzal§or heddirnedrinteipofyvtitiorrr onjlugatedrals describboshis Waieta?, Biol. Chem.,
264:16985-16987 (198K ek iisherand J=My 30Wilsan, Bigtheni. b e 9949 (AR ihdm1894). Helper
virus may optionally contain a second reporter mini ene. A n%mt% 1 of suc r?@p)rter enes are known
to the art. The presBREESFERIOHEY YENE SHTRE el per Vil Which s QitRSHERt 85T the Hansgene on
the adenovirus vectorcaltowshotkirthé Adovectdr ahd therhelyervizug 1o tesmodpendentiyamehitored.
This second reportgpiggdses.tarenable saparationbatweenthe resulting recompinamvirys,and the
helper virus upon purifi a%Lon.% om{%{%ﬂn%ﬂaﬁon C%el_l Line d51To_ en rateg ecE?mbég}ant?simian
adenoviruses (Ad) GeRERIF A OP e gensd Hedtibad absve e tnefdn Bt He détsted gene
region, if essential tepthéhreiglicationerrddifectiVity ohthealirus, must be supplied to the recombinant

virus by a helper virus or cell lineg;i&s2:6QMPie MENLaPBOLNACKLING CEH HRE BN
circumstances, a cell line e_xpressing; the,hu?a El can be us%? to franscom lﬁlrg]e,nt the 10chimp Ad
3 . _

n
vector. This isartiCifARY dH0RTTRGREHS Be tAULE YU ASRRE TV S BER &'€himp Ad
sequences of the irvertideiandithe led inarr dElosetiueiice s fotwdzinady rrentiy by sdtalble waekaging

cells, the use of th%s%WH%%hzkHﬂ@&aﬁlé%%@HﬁJﬁ@xﬁ&'@l%%%ﬂﬁa%@sg%‘%ﬁt&%ﬁaf%ug%%@'Competent
adenoviruses durin; the replication and production process. However, in certain circumstances, it will

be desirable to utiliZe* 5% 1% &1 R HHTH x PP LR I8 EFRHE PIEa Gk Cdih Bestifiirsd Yor
production of an Eltleletedt sufliiaepadentvigugaSush dellrlines havereencdeseribet(Seepend., US
Patent 6,083,716. . invensian Ma%%i5@%@&&4@@%%9%2@&@%@@g@h% IQulded heteln o, generate a

packaging cell'or cell line that expresses, at a minimum, the adenovirus El 20 gene from Pan5, Pan6,
Pan7, SVI, SV25 ofSVa8Risa&T tRE {RamStaiptiorar coiersrE abiBIRtatar #6t eRpIVELESN B a selected
parent cell line. Induicie el constititivic grametersdiaysbeemployed iforHthisipuipasec fExamples of
such promoters arg,desebad nAriaalsriere Indhie.spaalicalion.anatantasl s selegied for the
generation of a novel cell line expressing any desired AdPan5, Pan6, Pan7, SVI, SV25 or SV39 gene.
Without 25limitatiof” 8EkKa e CENIBFhAY B HeLa [ATCC Accession No. CCL 2], A549 [ATCC
Accession Noz(CCL 1851, HEMPR932HB { Gkt g |; ddetroilofeigad Diatreitd 10 ECh a2Liarml W1-38 [CCL
75] cells, among others. The L all.avai % : ican Ty ture Collection,
10801 University B%%T}és\/%l, gl\%gqﬁ?gst,%ggsg@%r%ﬁfgg% J:’%Zlgé}gmg g&ﬁﬁrﬂ@%g%eé{%@rgh?%ell lines may be
obtained from othetd&tuitesoBO5E R EGHERIAG Rl Ao Bl tEaTRE ANthEearamation Of
recombinant simiap denavidispldideletechiveoiors:«Additionaliysroig alternadivelyethe invention provides
cell lines that express one or,more simian Qﬁn viral.gene products, e.q., Ela, El b, E2a, and/or E4
ORF6, can be con%?rrﬂlcntié%lUdsmgmees%élﬁit?ﬁ@t e%cagrirqé’ erfcl)lgegaasrleng ?génagqelffﬁntﬁiea}f gLeenbé}%%%ﬁJ:)f
recombinant §fimiaffviFafaBeiEs s VSaick delldifse’ dapibecutizet tbstars tompisrasiitladenovirus
vectors deleted in thg.essential-genasihps erepdecthose produets: o0, previse deliper functions
necessary for packaging .of a,helper- 5dependent virus (e.g., adeng-associated virus). The preparation
of a host cell accorcc?%a%é%%scﬁ/%h%ig%n} C\}/Sci)ﬁl\[/)gsC ?8% mﬁll}qgl}g%éggﬁ%ﬁnaf egsaéécrl}}“ﬁﬁf%wgé%ected DNA
sequences. This agseinb i ayepenacesmiplishee whiiArgtorventieh alltetpiereeiios ichiaschniques
include cDNA.and gepamie eloning. mhichoare welb kaow andareidascrhedihSambrook et al., cited
above, use of overlapping qligenycleotide sequences ot ihe L0adenavirus genames, combined with
polyrnerase cRain FEAEH6A, syntlgﬁ”e IC methoc s, and any other suitable methods which provide the
desired nucleotidedgegfirarisesxpression in a FSHIFBHOHE ealteisttivelcthes asidnvaddenovil gene
products are provided iR tanshy the.adenquieal vecionandienhealperinus. 4r skchanigstance, a
suitable host cell can be selected from any biological organism, including prokaryotic 15(e.g., bacterial)
cells, and eukaryotic cells, including, insect cells, yeast gells and mammalian cells. Particularly
desirable host cells are selected from among any mammalian species, including, without limitation,
cells such as A549, WEHI, 313, 1011/2, HEK 293 cells or PERC6 (both of which express functional
adenoviral El) [Fallaux, FJ at al, (1998), Hum Gene Ther, 9:1909-1917], Saos, C2C12, L cells, HTI
080, 20Hep02 and primary fibroblast, hepatocyte and myobiast 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 is the type of mammalian cell, i.e., fibroblast,
hepatocyte, tumor cell, etc. 3.Assembly of Viral Particle and Transfection of a Cell Line 25Generally,
when delivering the vector comprising the minigene by



transfection, the vector is delivered in an amount from about 5 ttg to about 100 ttg DNA, and preferably
about 10 to about 50 ttg DNA to about 1 x 104 cells to about 1 x 1013 cells, and preferably about 105
cells. However, the relative amounts of vector DNA to host cells may be adjusted, taking into
consideration such factors as the selected vector, the 30delivery method and the host cells selected.
The vector may be any vector known in the art or disclosed above, including naked DNA, a plasmid,
phage, transposon, cosmids, episomes, viruses, etc. Introduction into the host cell of the vector may
be achieved by any means known in the art or as disclosed above, including transfection, and
infection. One or mer& BFtRE AHERGIPAFYBHEY BiayPhB CEIHRFIRTEEPAIEATMD BN HEABMTY BFthe host
cell, stably expressgghascepiapmaess or expressed transiently. The gene products may all be expressed

Stransiently, on an episorne or stably,infegratad,.or 596,01 e, 9eng 9£8g%cé§t£@%¥v$r%§3‘9&e556d

stably while others are expressed transiently. Furthermore, the promoters for each of the adenoviral
genes may be seleéMﬁﬁE%@ﬁélﬁh‘ﬂ?‘ﬂéff?%e@o?fﬁ?ﬁfi{}%%ﬁ%?ér‘?@rﬂlﬁré%lﬂféeﬁf@ﬁ%ter or a native
adenoviral promotesuThegremotersimay: beiregulatediby-a-speicificphysiglogicatstate of the organism
B e SUIRMERLAA PIRIEAL IO ERICANG.Of RGP L ORI 0L SHaRERIopsly adad
factors, for example.nfntroductlon of the molecules (as plasmids or viruses) into the host cell may also
be accomplished uERHGHEEARIGEEEKIBVWA TS tHeLianse A ar bHadseiselssetrtHroimhout the
specification. In prefefreshenabedimentistandard ransfectionitechrigyes atevsade.g., CaPai
ransfection or elecporation. 2Assembly. ol e selseiad DNA seauences ol e,adenoyiius (as well
as the transgene and other vector elements'into various intermediate plasmids, andthe Use of the
plasmids and Vectorstd BrowseEca reesrBaAROIraPpattichs drasall wéHeved hisiprpeahverifional
techniques. Such technigues:inglude conventional cloning techniques of cDNA such as those
described in texts [Sambrook et), gied abayel, st gl 20overlapping aliganucleqtide sequences of
the adenovirus genomes, polymerase chainh reaction, and any sul able method which provides the
desired nucleotide Zddiresos SidH Rk trErsTeEEoH Bt cslansfe cionr e Higrssnare employed,
e.g., CaPO4 precipiiationtechnigeies Rthes manventonal methogls empleyed inciude hamelogous
recombination of the viral genomes, plaguing of viruses in agar overlay, methods of 25measuring
signal genera%i?)n, IRETHE like. For example, following the construction and assembly of the desired
minigene-containing viral vector, the vector is transfected in vitro in the presence of a helper virus into
the packaging cell fing,, Homolggousfecompination occurs between the helper and the vector
sequences, which permits the adenovirus-transgene sequences in the 30vector to be replicated and
packaged into virion capsids, reStifiAy iH tHe reCTTIIRAMR VIR Ve &t Parities ApHastiriént method for
producing such virug patiicies FaiifdnsieCtionbasedidoneyed] thesnyentiomnlisinaidiniited to such

methods. . 5o wHIS SLitGLagampRant siiad,adenayiuses a1e yselt insferring a selected
transgene to a selected cell. In in vivo experiments with the recombinant virus grown in the packaging
cell lines, the El-distédbe dbitiifiEnit SRR Attt s ededieorireemvetiton atiidnstrate utility in
transfer_ring a transgene $a ammnm@piawmeémb@%admmmm&ﬁmm gfighg Recombinant
Adenovirus Vedtors, o, 1116 fecqmbinant.simianiadsnouiiis erlors of e nyenion arg.yseful for

gene transfer to a human or non-simian veterinary patient in vitro, ex'vivo, and in vivo. he
recombinant acierfévitisCve Bt OR il seRpEt e B ardé Béed sk grdssisnfiectdrststhe
production of;the preducts-encedediy thecheterologaus.gemesdn salka-Ea-exampleatheyecombinant
aenovruses conriPaRdenE nserad e delasaton ol i Fldelslon e e astected o o
El -expressing celfiing &s described above. Al er[r)1at|vely, replication-competent a énoviruses may be

used in another seREEEH Bel LEIRE TS Wa fsleptde cundarer tds dultbrel ek éMartional

manner, allowing the recombinaitradanovinisieiexprass the.gene pradustifronuthe, Rrometer. The
gene product may, fhen, b fecavered I, I Uiy medium. by knowp.copventional methods of
protein isolation an rec%ver? rom culture, A‘Pan%, Pané, Béh v “or S\V/3d Gerived
recombinant Eimiaiaeieiiovieal 2OYEcrRsT Ot Ve miérn Hrodiiel anerisiemt yenearansfet vehicle that
can deliver a selegteghtransgene to a selected host cell in viva or ex vivo even where the organism has
neutralizing antibodies to one or more AAV serotypes. In one embodiment, the rAAV and the cells are
mixed ex vivo; the infected cells are cultured using conventional methodologies; and the transduced
cells are re-infused into the patient. These 25composiipns are particularly well suited to gene delivery
for therapeutic purposes and for immunization, including inducing protective immunity. More
commonly, the Pan 5, Pan6, Pan?, SV1, SV25, or 8V39 recombinant adenoviral vectors of the

invention will be utilized for delivery of therapeutic or



immunogenic molecules, as described below. It will be readily understood for both 30applications, that
the recombinant adenoviral vectors of the invention are particularly well suited for use in regimens
involving repeat delivery of recombinant adenoviral vectors. Such regimens typically involve delivery of
a series of viral vectors in which the viral capsids are alternated. The viral capsicis may be changed
for each subsequent administration, or after a pre-selected number of administrations of a particular
serotype capsid (e.g., one, two, three, four or more), Thus, a regimen may involve delivery of a rAd
with a first simian capsid, delivery with a rAd with a second simian capsid, and 5delivery with a third
simian capsid. A variety of GtHerEgipfens S Eh RIS EAE TREF e ATFSRIET BT SARASAGOIPHIOAE in
combination with one,anathers Biia epMbinAEEN-Nith-othenda seratypessvildeapparent to those of
skill in the art. _Optionally, S%QJ a regimen may%&glx&&drg}% ég.a}:i(} 0.2k tAd with o 'sids of other__
non-human primate adenoviruses, human adenoviruses; or.artiicial'Serotypes such as are described
herein. Each phase of 10thBa&gimen may involve adfiridfration of a series of injections (or other
delivery routes) with a single:Ad serotype capsid followediby* a series. with another Ad serotype capsid.
Alternatively, the recombinant ,L/Ad vectors of the inventi n may be utilized in regimens involving other
non-adenoviral-mediated deﬁ{I/ery systems, including other viral systems, non-viral delivery systems,
protein, peptides, and other biologically active molecules. 15The following sections will focus on

exemplary moleculesg;which. may-he.delivered viesthe: ad epovirglyectors of the invention.

A.Ad-Mediated Delivery of Therapeutic Molecules . .In one embadiment, the above-described
recombinant ve&fors are administSf8a T FMaIRS SeEraifg 1o pANIEHEY HHatHBHE S §ene therapy. A
simian viral 20vectorhearRg the! selected tarisganer may e adininisterpd-toral patigets preferably
suspended in a biologicall compatible, salufien. or phaimacestisaliv aceeplable deliver, vehicle. A
suitable vehicle includes sterile saline. Other aqueous and non-agquéous isotonic sterile injection
solutions and aqueoBanantPrbEcAYIBGY SIstBIfE 'SUSHE NS oHE KBS B¢ prisimatgutically acceptable
carriers and well knowynctenthosecnbskitkinthen25ar, aayibia e mpioyer doethis purpose. The
simian adenovirg| vectors are adrjnisiered:p syffigiant amounis,Io franisduse e dargiet cglls and to
provide sufficieit levels of gene transter and expression to provide a t erapeutic enefit without undue

adverse or with medieulipatcestsbie Physiordits effeesDhich tarBe detet Aty byfiose skilled in

the medical arts. 30 Gopvertichal-ane:phasnacadticallycosepiakle feutesahadmimistration include,
but are not limited to, direct delivery to the retina and. gther. intraocular deli ods, direct delivery
to the liver, inhalatioﬁ‘f“f}: FARE Elll%l/ ?é]\fltgheoo ; ?ﬁ?%:cr%t%?:ﬁEﬁ%‘ﬁfrlaeﬁ%ﬁgégI,gggbggﬁghggous,
intradermal, rectal, oral and otherfsarétret ar¢cotas stedminiseratid i Rotrescofcadministration may be

combined, if degired; gratiusted dependingspandhs, transgepealsthercondition vihedaute of

administration primarily Willdd endton the .nat_pr%ofcthg co dgnﬁn bg:iné; tl_reaéed.t Dgsa e.s;of the viral
vector will depend pARAHIE G Tatibre SGe AL the Gndition being Treaed thESetaight and health
of the patient, and neguirassvapyaiviony fatients Forekiahpie e thetgpd wiatlycaffestiveadult human
or veterinary dosage.of ihe viralhvertorisoanarally indhasanas i iomabaut 100.0k o aleut 100 inL
of a carrier containing concentrations of from about 1 x 106 to about 1 x 1013 particles, 10about 1 x
1011 to Ix 1013 part fgsf\‘gll%fﬁ&ﬁ Z%(0109 to Ix 1012 particles virus. Dosages will range depending
upon the size afithe animal and tHeageitecdfhadminist ationcFoeexanplsnistitabiehsiman tor
veterinary dosage (far,2heutan 8hka anineab.fer inframuseriar injectionds imthe rangs af about .1 x.
109 to about 5 x 1012 particles per mL, for a single site. Optionally, multiple sites of administration

may be delivered. IFSHEHE UEEX5H Sl S SHEBBRGHRE SEVS ARy EdSAFEMES be in the range
of about 1 x 1011 tocabaraniex 4013 pasticles dramoralonmilationn@nigneigkiliin Thesart may adjust
these doses, depending the reute.af administation, andthetharaneulic eryvaccinalapplication for
which the recombinant vector is employed. The fevels of expression of the transgene, or for an
immunogen, th@lev@FIBfVQ:irculating antibody, can be monitored to determine the 20frequency of
dosage administration. Yet other smetiods: fordetermming ¢hextiming ok tsagsieneyiofadmiristration will
be readily apparent {0, ane.of Skill ncfhe:@tkeion of e BRPRILBALMEIROCSIER IRVANES: hE ¢

co-administration to'the patient, either cancurrently with, or before or after administration of the viral
vector, of a suitable EHEFALHE RO I (e RO HUTARIFY PRE SR SerdPimintide fibdulator is
defined 25herein as an agent capable of inhibiting the formation of neutralizing antibodies directed
against the recombinant vector of this invention or capable of inhibiting cytolytic T lymphocyte (CTL)
elimination of the vector. The immune modulator may interfere with the interactions between the T
helper subsets (Tgi or Tp") and B cells to inhibit neutralizing antibody formation. Alternatively, the
immune modulator may inhibit the 30interaction between TEI cells and CTLs to reduce the occurrence
of CTL elimination of the vector. A variety of useful immune modulators and dosages for use of same
are disclosed, for example, in Yang at al., LI. Viral.,.70(9) (Sept., 1996); International Patent
Application No. W096/12406, published May 2, 1996; and International Patent Application
No.PCT/LIS96/03035, all incorporated herein by reference. . Therapeutic Transgenes




