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20 SUMMARY OF THE INVENTION
The present invention provides a method of preferentially inducing a cytotoxic
immune response to a heterologous molecule by delivering the molecule to a host via
a recombinant simian adenovirus. The inventors have unexpectedly found that
recombinant simian adenoviruses, used according to the present invention, present an
25  immunogen in a manuner which induces a significantly more potent CD8+ T cell
response than when the immunogen is delivered by a comparable human type 5 virus.

In addition, the inventors have found that the recombinant chimpanzee adenoviruses

1

I

*(G00002*




i nduce approximately five-fold higher |evels of
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Yet other advantages of the present invention will be readily apparent from the

following detailed description of the invention.

25 Brief Description of the Drawings
Fig. 1 summarizes the genetic organization of the chimpanzee adenovirus C68
genome. In Fig. 1A the genome of the C68 chimpanzee adenovirus is schematically
represented by the box at the top. The inverted terminal repeats are shaded black and

the eatly regions are shaded gray. The arrowheads above the box indicate the
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the early regions are shaded gray. The arrowheads
above the box indicate the 2 direction of expression
of the early genes. The line below the box represents
the division of the genonme into 100 map units. The

- arrows below the line represent the five |ate gene
regions and the proteins encoded in each region. The
nunbers bel ow the box or arrows indicate the start
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DETAILED DESCRIPTION OF THE INVENTION

25 In a comparison of the immunogenicity of the adenoviral recombinants

of the human strain 5 to that of the chimpanzee adenovirus strain 68, both expressing
a truncated sequence of gag, the chimp adenovirus was shown to be more potent.
Similar results have been observed with recombinant chimpanzee adenoviruses

expressing the green fluorescent protein and a rabies virus glycoprotein, This higher
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expressing the green fluorescent protein and a rabies
virus glycoprotein. This higher 3 potency of the
reconbi nant chi npanzee adenovirus is nost |ikely not
| inked to higher transgene expression as the studies
were performed with both Ad and chinp reconbinants
carrying simlar expression cassettes in which the
transgene is controlled by the early cytomegal ovirus
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Particul arly desirable chi npanzee adenovirus strains,

are Ghi MPRRAGRmANERA S AN AoV RER! M o d

A. SOURCES

25 A variety of sources of chimpanzee adenovirus sequences are available
from the American Type Culture Collection, 10801 University Boulevard, Manassas,
Virginia 20110-2209, and other sources. Desirable chimpanzee strains Pan 5 [ATCC
VR-591], Pan 6 [ATCC VR-592], and Pan 7 [ATCC VR~593]. Particularly desirable
chimpanzee adenovirus strains, are chimpanzee adenovirus strain Bertha or C1

30 [ATCC Accession No. VR-20] and chimpanzee adenovirus, strain Pan 9 or CV68
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30 [ ATCC Accession No. VR-20] and chi npanzee
adenovirus, strain Pali 9 or Cv68 4 [ ATCC VR-594]. For
conveni ence, the virus Cv68 is referred to throughout
this specification as "C68". The viruses were
originally isolated fromfeces [Cl, Rowe et al, Proc.
Soc. Exp. Med., 91:260 (1956)] or nesenteric |ynph
node [ C68, Basnight et al, Am J. Epidenmiol., 94:166

19 Lofected chi npapzees. e sequences of 5 |,
{ e dBtEE R RN B Foraiepis. i Pl QVoR AE TR R grop gt i
genggectflcationtdsDC6882 The WRles Wede orfinally hdolated Zrom 8ces 61, Rde et
L5 are provided in US Patent 6,083,716, which is )
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r heseferemsikrsins Qrtionplly, nefiCEimMpRZ20 SimiA TG oviVR-s@ilenceATECbe

VR- ). . 3 . A tral [ | at ed
VR S5 e SR BRI et S gl
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S LA r R SO AT R e PP eaka e G VR A ATcC
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or oAU EEB SOTER R OGS Yhtaci A LS MICY; A SHER: arce
genetr-943ngi neering or chem cal nmethods. B