Useful therapeutic products encoded by the transgene include 5hormones and growth and
differentiation factors including, without limitation, insulin, glucagon, growth hormone (OH), parathyroid
hormone (PTH), growth hormone releasing factor (GRF), follicle stimulating hormone (FSH), luteinizing
hormone (LH), human chorionic gonadotropin (hCG), vascular endothelial growth factor (VEGF),
angiopoietins, angiostatin, granulocyte colony stimulating factor (GCSF), erythropoietin (EPO),
ioconnective tissue growth factor (CTGF), basic fibroblast growth factor (bFGF), acidic fibroblast
growth factor (aFGF), epidermal growth factor (POP), transforming growth factor (TOP),
platelet-derived grottinfactomRDGH) Hiriwhitrietwth fadtenesofl divd ik oGFarramdi&Gr-19), any one of the
transforming growth.factor supgsfamily,insiuding FR. activnsisinhibing 0es any ahthebene
morphogenic proteins (PM?) BMPs. 1_-f5, any one of theﬂer ‘uin/neug gsulin/ARIA{ eu differentiation
factor (NDF) family8FGrotht FARE0E Pt HrOMM Taltor { ‘f"b“r%fﬁ_ger‘f{}’é“ Tetrotdphic factor
(BDNF), neurotrophiis ddfiz8rand NT:4/5;ioilisriinietkotrophiefadtor (CNTF), glial cell line derived
neurotrophic factor (GDNF), neurturin, agrin, any one of the family of semaphorins/collapsins, netrin-1
and netrin-2, hepatocyte growth factor ~ephrins; A ic-hedgehog and tyrosine '
hydroxylase, Other useful tranS§EHA BP8dudtS THAUIRBF8ins that regulate the immune
system including, without limitation, cytolcines and lymphdkimésisuch)as thrombopoietin (TPO),
interleukins (IL) IL-1 through IL-25 (inc uding; g-g -2 =4 tt=12-and .- 18), monocyte
cheamattractant protein, leukemia inhibitary factar, 25granulocyte-macraophage colony stimulating
factor, Fas ligand, tumor necrosis factor$and, inféierdns, and*stem cell factor, flic-2/fit3 ligand. Gene
products produced by the immune systepuase alsauseful in the. ;mvention. These include, without
limitation, immunoglobulins IgG, IgM, lgAs1gB-anetgErehimegetmmungglobulins, humanized
antibodies, single chain antibodies, T cell receptors, chimeric T cell receptors, single 30chain T cell
receptors, class land class II MHC moleéules, as\iiell as engidééred imrnunogtobulins and MI-IC
molecules, Useful gene products also Igigee-compiement Tegpiatory proteins such as complement
regulatory proteins, membrane cofactar.protein (MCP)! decay accelerating factor (DAF), CRI, CF2 and
CD59. Still other useful gene products|inftfide [ah§<Gie of the féceptors for the hormones, growth
factors, cytolcines, lymphokines, regulataa:proteips;and Simngyge system proteins. The invention
encompasses receptors for cholesteroww i 5ity lipoprotein (LDL) receptor,
high density lipoprotein (HDL) receptot, the very fc()w density lipoprotein (VIDL) receptor, and the
scavenger receptor. The invention also @d@'&)mp’a@@és(gene p¥bducts such as members of the steroid
hormone receptor superfamily includingg/EgpCORIGOIT TECEPIQLSAand estrogen receptors, Vitamin 10D
receptors and other nuclear receptors.JLLa.ddjllon,useItuLgen&ptaducLsJinclude transcription factors
such as jun, los, max, mad, serum response factor (SRF), AP-1, AP2, inyb, MyoD and myogenin,
ETS-box containing proteins, IbE3, E2F, ATF1, ATF2, ATF3, ATF4, 2F5, NFAT, CREB, HNF-4,
CLEBP, SP I, CCAAT-box bindi roteins, mnter I ion.factor (IRF-1),. Wi umor protein,
ETS-binding protein, STAT, 15é1§1119,§$b%>? %.ﬁ%%ﬁg%?ﬁ%‘.n%g@g%&e%%%ﬁ aghed}?f%%‘%ﬁr O{bleaci family of
winged helix protefrigding} of the chimpahge GeeTRi Geres rottchy it st chriame s Hiketase |,
ornithine, trangcarbamylase, argiraryaeiopie;sythetase agnasuceipaiedyaseraiginase;
fumarylace,tacetat 6I%z/dro e, phenylalanine, hydroxylase ?a- ntitrypsin, glucose-6-
20phosphatase, péSrp %%ﬁljll%gig“éﬁedl%e rﬁiﬁg}sﬂéf %t}:{%%gr%\“/%@“ alél't{?)!‘rIa Xa,ﬂg:dygs%lét ilg%ne%b%%g%%ﬁthase,
branched chain ketoacid decarboxylase, albumin, isovaleryl-coA dehycirogenase, propionyl CoA
carboxylase, methyl malonyl CoA mutase, glutaryl CoA dehydrogenase, insulin, beta-glucosiciase,
pyruvate carboxylate, hepatic phosphorylase, phosphorylase kinase, glycine decarboxylase, H-protein,
T-protein, a cystic fibrosis 25transmembrane regulator (CFTR) sequence, and a dystrophin cDNA
sequence. Other useful gene products include non-naturally occurring polypeptides, such
as chimeric or hybrid polypeptides having a non-naturally occurring amino acid sequence containing
insertions, deletions or amino acid substitutions, For example, single-chain engineered
immunoglobulins could be useful in certain 30 immunocompromised patients. Other types of
non-naturally occurring gene sequences include antisense molecules and catalytic nucleic acids, such
as ribozyrnes, which could be used to reduce overexpression of a target. Reduction
and/or modulation of expression of a gene are particugaarly desirable for treatment of hyperproliferative
conditions characterized by hyperproliferating cells, as are cancers and psoriasis. Target polypeptides
include those polypeptides which are produced exclusively or at higher levels in hyperproliferative cells
5as compared to normal cells, Target antigens include polypeptides encoded by oncogenes such as
rub, myc, fyn, and the translocation gene bcr/abl, ras, sit, P53, neu, tit and BORE. In addition to
oncogene products as target antigens, target polypeptides for anti-cancer treatments and protective
regimens include variable regions of antibodies made by B cell ymphomas and variable regions of T
cell receptors of T cell lymphomas 10which, in some embodiments, are also used as target antigens

for autohnmune disease. Other tumor-associated polypeptides can be used as target polypeptides
cr1ich ae nolvvnentideace which are forind at hinhar levele in tiimor celle inchhiidina the nolvvnentide




Other suitable therapeutic polypeptides and proteins include those 15which may be useful for treating
individuals suffering from autoimmune diseases and disorders by conferring a broad based protective
immune response against targets that are associated with autohninunity including cell receptors and
cells which produce self-directed antibodies. T cell mediated autohnimme diseases include
Rheumatoid arthritis (RA), multiple sclerosis (MS), Sjogren's syndrome, sarcoiclosis, insulin dependent
20diabetes mellitus (IDDM), autoimmune thyroiditis, reactive arthritis, ankylosing spondylitis,
scleroderrna, polymyositis, dermatomyositis, psoriasis, vasculitis, Wegene,r's granulomatosis, Crohn's
disease and ulcerative colitis. Each of these diseases is characterized by T cell receptors (TCRs) that
bind to endogenous antigens jnd Tm'ﬁa;li&iﬁh@ianaanr{altmtyfssasﬁ:adEaaéﬂsoéiated with autoimmune
diseases. 25The simian aden V|ral vectors of the invention, are @/@)rticular y well suited for therapeutic
regimens in which multiple ade = s desired, e.g., in regimens
involving redelivery of the same tiénsgene ot in cbmbmatlon regimens inyvolving delivery of other
transgenes. Such regimens maywmml\{exadmlnlsttatlon of aRamS Pan6, Pan?, SV1, 3V25 or SV39
simian adenoviral vector, 30fofew dS Ve, C%uumlbuauunvv veetor-fropm the same serotype
adenovirus. Particularly desirable remmens involve administration of a Pan5, Pan6, Pan?, SV1, SV25
or SV39 simian adenoviral vedtédBEehkidténtion| in which 84ePserotype of the viral vector delivered in
the first administration differs froIIlR€ [SEfeRAE Of the Viral veggior atilized|in one or more of the
subsequent administrations. For-example—a-thergpeutic regimen-involves administration of a Pan5,
Pan6, Pan7, SV1, 8V25 or 8V3§%ﬁdr’ﬁa‘?ﬁ repeat admlnlsutgrzéﬁon with one or more acienoviral vectors
of the same or different S5serotypessIn anisther example, a th&kapeutic regimen involves administration
of an adenoviral vector followe afcedministration wigh s Pan5; Pan6, Pan7, SV1, SV25 or
SV39 vector of the invention which differs from rh%ﬁam;m_mmiﬂﬁmxelivered adenoviral vector,
and optionally further administrét?&?wtﬁ%therfvector whidhis the sanje or, preferably, differs from
the serotype of the vector in thesgter admunistratipn 1OStep51}Ihese reglmens are not limited to
delivery of adenoviral vectors :ﬁgg"“ctm‘ ysing-the-Pan5Pan u, Pant-$V1, 8V25 or SV39 simian

- serotypes of the invention. Rather helsé regimenis can reaggf utilize vedtors other adenoviral
serotypes, including, without Ilm&tﬁiﬁon 'n adenO\ﬁPaEI serotype* (e.g., Pan9 or C68, ClI, etc),
other nonhuman primate adenoyirat Seroly ; ' btypes, in combination with
150ne or more of the Pan5, P anﬁ PanZ SV1 ’2\'91? or Q\/QQ vectors of the invention. Examples of
such simian, other non-human ﬁﬁﬁfate éﬂ%ﬁﬁuman adenovirar serotypesjare discussed elsewhere in
this document. Further, these thﬂﬂpeunﬁ@eglme NS may ingalge either simultaneous or sequential
delivery of Pan 5, Pan6, Pan7; oé’éﬁég"ﬁd Tuu/u. SV39 ad%u virat-veetors of the invention in
combination with non-adenoviral vectors, non-viral 20 vectors, and/or a Mariety of other therapeutically
useful compounds or molecules. The present invention is not limited to these therapeutic regimens, a
variety of which will be readily apparent to one of skill in the art. B.Ad-Mediated Delivery of
Immunogenic Transgenes The-recg so be employed as
25immunogenic composmons As used hej éﬁ‘i"ugﬁ‘?ﬁrﬁﬁ%‘é’éh fl:”i? h1p0|t|on is a composition to

preferably a prlmate The pre ent inventiol rowdes are omblnant simian Ad that can contam in any
of its adenovirus sequence 30deletions a gér¥%hcoding lF6¥&fed immunogen. The simian
adenovirus is likely to be bettersghted for Useawa live re*‘ombmant virus vaccine in different animal
species compared to an adengyirug-ef-hut R ggmm but}s 5.4, ot hmited+g such a use. The recombinant
adenoviruses can be used as préphylactic!or %herapeutlc \vaccines against any pathogen for which the
antigen(s) crucial for induction 8f&f immune*felsonse and&bigto limit the spread of the pathogen
has been identified and for wa@gnme CDNA igavgilable. Sueligvaccinat (or other immunogenic)
compositions are formulated i ble-delivery-vehicle-as-deseribed above. Generally, doses for
the immunogenic compositions are in the range defined above for therapeutic compositions. The
levels of immunity of the selected gene can be monitored to determine the need, if any, for boosters.
Following an assessment of antibody titers in the serum, optional booster immunizations may be
desired. inOptionally, a vaccinal composition of the invgntion 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 sicill in the vaccine art. Examples of suitable adjuvants include,
without limitation, liposomes, alum, monophosphoryl lipid A, and any biologically active factor, such as
cytolcine, an 15interleukin, a chemolcine, a ligands, and optimally combinations thereof. Certain of

these




biologically active factors can be expressed in 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 to enhance
the antigen-specific immune response compared with the immune response generated upon priming
with a DNA vaccine encoding the antigen 20only. The recombinant adenoviruses are administered in a
‘an immunogenic amount”, that is, an amount of recombinant adenovirus that is effective in a route of
administration to transfect the desired cells and provide sufficient levels of expression of the selected
gene to induce an immune response. Where protective immunity is provided, 25the recombinant
adenoviruses are considered to BEPUEERHEESHFoSIHSHE Ysflt nﬁ& @?‘ﬁiﬁé%f‘@?fﬁocﬁe%tg%? r
recurrent disease. molecular Altetnativihdscrimiadditiohs thiovécters o venmrésitiomigray contain a

transgene encoding 3 pentide. RAIYRERLiJE.OF Rreteinwhichinduees an IMMHRRISSPARSE 1 &
selected immunogen. The recombinant adenoviruses of this invention are expected to 30be highly

efficacious at inductigEStBIHETES JHtF SHHBBHIEL 6 THE M Sbrtedf HetofogsiRé Sntigenic protein
expressed by the veattlcation using tRopudiamplelinaunogens majddéisdlastted fronh & ivariety of viral
families. Example of degirable.virgl families, againstwhich ap inmung fesponRse weuld be desirable

include, the picornavirus family, which includes the genera rhinoviruses, which are responsible for
about 50% of case< BT tHEEBMMbACHlT: THE YaITdITBERMKIBVIK SULHAILRSHEREE pdfitliruses,
coxsackieviruses, eghevitises:ahd humangenterpyilinsessuchagshepatitishAtvincsicaind tgegenera
apthoviruses, which, are respansible for. foot ang mouth diseases dREmasty Jesnenhiyman animals.
Within the picornavirus family of viruses, target antigens include the VPI, VP2, VP3, VP4, and VPG.
Another viral finily RSB tHEAERIRKAPS SSFARTR  WhitH RBDHp A SRE IO VRS0 of viruses,
which are an importantcalisailveagentdifliepidentic gastroentefltigh Still anathexvinaldasiily desirable
for use in targeting aptigens, Rt INdyArAITRLAG (ESAONTES INUMANG ADAeR-Auman animals is the
tugavirus family, which Includes the genera alphavirus, which include Sindbis viruses, RossRiver virus,
and Venezuelan, Eastern & WedtsriEgeireenbephaiys dngaebivifas (hgadisgeRubella 15virus. The
flaviviridae family includesdergeie (velinuieyersdapaneseanrcepbaliislySplams@agephalitis and tick
borne encephalis yiies, ISy [rget anflasnsmay e deneraied am Mg Hepatlis G.ar the
coronavirus family, WRICh Inciides a number of non-Ruman viruses such ai’éTlﬁjfféctlous ronchitis virus
(poultry), porcine tré&fsmissiblergaistrdenteriestiris gy pochreteniabetdtiRbaing eicephalomyelitis
virus (pig), feline 2@infeciiQus-RapiaRitis yins {eats)afeline pRIQHEQUINNAVIFLG {Gathvaaninge,
coronavirus (dog), and human respiratary, coronaviruses, which may cause the common cold and/or
non-A, Bor C hepé%i |§?%ﬁﬁsr{m[ﬁ295c§%ruo% a{]\/aisrﬁg{;hé%{nlgl?ﬂtg?)é}%t antigens include the El (also called M or
matrix protein), E2 (also.called-S or Spike-protein),-E3-(alse-called-HE-or-heragglutin-elterose)
glycoprotein (not preSertderall coronatAiti8adse vieny S¥apSaTiSsIkdther antigens may be
targeted against theé thabclovirus farmily, which ingludes the gehera veilchlokus (eg—.‘, Vesicular

i

Stomatitis Virus), and the general ly irys (e.9.; rabjes). Within p rha g irus family, suitable
antigens may be derived from the G.%?’i\éggléfl ar the%?gtﬁitein. 'I“ﬁ%‘} a%r%ily ovifidae, which includes
hemorrhagic fever vitt 5 tras-Ntarpurgand-Ehofer virus meay tea suitapte-source of antigens.
The 30 paramyxov rgﬂgyamlﬁlbinclud{es parain Iuelﬂza Virus Type 1, parainfluenza Virlis Type 3, bovine
parainfluenza Virus| Fypé8;Fubulavireis (mum{ps \}i?l-l%), para nﬂl%enza \iirud0Type 2, parainfluenza virus
Type 4, Newcastle Oj5g&ag xirus (Chigkens), rindérpest, morbilliyirus, Whiginclides measles and
canine distemper, and j w»etw;LWjEf respiratery-syneytiabvitus.-The-influenza virus is
classified within the fdin r‘;fb(?rthomyxobﬁ'us anH IS § i

yhal e
Suitable solifce of a\fntig\éla (e.g., the HA protein, the
NI protein). The bunyawittgbfamily inclddes the gérrfe%a bunyTavNB (Cal fofmﬁa encephalitis, La
5Crosse), phlebovi L@vg{?éfg(;v’c}iiby F:‘YEI), trar thiIllébj (puremataisahemahagin-fever virus), nairovirus
(Nairobi sheep disease) and various unassigned bunhgaviruses. The arenavirus family provides a
source of antigens a@aiviBb&4OM and L.&ssa fever virds, The regvitus familyincludes the genera

reovirus, rotavirus vtﬂ'}{whga SES acute gastrgente s ﬁ@‘ orbivi I55S: ard-gultivirus
. C . . i
(Colorado Tick fever, Lebombo (humans cephalosis, blue tongue). The

retrovirus family includes the sub-family oncorivirinal which encompasses such human and veterinary
diseases as feline ieulcemia virus, HTLVI and HTLVII, lentivirinal (which includes human
immunodeficiency virus (HIV), simian immunodeficiengy virus (SIV), feline immunodeficiency virus
(Hy), equine infectious 15 anemia virus, and spumavirinal). Among the lentiviruses, many suitable
antigens have been described and can readily be selected. Examples of suitable HIV and SW antigens
include, without limitation the gag, pol, Vii, Vpx, VPR, Env, Tat, Nef, and Rev proteins, as well as
various fragments thereof For example, suitable fragments of the Env protein may include any of its
subunits such as the gp120, gp160, gp41, or smaller fragments 20thereof, e.g., of at least about 8
amino acids in length. Similarly, fragments of the tat protein may be selected. [See, US Patent
5,891,994 and US Patent 6,193,981.] See, also, the HIV and SW proteins described in D.H. Barouch
et al, 1. Virol., 75(5):2462-2467 (March 2001), and R.R. Amara, et al, Science, 292:69-74 (6 April

2001) In annther evamnle the HIN/ and/or S\ immiinoadenic nroteine or nentidee mav he riced to form