RECOVBI NANT S| M AN ADENOVI RUSES The reconbi nant sim an
adenovi r uses thegscambinantichimpanzae (o pther-irgiap) agenoyfruses described
Rar th@ln9fayddhalh AERVEQIRRSREs QhivEECEAH BA) Rdte B Br@ Bimian
adenovi ruses sequences carrying a heterol ogous

no| eeowira gEginr Theshicdvrnersanay ve pbiainedidiem gatyralrouicas; produced

The 5&0&5{&.&& ?ﬁﬂﬁﬂ&lg’ ot B Sther@Rhktil @hdihdetthPdr!cHerhilf methods.
chi npanzee and sﬁguences are al so usefu In

form ng Bybr i REGRMBEYANTSIMIAN APENOVARESESINd

non- si m an AUEANFHRR sirflifadeRbvichdh A iPRRHHRMIBH, vire
reconbi nant viruses, |.e., reconblnant viruses with an
P5  pedinley wWhish axpsemprsedefirecpimbinant sireitwadshoviwses semiersesitagrying
whi j ' ‘ ' i.n. of

ol i ele I RRGLANG I B e o D5 SN AR B ARRr PEANE IR
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in forming hybrid vectors with other simian and non-simian adenoviruses, and in

forming pseudotyped recombinant viruses, i.e., recombinant vituses with an
25  adenoviral vector carrying a heterologous molecule which is packaged in a
heterologous capsid protein of simian origin.
1. Recombinant Simian Adenovirus
At a minimum, a recombinant simian adenovirus useful in the
invention contains the simian adenovirus cis-elements necessary for replication and

30  virion encapsidation, which cis-elements flank the heterologous gene. That is, the
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I nvention contains the siman adenovirus cis-elenents
necessary for replication and 30 virion

encapsi dation, which cis-elenments flank the

het er ol ogous gene. That is, the 5 vector contains the
cis-acting 5 inverted termnal repeat (I TR) sequences
of the adenoviruses which function as origins of
replication), the native 5 packagi ng/ enhancer
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25  this gene product in order to package a recombinant simian adenovirus useful in the
invention,
Recombinant simian adenoviruses may also be constructed
having a functional deletion of the E4 gene, although it may be desirable to retain the
E4 ORF6 function. Still another vector of this invention contains a deletion in the

30  delayed early gene E2a. Deletions may also be made in any of the late genes L1
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having a functional deletion of the E4 gene, although
it may be desirable to retain the E4 ORF6 function.
Still another vector of this invention contains a
deletion in the 30 del ayed early gene E2a. Deletions
may al so be made in any of the |late genes LI 6 through
L5 of the sim an adenovirus genone. Simlarly,
deI etions in the internmediate genes | X and |Va2 may
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desired result. The transgene na
del eersitive apitatianspfo achieve asdaw«ainewdienow rus.
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kSnI y functional ®Repedlesnd wnhetherlﬂe récbmbinehtaimits adenovirus
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adenovi rus apS|
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be used | t he met vention. Such 20
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§ Wilize sz adenovisus rapsisbiratelss dx whjelya nucleic

Thes6id hiidenlicaditg lﬁtdiﬂl@ébu@ﬁﬁﬁh‘.ﬂ\éﬂéddﬁﬁﬁ secfﬁfenéep %r non-simian
i nventi on may be produced usmgrhmst ods whi ch are

k noRAFTOBITYSS : negs - V[?_ iDPgn Hapkageds elhgsegecombingnt sinpigrladenovises
of tbhe BRERMAINMFDBE pMdbcdl ubag k@b which are known to those of skill in
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25 C. Production of the Recombinant Viral Particle

Methods of producing suitable recombinant simian
adenoviruses utilize techniques which are well known to those of skill in the art, e.g.,
such as are described in US Patent 6,083,716. In the construction of recombinant

simian adenoviruses for delivery of a heterologous molecule to a subject (e.g., a




Met hods of producing suitable reconbi nant sim an
adenoviruses utilize techni ques which are well known
to those of skill in the art, e.g., such as are
described in US Patent 6,083,716. In the construction
of reconmbinant sim an adenoviruses for delivery of a
het er ol ogous nol ecule to a subject (e.g., a 7 human,
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o Bt it BISHNR /B e Sty FoRIoRnT & it wnoias. s o,
seqUsrirerest §203(476. adenovi rus, and the transgene and
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25  particle are all achieved using conventional techniques. Such techniques include

convenﬁonal cloning techniques of cDNA such as those described in texts [Sambrook
et al, Molecular Cloning: A Laboratory Manual, 2™ Ed., Cold Spring Harbor Press,
Cold Spring Harbor, NY (1989)], use of overlapping oligonucleotide sequences of the
adenovirus gendmes, polymerase chain reaction, and any suitable method which

30  provides the desired nucleotide sequence. Standard transfection and co-transfection
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conventional cloning techniques of cDNA such as those
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G oning: A Laboratory Manual, 21' Ed., Cold Spring
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A. Immunogens

The heterologous molecule carried on the simian adenovirus for

delivery to a host cell may be any desired substance including, without limitation, a

25  polypeptide, pretein, enzyme, carbohydrate, chemical moiety, or nucleic acid
molecule which may include oligonucleotides, RNA, DNA, and/or RNA/DNA
hybrids. In one desirable embodiment, the molecule carried by the simian adenovirus
is a transgene. The transgene a nucleic acid molecule comprising a nucleic acid
sequence, heterologous to the adenovirus sequences, which encodes a protein, peptide,

30  polypeptide, enzyme, or another product of interest and regulatory sequences directing
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cont |n|qﬁ E% roducts 15 and ot her nol ecul es
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viruses such _as_Hunan i nmunodefi ci enc V|rus Sim an
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Still other immunogens are directed to the prevention and/or treatment
of disease caused by, without limitation, bacteria such as Haemophilus influenzae
(both typable and nontypable), Haemophilus somnus, Moraxella catarrhalis,
Streptococcus pneumoniae, Streptococcus pyogenes, Streptococcus agalactiae,

30  Streptococcus faecalis, Helicobacter pylori, Neisseria meningitidis, Neisseria
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25  desirable embodiment utilizes a simian adenovirus carrying an immunogenic peptide
from human papilloma virus. However, the invention is not limited to these sources
of immunogens.

B. Regulatory Elements
Design of a transgene or another nucleic acid sequence that requires

30  transcription, translation and/or expression to obtain the desired gene product in cells
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eu Ea% 8¢ q%@n@eﬂwms&%faég g P%‘ﬁacé’?%ﬂ*tt% peayEnss @ﬁ@ggnay include
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pOS $hipy dtei(RESHNAN IRES sequence is used to produce more than one polypeptide

25  from a single gene transcript. An IRES sequence would be used to produce a protein
that contains more than one polypeptide chain. Selection of these and other common
vector elements are conventional and many such sequences are available (see, e.g.,
Sambrook et al, and references cited therein at, for example, pages 3.18-3.26 and
16.17-16.27 and Ausubel et al., CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, John

30 Wiley & Sons, New York, 1989).
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sequence is also derived from SV-40, and is referred

to as the SV-40 T intron sequence. Another el enent

that may be used in the vector is an internal ribosone
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further embodiment, other native expression control elements, such as enhancer

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

30 linked to a tissue-specific promoter. For instance, if expression in skeletal muscle is
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I n anot her enbodi nent, the native pronoter for the
transgene will be wused. The native pronoter may be
preferred when it is desired that expression of the
transgene should mmc the native expression. The
native pronoter may be used when expression of the
transgene nust be regulated tenporally or

devel opnental ly, or 25 in a tissue- speC|f|c manner, or
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ep.
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chaiwell 17 expesslall ofthe prasgenss cffthis inventisau Howeaver,one hf il in the art
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ib: Fidh &4eo€1&19&5)r)>utuﬁ Afactey and i'se:bfsa luihﬂ':atﬁl ofthel m&pula o:tcoad;ti'uct
expresslon cont r ol sequences wll function e f&
ot 1FoF BRtsy GBS IecH OHE FOe SRR Coe! TR me) be
| NV egpldaBRy-linkkd8 RS coditlf SeqBdncs 1h1lerebtﬂaddhﬁeﬂ6d intotBY/trafiEdete, the
a selectlon nnng t hese e pr.essj, on ﬁﬁ sequ ces
wi t HeigerR Bt e Henster vips ¢ e I%VGB%‘E’ Igwing gt s methods

Sui t BPbeRkAYHTRS SinlARNGHAGESS tHBRIUS BEAHRALBE or 8-kt i@ 6he art,
by one of skill in the art using the guidance, provided
BY tdme snay indpqt switable eells in vitro or in vivo. The number of copies of the minigene

D(

in the cell may be monitored by Southern blotting or quantitative PCR. The level of
RNA expression may be monitored by Northern blotting or quantitative RT-PCR.