5,972,596. Further, any desired HIV and/or SIV immunogens may be delivered alone or in
combination. Such combinations may include expression from a single vector or from multiple vectors.
Optionally, another combination may involve delivery of one or more expressed iinmunogens with
delivery of one or more of the imrnunogens in 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).
The adenovirus family includes viruses (EX, AD7, ARD, 0.B.) which cause respiratory disease and/or
enteritis. The parvovirus family feﬁﬁ%aﬁ%lﬁﬁf/fﬁﬂgaﬁé‘ﬁﬁ%géﬁ‘fé 147 FanmeopRisadpehlaliiiE canine
parvovirus, and porcihenparwevittises tienharpesviriss familinaliges she ispbfamily atphaferpesvirinae,
L0which encompasSeééhys%%%%%ﬁ%ﬁggﬂQéséxgmm%ékbls ol yarasliavius draudgrables, varicella

zoster) and the sub-famil etaherpesvirinae, which includes the genera cytomegalovirus (HOMY,
muromegalovirus) asHRtHBEEELERY JamtgReT Feemanad Wi Meridestre fappiapces
lymphocryptovirds, EBM{Burkitts lyinphema)irinteetious rhinetradbeitis,dMarelc's disease virus, and
rhadinovirus. The 15poxvirus family includes the sub-family chordopoxvirinae, which encompasses the
genera orthopoxvirus, (Variola (Small oxi nd Vaccinia_(Cow , parapoxvirus, avipoxvirus,
capripoxvirus, Iepori%?ﬁ%?i}?{?sf’, §§88 it %lr%e ?hOggsJ%%f;gmﬁﬁ}Bgnto“ OPoxvirinae. The hepadnavirus
family includes the HepatitiseB:xdeud HOAdlumolassifledvirushwrchimzy roe suitaiiessoripeedf antigens
is the Hepatitis deltagyirys. Sfilbather viralseuicgs2may inaudeavian dafeqligus Rursal disease virus
and porcine respiratory and reproductive syndrome virus. The alphavirus family includes equine
arteritis virus antl vatisld Eseephalitis viruses. The present invention may also encompass
immunogens which are uséful to (hwmtitrze ashefian-orndirdwaman animal against other pathogens

including 25 bacteria, fungi, paragific mickaorganisms-anmuliceliar narasites which dpfgct human and
non-human vertebrates, or from a cancer cell or tumor cell. Examples of bacterial pathogens include

pathogenic gram-po&HiIad GEe AR p S (PR SR RS I cR e SHe3bRALd P Athogenic
_gram-negative coccic_'ym@buﬁle; Hﬁ&ﬁiﬂ@ﬁ(ﬂ)@@mm@mm, B@ﬁm@g‘mmﬁmemigmmégative bacilli
include enterohacteriacea; pseydomanas: Adacinatabacteria and.sllecnellai meliaislosisysaimonelia;

shigella; haemophilus; moraxelia; H. ducreyi (which causes chancroid); brucella; Franisella tularensis
(which causes tular@fifa); VErSHE(HESILTeria)s &fe ptispiaemtsh siftiifo i ah e sttt Saram-
positive bacilli includgilisterie: meanreytagengszerysipetothriXdhysiopathiaesCopnebacterium
diphiheria (diphtherig), shalera: & ARacispulraee: donpvanosi(aranuiana aalg): and
bartonellosis. Diseases causeé_ y pathogenic anaer_oi)lp acteria include tetarius; botulism; other
clostridia; tuberculo$¥ss1Bfros§ 5 BthEEMYEBBHEIEHEC PYIstsHICSHIrBemstaicdEedsEinclude
syphilis; treponemateses: yawsimpita anteandermitsyphiis:anddepiospirasis::@Qtheriniections

caused by higher pafhpaendaciet and Ratlqanis Mngliodude actinolarsosis- aosardiopls

cryptococcosis, blastomycosis, histoplasmosis and cocciclioidomycosis, candidiasis, aspergillosis, and
MUCOrMYCOSIS; spo#@'ﬂﬂ@hé@i’ﬁ%%&Eﬁ&%‘iﬁi%&iﬁ%%@%%é}ﬁé}’ltﬁ%é? YororRIBpsBRisAHStoma and
chromomycosis; ang,gesmatophyliosis (Rickettsinkirfecions nghude) Typhds fevasReeky Mountain
spotted fever, Q fever, and Ricicettsialpox. Examples of mycoplasma and chlamydial infections
include: mycoplasma pneumoniae; lymphograistdghatvererEatfiBifesedtis; and perinatal chlamyclial
infections. Pathogenic eulcaryotes encompads:pathogeriagarotozoaris:andelminths and infections
15produced thereby include: amebiasis; malmé?shma@j_gﬁés; trym&@= omiasis; toxoplasmosis;
Pneumocystis Car/nit; Trichans; Toxoplasma gon li; babesiosis; giardiasis; trichinosis; filariasis;
schistosomiasis; nematodes; tfel#&todes or fikes; and é8stode (tapéworm) infections. Many of these
organisms and/or toxins produgedsthereby haves20beencidentified hy/the Centers for Disease Control
[(CDC), Department of Heath @QigsHuman Sepyiges, US@}@S agengﬁb&ﬁwich have potential for use in
biological attacks. For example, some of these biological agents, include, Bacillus anthracis (anthrax),
Cos/rid/um bodrlinum and its t8irf (botulism)Y~¥ersinia p&stis (plagdéy variola major (smallpox),
Franc/se/la tularensis (tularenvay,7and viral hemorrhagicofevers [filovireses 25(e.g., Ebola, Marburg],
and arenaviruses [e.g., Lassa, Machupo]), all of which are currently classified as Category A agents;
Coxiella bzernetti (Q fever); Brucella species (brucellosis), Burkholderia mallei (glanders),
Burk/wig/ark/pseudo/mile/ (meloidosis), Ricinus C01713722,117iS and its toxin (ricin toxin),
Clostridium penfringens and its toxin (epsilon toxin), Staphylococcus species and their toxins
(enteroroxin B), Chlan2ydia 30psittaci (psittacosis), water safety threats (e.g., Vibrio cholerae,
Crytosporidiutn parvum), Typhus fever (Richettsia powazekii), and viral encephalitis (alphaviruses,
e.g., Venezuelan equine encephalitis; eastern equine encephalitis; western equine encephalitis); all of
which are currently classified as Category B agents; and Nipan virus and hantaviruses, which are
currently classified as Category C agents. In addition, other organisms, which are so classified or
differently classified, may be identified and/or used for such a purpose in the future. It will be readily

understood that the viral vectors and 5 other constructs described herein are useful to deliver antigens
from thece noraaniceme viriicece their tovine or other byv-nrodiicte which will nrevent and/or treat



of a nucleic acid sequence that encodes at least one of these polypeptides will elicit an immune
response that will target T cells 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-l 6, Va-3C, Va-7, Va-14, 20Va-15, Va-16, Va-28 and Va-12. Thus, delivery of a recombinant
simian adenovirus that encodes at least one of these polypeptides will elicit an immune response that
will target T cells involved in sclerodenna. C.Ad-Mediated Delivery Methods The therapeutic levels, or
levels of immunity, of the selected gene can be 25monitored to determine the need, if any,-for
boosters. Following an aSé@ddiiant ST E8 el R ¥pEEdrdptibran/2divtipdy ttérs, in the
serum, optional bogsterimmueizatiens mayberdesited Paticnaly;dthe reeomiinsnihsimian adenoviral
vectors of the invenfion, may b deliverec,in 2. single.administation or, o various combipation
regimens, e.g., in combination with a regimen or course of treatment involving otLher 30active
ingredients or in a PRS- BobsPTEEIFEA A ATTCT)IF SBER IS AT havs Bre b teseriB&d th the art and
may be readilysselegtetho CRgxarpleapiimexnoostuegimnans may: inwabie-the administration of a DNA
(e.g., piasmid) based yector to prime. e IMEwINS system.to second boasler, admipistration with a
traditional antigen, such as a protein or a recombinant virus carrying the sequences encoding such an
antigen. See, e.g., OO0/ LTIAS HEBHERET M ARERP2 I T 0B0R rfebip G I2a st By Fetardried 2alternatively,
an immunization regimendnaydovelye thie admipistratiomef @ wegombinaskisimias:adenoyiral vector of
the invention to bogst.ihe Immune.(ssponae {08 yeelor(eliheyiral orpA-based) camying an
antigen, or a protein, fiv'stift another alternative, an immunization regm%jn involves administration of a
protein followid by boostéewitht 48ctH eresaivy e tatigonnaofoneamisodiemertae invention
provides a method b priming ams ) easting andmmuy e e5RaNse: 08 selegted@ntigen dy delivering a
plasmid DNA vector.cartying said antioen, fallowed by baosting with  recompinant simian adenoviral
vector of the invention.”In one em%o iment, the prime- 005t régimen ivones the expression of
multiproteins fromstiregorinfes ey GetHB bo o5 eeltitiar Seese.g., R.R. Amara, Science, 15292:69-74 (6
April 2001) which describes a mutipreiein eghmeniarexpiassion-at protein subunits useful for
generating an immune response against HIY and SIM For example, a DNA prime, may deliver the Gag,
Pol, Vif, VPX'and Vpr and Env?%”%ﬂt%eﬁd’ é:\\gj?r&lgr%l%!)%?ﬁegslg Trardarist tﬂﬁ%“ﬂhé%ﬂ)%ﬁ‘)?{f*{g SIV Gag, Pol
and HIV-I Env is deliveriedin ia secobivantadenovings torstnactdftheinventioimnStibather regimens
are described 20iR, W 9H16384RAHWMOQLBAL 19inramuscn 4 QRN e PHIRSRESt Fegimens are

not limited to immunizatjon for . HIV or fo dﬁﬁj'vgtr rgf these antigens. For example, priming may involve
delivering with a. TFSUEHIEH VESP BT HHEEITontor RIBALHEY HBGETRESR o BBEBRETEhimp vector,
or with a compositibmoctntainingdhe antigensiselfvinpreteisefomasshy Gnewexainple;dinét25 prime-boost

regimen can.provide: anratective inmunssesRense Withe Mirs. bacteria ieihgierganism from which
the antigen is derived. In another desired embodiment, the prime-boost rwegﬁrowdes a therapeutic

effect that can be tHeasdrstPUSTHY CHRVERHSH %@ggyg%P%féec’fﬁfﬁ{%ﬁﬁé e'tfthe condition for
which therapy is betaguadmirijstededo363 he ptinirty congposstion dngy beadhinistededtat Yarious sites
in the body in a dgsg, dependant reannes,which.depends.on the.antioen;to which the gdesired immune

response is being targeted. The invention is not limited to the amount or situs of injection(s) or to the

pharmaceutical caffier?Hathisr, e PAGHHEN TRAY ikl vB R B InGg AHEs 56 8%ting step, each of which
may include @ single ideseion ddségé ivatds admiPastédreektioundyinclaiyli weskdytioeimbhithly] or yearly.
As an example, t@;g m%ggm@f?é@@yc{a@yﬁ one.ardwo deses;containing, hetwean akout,10 ug to about

50 pg of plasmid in carrier. A desirable amount of a DNA composition ranges between about | pg to
about 10,000 lig GFEFEIRINGEARTE T DRHGEE MY VAR HorF 2BGIt Pt 10T ig WA per kg of
subject body weightiviFheamaynt:at sitecofdelivery:is.desitably selectedhasechupapvhe identity and
condition of _the rrgz%r?g’rnva!.}él}@geg%@ggﬁgng inlm%a\/gscggtro%%a}bﬁ 195 aq%g%e{)yopj &J}ggantlgen to the
10mammal is described hereln, The vector is prepared for administration by ﬁelng suspended or
dissolved in@ pharmaceutically or physiologically acceptable carrier such as isotonic saline; isotonic
salts solution or other formulations that will be apparent to those skilled in such administration. The
appropriate carrier will be evident to those skilled in the art and will depend in large part upon the route
of administration. The compositions of 15the invention may be administered to a mammal according to
the routes described above, in a sustained release foymulation using a biodegradable biocompatible
polymer, or by on-site delivery using micelles, gels and Liposomes. Optionally, the priming step of this
invention also includes administering with the priming composition, a suitable amount of an adjuvant,
such as are defined herein, 20Preferably, a boosting composition is administered about 2 to about 27
weeks after administering the priming composition to the mammalian subject. The administration of the
boosting composition is accomplished using an effeative amount of a boosting compaosition containing
or capable of delivering the same antigen as administered by the priming DNA vaccine. The boosting
composition may be composed 250f a recombinant viral vector derived from the same viral source

(e.g., adenoviral sequences of the invention) or from another source. Alternatively, the "boosting
combposition” can be a compnocition containina the came anticnen ac encoded in the nrimina DN A



30 contains a DNA sequence encoding the antigen under the control of a regulatory sequence
directing its expression in a mammalian cell, e.g., vectors such as well-known bacterial or viral vectors.
The primary requirements of the boosting composition are that the antigen of the composition is the
same antigen, or a cross-reactive antigen, as that encoded by the priming composition. In
another embodiment, the simian adenoviral vectors of the invention are also well suited for use in a
variety of other immunization and therapeutic regimens. 5Such regimens may involve delivery of
simian ademoviral vectors of the invention simultaneously or sequentially with Ad vectors of different
serOtype capsids, regimens in which adenoviral vectors of the invention are delivered simultaneously
or sequentially with non-Ad vectors, regimens in which the adenoviral vectors of the invention are

delivered simultangggly ol .SeGueBiallyywi proteins, pg
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guences, Ad4, Acl5, Ad?, Ad12,

and Ad40. 25Analysis of the sequence revealed a genome organization that is similar to that present
in human adenoviruses, with the greatest similarity to human Ad4. However, substantial differences in
the hexon hypervariable regions were noted between the chimpanzee adenoviruses and other known
adenoviruses, including AdHu4. These differences fit well with the serological cross-reactivity data that

has been obtained (see 30below).

An alignment of a portion of the hexon sequences is shown

in Fig. I. The Portion shown is from the region of the hexon that corresponds to the outwardly disposed
extended loops DEI and FG1 where the most variability between serotypes is observed.
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An intervening portion that contributes to the base of the hexon (corresponding to residues 308-368 of
the published AdC68 sequence; US Patent 6,083,716), and is highly conserved between serotypes, is
also present. The following table summarizes the pair-wise comparisons of the amino acids in the
hexon proteins. Comparison Flexon amino-acid Similarity (%) #1 42 AdC5 AdC7 99.0 1 AdC5 Ac1C68
98.3 AdC5 AdC6 88.0 AJC5 Ad C 1 84.9 AdC6 ADC7 87.7 AdC6 AclC68 87.3 ADdC6 AdC1 84.9 AciC7
AdC68 97.5 AdC7 AdCI 84.8 AdC68 AdC1 84.9

10

20

30

3. Quantitative Assay for Detection of Neutralizing Antibody

The result was validated by a more quantitative-based assay for detecting
neut”ralizing antibody, which is based on transduction of 2 GFP vector. Briefly, groups of
C57BL/6 mice were immunized intramuscularly or ntravenously with 5.0 x 10
particles/ml Pan3, Pan6, Pan7 or C68. Sera from day 28 bleeds were tested for cross-
neutralizing activity against C68CMVEGFP at dijutions of 1/20 and 1/80. In summary,
when a pharmaceutical preparation of human immunoglobulin was tested for serological
reactions to Pan 5, 6, and 7, and C68, some low levels of neutralizing activities against
Pan 7 and C68 were detected. No neutralizing activity agains{ Pan5 or Pant was

etected. Serum samples from 36 human subjects were run for the same assay. Serum
samples were tested at a 1/20 dilution. The results indicated that only cone individual has
clear neutralizing activity to C68. No neutralizing activity to Pan5, Pan6 brr-Pan'F was
detected.
4. In Vitre Cross-Neutralization

Cross-neutralization of the simian adenoviruses by high-titer rabbit
polycional antibodies raised against each of the adenoviruses Pan-5, Pan-6, Pan-7, and
(C68 was tested.

Rabbits were immunized with intra-muscular injections of 10% particles
of each of the chimpanzee adenoviruses and boosted 40 days later with the same dose
with incomplete Freund’s adjuvant. Sera were analyzed or the presence of neutralizing
antibodies by incubating serial two-fold dilutions with 10° genome coplies of each of the
appropriate chimpanzee adenovirus vector exﬁl'e%in g GFP and testing for the atfenuation
of GFP expression when applied to 293 cells. The serum dilution which produced a 50%
reduction of GFP expression was scored as the neuiralizing antibody titer against that
particuiar virus,

The results are shown in the Table, The data are consistent with the
expectation from sequence analysis of the hexon amino-acid sequencés, which Indicated
that Ad Pan-6 was likely to be the most serologically distinct compared to the other

chimpanzee adenoviruses.



Analysis of the fiber knob domain (which is responsible for receptor binding) of the chimpanzee
adenoviruses shows an overall similarity in structure (Fig. 2). The degree of sequence similarity
between the El proteins of huAd5 and 068 (see Tables below) is similar to that between huAd5 and
Pan-5, Pan-6, and Pan-7. Comparison Ela (13S) amino-acid identity (%) #1 #2 AdHu5 AdC5 36.6
AdHu5 AdC6 28.5 AdHu5 AdC7 34.9 AdHu5 AdC68 35.6 AdHu5 AdCI 35.6 AdC5 AdC6 68.3 AJC5
AdC7 96.9 | AdC5 AdJC68 80.4 AdC5 AdC1 51.3 AdC6 AdC7 69.3

Infection of 203 cells with 10° genome copies of

Serum from Ad Pan-5 Ad Pan-6 Ad Pan-7 AdCo8

rabbit ’

immunized

with:

Ad Pan-5 1/5120 <1/20 1723480 172560

Ad Pan-6 No 1/20,480 <}/20 - <1/20
neutralization

Ad Pan-7 172560 17160 1/163,840 172560

Ad C68 No <1720 <i/20 /5120

neutralization”

In order to determine whether antibodies cross-reacting with the simjan
adenoviruses were likely fo be of low prevalence in humans, simian adenoviruses SV1i,
SV39%, and SV25 were tested for their ability to withstand neutralization when incubated

5 with commercially available pooled human immunoglobuiins (Ig). The sarne assay was
also performed with Adhu5 and the chimpanzee adenoviruses Pan-5, Pan-6, Pan-7, and
C68, In a further study, sera from mice has been immunized with one of the chimpanzes
adenaviruses C5, C6, C7, and C68 and their ability to cressmeutrélize the simian

adenoviruses SV-15, §V-23, SA-17, and Baboon Adenovirus has been tested. Mo cross-

10 reactivity was observed in any case.