The level of expression may be monitored by Western blotting,
immunohistochemistry, ELISA, RIA, or tests of the gene product’s biological activity.

30  Thus, one may easily assay whether a particular expression control sequence is
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20 Such selection is a routine matter and is not a
limtation of the nolecule or construct. For

i nstance, one may sel ect one or nore expression
control sequences nay be operably linked to the
codi ng sequence of interest, and inserted into the
transgene, the - mi nigene, and the transfer virus of
the invention. After follow ng one of the nmethods for

packagi e Sl.Fl an,adenovi rus ught in IS )
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MaMeesk@l ol ahd wiker, THeiséladtiot o£RE bdrRdrSs ARY ligﬁaﬁcﬁlaé}?ﬂe%ﬁﬁesent

e

sel ected, by one of skill in the art ioIn viewo

ilAdi SHEAE- for which the transfer virus is directed.

For exanphgion@lye theSbirbddRloRs G4 i S8 108,

whi ch oy B R e féd iois pi %"2‘?"%%‘?‘3"5‘%&%%’&?%@@“ to the
sol ufgcembingas signian agnepyphsand chuwief(s)y wlbr seiventimhal phhineceutical

B A ATk s

sucro
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Immunochem Research, Inc.; Hamilton, MT), mineral oil and water, aluminum

25 hydroxide, Amphigen, Avirdine, 1.121/squalene, muramyl peptides, and saponins,
such as Quil A.
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Sui t abl e exenpl ary preservatives incl ude

chl or obut anol , potassi um sorbate, sorbic 20 acid,

sul fur dioxide, propyl gallate, the parabens, ethyl
vanillin, glycerin, phenol, and parachl orophenol.

Sui tabl e chem cal stabilizers include gelatin and

al bum n. Suitable exenplary adjuvants include, anong
others i mrune-stinmul ating conpl exes (1SCOVB), LPS
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heal t;ﬁ)tengy ?r}ﬁié l.lga it n ag?éﬁ%yc%%r#agfeeg&%nov%éeg '3% the Iﬂl('ircn'uon
permits the use mgmﬂcantly lower amount of the recombinant chimpanzee adenovirus

25  to provide an effective amount to induce the desired immunogenic effect (e.g.,
induction of a predetermined level of CD8+ T cells). For example, an effective dose
of the recombinant simian adenovirus may be provided by 10* pfu and 10° pfus of the
chimpanzee adenovirus. However, higher doses may be readily selected, e.g.,
depending upon the selected route of delivery. For example, the viral vector may be

30 delivered in an amount which ranges from about 100 pL to about 100 ml, and more

16



anmong manmmal i an (i ncl udi ng human) patients.

Advant ageousl y, the unexpected potency of the
reconbi nant siman (e.g., chinpanzee) adenoviruses of
the invention permts the use significantly |ower
anmount of the reconbi nant chi npanzee adenovirus 25 to
provi de an effective anpbunt to induce the desired

i mmunogeni c effect (e.g., induction of a
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ei n.
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oo e B RREL Y s Rl pabno el i drofp e e
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leader sequences upstream of the HIV-1 gag codon sequences, insertion of a Kozak

sequence upstream of the HIV-1 gag codon sequences. The selection of the
optimization method is not a limitation of the present invention. Alternatively, the
method of the invention may be used to deliver a recombinant simian adenovirus

30 carrying an HIV envelope protein, or an HIV pol, to the subject. One desirable HIV
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nucl eic acid and am no acid sequences (Los Al anps
Nati onal Laboratory, Los Al anps, NM 1991). However,
any of a variety of methods to inprove expression of
the gag protein, or any other sel ected i mmunogen or
antigen as described herein, are known to those of
skill in the art and may be utilized, e.g.,
hunanization of the HHV-1 25 gag codon sequences,

renmoval the H Sit i nsertion

Cia ErtsiEe P eV e Rl 2 Rl seatah ey able
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| a tu
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enbodi ment, the invention provides a ne

pr ef &f m&cﬂm therewjth anddprigeatmenband propbilixis plasprsiatesl donditions. For
L UMDl ﬁ%gﬁwggifl tb? bdlectSod th n%gnfmg{] %o%sﬁtﬁlg%?%%dm and/or L1

nallgn ring a reco
aden cﬁS&edmﬁ. K ety staln g45a1 8186 (198&)33%emtﬂmsbopdmme1smespmatory
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20 glyco- (0) protein and the fusion (F) protein, for
whi ch sequences are avail able from GenBank. The

foll owi ng exanples are provided to illustrate the
invention and do not limt the scope thereof. One
skilled in the art will appreciate that although
specific reagents and conditions are outlined in the
foll owi ng exanpl es, nodifications 25 can be nade which
are nEampled CreatierooRacE e delbiedtivaetos paséd o OHingsR8e Of
the jnvention., 18 Exanple 1 - Creation of an El

del et #WEF%EGBased on Chi npanzee Adenovirus C68 A

replicati QuregBéation Horectivevationoflic8GhaS isdSed fE0lsa irBebné @dnsfer.
use in g The cl assic stra

ne transfer. |, . eqgy, of
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cont a¢friplagmid epntainingimnaugirough 18d8pllaveddy iggditendifiainnigerte

0 R ST LA ) HAV I S

spannseqeenge spBnring9-16.7 T STHi§ linsanized pthspidawasicdtransfected into an E1

B e e T DR
| eV 4694 b fathbrholmgodsaecombimatia OB sperieentsineredtitially) conducted with

Ex ' i nitiall t. i th 3

by crParpoPHiEh Bebdt bRt St R s B it for
woul drasdomipleeneneition. t Thaess GaaesfoRddavic repredeaiRe the desired

pl aques fqornmed_which, represented the desired

r econtssmhirant. THis resulting vpotey wag ealis GRELCN Y1 GEEy

C68- CW- GifRe stfiEeyShe %@E&Qﬁh fromBRIARE giaé %gdiﬁ@@@gﬂéﬂi‘@_{fﬁﬁent and

was nodified to enable efficient an rapl

i $9| awepig asodption eErseambinatss Firgt; the alkaling phegphatase PANA in the initial
phosp [ s £ _ .
X @V%M_@ct g sggbéicgfwm&oﬁbgu%w;i gefle m%hgg mt/xﬁ%okaryonc

repl ace t aryotic G-P gene driven :
pr ok aprgweterfrom dasdo This allqvencheffiisat scraeniog af baststial transformations

ef fi cjent ] i ' r i . .

ot t erie e EFOER Do 3 Bick Bkl R OO SR SR R e

11 t riatoghe shpttieometbr. (The tesulting tansfoemationtctn ke sereetedrfor eXpression of

resul ting.transf.ornation.can he, screened for .:

b Qs PSR R G GA s RSB es B rsig et

whi | eplgiin col oni es are residual parental plasmid. A

g: ggﬂé?‘;l &?gg%{-y%gm't I og%t{]o% sb beeecrrl1 usl'le:a%:i sctrgen%hcerp%ecf?lctts 2? cotransfection
for the isolation of human AdS5 recombinants (A.R. Davis et al, Gene Thera., 5:1148-