Example 4 ~ Generation of Recombinant El-Deleted Pan$ Vector
A modified pX plasmid was prepared by destroying the Fspl site in the bla
gene region of pX (Clontech) by site-directed mutagenesis. The resuiting modified
15 plasmid, termed pX’, is a circular plasmid of 3000 bp which contains an f1 ori and an
ampiciliin resistance gene (AmpR-cds).
A, Production of Pan-5 Adenovirus Plasmid
A polylinker for sequential cloning of the Pand DNA fragments
into pX is created. The polylinker is substituted for the existing pX® polylinker
20  following digestion with Adfuf and EcoRJ. The blunt-Fsel fragment of the Pan 5 is

inserted into the Smal and Fsel sites of the polylinker. This fragment contains the 5° end
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AdC6 AdC68 59.4 AJC6 AdCI 37.7 ADC7 AdC68 81.5 AdC7 MCI 51.0 AdC68 AdC1 54.9 sequence
went-ay wan numan AdS Elb Small T Protein Bib LargaT Protein C6847.3% 55.8% Pan-5 43.2%
54.5% Pan-6 45.3%54.5% Pan-7 46.4%153.8% Replication-defective versions of AdC5, AdC6 and
AdC7 were created by molecular cloning methods described in the following examples in which
minigene cassettes were inserted into the place of the Ela and El b genes. The molecular clones of the
recombinant viruses were rescued and grown up in 293 cells for large-scale 5purification using the
published CsClI sedimentation method [K. Fisher et al., J. Virol,, 70: 52(%%}9%{/) Vector ields were
based on 50 plate {156 4} e pE &&W&&ﬁP&xﬁﬁQtéW\Pxiio@z“g% F%viﬁ?@c? d with the
corresponding virusess {¥ields weredersyininéd: byimedsudindg vy &l paditclenconeentragions.spectra

bhotometrically. Aftet baying constiysiad Eldslead veetara:it was felamined (At HEE. 293 cell

(which 10express human adenovirus serotype unctloné%trans complement the El deletions of the
novel viral vectorsgéﬁ?ﬁﬁll&W@F‘tﬁé%ﬁ&[ﬁ’&ﬁﬂ‘(9? RiGH thet&oties oEa ARAtUE yields for a few

of these recombinantvitisesiaresRown RdhE tablefbedeulylinker (to provide the 3 end of the
edenoviral genome); the Fsel-Miul fragment (bp 3606 to 15135, SEQ IDNO:1) is
inserted into the polylinker; and the Mlul-EcoRI fragment is inserted into the polylinker
(bp 15135 to 28658, SEQ ID NO:1). Optionally, a desired transgene is inserted into I-
Ceul and PI-Scel sites of the newly created pXPan5AE] vector.
10 B. Alternative Method of Generating pX ' Pan5AEL.

The initial plasmid pX is derived from pAdX adenovirus
plasmid available from Clontech, as described above. Thereafter, a Pac/-¥hol region
of pX’ was deleted and the blunt-ended Pan5 polylinler was inserted into the Fspl site
to generate pX'PLNK (2994 bp). The 5’end-Fsel region of Pan 5 (bp 1-3607, SEQ

15 ID NO:1) was inserted info Smal and Fsel sites of pX°LNK to generate the pX'Pan5-
5 plasmid (6591 bp). The SnaBi-Nde/ region of pX'Pan5-5" was excised and
replaced with the Cew/Sce cassette, which had been PCR amplified from pRCS to
create pX'Pan5-5'AE] (4374 bp). Briefly, a sequence containing /-Cew/ and PI-Sce]
rare cutter sites was PCR amplified from pRCS (3113bp). The 3° PCR primer was

20  introduced an Ndel site into the PCR product.

To extend the Pand DNA in pX’Pan3-5"AE1 (4374 bp), the
Fsel-Mlul region of Pan'5 (bp 3607-15135, SEQ ID NO:1) is added, to create
pPan5-5"Mlu (15500 bp). The remaining MIul-3" end of the Pan$ sequence (bp
15135-36462, SEQ ID NO:1) 15 added to the vector between the Mlul and EcoRV

25 sites of the vector polylinker to form pX’PanSAE] which contains the full-length
Pan5 sequence containing a deletion in the EI region.

C. Generation of Recombinant Viruses

To generate the recombinant adenoviruses from pX’ Pan3AEl,
the plasmid is co-tfransfected with a helper expressing El, or from an El-expressing

3¢ packaging cell line, such as 293 cell [ine or a cell line prepared as deseribed herein.

The expression of EI in the packaging cell permits the replication and packaging of

63



The transgenes for these vectors, P-galactosidase (LacZ), green fluorescent protein (GFP),
alpha-l-anti-trypsin (A1AT), ebola glycoprotein (ebo), a 15soluble ebola glycoprotein variant lacking the
transmembrane and cytoplasmic domains (sEbo), and three deletion mutants of the ebola glycoprotein

(EboA2, EboA3, and EboA4), were expressed by the cytomegalovirus promoter (CMV). In the
following table, ND indicates that the study has not yet been done. Transgene Viral backbone/Vector
yield (Viral particles x 1013)I Ad Hu5 AdC7 AdC68 AdCS i CMVLacZ 1.5 1.4 3.3 6.1 CMVGFP

25 3.6 8 10
the PanSAR! into e virien capsid. In another embodiment, the packaging cell

transfected with pX°Pan5AET is transfected with an adenovirus vector as described
above bearing the transgene of interest. Homologous recombination occurs between
the helper and the plasmid, which permits the adenovirus-transgene sequences in the
5 vector to be replicated and packaged into virion capsids, resulting in the recombinant
adenovirus. | | _
Transfection is followed by an agar overlay for 2 weeks, after
which the viruses are plagued, expanded and screened for expression of the transgene.
Several additional rounds of plaque purification are followed by another expansion of
10 the cultures. Finally the cells are harvested, a virus extract prepared and the
recombinant chimpanzf:f: adenovirus coutaining the desired transgene is purified by

buoyant density ultracentrifugation in a CsCI gradient or by alternative means known

to those of slkill in the art.

15 Example 5 — Generation of Recombinant E1-Deleted Pané Vector
| A Strategy for Construction of Pan~-6 Adenoviral Plasmid
1 Cloning of terminal fragments
Pan 6 virus is deproteinated by pronase and proteanase K
treatment and phenol extraction. Synthetic 12 bp Pme I linkers are ligated onto the viral
20 DNA as described by Berkner and Sharp, Nucleic Acids Research, 11: 6003 (1983). The
| viral DNA is then digested with Xba I to isolate a 5° terminal fragment (6043 bp). The
Ad6 Xbal 5° fragment is then ligated into pX link &t Sma | and Xba I sites to form pX-
AdPan6-0-16.5. The viral DNA with Pme [ linkers is also digested with Pac [ to isolate
the 6475 bp 3’ terminal fragment and cloned info pX link at Pac [ and Sma I sites,
25 resulting in pXAdPan6-82-10C.
2. Deletion of £1 from the 5 clone
To delete ET (m.u.1.2-9), the BsiWi-Xba I fragment in pX-
AdPan6-0-16.5 is replaced with a PCR fragmént spanning m.u,9-16.7 fragment treated
with Bsi Wi and Xba [, leading to pX-Ad-Pand m.u.0-1, 9-16.5 .
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CMVAIAT 3.7 6 10 ND CMVEbo 1.1 4.3 ND ND CMVsEbo 4.9 5.4 ND ND CMVEboA21 9.3
ND ND CIVIVEboA3 0.8 9.5 ND

3. Fusion of 5' and 3’ clones and to create an anchor sife to
accept the middle Hind Il fragment
P}rst, the 57 clonk, pX-Ad-Pané m.u.0-1, 9-16.5, is further
5  expanded by inserting the 2™ Kba I fragment (4350 bp, m.u.16.5 - 28) from Pan 6
genofne info the Xba 1 site in the p‘X~Ad~Pan6. m.ij.O—l, 9-16.5. This construct is named
pXAd-Paii6-mu 0-1, 9-28. |
Second, the 3” clone is also expanded by nserting the 15026 bp
Mlu I/Pac I fragment covering m.u.41-82 from Pan 6 genome into the Mio I/Pac I sites of
10 pXAdPané-82-100, generating pXAdPan-m.u.41-100.
Then, a 8167 bp Hind [I/Eco 4711 Pan 6 fragment is isolated
from pXAd-Pan6-mu 0-1, 9-28 and subcloned into pXAdPan6-m.u.41-100 at Hind 11l and |
Kba I biunt sites. This 5 and 3° fusion clone is called pXAdPantmuf-1, 9-19.5, 64-100.
4. Drop of the middie fragment of the genome' info the fusion

clone

13
tn

A 16335 bp Hind [1] fragment (m.u.19.5 — 64) from Pan 6 is
inserted into Hind IIf site of pXAdPanémul-1, 9-16.5, 64-100C to form pXAdPan6-0-1, 9-

100,
5. Iniroduction of a PKGFP seleciive marker info the final

20 construct for direct cloning the gene of interest and green/white selection of
recombinant transformants. '

A minigene cassette that expresses GFF under a lac promoter and
is flanked with recognition sites of vare intron encoding restriction enzymes, PI-Sce I and
I-Ceu [, was isolated from pShuttie-pikGFP (bare) by Sap I and Dra 111 digestions

25  followed by filling-in reaction. The pShuttie~-pkGFP (bare) plasmid is 4126 bp in fength,
and contains a ColEl-Ori, 2 kanamycin resistance gene, plac, a LacZ promoter-GFPmut3-
I ods (Clontech), and a GFPmut3-1 cds {(Clontech). This cassette is subcloned into Srfl
cut and blunted pXAdPan6-0-1, 9-100. This final construct is called pX-Pan6-pkGFP
mu.CG-1, 9-100, whick is useful for generating recombinant El-deleted Pan 6 molecular
30 clones carrying genes of intersst by divect ligation and green/white selection in

combination with the generic pShuttiepikGFP vectars.
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ND CMVEboA4 1.4 6.2 ND ND The ability of human acienovirus El to trans-complement
the El-deleted chimpanzee viruses of the invention is h ighly advantageous, as it permits the
production of El-deleted chimpanzee adenoviral vectors of the invention, while reducing or eliminating
the risk of homologous recombination due to the differences in sequences 5between human Ad and
the chimpanzee adenoviruses described herein Example 3 - Serological Studies of Pan 5, 6, and 7
Viruses Because of the differences in the hexon hypervariable region, it was anticipated that the
05, 06, and 07 viruses would be serologically distinct from human adenoviruses, aoincluding Ad fit/4.
1.Cross-Reactivity of Wild-type VirusesAltematVESiatseeRingtatiwierybavifulsiif order to make a

determination of antibody cross-reactivity, theggplication eompeteniyiuses were used and inhibition

of cytopathic effects (CPE) was measured. Briefl%, %gsr;)erﬁarations.qf adenoviruses (Adhu5, 15Pan-5,
Pan-6, Pan-7 and AdC68) stored at 5x1012 patfid&simi 1 Ve PEPHTaERE BOU ¥ tHa assays. This
concentration of viruswasaselestednsineedphestlitstmci00ss EREwitiow 48 Hoursiincthe tmbsence of

neutralization. Prior i adding the. visisdo298calks (x4 cellsiweliin a 96 yefl dish);.1:20.dilutions of

sera were added. The assay is read as the_presence or absence of CPE; full neutralization would read
as no cytopathic effé%ﬁ%eéyi‘ﬁﬁé@ﬁtﬁg ‘éilF%”35??1ﬁ?ﬁ?iﬁgdﬁﬂpﬁ?g"ff‘éélé{B%%\/@P)ﬁsiéj?%&‘lbmé‘f 8786 human

sera neutralized Adiu&ineduced CPE is consistent with previous estimates of neutralizing antibodies in

the human population. The numbers indicate the.tetal indivigials who showed neutralization
(numerator) versus the total number screened (denominator). ND = not determined. Neutralization by

1/20 diln of serum HumanRhesusChimpanzego 6@125631(&952)2(@2%)%@1%‘30?5%i?\FE)gTﬁBdAdCGS

1/36 0/52 12/2QPanxih SnaBl and Ndel to remove the regions encoding the Ela and Elb proteins (3442-
6316 bp}. This vector is subsequently digested with BsiWI in preparation for blunting
with the minigene cassette carrying a selective marker;

3 Introduction of a selective marker
A minigene cassette that expressed GFP ander s lac
15  promoter and which is flanked with recognition sites of rare intron encoding restriction
enzymes, PI-Xcel and I-Ceul, was isolated from pShuttle-pkGFP as described above.
The Dralll-Sapl fragment is then ligated with the digested pXQAdPan&OMIG.S to form
pX-AdPan6 MU 0-16.5AE1 (7749 bp).
4, Extension of Pan-6 Adenoviral Sequences
20 pX-AdPand MU 0-16,5AE] was subjectad 1o Xbal
digestion to permit insertion of an Xbal-Rsrll finker. An Xbal/Rsrll digestion fragment
from the AcPan6 genome was isolated (mu 28-100, 26240 bp) and ligated into the
Xba/RerI—digested‘ pX-AdPan6 MU 0-16.54E1 to provide pX-AdPané MU 0-1, 9-16.5,
28-100. A second Xbal fragment from the Pané genome {mu 16.5-28, 4350 bp) s then
25 ligated into this plasmid to form pX-AdPané MU (-1, 9-100 (38551 bp).
C. Generation of Recombinant Adenoviruses
To generate the recombinant adenoviruses from a Bl-deleted Panb
plasmid prepared as described in Parts A or b, the plasmid is co-transfected with a helper
expressing E1, or from an El-expressing packaging cell ling, sucl as 293 cell line or a
30 cell line prepared as described hersin. The expression of E1 in the packaging ceil permits
the replication and packaging of the Pan6-pkGFP mu.0-1, 3-100 into a virion capsid,

Alternatively, the packaging cell transfected with pX-Pané-pkGFP mu.0-1, 6-100 is
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0/36 0/52 10/20 Pan 6 0/36 0/52 9/20 Pan 7 0/36 0/52 12/20 Of all human sera screened, 35/36
were negative for neutralization to AdO68 while 36/36 were negative for neutralization to Pan-5, Pan-6
and Pan-7. Of 52 rhesus monkeys screened, none showed neutralization to any chimpanzee
adenovirus; rhesus monkey is the preferred pre-clinical model for evaluating HIV vaccines. Between 9
to 12 5out Of 20 chimpanzees had substantial neutralization to one or another of the chimpanzee
adeneviruses consistent with the fact these are indeed endemic chimpanzee-specific pathogens.
Interestingly, there are chimpanzees with neutralizing antibodies only to Pan-5, Pan-6 or AdC68
supporting the hypottiegstyay Severat o e SecEHimpairee aderovirangas oy Wallssetsctbss neutralize
each other and are g¢jgtinngt serotypes. 0The same assay was carried out for 20 chimpanzee serum
~samples. Fifty percent (50%) of the samples reacted serologicaliy, in different degrees to Pan5; 49% to
Pan6; 55% to Pan? and 60% to 068. Among the positive serum samples, one of them had strong
neutralizing activity xatifeur -chiempainnsdR 2 @rbisem EltiaizaioranitieRecombinant Viruses
15High-titer polyclonal antibodies, wereghtained 59 gachof the,simian adenoviruses in order to more
precisely gauge the degree of cross-neutralization among the different serotypes. This was done by

intramuscular immunization of rabbits s e E8RbRARI VIS CoRtATHMG B chbagadisr previously
the described 068 cﬂoumm&aemel{en@wrmca&ta@@vaam wheserhnPaEs themusediolassay for

neutralizing activity Z%EQFaqu%g?@Q &'}% th’&PmP)zt%g laq{%ngvf%gég 6§ ch ?ilon AdCS5,

Ad06 and AdC7. A rabbit was mjected with 5x1012 vira particle per kg of & vector :
intramuscularly and Bﬁd@@ﬁ‘gw@é@%‘%“ GEFRGIHE 8 &l sede Ahidudr Ebne e wetHe ™ weelc time

point revealed @xtramaeﬂ)mqtga&m@uﬁranzmwaetmcaigﬁusate%&aﬁswe!leqs Raach and Pla-7 but not
against Pan-6 (see aébz!ee ?tm% e Jndicating that the 25administration, aié%fe%t E)elp rq'%‘% ?ﬁ d Pan-7)

based vaccine coul y followed by a boost using a vector ever, it has

been found that th|§%@é[ GﬂJiﬁ@ﬂ?&ﬁ%&ﬁé@?%@@%éﬁ%é@%éﬂW‘E@V@ﬁ%@ﬁ#ﬁ%ﬁr‘ﬁé‘traﬂon ina
setting where antlvwaxk@mwaqwftgeeﬁsg/we mmt as ngn’masl wasachigvedindhistabhitsita de following

table, + indicates 33{ é? %PE ++ [ c{1|)|(:atfeS ( ORII]E ng%c 10{9%_&1 EPalgmi?qetlenfectlon on 293
cells with VII’US Pan 13 Iga%é(ﬁ 8 § (%J &erum |Iu ion
: molecutar clone af 1 deleted adenovirus Pan? suitable for the Qene; ation of recombinant

adenoviruses. Optionally, a desired transgene is inserted.into the [-Ceul and Pi-Scel sites
| of the newly created pPan7 vector plasmid.
- B Construction of El-Deleted Pan7 Viral Veciors
To generate the recombinant adenoviruses from pPan7AEl, the

20  plasmid is co-transfected with a helper expressing E1, or from an El-expressing

packaging cell line, such as 293 cell line or a cell line prepared as described herein. The

expression of E1 in the packaging cell permits the replication and packaging of the

Pan7aE! into & virion capsid. In another embodiment, the packaging celf transfected

with pX’Pan7 AEl is fransfected with an adenovirus vector as described above bearing
25  the transgene of interest. Homologous recombination occurs between the helper and the-

plasmid, which permits the adenovirus-transgene sequences in the vector to be replicated

and packaged into virion capsids, resulting in the recombinant adenovirus. Transfection

and purification is as described above.

30 Example 7 - Generation of Plasmid Vectors Expressing the EI Genes
Plasmid vectors are consiructed which encode the Pan5 E1 region gene, and these

plasmids are used to generate stable cell lines expressing viral E1 proteins.
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The El region of Pan5 is cloned into pX’, essentially.as described in Example 4
above, prior to replacement of this region with the fragment from pShuttie {Clentech).
The expression plasmid contains the Pan5 adencviral genome sequence spanning at least
bp 1 te 3959 in the Pan5 genomic sequence. Thus, the expression plasmid contains the
sequence encoding Ela and E1b of chimpanzee Ad Pan5 under the control of a
heterologous promoter. Similar expression plasmids can be generated using the Ad Pané

and AdPan 7 El regions, identified in the tables above,

Example § - Generation of Cell Lines Expressing Chimpanzee Adenovirus E] Proteins.
Cell lines expressing viral E1 proteins are generated by transfecting HelLa (ATCC
Ace. No. CCL2) with the plasmid of Example 6. These cell tines are useful for the
production of El-deleted recombinant chimpanzee adenoviruses by co-transfection of
genomic viral DINA and the expression plasmids described above. Transfection of these
cell lines, as well as isolation and purification of recombinant chimpanzee adenoviruses
therefrom are performed by methods conventional for other adenoviruses, i.e., human
adenoviruses {see, e.g., Horwitz, cited above and other standard texts].
A Cell lines expressing Pand E1 pf;oz‘eifz‘s*

HelLa cells in 10cm dishes are transfected with 10 pg of pX-Pan51-E1
DNA using a Cellphect™ kit (Pharmacia, Uppsala, Sweden) and following the
manufacturer's protocol. 22 hours post-transfection, the cells are subjected to a three
minute glycerol shock {15% glycerol in Hepes Buffered Saline, pH 7.5) washed once in
DMEM (HeLa) or F12K (A549; Life Technologies, Inc,, Grand Island, NY) media
supplemented with 10% FCS, 1% Pen-Strep, then incubated for six hours at 37°C in the
above described media, The transfected cells are then split into duplicate 15cm plates at
ratios of 1:20, 1:40, 1:8C, 1:160, and 1:320. Following incubation at 37°C overnight, the
media is supplemented with G418 (Life Technologies, Inc.) at a concentration of 1 pg/ml.
The media is replaced every 5 days and clones are isolated 20 days post-transfection.

HeLa BI cel clones are isolated and assayed for their ability to augment

adeno-associated virus (AAV) infection and expression of recombinant LacZ protein as

deseribed below.
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B. AAV Augmentation Assay for Screening E1 Expressing Cell
Lines :

AAV requires adenovirus-encoded proteins in order to complete
its life cycle. The adenoviral EI proteins as well as the E4 region-encoded ORFE protein
are necessary for the augmentation of AAV infection. An assay for E1 expression based
on AAV augmentation is used. Briefly, the method for identifying adenoviral El-
expressing cells comprises the steps of infecting in separate cultures a putative adeniovirus
El-expressing cell and a celi containing no adenovirus sequence, with ‘both an adeno-

agsociated virus (AAV) expressing a marker gene and an AAV expressing the ORF6 of

-the B4 gene of human adenovirus, for a suitable time. The marker gene activity in the

' resulting celis is measured and those cells with significantly greafer measurable marker

activity than the contro! cells are selected as confirmed El-expressing celis. In the
following experiment, the marker gszﬁc is a lacZ gene and the marker activity is the
appearance of blue stain.

For example, the cell lines described above, as well as
untransfected control cells (Hela) are infected with 100 genomes per cell of an AAV
vector bearing a marker gene, e.g., AV.LacZ [K. Fisher er @/, I. Virol., 70:520 (1996)]
and an AAV vector expressing the ORF6 region of human 5 (AV.orf6). The DNA
sequence of the plasmid generates a nove! recombinant adenc-associated virus (rAAV)
containing the LacZ transgene and the Ad E4 ORF 6, which is an open reading frame
whose expression product facilitates single-stranded (ss) to double-stranded (ds)
conversion of rAAV genomic DNA. These vectors are incubated in medium containing
2% FCS and 1% Pen-Strep at 37°C for 4 hours, at which point an equal volume of
medium containing 10% FCS is added. It should be understood by one of skill in the art
that any marker gene (or reporler gene) may be employed in the first AAV vector of this
assay, e.g., alkaline phosphatase, luciferase, and others, An antibody-enzyme assay can
also be used to quantitate levels of antigen, where the marker expresses an antigen. The
assay is not limited by the identity of the marker gene, Twenty to twenty-four hours
posi-infection, the cells are stained for LacZ activity using standard methods. After 4
hours the calls ars observed microscopically and cell lines with significantly more blue

cells than the A549 or HeLa cell controls are scored as positive.
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Example 9 - Delivery of Transgene to Host Cell

The resulting recombinant chimpanzee adenovirus described in Example 4, 5 or 6
above is then employed to deliver the transgene to a mammalian, preferably human, cell,
For example, following purification of the recombinant virus, human embryonic kidney
293 cells are infected at an MOT of 50 particles per cell. GFP expression was
documented 24 hours post-infection,

A. Gene Transfer in Mouse Models via Pan-8, Pan-7, and Pan-9 vectors

Gene tranisfer efficiencies and toxicological profile of recombinant
chimpanzee adenoviruses were compared in mouse liver directed gene transfer, mouse
lung directed gene transfer, and mouse muscle directed gene transfer.

El-deleted adenoviral vectors containing LacZ under the contro! of the
CMV promoter were constructed using the technigues herein for human AdS, chimpanzee
Pan 6, chimpanzee Pan 7 and chimpanzee Pan 9 (C68). The vectors were delivered to
immune-deficient NCR nude mice (80 for each study) as foHoWs. For the liver study, 100
.j.if (1 x10"" particies) were injected into the tail vein. For the iung study, 50 ul (5 x10™
particies) were delivered intratracheally. For the muscle study, 25 pl (5 x10"partictes)
were injected into tibialis anterior. The mice were sacrificed or days 3, 7, 14 and 28 post-
vector injection (5 animals per group at each time point). At each necropsy, the
liver/lung/muscle tissue was harvested and prepared for cryoblocks and paraffin
embedding. The cryoblocks were sectioned for X-gal staining and the paraffin sections
are H&E stained for histopathic analysis. Ateach time point, termina! bleeding was
performed. Serum samples were subjected to liver function tests.

It was cbserved in this experiment the chimpanzee adenoviruses Pan-6, Pan-7,
and Pan-0 were less efficient than huAdS in gene transfer to the liver and to the lung.
However, this may be desirable in certain circumstances, to reduce liver toxicity observed
for huAdS. The gene transfer efficiency in muscle varied less between serotypes.

B. Mouse study to feasibility of re-administration of aderzow.'z'us veciors by
serotype switching between Adhus, Pan-6, Pan-7, and Pan-9 veciors

Mice were administered (C37/Bi6; 4/group) LacZ vectors based on
huAds, Pan-6, Pan-7, and Pan-9 (H5.040CMVLacZ, Pan8.000CMVIdeZ, ‘
Pan?7.000CMVLacZ, Pang.000CMVLacZ; 16" particles/injection) by fail vein. Thirty

days later the mice were re-administered adenovirus vectors expressing al-antitrypsin
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(H5.040CMVhATAT, Pan6.000CMVhAIAT, 1x10" particles, Pan7.000CMVhALAT,
Pand.000CMVRA1AT, 10" particles/injection). Successful transduction by the re-
administered vector is monitored by measuring serum al-antitrypsin on days 3 and 7,

following re-administration.
5 The ability of adenovirus vectors based on huAdS, Pan-¢, Pan-7, and Pan-
% respectively to transduce the livers of mice in the presence of neutralizing antibodies to

the other serotypes was determined. The results are tabulated here.

i

| 1% injection

2" injection

Cross-neutralization

Adhus Adhu3 Yes (+ve contral)
‘Pan-6 No
Pan-~7 No

Pan-8 (C68) No

Pan-6 Adhub No
Pan-6 Yes (+ve controf}

Pan-7 Yes

Pan-9 (C68) No

Pan-7 Achu3 No
Pan-6 Yes
Pan-7 Yes {(+ve control)

Pan-9 (C68y VYes
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+++ 1/665,360 111 +++ 1F  +++ 444 1/1,310,720 11+ 11+ :;: 4+-1--H4 1/2,621,440 3.
Quantitative Assay for Detection of Neutralizing Antibody The result was validated by a more
guantitative-based assay for detecting neutralizing antibody, which is based on transduction of a GFP
vector. Briefly, groups of 057BL16 mice were immunized intramuscularly or intravenously with 5.0 x
1010 5particles/ml Pan5, Pan6, Pan7 or 068. Sera from day 28 bleeds were tested for cross-
neutralizing activity against C6BCMVEGFP at dilutions of 1/20 and 1/80. In summary, when a
pharmaceutical preparation of human immunoglobulin was tested for serological reactions to Pan 5, 6,
and 7, and 068, some low levels.af neutralizing activities against Pan 7 and 068 were detected. No

neutralizing activity against Pan5 or Pan6é was 1 getected Serum samPIes from 36 human subjects
were run for the same assay. Slerﬁ‘#ﬁcg%?nples Were HSSHRd afAC1T P HRFI Tihe results indicated that

only one individual has clear neutralizing activity to 068. No neutralizing activity to Pan5, Pan6 or Pan7

was Pan-9 {C68) Adhus No
Pan-6 No

Pan-7 Yes

Pan-9 (C68)  Yes (+ve confrob)

Ability of vectors to transduce murine liver in the presence of neuvtralizing
antibodies to other serolypes. -

5 Thus, immunization with huAdS does not prevent re-administration with either of
the chimpanzee adenovirus vectors Pan-6, Pan-7, or Pan-0 (C68). This experiment also
appears to indicate that Pan-7 is between Pan-6 and Pan-0 in the spectrum of antigenic
relatedness and cross-reacts with both; however Pan-6 and Pan-9 do not neutralize each
other. This is a surprising result based on homology comparisons, which indicates that

10 Pan-6 is quite distinct from Pan-7 and Pan-9. Evaluation of antisera generated-against
Pan-9 indicated no cross-neutralization against Pan-6 but some neutralization against Pan-

7, arguing that Pan-6 is distinct from the others,

15 Example 10 - Generation of Recombinant E1-Deleted 3V-25 Vector
A plasmid was constructed containing the complete SV-235 genome except for an
-engineered E1 deletion, At the site of the E] deletion recognition sites for the restriction
enzymes [-Ceul and PI-Scel which would allow insertion of transgene from a shuttle
plasmid where the transgene expression cassette is fianked by these two enzyme

20 recoghifion sites were inserted,
A synthetic iinker containing the restriction sites Swal-SnaBI-Spel-Aflll-EcoR V-
Swal was cloned into pBR322 that was cut with EcoRI and Ndel. This was done by
annealing together two synthetic oligomers SV25T (5’-AAT TTA AAT ACG TAG CGC
ACTAGT CGC GCT AAG COGC GGA TAT CAT TTA AA-3, SEQ ID NO; 38) and
25  SV25B (5°-TAT TTA AAT GAT ATC CGC GCT TAA GCG CGA CTA GTG CGC
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detected. 4. In Vitro Cross-Neutralization 15Cross-neutralization of the simian adenoviruses by
high-titer rabbit polyclonal antibodies raised against each of the adenoviruses Pan-5, Pan-6, Pan-7,
and 068 was tested. Rabbits were immunized with intra-muscular injections of 1013 particles
of each of the chimpanzee adenoviruses and boosted 40 days later with the same dose 20 With
incomplete FreuncPs adjuvant. Sera were analyzed or the presence of neutralizing antibodies by
incubating serial two-fold dilutions with 109 genome copies of each of the appropriate chimpanzee
adenovirus vector expressing GET and testing for the attenuation of GFP expression when applied to

293 cells. The serund 4ffUtiBH Which-prodGeBa N 5easdutibredf GrPEEEredsisiidvad: Seokéd as the
neutralizing antibody, titef@gainstdhat 2hparticwsy, WRISID NO:29) Jheresuitsareishawnsimthe Table.

The data are consistent with the expectation from sequence analysis of th 0 ingzacid
sequences, which in |%5V281%§F ! ﬁp é’r?-%”&%%%ﬁ@@%&%& ?ﬁgerﬁ stteggr%f}c%:%%gl(ﬁ? @E%’c compared to
the other chimpanze® adsnsyirise$\30 whifeetiohioh 293 isistisbafithen 09 gdhbie! Eipres WksSerum from

rabbit immunizeg with.AdPANE ACRaNE AdRap:k.Ad G68ALRANE, 551 2055b120:1/2560 1/2560
Ad Pan-6 No neutralization 1/20,480 <1/20 <1/20 Ad.Pan-7-1/2560 1/160 1/163,840 1/2560 Ad C68

No neutralization <1§%1 @ﬁﬁ@; %Ifgdand as follows. A PCR generated I-Ceul-PI-Scel cassette from
pShuttle (Clontech) was inserted between the EcoRJ and Spel sites. The 10154 bp Xho!

fragment of Ad SV-25 (bp2031 to 12185, SEQ ID NO:29) was then inserted into the Spel
site. The resulting plasmid was digested with HindIIl and-the construct {(pSV25) was

10 - completed by inserting the 18344 bp Ad SV-25 HindIlI fragment {bp11984 to 30328,
SEQ ID NO:29) to generate a complete molecular clone of E1 deleted adenovirus SV25
suitable for the generation of recombinant adenovirugses. Optionally, a desired transgene
is inserted into tHE F-Ceul and PI-Scel sites of the newly created pSV235 vector plasmid.

To generate an AdSV25 carrying a marker gene, a GFP (green fiuorescent

15  protein) expression cassette previcusly cloned in the plasmid pShuttie (Clontech) was
excised with the restriction enzyrnes I-Ceul and Pi-Scel and !igated. into pSV25 (or
another of the Ad chimp plasmids described herein) digested with the same enzymes.
The resulting plasmid (pSV25GFP) was digested with Swal to separate the bacterial
plasmid backbone and transfected into the E1 complementing cell line HEK 293, About

20 10 days later, a cytopathic effect was observed indicating the presence of replicative
virus. The successful generation of an Ad SV25 based adencviral vector expressing GFP
was confirmed by appiying the supernatant from the transfected culiure on to fresh cel
cultures. The presence of secondarily infected cells was determined by observation of

green fluorescence in a population of the cells.

Example 11 - Construction of E3 dejeted Pan-5, Pan-6, Pan-7 and CG68 vectors

In order to enhance the cloning capacity of the adenoviral vectors, the E2 region
can be deleted because this region encodes genes that are not required for the propagation
of the viras in culture. Towards this end, E3-deleted versions of Pan-5, Pan-6, Pan-7, and

30 (6% have been made (2 3.5 kb Nru-Avrll fragment containing E31-9 is deleted).
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In order to determine whether antibodies cross-reacting with the simian adenoviruses were likely to be
of low prevalence in humans, simian adenoviruses SVI, SV39, and SV25 were tested for their ability to
withstand neutralization when incubated 5with commercially available pooled human immunoglobulins
(Ig). The same, assay was also performed with Adhu5 and the chimpanzee adenoviruses Pan-5,
Pan-6, Pan-7, and C68. In a further study, sera from mice has been immunized with one of the
chimpanzee adenoviruses C5, C6, C7, and C68 and their ability to cross-neutralize the simian
adenoviruses SV-15, SV-23, SA-17, and Baboon Adenovirus has been tested. No cross- 10reactivity
was observed in any casei Exan#jile:& i GEmerdtiorw okRecombinant El-Deleted Pans Vector A
modified pX plasmid was prepargg M@sg@%q&&@f@%% A0 08018, 806 FEQIoN, ohpk (Clontech) -

by site-directed mutagenesis. The resulting modified 15plasmid, termed pX', is a circular plasmid

013000 bp which cd¥taihs a1 GHERE S aRpr ﬂﬁ?ﬁ&%?&r?é‘g ety ﬂ%‘bPF@ CaC A Bifduction of
Pan-5 Adenovirus Plasmidi&ipolyliokecdouseqpientigl<lomBg-of thie Rank DN, tragmébtsve  into pX' is
created. The palynriges is.subatllag. e Ruisting. pXpelripkerAfiolaing digsstignwih And and

EcoRI. The blunt-Esc/ fragment of the Pan 5 is inserted into the &inland Fsel sites of the polylinker.

This fragment cont%%ltﬂ’éeﬁti@hghﬁf HRE SRR A Gerome Bp Tt6m3 608 TRt ey O " The
SnaBI-Fspl fragmem?tsomdeaﬁ 5@%5&4@@%@@@@43 A Yis peplagectwittnia sfioftag@dlience
flanked by |-Ceu and Ni3cs,SiErPIRARILILS (Clontanheo.clminate,(ho Ehlegin gfihe adenoviral
genome. The EcoN- Elunt fDagment of Pan5 bp 8658 to 36462, SEQ ID NO:1) is 5inserted into the
EcoRI and ECoRT" &if66UsH the ipBIyikier (forprisdiae Heseane! BlT@ﬂL\e adenoviral genome); the
Fsel-Mlul fragment (bp 3606 to k313515 R HNGuiddsdfserted into the polylinicer; and the
Mlul-EcoRI fragment is inserted int 13 to 28658 tlonally, a
~ desired transgene is inserted mt%ql e% %Idy Ill-é‘| § G(#plfl O%C (%l?wnéev‘(/“i@scr %S(t%%j p%%gfr)l[fa | vector.
10B.Alternative Metfwid 6f @éatetating pxePenligelizated ba«“ at §the fistiahprasmickpXeigdérived from

pPAdX acrfler;(ovirus gé?%@jgb@‘lffﬁ?m@ltféﬁf& @ﬁgt%@mgaa Qﬁﬁ@fx@@@%@ﬁ%@g-ﬁh%@@ﬁiﬁﬁlf’am -Xhal
region of pX' was deleted and the blun ed Pan5_p S |ns to t site to
generate pX' PLNK 555& mﬁf 2?1% &7 rté‘“’ié’ﬁ g F%\f)a‘faé% E?QHTBD%’EI%% was
inserted into Smcd aﬁdﬂ:‘ng@rﬂsﬁé%@@(‘?ﬁmm ﬂd\éjéﬁéﬁaﬁelftﬁé .pX'Pan5- 5' plasmld (6591 bp). The
SnaBi-Ndel region of pX'Ran5-5;wasexcised and replacedwith the Ceu/Sce cassette, which had
been PCR amplified from pRCS to create pX'Pan5-5' AE1 4374&%" Brlefly, a sequence containing
I-Ceul and P1-Sad rare cutter sites ng%rgﬁg}é%aﬁl e DR EST SRR ) P FhEF B CH Brimer was
20introduced an NdeE iesintd fhed@Rpproggdte E3 region waT pigsttentptble RafafdidAdiy
PX'Pan5-5'4E1 (43£4.hp), {Be lfﬁﬁhihﬂmprs%gm of B QQQ&Q@%@%%M@H% DN ds,added, to
create pX'Pan5-5'Mlu (15900 bp). The remaining Mlul- 3 end of the Pan5 sequence bp 15135-36462,
SEQ ID NO1EFis ddacst fhe! %@WBEM%H%E‘WH@IP aHa BECUR S8 %é% f$he & polylinker to
form pX'Pan5LE1 which epntains thgifdl-longthaRanbise fuenee cantaniiges deletian frdhe El region.
C.Generation of R}ggorpp antdgtgé@e}% KGFP consh@.8806rate the recombinant aclenoviruses from
pX'Pan5,0,E1, the plasm transfected with a helper expressing El, or from an El-expressing
30packaging cell line, such as 293 cell line or a cell line prepared as described herein, The expression
of El in the packagifﬁlgﬂm@lb@émﬁtmhecifémli@%@’émﬂaﬁﬁ‘béékﬁéiﬁgloﬁ viseoPan5LEL into a virion capsid.