1152 (1998)); this was adapted to the C68 system. The initial shuttle vector was

25  revised to include extended 3’ sequences from 9 to 26 MU. This vector was
cotransfected with viral DNA from the original C68-CMV-GFP isolate that had been
restricted with Xba I, which cuts at MU 16.5 allowing for 9.5 Kb of overlap for
homologous recombination, The resulting pléques were screened under a phase

contrast fluorescent microscope for non-fluorescing isolates that represent the desired
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for the isolation of human Ad5 reconbi nants (A R
Davis et al, CGene Thera., 5:1148- 1152 (1998)); this
was adapted to the C68 system The initial shuttle
vector was 25 revised to include extended 31 sequences
from9 to 26 MJ. This vector was cotransfected with
viral DNA fromthe original C68-CW-G-P isol ate that
had been restricted with Xba 1, which cuts at MJ 16.5
al l owi ng,for 9.5 Kb u
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kL 1 n %ﬁsag#“{ ‘{?gﬁg%t genorne %ﬂs {gg@f a‘{’{@g &eé ) oér%ntd%[eon%ll)nto Pac I and

pNEB-HaR{Y trezatqupSEm -Bacgo mitehli pSP+(1HS BALHAL 1. = A minigene tasseite

tr et ot HapgbTe SO Ge il fRkRorRE: b Ag e 5H K740 poty A
m n: osHnel msqﬁaﬁﬁ ﬂmp&]}d&'lﬁl(ﬁmmaﬁh Phle Al Oﬁlysm 4y kb E®R|I/Sa11
early pronoter, drjvin t.h a, SV40, y A signa
was dEgmenieadigaetie p 6§Wdétrewte<m *?wsw setsz(ge es,
af. Qeéﬁ&ﬁ}gﬁpﬁﬂﬁéééwmfsmho@nd l'i gat ed to

pSP- C6 restricted with the sane se

enzymes, 15 reButhe inigal stepistbe ésglation pfihe9-16. &W{aﬁ'@zn of-g8,
the it 4@@26(@@{3%; |Wf‘adis§19 Im2 !n{?l'})B‘Sf-CGSbEm?F &,@maom digested

region o rome% Madi son,
gsm

and pmgtmﬂaaﬁﬁplv\bmmmﬁmﬂm 293 4p it tﬁﬁmaﬁﬂ-ﬁm was

h
| Sg n '&ggﬁé éGEiW?ﬂPM} 3§foHH Réﬁ%%%ﬁf%% gg‘b% 2.4 b fragment

form pQEMALIBECRAVE) 936, wag otk farm thoBS-GiB HemdiRdonscfer
a4 Spetog o A b LA B oo T g o

and SBﬂnﬁ“ﬁtﬂnﬁaﬂiﬂoMested QGENE@GS -MD-2.8 ttmgmienatetpo}EM -C68-MU 9-

BarH gs,rmrl&%%%g 818 79 SehC WR PR bR 2 M 0-16.7 by

generat'e
digestion with EcoRI, filling in of the ends with Klenow enzyme (Boehringer

25  Mannheim, Indianapolis, IN), ligation of a synthetic 12 bp HindIlI linker (NEB) and
then digestion with HindIIl. This 2.7 kb fragment spanning the C68 MU 9-16.7 was
cloned into the HindIII site of pSP-C68-MU 0-1.3-CMVlacZ to form the final shuttle
plasmid pC68-CMV-LacZ. In addition, an 820 bp alkaline phosphatase (AP) cDNA
fragment was isolated from pAdCMVALP (K. J. Fisher, et al., J. Virol., 70:520-532
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16.7. The C68 9-16.7 mu. region was isolated from
PGEM C68-MJ 9-16.7 by digestion with EcoRl, filling
in of the ends with Kl enow enzyne (Boehringer 25

Mannhei m | ndianapolis,"IN), ligation of a synthetic
12 bp Hindi linker (NEB) and then digestion with
Hndlll. This 2.7 kb fragnment spanning the C68 MJ

9-16.7 was cloned into the Hi ndul site of pSP C68-'MJ

0 oo LA e o ag S a7 atNioHT s S b M Sutting in pOSE-

phos[ojwaéﬂe (AP) cDNA fragnent was isolated from
pAdCNVALP i sher t al Virol., 70:520-532
D0 (1096) B andoeRHERGer Fesemouiast g0y | &7t ee of

pC68- CW- | ac Z , Td @&atd the BY-delstet) %&nhMC&PCl\/BJEGFP vector, a pC68-

gt L T T SN

CW- @E?@Wndc!z%mlmmﬂmwgeén ﬂlﬁi'esé‘eﬁﬂ;&rbt%iﬂC(EGFPﬁgéne The
replacing the |acZ transgene jn -la

the &PifasAmen clppigRTCPSISYaE SEEsf O%h P%tb@fOHOWEan&ddgt&él Notl

The rE 1Bk SIPENs ifttoReAGntd ﬁﬁ‘?ﬁ%ﬁd ¥Bfe BOFD bihg¥dbuehide in the
the follows. An additional Notl restriction site was

intr @@@EBd (Clantech,RalosAlte fdh) by BamBl giggstion; §Hingdn reacfionned
' ﬂ t Wgﬁ%@%?%b} grﬂléﬁgtl\%ﬁhmkg)ﬂ'}\lEBﬁl d&i?e(r) I\lﬁt‘l\}esg%ua@g'i}'ﬂoéh 3

In reaction a ation
b p S yenbstrwts, dhd\B(GFP $equenes wasNER)ted dm the nmltﬂed [pE§FP+lcan'd used to

Fr omipiaee IR S Beed 8- B4R B ERV Rt 3

| acZ vge e transfécted V\dﬁ&p Chiigedtainha ghixamip DBBx (CDMéEﬁEPZ% cells for
construc 3 pg) ,..was co tta sf ect i fh Ss i

| - di g8 IQQS‘EGSCOQQH’&H?%"‘SW ﬂ@s)cng%t(}gl é@% °E”E'I‘4 Kirpl, 70:8934-
hgnol s@@pu@%)? R plAhéOisudlzeR b i Sbibit ni@6%bpyORSte (sGlated for 2
Gao, et Virol, 70:8934 15 8943 (1996) G een

pl ag ey P%Rl&‘l‘ﬁei’éfdﬁ%ilmﬁ e¥Render el PR iRt B EC weadisnt

| S0l abfihehiBfiordG. GRIRAS, @ba Rvgye purification,

expansi on and i fication by CsCl gr adi ent

sedi ment ati on l@@a@@t teapply the @qnvwnaae@né\yhltelsale@wn process (A.
at t erpip,| éQpldenE Perl 05“!’?48'—@35 &%@?}? B éﬁ@éﬂu@twﬁﬁif e&hinBidant

process (A R Davis,
5201 1 4368 vegors( aHDBh ﬁagr@ﬁntmnm%tq 36rM6fwa$ @elem ifeerthe pRSC68-

C68

ool SFEi iy nB A AR d SRR Rl o eld R

Wi t h oleped intnAsrZd8 md Agsd sites of pEAS- @w&r oARushuttls plasmiddy chsulting in a
¢l on %vs) pﬁ]qtsgudqgagzgﬁte@&s/g\lﬁ%g-l}dﬁﬁéeg £¥ne PSR MYG #Bs made to

shut t'Te *plrasm d, u
remove 26 to 36 m.u. from pC68CMV-AP-MU36 by Eco4 71l and Nrul digestions.

25  The new shuttle plasmid called pC68CMV-AP-MU26 has a shorter region for

homologous recombination (i.e., 16.7-26 MU) 3’ to the minigene. To make a
recombinant C68 vector, alkaline phosphatase (AP) is replaced with the gene of
interest. The resulting pC68CMV-Nugene-MU?26 construct is co-transfected with
XbaI(16.5 MU) reétricted C68-CMVGFP viral DNA into 293 cells, followed by top

30  agar overlay. The recombinant virus plaques (white) are generated through the
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new plasm d call ed pC68CW- AP- MJ36. A further

nodi fication was nade to renove 26 to 36 mu. from
pC68CIW- AP- MJ36 by Eco47111 and Nrul digestions. 25