In another emhodiment, the pagkaging.cel Uﬁﬂ@@l@gowgha%&@n@s%éfgﬁg@@aﬁgﬁted with an
adenovirus vector as described ahove bee}rérrlrg ﬁctransgtene of interest. Ho olo %us recomblnatlon

occurs between th8HBIBEP ATE e SISSHIA- AR 5 LOWF@%&E%&TF@?W %% uences in the
Svector to be replicated daviipacikapeds mbfvii‘.vmimab@id@ﬂf@fwmﬁgwmﬂwgecombﬁmmadenowrus

Transfection is follgwed. by an aganaveHavdo2wesks-Afterwhichihe yituses arg plagued, expanded
and screened for expressmn of the transgene. Several additional rounds of Iaque purification are

followed by anothe SRS BFAGRE LG fds® EirfatRy Tﬁéacpéflll‘ga’ir%'“hg?vl%@ﬂ%&mﬁaﬂiﬁlus extract
prepared andcsthe re¢orRbHiaTChimpany es adenoviusedntémingtheddesited tramsgene is purified by

buoyant density ultracentrfugationin adsseL oradient of by aliemative means known to those of skill
in the art. Example™s - ?leggréﬁgr(]o?&l;{ecomblnant El-Deleted Pan6 Vector
gssentia
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A.Strategy for Construction of Pan-6 Adenoviral Plasmid 1. Cloning of terminal fragments
Pan 6 virus is deproteinated by pronase and proteanase K treatment and phenol extraction. Synthetic
12 bp Pme | linkers are ligated onto the viral 20 DNA as described by Berkner and Sharp, Nucleic
Acids Research, 11: 6003 (1983). The viral DNA is then digested with Xba Ito isolate a 5' terminal
fragment (6043 bp). The Ad6 Xbal 5' fragment is then ligated into pX link at Sma and Xba | sites to
form pXAdPan6-0-16.5. The viral DNA with Pme | linkers is also digested with Pac Ito isolate the 6475
bp 3' terminal fragment and cloned into pX link. at Pac land Sma | sites, 25resulting in
pXAdPan6-82-100. 2. Deletion ofElitrenmathek: " elone/kodalete’ Bhimu. 1.2-9), the BsiWi-Xba |
fragment in pX- AdPan6-0-16.5is r J{ iith a PCR fr nt spannin 9-16.7 f nent _
treated with BsiWi and Xba I, Iea%l%r?gE ?‘)ﬁg - %”-ﬁ%ﬁ ?r%n?%g-%e@?%gga % '[g(. usfgr‘ni%?tgpﬁ%g;' clones
and to create an aréhorsite tdiatecpt MaEnildgie e frelefrseit 4iest aide’ B! BlomsaipkestoPan6
Q-U-%-l, 9-16.5, is f'émﬂ%%@%éﬁm%@Ei;z%gﬁig@mg_k@ﬁ%?@;ﬁ&%@gﬁ%Bz‘i;&é%@@r@ﬁ PP 165 (—1 28) from
an 6 genome into_the Xba I site in -Ad-Pan6.in.u,0-1, 9-16. stryct is name
pXAd-Pan6-mu5 O-1If %g%twa Sequenﬂa%%%xégc%eﬁ ,at%%rf%' &égl%ﬁg{l%sail%ée{(%@n%%%‘ tg}%lﬁlserting the 15026
bp Mlu I/Pac | fragrmé&rareovering A Hdd 82 fr8ATmPAATE- gsRdIe st the Mlu I/Pac | sites of
10pXAdPan6-82-100, generating, pXAeRANB B 441100 . Ahen 8§16/ hp-Hind 11I/Eco 47111 Pan 6
fragment is isolated from pXAd-Pan6-mu 0-1, 9:2 d subcloned into pXAdPan6-m,u.41-100 at Hind
[l and Xba | blunt sites. This 5' é‘r?d gbfﬂ%%ﬁ% [ ggﬁlggi"?%oa é%ﬁ%&‘&é% ?ﬁﬁ-‘f?iﬂf@%{ 4-100. 4. Drop
of the middle fragmenicohthil gehopReé inmneheifesioharbelerd after EcoRI digestiedaslispiHind ITT
fragment (m.u.49.5;:84) frem-Ban 6.4s iaseediniaHindALsie ofidciRangiRtGr a2 29,5, 64-100 to
form pXAdPan6-0-1, 9- ,10%. ) w?' Introduction of PQI%GEP §§I%(r:éive marker into the final
20construct for dirdbPRISHitig tHE FEAE B 1REEPRLY AR GredriivARe SI&ction of tecombinant
t7cu2sformants. EcoR I fragmbnminigengsddssetitetiiatieiitessosORREundBimd-Bropromoter and is

flanked with recognitign, sifes ofare intion:eneeding Jestiction enzymes, P1-See | and I-Ceu |, was
isolated from pShuttle-plcGFP (bare) by Sap | and Dra Il digestions 25followed bgj/ filling-in reaction.

The pSinittie-plcGRBHBAEY Halhfian<% 158 B HANGH, Ghd caEins 8081 286, a kattamycin
resistance gene, plagpadan promoter FGPPmuiE-EH8{Glonte chyicanc.al GPnila3-1 cds (Ciontech).
This cassette is suggrlll%&gg éQﬁQc%ffuL ¢ut apd blunted pXAdPan6-0- I, 9-100. This final construct is
called pX-Pan6-pkGFP mu.0-1, 9-100, which is useful for generating recombinant El-deleted Pan 6
molecular 30clones carrying geREC G GHEErES e e ToN Grid et rinris Eeledtién in
combination with thesgenegig.pShitide pleDkknegiarenBoAltbenative Bitalegy jos-Generation of Pan-6
Plasmici I.Cloning %C%;Sterminal _fragment The Pan 6 virus is deproteinated by
pronase and proteanase K treatment and phenol extraction as described above and synthetic 12 bp
Pine | linkers @re ligated onto thie Riffdl DRiBcais des Sitsé THeAdPENG Slchat fragpdientiesisolated and

ligated into pX to feppR¥AURARAN161R(Q022nbp) ascdasaribed nds aH ARbave; deletion of El
fromthe 5'clone o e QIEFe ElL(mu. 1,2:9), pX-AdPan6-0-16.5 is digested inwith
SnaBl and Ndel to'f8fovE tHE 1 EGIRE BRCoding The EFa ahd EF B broteine {3t

Subsequently, the minigene casseties were transferred into chimpanzee
adenovirus backbone plasmids, pPanX-pkGFP with various deletions, easily by
25 swapping with pkGFP cassette at I-Ceu I and PI-Sce [ sites and screening a
| few white colonies for correct recombinants.
4, Reseue of molecular clones of Pan vectors with multiple deletions in
early regions and virus propagarion
For rescue of E1-E3-deleted molecular clones of chimpanzee adenovirus
30 vectors, the clones were linearized with apprepriate restriction enzymes and transfected

into regular 293 cells, Once a full cytopathic effect (CPE) observed i the transfected
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6310 bp). This vector is subsequently digested with BsiWi in preparation for blunting with the minigene
cassette carrying a selective marker. 3. Introduction of a selective marker A rninigene cassette that
expressed GFP under a lac 15 promoter and which is flanked with recognition sites of rare intron
encoding restriction enzymes, PI-Xcel and I-Ceul, was isolated from pShuttle-plcGFP as described
above. The Dralll-Sapl fragment is then ligated with the digested pX-AdPan6-0-16.5 to form
pX-AdPan6 MU 0-16.54E1 (7749 bp). 4. Extension of .Pan-6 Adenoviral Sequences 20pX-AdPan6 MU
0-16.5LE1 was subjected to Xbal digestion to permit insertion of an Xbal-Rsrll linker, An XbaliRsrI1
digestion fragment freitn theiAgRané: gemomsie wakcituiated (rdf32811 00226 240diplatnddiated into the

Xba/Rsrll-digested pX;AJRanRe My: 0l &:2:HEL QAR EXAdPan6 MU 0-1, 9-16.5, 28-100. A
second Xbai fragment from thé Pan6 genome (mu 16.5-28, 4350 bp) is then 25Ii%ateci into this

plasinid to form pX-AdPan6 MUGSY, B-166138551 b))  E-EEh¥rAf0H b Recomiinant Adenoviruses
To generate the recevibiranipatdenoviruses from auEdetetaduP anboplagmmidnprepared 8 described in
Parts A or b, the plasmigl s, cofransiecied with @ helRer.exPressing kL5 irem ARShepressing
packaging cell line, suchas 293 cell line or a 30cell line prepared as described herein. The expression
of El in the pacicagitf&&rp@iiits the replication and packaging of the Pan6-pkGFP mu ,0-1, 9-100
into a virion capsid. Alternatively, the packaging cell transfected with pX-Pan6-pkGFP mu.0-1, 9-100 is
transfectecl with anag oy us vacinlas desciked.ahovedsaing anaingriasdepe.qLipterest
Example 6 - Generation of Recombinant El-Deleted Pan7 Vector 5A.Genheration of Pan7 Plasinids

A synthetic linker cé®rifig the restriction sites Pacl-Smar-FselMliil-EcoRV-Pacl was cloned into
pBR322 that was cut with&eoRl.anddvdetioine: left endrfip.k40.861 8)iekAdvRan7 was cloned into the
linker between the Sig\&icagf F%eli%itgns. qui%t%g}eeg{o&i{ugngliyv %gis&% C}‘robrir]gi trne cloned left end
by cutting with snaB’and" 18 Kidéi’an Inserting an [FCeul-GEP-PI-5Cef cassetie from pShuttle
(Clontech) in its pladeisTtisitesiifeigt plashiriivas suraitrrieden ardemia) datnasfiei? fragment Fsel
(bp 3618) to Miul (bp:RR1dANas-sastetiaextend-thedeftends Ehe monstiust (PRan7pGFP) was
completed by insertin%\fh}e .2ﬁ%ﬁ421??pl \d P%r.ﬂ rilgbht end fragment dfrogn the WPM gite (bp 15114) into
the above plasmid BRFEEh MT-SHd GBI 18 g ehetatd 4 CSiprads “ BMbtedlikr clone of El deleted
adenovirus Pan7 suitéble fogthe geneiEicmof ieconibisrdint adkeinovirises. Optionally, a desired
transgene is inserted ItQ the -teul.and PlsScaksites afithe pewl.creaied pRan7 vector plasm id.

B.Construction of El-Deleted Pan? Viral Vectors To generate the r,ecqm_bir]ant aclenoviruses from
pPan7LEL, the 20p1ShAef i E¥APARSIEELS Wﬁ%“ﬁgﬁ?%%@é@?’%@ Bl BRI ER El-expressing
pacicaging cell lineAsugbh-asn293:celEinez ovlabtelimeaprep dited a$desciibedihBreit, The expression of
Elin the packaging:cell perpiiadbe:rertisationng packaging.afthaRandPykLipto a virion capsid. In

another embodiment, the CBa(:kaging cell transfected with pX'Pan7 LE1 is transfected with an
T

adenovirus vé&tor 84U AR ABo R BRATIRY I8 LHE traR8 g BF HIBPES MBinologous
recombination occuestbetvpeemihe helperarddthedplasidicd Wwhichperhi® trdadenovirus-transgene
sequences in the vecior i be replicaied.andpagkaged into virion capsids, resulting in the recombinant
adenovirus. Transfection and purification is as described above. 30 Example 7- Generation of Piasmid
Vectors Expressing the El Genes  Plasmid vectors are constructed which encode the Pan5 El
region gene, and these plasmids are used to generate stable cell lines expressing viral El proteins
The El region of Pans is cloned into pX', essentiallyas described in Example 4 above, prior to
replacement of this region with the fi-agment from pShuttle (Clontech). The expression plasmid
contains the Pan5 adenoviral genome sequence spanning at least bp 1 to 3959 in the Pan5 genomic
sequence. Thus, the expression plasmid contains the 5sequence encoding El a and Bib of
chimpanzee Ad Pan5 under the control of a heterologous promoter. Similar expression plasmids can
be generated using the Ad Pan6 and AdPan 7 El regions, identified in the tables above. Example 8 -
Generation of Cell Lines Expressing Chimpanzee Adenovirus El Proteins 10Cell lines expressing viral
El proteins are generated by transfecting HeLa (ATCC Acc. No. CCL2) with the plasmid of Example 6.
These cell lines are useful for the production of El -deleted recombinant chimpanzee adenoviruses by
co-transfection of genomic viral DNA and the expression plasmids described above. Transfection of
these cell lines, as well as isolation and purification of recombinant chimpanzee adenoviruses
therefrom are performed by methods conventional for %her adenoviruses, i.e., human adenoviruses
[see, e.g., Horwitz, cited above and other standard texts]. A.Cell lines expressing Pan5 El proteins
HeLa cells in 10cm dishes are transfected with 10 Jig of pX-Pan51-El DNA using a Cellphecfrm kit
(Pharmacia, Uppsala, Sweden) and following the 20manufacturer's protocol. 22 hours
post-transfection, the cells are subjected to a three minute glycerol shock (15% glycerol in Hepes
Buffered Saline, pH 7.5) washed once in




DMEM (HeLa) or FI 2K (A549; Life Technologies, Inc., Grand Island, NY) media supplemented with
10% FCS, 1% Pen-Strep, then incubated for six hours at 37C in the above described media. The
transfected cells are then split into duplicate 15cm plates at 25 ratios of 1:20, 1:40, 1:80, 1:160, and
1:320. Following incubation at 37C overnight, the media is supplemented with 0418 (Life
Technologies, Inc.) at a concentration of 1 jig/ml. The media is replaced every 5 days and clones are
isolated 20 days post-transfection. HelLa El cell clones are isolated and assayed for their ability
to augment adeno-associated virus (AAV) infection and expression of recombinant LacZ protein as
30described below. kineProduction of AAAY mefiires ddenoainas«enrcadiad: proteinsiintorder to complete
its life cycle. The adenoviral El proteins as well as the E4 region-encoded ORF6 protein 5are
necessary for the augmentation BEAZN infection. An assay-f0EE] expression hased on AAV
augmentation is used. Briefly, the method for idé ﬁ‘&/ing adepoviral El-exprg,% fng cells comprises the
steps of infecting in separate culéﬁiés a putativey novirus%-%ipressing gnd a cell containing no
7

adenovirus sequenceryith both zﬁgﬁno_assoc %ﬁe)é virus ( ﬁxpressiq@a) mquer gene and an

5]

AAV expressing the ORF6 of 1 of umanm adenovirus, fora suitable time. The marker
gene activity in the regglting cells s measured and those cells;with significantly greater measurable
marker activity than the control cells are selected as confirmed El-expressing cells. In the following
experiment, the markes«gene is @.facZ gene andithe marker &étivity is the appearance of blue stain.
asFor example, the cell lines described above, as well as untransfected control cells (HeLa) are
infected with 100 gendrés per cell of an AAV véctor bearing-& marker gen& e.g., AV.LacZ [K.
Fishers: al., J. Virol., 70:520 (1996)J and an AAYV vector expressing the ORF6 region of human 5
(AV.orf6). The DNA s%‘%%énce of the plasmid ge%erates a novel recombinaft adeno-associated virus
(rAAV) 20containing g}}ei_@cz transgene and the,Ad E4 ORE 6, which is ap-.open reading frame whose
expression product faaﬂtates single-stranded (ss) to double-stranded (ds) conversion of rAAV
genomic DNA. These vectors are incubated in medium containing 2% FCS and 1% Pen-Strep at 37C

for 4 hours, at which point @R ¥ qtEIAIBI T St THEGHH- EoR Hifing 15, Res s Adu&a” -<hould be

understood by ene pfiskilldmhthesast@5thatanyuredirer gehediofVigportes geheledztydoes émraployed in the
first AAV vector of this 8553y, 8.9 »Alicaling.Phashhatase Jusiferase: 2ad,thers,An antibody-enzyme

assay can also be used to quantitate levels of antigen, where the marker expresses an antigen. The
assay is not limited Y- eRE BN/ o HEHIRE A SHETFEREY 85 fiR RO P HEv PSS ERIE ction, the
ce_lls are sFained fomd-;l&ez_earatwit_;y mﬁ_mgef_stamdand methodsd Miteid 3dhoyrsihdcelsiase observed
microscopically and cell liggs, with. é@;@%ﬁ&ﬂﬂ&p@%%‘H&%@é&%&%@%&%@?ﬁrﬁ& g—ggé_é% é}%p controls are

scored as positive. Example 9 - Delivery of Transgene to Host Cell esulting recombinant
chimpanzee atPendifisddesdhieéd TheERantsI&! 45 db e Eheve e ampidires 1eeersliver the
transgene to a marpmalian.refenablynhuman;cal. fhanexanmues follawing:pasifigatien of the
recombinant virus, onic lcidney 529 lls are infecte n.MOI of 50 particles per cell.
OFF expression wa%&lgjo%%)r%@r?g S(iuz% %%DJFS%S ﬁ%af?e%{ll%ﬁﬂ o }]A{?Vgg?l@%frsaaﬁ% eacrfsl/ lﬁ}l% ise Models via
Pan-6, Pan-7, and Pan-9 vectors Gene transfer efficiencies and toxicological profile of recombinant
chimpanzee adenoviruses were compared in mouseMiVarldirscted gene transfer, mouse 10lung
directed gene transfer, and mouse muscle directed geng srahgfer. EboZE| -deletegdzadenoviral
vectors containing LacZ under the control qfthesCMV, promoter were gonstructed, ysing the techniques
herein for human Ad5, chimpanzee Pan 6, chimpanzge Pan 7 and ch1i5npanzee Pan 9 (C68). The
vectors were delivered to immune-deficient NCR nude mice (80 for each study) as follows. For the
liver study, 100 151d (1 x10" particles) were injected into the tail vein. For the lung study, 50 ul (5
x1010 particleés) were delivered intratracheally. For the muscle study, 25 ul (5 x| eparticles) were
injected into tibialis anterior. The mice were sacrificed on days 3, 7, 14 and 28 post-vector injection (5
animals per group at each time point). At each necropsy, the liver/lung/muscle tissue was harvested
and prepared for cryoblocics and paraffin 20embedding. The cryoblocks were sectioned for X-gal
staining and the paraffin sections are EISzE stained for histopathic analysis. At each time point,
terminal bleeding was performed. Serum samples were subjected to liver function tests. It was
observed in this experiment the chimpanzee adenoviruses Pan-6, Pan-7, and Pan-9 were less efficient
than huAd5 in gene transfer to the liver and to the Iung7.725However, this may be desirable in certain
circumstances, to reduce liver toxicity observed




for huAd5. The gene transfer efficiency in muscle varied less between serotypes, B. Mouse study
to feasibility of re-administration of adenovirus vectors by serotype switching between Adhu5, Pan-6,
Pan-7, and Pan-9 vectors Mice were administered (C57/B16; 4/group) LacZ vectors based
on 30huAd5, Pan-6, Pan-7, and Pan-9 (H5.040CMVLacZ, Pan6.000CMVLacZ, Pan7.000CMVLacZ,
Pan9.000CMVLacZ; 1011particles/injection) by tail vein. Thirty days later the mice were
re-administered adenovirus vectors expressing al-antitrypsin (1-15.0400MVhAIAT, Pan6.0000MVhAI
AT, 1x1011 particles, Pan7.000CMVhA1AT, Pan9.0000MVhAIAT, 1011particles/injection). Successful
transduction by the xRt ar VBB RS FeHREed ‘Ef)ﬁﬁiéégmiﬁﬁsserum al-antitrypsin on days 3

and 7, following re- admlnI%waﬂ;&r&t@me@@l&mé@fp@ﬂlen@mk&seyﬁ@ﬁ@m%@%ﬁiex%l ReRPNH, Pan-7,
and Pan- 9 respectlvg otran ducettge Ilver of mi el t}ﬁ resencetog‘I ?eut%hzu}ﬁ antibodies to the’
other serotypes was Uet&i rl|"'rillédﬁ THE FSERES araég'l}a]bu?aet & M RO H T DGR TEcES
Cross-neutralization sdiriBirciti5oP A 18 PHRTO P 01088 ) e tsudatn 6l y Mo NbuS orPan-6 Adhub
Pan-6 Pan-7 PaR-9 (@g&)gﬁg&g@@q@é@ sontrl)Y.8s (MQSP@F};J Adhu5 Pan-6 Pan-7 Pan-9 (068) No Yes

Yes (+ve control) Yes Ability, ectors sdu |ne liver in e of utrallzmg :
antibodies to other serotyp@s. 5 u%ylérﬁgu#;gff ﬁoﬁt Ad%’ ‘GoE “fef%gép ﬁt‘?%%géﬁ{l i&ration with
either of the chimpaﬁzaagramegéhﬁrﬁéaiemsqﬂma‘sPan 7, or Pan-9 (C68). This experiment also

appears to indicate that Pan-7 is petween, Pan §§ ang a0, 1he sReeim, ef antigenic relatedness

and cross-reacts with both; however Pan-6 and Pan-9 do not neutralize each other. This is a surprising
result based on homology comparlsonsNﬁﬁf&W}%%@gﬁﬁgﬁ%@é?P@?étalﬁ"l"eEd’@ﬁﬁE‘f% Pan-7 and
Pan-9. Evaluation ofvaniisrrageneraiet againstiad- aamﬂu@amdaamenmmmtmhmu@ﬁaﬁgﬁmst Pan-6

but some neutralizatign against Eans {, akauing ihat Ban:g s, distingt fromhe QLS 0 of the

Ebola envelope glvcoprotein, C57BL/6 or BALB/c mice received a single intramuscular
injection of 5 x 10'° partictes per mo.use of C7 (Ad Pan-7) encoding Ebola envelope
variant. Neutralizing antibody was evaluated 30 days post-vaccination. Briefly, Ebola

15  Zaire pseudotyped HIV vector encoding for B-galactosidase (EboZ-HIV-LacZ) was
incubated for 2 hr at 37°C with different dilution of heat inactivated mouse serum.,
Following the incubation with serum, EboZ-HIV-LacZ was then used to infect HeLa cells
for 16 hr at 37°C. Infectivity was revealed by X-gal staining of transduced HeLa cells
positive for $-galactosidase. Neutralizing titer represent the serum reciprocal dilution

20 where a 50% decrease in the number of -galactosidase positive biue cells was observed.
Sera were coliected 30 days post-immunization, which consisted in a single intramuscular
(1M.) administration of 5 x 10" particies/animal. Neutralizing antibody to Ebola
pseudotyped HIV could be detected from all groups with antibody titers ranging from 20
for Ad-EboZ (Adhu5 expressing EboZ), Ad-NTD3 (Adhu5 expressing NTD3) and C7-

25  sEbo (Ad Pan-7 expressing soluble EboZ) to over 130 for C7-NTD3 {Ad Pan-7
expressing soluble NTD3) and C7-NTD4 (Ad Pan-7 expressing soluble NTD3). The same
immunization strategy in BALB/c mice resulted in lower neuiralizing antibody titers for
Ad-and C7-NTDZ, and NTD4.

A Celiular Immune Response

30 The celiular immune response to the Ebola envelope in C57BL/6 mice

was evaluated 8 days after a single LM. administration of 5 x 10" particles of C7-LacZ or

C7-Ehola envelope variant per animal. Mice were vaccinated LM, with 5 x 10 particles
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15 Example JO - Generation of Recombinant El-Deleted EV-25 Vector A plasm id was constructed
containing the complete SV-25 genome except for an engineered El deletion. At the site of the El
deletion recognition sites for the restriction enzymes I-Ceul and PI-Scel which would allow insertion of
transgene from a shuttle plasmid where the transgene expression cassette is flanked by these two
enzyme 20recognition sites were inserted. A synthetic linker containing the restriction sites
Swal-Snaal-Spel-Aflll-EcoRV- Swat was cloned into pBP322 that was cut with EcoR_I and Ndel. This
was done by annealing together two sy t%&etic oli omers SV%ST (§ TTTA AAT A%%AG CGC
ACT AGT CGC OCT &t’?‘tﬁ‘@%ﬁ@é&l ERF ﬂ%ﬁ"&%}’é'% BIBNCH BT ARG TEEVISB (5-TAT
TTA AAT GAT ATGEGErOGTTAN GO BEACTA GIOsCGCER ITAG GTARZEIEF AH3', SEQ ID
NO:39) and 'nseft'gs%;@n'fatg&?&%a%% figesindwith. Ecoll-and Ndel- Lha Ieflend (BRIIR.3057, SEQ ID

NO:29) of Ad SV25 was cloned into the above linker between the SnaBl and Spel sites. The right end
(bp28059 to 3104Z°SEBA NG *I8) SPuP B IHAR WOHE it i TP e & MIll and
EcoRYV sites. The adenmitus:&l wag therbxeiseddetwetirthe ooRtisiteitbpna47ptaxifol (op 2031)
from the cloned Iefgg&j as follows. A PCR generated 1-Ceul-PI-Scer cassette from pShuttle
(Clontech) was inserted between the EcoR| and Spel sites. The 10154 bp Xhol fragment of Ad SV-25
(bp2031 to 12185, SEQ HYME 30} ks EHER HSEREY intd tRBNSHE Stk HerRIstiNiTG prafflid was
digested with Hindftband.the gonstruct(p BY25)inas:lGecompleted: by ingestingthe: 18344 bp Ad SV-25
Hindll fragment (b .98t 19 30RaB.SERIBN RSl IR.ae0RKIS &.AomRIs melaguiatglone of El

deleted adenovirus SV25 suitable for the generation of recombinant adenoviruses. Optionally, a
desired transgene F8HeR EH IR FRERUIN LR PR SEs Siks Hriie ibiiigt rs4iaer 58'¢/25 vector
plasmid. To generaie:n BBy 2bscanpyingé mackerigénd, asQkk- {green fluorescetit dsqpsotein)
expression cassette,preyvi k : ' | ith the .
restriction enzymetg%iﬁggﬁ%}% %ﬁﬂé%c%f%%f%gﬁgg‘%%%é%é %?%ﬁ%%%%@??ﬁ?ﬁéﬁﬁ%p plasmids
described herein) &ftjéstatrivnhAHELEme enzymes. The resulting plasmid (pSV25GFP) was digested
with Swat to separate the-bacterigkpiasaugdackbone and transfected into the El complementing cell
line HEK 293, About 2010 days later, a cytopathic effect was rved jndicating the presence of
replicative virtis. The successfu beéﬁgsrtatﬁ%ﬁtgfe N ﬁ?c? @Q@ﬁgﬁ?ﬁ%@ﬁ? Frrécloéggtfctﬁ)# h)?pressing OFF
was confirmed by Epplyimtptireasegereratant froin: thenteansfcotesesuttoieson tgdfreshatgil ceitures. The
presence of secongariy.infeated.calls.yasdeterminad by ahservation ofigreen fuarascence in a
population of the cells. 25 Exarg I%hll - C}pcpstru%ior} GESﬁ,d leted Pan:5, Palcrlj6, Pan-7 and C68
vectors  In ordét¥5 BHREHEE the ASHnG Capacity of e ReEHiFAI Ve &totE 'IEES region can be
deleted because thiswegivrrehewdestegemnasadhare ehpbnesquired f6riihe propagatiamcdf the virus in

culture. Towards this gnd;E3rdgleted vansions Raneifan:6 (Pands, and 30=68 havebeen made (a
3.5 kb Nru-Avrll fragment coa:airéin[g E31-9 islgdeletedg. A.E3 deleted Pan5 based vectar

El-deleted pPan5-BRGEE IAEHIE W as BEgtad With AN BIFASHLIE S8 T8 S14ES X 58"k fragment
containing the E3 veyiow srecbheliehesutatt BREABISICGFP with Ayr 1l deletion to form construct

pPan5-plcG/7P-E3-Avr HySuhseguenrthssthe S8 kmAvy alifragmentwassubelonsdl ipte.y
pSL-Pan5-E3-Avr |l for a further delsﬁtion.of E3 regio ﬂé ,rlf\/é digestion, This led to a plasmid
pKGFEY

pSL-Pan5-3-deletior &Fh&HRATESHE AT [SEARECES K YO R RRIE PETRGUIRG A 4.3 kb Avr
[l/Spe | fragment fiiem pSt vRansESwdkletiofh plaSinitant! Tiserting inthpPanbypldGEL-E3-Avr 1| at
Avr IT site. In thisii'm!rﬁgw;e@h%&zmcﬂ@t%ti@ﬁmiﬁﬁoﬁ%gmyg@.%mg&@@@m% NOB.E3 deletion in

Fano- based vector El-deleted pPan6- pkGFP molecularclone was digested with Sbfl and Not
lto isolate 19.3 kb¥rEgthERTZIE REhleE DRk AP RaTHe Fastitieg BdwdtARt BraAsishf I-E3 was
treated with Eco 41t banthSie tpgeneiatingpRanedmdinallyi:2l kb Sbf | fragment from Sbf |
digestion of pPan6- pkGFP was subbloned into pPan6-3 to 15create pPan6-E3-plcGFP with a 4 kb
deletion in E3. C.E3 deleted Pan? and Pan9 vectors The same strategy was used to achieve
E3 deletionsh both vectors. First, a 5.8 Ich Avr Il fragment spanning the E3 region was subcloned
pSL-1180, followed by deletion of E3 by Nru | digestion. The resulting plasmids were treated with Spe
land Ayr 20 Il to obtain 4.4 Icb fragments and clone into pPan7- pkGFP and pPan9-plcGFP at Avr I
sites to replace the original E3 containing Avr IT fragments, respectively. The final pPan7- 3- picGFP
and pPan9-E3- picGFP constructs have 3.5 Icb E3-deletions Example 12 - Construction of E3- and
E4-deleted Pan-7 vector 25Although the deletion of the El region of adenoviruses (first generation
adenovirus vectors) renders them replication-incompetent, expression of the adenoviral vector
backbone genes is not fully abolished, Deletion of the 4 region considerably attenuates this residual
gene expression and may confer a safety advantage. An 4-deleted Pan-7 vector containing a 2.5 kb
deletion (a Pvull-Agel fragment containing 3040RFI-ORF7 is deleted) has been constructed. High titer
stocks of this virus were generated using a HEK 293-based cell line, which in addition to El, expresses
an essential 4 gene (orf 6). E4 deletion in the molecular clone of Pan 7 A 19 kb Xba |

fragment was deleted from pPan7- pkGEP to create pPan7- Xba | from which a 2.5 Icb E4 fragment
wAace AdAaleted hv Ade | and Pvir | nartial dicdectinn reciiltina in nPan7-Xha I-FA nPan7-FA- nkGCEP



51-E4 in two sequential cloning steps, adding 19 kb Xba | and 15 kb I-Ceu I/Mlu | fragments, both of
which came from pPan7- pkGFP construct. 2.Introduction of E3 and E4 deletions in Pan9 vector A II
kb plasmid, pPan9-EcoRI, containing E4 region was created by retrieving 11 kb EcoRI fragment from
pPan9 pkGFP after EcoRlI digestion and self- 10ligation. E4 region was deleted from this construct by
Age | digestion/filled in and Pvu I partial digestion and slef-ligation to generate pPan9-EcoR I-E4. A
23 kb EcoR | fragment was isolated from pPan9-pkGFP and inserted into pPan9-EcoR I-E4 at EcoR |
site, followed by adding 5.8 kb Ayr 11 fragment from pPan9-pkGFP, to form the final product
pPan9-E3-E4- plcaF. Compared to the 15genome size of wild type Pan9, this B1-E3-B4-deleted vector
could have a transgene capdcitpupassgicd 2008 WroERIBAGHCEraiRTigaTelemssattBYRItR enes of

interest including reposter Geags: Hyeax@nd nuslearpretping.abEbe inte moleewarglengsref Pan
vectors 20A highly efficient direct clonigﬁﬁand ggér{gen/white selection ‘Jorocedure s.employed for

1L, QT - R
creating molecular c1BREs SPHREEIBITRAEVTUESS “BITERY G lte¥ 6F .h?&?é%ﬁ&f’ef)\g%%%&w&
pShuttiepkGFP by streleningifidaitercelonibs forrecothbinants:iSubaeduently;cthe hinigens cassettes
were transferred into. chimpanzee.. arlengvinis backhane plasmice, REAN - GEP il various
deletions, easily by %éwapplng with pk FP cassette at I-Geu land Pl-5ce | sites and screening a few
white colonies for corgetrecominameiuiatorgarsshtieofomelethiatvsrmes of Pasiviseiors with
multiple deletions inaﬁﬁggﬁgggjg@@and virus propagation For rescue of El -E3-deleted
molecular clones of chimpanzee adenovirus 30vectors, the clones were linearized with appropriate
restriction enzymes and transfected into regular 293 cells. Once a full cytopathic effect (CPE)
observed in the transfected cells, crude lysate was harvested and expanded in 293 cells to
large-scale infections. The viruses were purified by CsC1 sedimentation method. For E1-E4
and E1-E3-E4-deleted Pan vectors, 10-3 cells, a 293-based El-E4-complementing cell line, were used
for rescue and propagation of vectors. E4 50RF6 gene expression in 10-3 cells was induced by
addition of 150 uM ZnS04 to the culture medium. Example 13 - Vaccination with adenovirus vectors
expressing wild type and variant EboZ GP. 10AdHu5 or AdC7 vectors expressing Ebo la envelope
chimeras were produced for in vivo immunization experiments in C57BL/6 mice. Recombinant viruses
with different viral backbones were created by molecular cloning method in which the minigene
cassettes were inserted into the place of El-deletions. The molecular clones of all recombinant viruses
were rescued and grown up in 293 15cells for large-scale purification using Csa sedimentation
method. Five EboZ variants encoded by AdHu5 or AdPan7 (C7) were selected and produced to
evaluate their relative immunogenicity following an intramuscular Ad injection. The wt Ebo, a soluble
Ebo variant, EboAl, EboA2, EboA3, EboA4, EboASS, EboAES, EboA7S and EboA8S were evaluated
in the initial vaccine 20 studies. For the data summarized in the following table, the number of viral
particles (per ml or total) produced and amplified from infected 293 cells was established by
spectrophotometry reading. Table: Production of Adhu5 or AdC7 Adenoviral vector encoding EboZ
variant. HUAd5 AdC7
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Titer (VP x Total yield (VP x Titer (VP x Total yield (VP x Gene 1012/m1) 1012) 1012/m1) 10[2) Ebo wt
2.6 19 4.3. 43 EboS 4.9 49 4.6 55 BboA2 2.1 9 5.8 93 EboA3 1.7 8 5.3 95 EboA4 312 4.1 62 Vector
was administered intramuscularly (1011 genome copies/cell) in C57BL/6 mice and the presence of
virus neutralizing antibody (VNAO was evaluated 28 days later as a first measure of an immune

. response generated against the Ebola envelope glycoprotein. VNA is defined here as serum antibody
able to inhibit transduction of HeLa cells mediated by HIV-based vector pseudotyped with the wild-type

Ebol lope.
o1 envelope WHAT IS CLAIMED IS:

I An isolated simian adenovirus nucleic acid sequence selzcted from the

group consisting of:
{2} Pan5 having the sequence of nuclejc acids 1 to 36462 of SEQ ID

NG:I;

(b) Pand having the sequence of nucleic acids 1 to 36604 of SEQ ID
NO:5;

(c) Pan7 having the sequence of nucieic acids 1 to 36535 of SEQ ID
NO:9;

(d) SV1 having the sequence of nucleic acids 1 to 34264 of SEQ ID NO:
24; . '

(2) SV25 having the sequence of nucleic acids 1 to 31044 of SEQ ID NO:
29, .

(fy V39 having the sequence of to nucleic acids 1 to 34115 of SEQ ID
NO: 34, and

(g) a nucleic acid sequence complementary to the sequence of any of (&)
to (1).

2. Anisolated simian adenovirus serotype nucleic acid sequence selected

fror one or more of the group consisting of:

(a) 5" inverted terminal repeat (ITR) sequences;

(b) the adenovirus Ela region, or a fragment thereof selected
from among the 138, 128 and 98 regions;

{c) the adenovirus Elb region, or a fragment thereof selected
from among the group consisting of the small T, large T, IX, and IVa2 regions;

(d) the E2b region;

(e) the L1 region, or & fragment thereof selected from among
the group consisting of the 28.1 kDD protein, polymerase, agnoprotein, 52/55 kD

protein, and Hia protemn,
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VNA to the EboZ pseudotypes was detected with AdPan7 (C7) yielding higher intiters than AdHu5.
The EboZA3 elicited the highest VNA in terms of the transgene targets. For the data summarized in
the following table, neutralizing antibody titers to HIV-EboZ-GEP pseudotypes (reciprocal dilution) are
provided (N=5 animals/group). VNA Titers EboZ wildtypeEboZs EboZA3 AdHuU51216 AdC74412140
15 Example 14- Pan7-mediated Expression of Ebola Proteins Mouse studies to evaluate Pan-7
vectors expressing Ebola envelope proteins and the Ebola nuclear antigen have been initiated. These
are directed towards evaluation of neu{gﬂzj g?_aenti%odileaségg%%gﬁ}légo i%%ég%gggg intramuscularly
(IM) with Adhu5 or sPan-7 expressing €ach o XEbo fa env constructs. A-Evaluation of %gﬁ?from
C5/B//6 mice inje teehtMstirihv AdhpSiomPeh; Viessréssingiths:Ebola env constructs. 1.Challenge
experiment in mice with Ebola virus. N@jtﬁ@élgmgm{lqg%ﬁg%% nﬁg&g@g&l&g&%@@glgrgurbvelope
10were analyzed by looking at immunized mouse sera mediated neutralization of a lentiviral (HIV)
vector pseudotyped-avitisinecdberdl EsratrGe e I8ERS*TD2, NTD3, NTD4) of the Ebola envelope
glycoprotein. C57BL/6 or BALB/c mice(regeived:atsifigle intramuscular injection of 5 x 10" particles per
mouse of C7 (Ad Pan-7) encoding Ebag ;t?nﬁloepeovarian . Neut{?}Ijzin aqtipﬂo{gj}(_waﬁéeevlalgated 30
days post-vaccination. Briefly, Ebola 1 aire p%e%dl(ﬁt%ae Vector ér?%gdl?lg for 5 laktosidase
(EboZ-HIV-LacZ) was:sintiubatebefop Ry mo8HC it diffdentldiutioh O heat inactivated mouse

serum.. Following the incubation with @rﬁ%ﬁlgg%jw}ya%\g@sﬂ}g@%%%g hlgchHghacells for 16
hr at 37C. Infectivity was revealed %é ggal stainlEné; of transduced HelLa cellagositive for

13-galactosidase. Mé%ﬂifﬁiilﬁﬁégﬁé? |?Jr érttie e%ﬁ%%p@@é:élk difutiBA 26w Bbos decrease in
the number of B-galagtasidase positiyeblrrsells was observed. Sera were collected 30 days
post-immunization, which consisted.in a.single intramuscular (TM.) administration of 5-x 101
particles/animal. Neutralizing antibody@séﬁgéﬁarﬁ%lg&d%t@pggﬁfiﬂ;/aéglﬁfggl%‘éﬁga% elcT;{)é%afrf(%ér%I all groups
with antibody titers sangiryg from 20 for Ad-EboZ (Adhu5 expressing EboZ), Ad-NTD3 (Adhu5

~expressing NTD3) and 07- 25sEbo (A@ﬁggﬁ seSsingspiublehog)te. ouerl 304eL N TD3 (Ad
Pan-7 expressing soluble NTD3) and C7-NTD4 (Ad Pan-7 expressing soluble NTD%F he ‘same
gt Araibeychs FER

immunization strategpsivBALETE R rESUNBECHTOWBF hetitialidin éhrand
C7-NTD2, and NTDA4. B.Cellular Immune, Respamse 30The cellular immune response to the Ebola
envelope in C57BL/6 mice was eyaluated 8 daﬁs‘ﬁgﬁ?ﬁ_sin&%e LM a&gministration %I?%)é) 01 particles
of C7-LacZ or C7-Ebola envelopé Y&rREper animal ide eV R ANaReET VPERIT 5% Tom particles
of 07 encoding LacgvardEhala sovelo 5& vasizf iiSpie |82 wmiptidey e fiomidmduni zeghenice were

collected 8 days post vaccination a imulated in vitro with feeder cells (splenic lymphocytes from
aecnationad stmulated

untreated mice infected \e/vnﬁ%ﬂ man ovirus'serotype 5 encoding for the wild-type Ebola envelope

and irradiated). Standard 5-hr CTL assays 5were performed using 510r-labeled syngenic 057 cells
transfected with an expresso: of4ERRZ:n adefbRasitvedldGaesticted syiniodsdshmpbocyte (CTL)
response was observed from ail%ﬁi an-7 encoding for Ebola envelope variants with a higher response
from NTD2, NTD3 8R4 fhfiftiized mice. Indeed, effector cells from 07 encoding Ebola inenvelope
variant immunized mice recognized EboZ transfected target cells and gave recall CTL responses up to
30% specific lysis. Less than 5% lysis. was seen.with-sffector cells fiom nave, arkaez immunized
control mice confirming that lysis was specific for Ebola envelope antigens. C.Protection Studies
15The most direct meanswoicevalimting @ (Ad Pan-7) encoding for the EboZ variants as a successful
vaccine in mice was to assess protection against weight loss and death following lethal challenge with
mouse adapted Ebola Zaire virus. BALB/c mice lvveLe immunized vvithﬁa ingle dose of 5 x 10" particles
per animal as performed previoG&f ARG ACCMAEY SATFREIS e A R ANEHEEE: Fith 586" D50 of mouse
adapted 20 Ebola Zaiie 2l daysitatercolilscontivlmicezfve hicle@ndi0y chaey-diedsetween day 5 to
day 9 post-challenge, in contrash all Macainaied smice.bAL ARG Jfiem b, 07-sEboaaip), survived the

challenge with Ebola Zaire.
host cells.
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Weight loss was observed from mice vaccinated with 07-sEbo from day 4 to day 7. Signs of illness
such as pilo-erection and from light to severe lethargy were also noted 25from mice vaccinated with
07-sEbo, NTD2 and NTD3 between day 4 to day 7. Mice immunized with 07-EboZ and C7-NTD4 did
not show sign of illness. Overall, a single dose of C7-EboZ and 07-NTD4 completely protected
immunized mice from illness and death possibly due to a significant T cell mediated immunity. 30

All documents recited above are incorporated herein by reference. Numerous modifications and
variations of the present invention are included in the scope of the above-identified specification and
are expected to be obviou& to onE'6PEIAICACIHB AP U STEN Hitsditieklibh S ahd bateratiohe e
compositions and presesses efjthecpresertdnvetians gochfasseletionsiof differctR qribigenes or
selection or dosag the v ) laaly 3 e @@8 \Withi of the
claims appended h‘aer[\%t%ﬁwzcﬁ Sﬁg CIZLFLEBAF\? &gbﬁggﬁ%%%tg%@simianﬁgél%gho\y\%i’%%?fd%ci%@a&;id
sequence selected oM group consisting of: (a) Pan5 having the sequence of nucleic acids 1 to
36462 of SEQ ID NO: I; NO:5; NO:9; 24; 29; NO: 34, and to (f). (b) Pan6 having the sequence of
nucleic acids 1 to 36604 af SEQ ID '%c P 7.h? ing the. sequence.of nucleic acids, Ito 36535 of SEQ ID
(6) SV1 having the sequence of hLAE Ao T BT S SE B MO 1 AR e cequence
of nucleic acids Ito 3%0aHingf SRR NG { RS 9grplin gothpasédfuemde of to nucleic acids Ito 34115 of
SEQ ID (g) a nucleic acid sequence complementary to the sequence of any of (a) 2.An isolated
simian adenovirus serotype nucleic acid sequence selected from one or more of the group consisting
of: (a) 5' inverted terminaPRFeRTfPRI CRgHantRsid protein selecigs) g MpsiGUhtis El a
region, or a fragmessitiedegiselected from among the 13S, 12S and 95 regions; (c) the

d irus El b region, f t th I f , isti , T,
adenovirus region, or a fragmen (?Sr:,%gf)fx gg&;gga 5g%mﬁ%@(%?%ﬁ§%%@m;ye sma

large T, IX, and IVa2 regions; the E2b region; e egion, of a
fragment thereof selected:fol MAdrigiMe SFreLly Sonsistingof 878228 NP pir&teid, PohiHerase,

~ agnoprotein, 5215%@@69@t%1ﬁ@9m%0tein; (f) the L2 region, or a fragment thereof
selected from the group consisting of the penton, VII, ,\/I,(fﬁ;d Mu _proteins; ' ) the L3
i xR0 S

region, or a fragment thereof selected fBRIHEHRGE Corsiding brtHe Ve protease;

(h) the 2a protein; NO:5, Pan7 $DONS MNOegioN, (ROffRgNRAEHIsarz0E Belaetd o foomrthie group
consisting of he 10%&&)@@(@@ the 33 kD hornolog, and VIII; (j) the E3 region, or a
fragment thereof selectéd from aﬁe group consisting of E3 ORF1, E3 ORF2, E3 OR173, E3 ORF4, E3
ORES, E3 OR_F6, E3 OR_F7, E3 ORES 2dhdrBEPBRFIPa(k) THE LB rsyionant SHragimént thereof

selected from a fibey, prafein:in o 4) 1o Fekregioncen a fragmeniihesesl selectathfrorthe group
consisting of E4 ORE?, E4 ORF6, E4 ORF4, E4 ORF3, E4 ORF2, and E4 ORF1:and (m) the 3 ITR,
32 and SEQ ID NO:33 or SV39 SEQ ID NO: 37, or a fragment thereof.

9. An artificial adenovirus serotype comprising a capsid protein

according to claim § or a fragment thereof,

10.  The artificial adenovirus serotype according to claim 9, wherein said
capsid comprises a fragment of the hexon protein selected from the group consisting

of Pan5 SEQ ID NO: 15, Pant SEQ ID NO:16 and Pan7 SEQ ID NO:17.
11. The artificial adenovirus serotype according to claim 9 or 10, wherein

said capsid comprises & fragment of the fiber protein selected from the group

consisting of Pané SEQ ID NOC: 19, Pan7 SEQ ID NO:20 and PanS SEG ID NO:21.
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of any of Pan5 SEQ ID NO:1; Pan6 SEQ ID NO:5; Pan7 SEQ ID NO:9: SV1 SEQ ID NO: 24; SV25
SEQ ID NO: 29; and SV39 SEQ ID NO: 34, or sequence complementary to any of (a) to (m). 3.A
simian adenovirus protein encoded by the nucleic acid sequence according to claim 2. 4. A
nucleic acid molecule comprising a heterologous simian adenoviral sequence according to claim 2.

5. The nucleic acid molecule according to claim 4, wherein said simian adenoviral sequence encodes
an adenoviral gene product and is operatively linked to regulatory control sequences which direct
expression of the adenoviral gene product i‘E a tlostlcells. 6.The ?uclt?%:} acid molecule acgcording to
claim 4 or 5, wherein said Simian’a8&h8YT a1 SBYGEHES LORBHEE THE BT R e §iOR-EF PAESEQ ID
NO:1; Pan6 SEQ ID:Nft&nRamitdSEQ KENOINrS\1 SEQIDiN @lld SV 25 8ECDNQE 29; and SV39
SEQ ID NO: 34. 7.%?9{@31%@595 composition comprising the nucleic acid molecule according to
claim 6 and a physiologically compatible carrier. 8.An isolated simian adenoviral capsid protein
selected from the group consisting of: (a) a hexon protein of Pan5 SEQ ID NO:3, Pan6

SEQ ID NO:7, Pan7 SEQ IB.NOA 1 SMbREOQ- DN Q2 5riSV20 SE IRNQBAae SV SEQ ID NO:36,

or fragment thereof; . %32 enton protein of Pan5 SE rn NO:2, Panf, SEQ ID NO:6, Pan7
SEQ ID NO:10, SVESES BN f§€f2§‘£ﬁpba @ﬁ%ﬁeé%%% y é?%éb(ﬁ)ﬁ%‘%)%g;l 2 () a
fiber protein of Pan5. SEQD NG Fard SEQIBNO SaRan® SECh DR 81 EQHID NO: 27
and SEQ ID NO:28, é}é%é ﬁl{‘og 1D;NO: 32 and SEQ ID NO:33 or 5V39 SEQ ID NO: 37, or a fragment
thereof 9.An artificia% adenovirus serotype comprising a capsid protein according to claim 8 or a
fragment thereof 10. The artificial adenovirus serotype according to claim 9, wherein said capsid

comprises a fragment of the hexop-REataip;salected fiem s Oy p consisting ehRanieEQ ID NO: 15,
Pan6 SEQ ID NO:16 and Pan7 . .E?, ID.NO:17. 11.The artificjal adenoyirus serotype according to
claim 9 or 10, Wher@iﬁ}gai?ﬁ%‘ﬁ"%’iascésrﬁf)%%%sél%gﬁgﬁ%r@lblfe léaﬁﬁ’&ﬁﬁ?oeféﬁ?@é% d from the group
consisting of Pan6 SEQ ID NO: 19, Pan7 SEQ ID NO:20 and Pan5 SEQ ID NO:21. 12. A nucleic
acid molecule comprising pneterqlofRURSRAHRGR SREGHNG & BIAIFIN Apearding tpiclams S or 8 or
an artificial adenovirus serotype according to any of claims 9to 11. 13. A recombinant vector
comprising a simiaf#a@&rEviris S&gtience according to claim 2 or a nucleic acid molecule according to
claim 4 or 12 and a heterologous gene operatively linked to sequences which direct expression of said
gene in a host cell. 14. The combiqaant vector accordin tto clai{,nilB, fg[}thetsco%\prising 5'and 3'
adenovirus cis-elements nlgc:essﬁg? f%?ollrelp 1AtOH 3R 8?1%5?%%5%%. ciaim &2 i EREfBinant vector
according to claim 13dveiaimatids alllereparsafdvect@reis.a virus. 16. The recombinant vector
according to any of claims 13 to 15 wherein said vector lacks all or a part of the El gene. 17. A
recombinant virus comprising a simian capsid protein according to , claim 3 or an artificial adenovirus
serotype according to any*af clafnig-onainant virus a@npiRBEcaIes RS Ry iR veleidasie molecule
according to any of glaims 4 49 £:91:12 . RISsAMbINANVRCIRRRESOIINg9.anY Pf.claims 13 to 16, or a
recombinant virus according to claim 17. 19. The host cell according to claim 18, wherein said
host cell is stably transformed with the nucleic acid molecule or the recombinant vector. 20. The
host cell according to claing 18 os tlaimelSowheseip saidibhost-tetha@xpressesrong ©umote adenoviral
gene products from said nucleic agid molecule ar. re binant vector, said adenoviral gene products
selected from the g%%ﬁﬁsc%%ﬁsi?lrn%gﬁ of E Cé%%ﬂ%@ﬁé%?%r%%%%&%@ 0§Cf§&?ﬁ%9%g§t%eﬁl according to
any of claims 18 tor2@witieselvissidodieelp S4B transformed with a nucleic acid molecule
comprising the simian adenovims inverted terminal repeats. 22. A composition comprising a
recombinant vector in a pharmaceutically . ) . )

19, The host cell according to claim 18, wherein sald host cell is stably

transformed with the nuclelc acid molecule or the recombinant vector.
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acceptable carrier, said vector comprising a simian adenovirus sequence according to any of claims 1
or 2 and a selected heterologous gene operatively linlced to regulatoiy sequences which direct
expression of said gene in a host cell. 23. A method for delivering a heterologous gene to a
mammalian cell comprising introducing into said cell an effective amount of the vector of any of claims
13 to 16 or a virus according to claim 17. 24. A method for repeat administration of a heterologous
gene to a mammal comprising the steps of; (a) introducing into said mammal a first vector

which comprises the heterglogous gene @Ndccording to ol MRAUEIAG dNioLsAId mammala; second
vector which comprises the heterologous gene; wherein at least the first virus Or the second

VECtor is a virus accBRifetd REAFETe S PR BT e S8 AT R Seb i Fito ATHARE G ©r are

different. 25 .A metheghfar:Rrodueing Qiselesied.gere preduetcenpasingHiniectingactrammalian cell
with the vector of any.of claims.13 to 16 o irus according to claim 17, culturing said cell under
suitable conditions %ﬁ&}r%c%@eﬁag %)C?r.rg%érjl cell culture the expressed gene product. 26. A
method for eliciting an immune response in a mammalian host against an infective agent comprising

administering to said host gn effegtive amaunt gfithe tecqrabinant-adenoyirus ot claim 4, wherein said
heterologous gene encodes an antigen of the infective agent. 27. The method according to claim

26, comprising the SEPLOF BTG R RO A BN A VA LIRS L TR EHaeH¥EEr8logous gene prior
to administering thezegovibinantadeaavisiscpeats. 28. A composition comprising a simian adenovirus
capsiD protein according to claim 8 linked to a heterologous molecule for delivery to a selected host
cell. 29. A method for targeting a cell having an adenoviral receptor comprising delivering to a
subject a composition accérding/te@taipaing: comprising a recombinant vector in a pharmaceutically

acceptable carrier, said vector comprising a simian adenovirus sequence according to
any.of claims 1 or 2 and a selected heterclogous gene operatively linked to regulatory

sequences which direct expression of said gene in a host cell.

23. A method for delivering a heterologous gene t0 a mammalian cell
comprising introducing into said cell an effective amount of the vector of any of

claims 13 to 16 or a virus according to claim 17.

24, A method for repeat administration of a heterologous gene to a
mammal comprising the steps oft
(a) introducing into said mammal a first vector which
comprises the heterclogous gene and
{b) introducing into said mammal a second vector which
comprises the heterologous gene; |
wherein at least the first virus or the second vector is a virus according

to claim 17 and wherein the first and second recombinant vector are different.

25. A method for producing a selected gene product comprising infecting a
mammalian cell with the vector of any of claims 13 to 16 or a viras according to
claim 17, eulturing said cell under suitable conditions and recovering from said cell
culture the expressed gene product.
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26. A method for eliciting an immune response in a mammalian host
against an infective agent comprising administering to said host an effective amount
of the recombinant adenovirus of claim 17, wherein said heterologous gene encodes

an antigen of the infective agent.

27.  The method according to claim 26, comprising the step of priming the
host with a DNA vaccine comprising the heterologous gene prior to administering the

recombinant adenovirus .

28. A composition comprising a simian edenovirus capsid protein

according to claim 8 linked to a heterologous molecule for delivery to a selected host

cell.

29. A method for targeting a cell having an adenoviral receptor comprising

delivering to & subject a composition according to claim 28,
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