The new shuttle plasm d call ed pC68CW- AP- M26 has a
shorter region for honol ogous reconbi nation (i.e.,
16.7-26 MJ)) 3' to the mnigene. To make a reconbi nant
C68 vector, al kaline phosphatase (AP) is replaced with
t he géanmobgousiredortbirmtion ﬁihﬂte rbﬁ&udaﬂ 1617626 MU which is shared between

pC68 - - MU26 con c-tra sfected wt

e\ P ERUB A 0% CorbRit b 3t R oblohd el abgpaph it fom
293 celtits plabodslacaeidclay frbxﬁkgregﬁ)plaqmﬁ omtfeﬁﬂ GB8-CMWEFP virus.
reconbi nant viruyus Ia egseﬁv\hl te) .are %’enerate

t hrough the 21 @E%‘II’BF?I‘Q’PIF‘B a§ flsq Fioqusesi ta fhe
of 516.pfocdf owonIIag ﬁhthb §en‘é Bﬂh&?esbﬁio%@ﬁb&%ﬁ@tﬁ%sdﬁa IPEEAP gene
construct and C68 viral bone; the reconbl nants

whi ch i BRtAPCOEYIE -4 b{&@é@%?@%ﬁl’wﬁ 3188 ypleead with a cassette
pl aques lekary&mF@%e @I/Ié@%?tﬁéluc%roﬁ&@r IM%%M%G@MUM |

sel eCtIOI’I nechani sm was al So introduced to

pr oce$Clogtecls Palei Atp, 64t Fasgehite celpnienefdactenial trenséormimas will
C68 | AR
ST e ey ——

a Dasseloties cmrmm&damymeﬂcformngmmiaclm:amanng)mgelmmnbm&

pr onot @ ntech, P

ey Fiet=BR BN et SRR et e AP e Bpeadap ot s
will veaessai n the reconbi nant plasm d. This

green/white sel ection process for bacterial 10

col onies circunvented the need for nmalting and

char aﬁxampis ¢ Expregsion ofiAstigen {Gag secrietiord e TKODEIS Iﬁfédted with

so fu her hanc fi ncy in creating
reco ﬁ%@@"b@c\/%?" e(té{ﬁfﬁst 2 - Expression of
Antsi gen (Gﬂgemﬁﬂeédoﬁib)namtﬂofﬁlfc cHiz@pdnseel sirhia &8 €AdMnigas) and the

Si m an Adenoyi Vacci ne Constructs 15 Adepoviral
FeconBERE S L] RO HTHBRDER it SR e AR afe

and t RGnca bR of ekl gond AV )cldE8B WA brnidud b ki (in
sequence npdified version of a truncated form of

gag g&emple 1 gnd/ZQ. &iggeet Bl Kisple2 o200 (1936 d rapscripts ofstrucmral

descr { dearvEX I I
219, ?Iggg? 1996) ) . HfRldhe ke E?‘é%’) ot ﬁg%dlﬁtggleﬂlﬁ’?t%wm require

0f20H| theprespReg|Ofi AV PEPtejA &1 nuclesr e¥pert gecheffivientienpression ir thy

el ene [ f t
i e
cyt opll &%MS‘( 993G \vidastonlae s a&l J Virdl 69 2986 (¥5984)). AdéBoviruses rely on

( 199211uc1ear §gnr§\<’:\§;r>t}o%1 an§ {hus retuire ré/\; fof expre6sS1on of HIV-1 proteins. To

circumvent Rev dependency, a codon-modified sequence of gag from which genetic

25  instability elements had been removed by site directed mutagenesis (R. Schneider ef
al., J Virol 71, 4892 (1997); 8. Schwartz et al., J Virol 66, 7176 (1992); S. Schwartz,
et al., J Virol 66, 150 (1992)) was inserted into the adenoviral vector. The introduced
gene encodes the truncated p37gag protein (p17 and p24 regions). The truncated gag

protein does not form viral particles and is partially secreted into the supernatant of
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150-159 (1992); G Nasioulas et al., J Virol 68, 2986
(1994)). Adenoviruses rely on nuclear transcription
and thus require rev for expression of H V-1 proteins.
To circunvent Rev dependency, a codon-nodified
sequence of gag from which genetic 25 instability

el ements had been renoved by site directed nutagenesis
(R Schneider et al., J Virol 71, 4892 (1997); S.

Sch 7 : hwart z,

et al. H&e\f&vh f'n%%l &iégh? ?%5%’)“} ngo]l%i Qegp ¢ @39%‘( iﬁ“tlﬁ'étated
adengeg coabtrueBdinve beerl heed iimtaccitation expet Mekts eiiesidSn &l’féegcneratxon
trunc t ot ei n 17 and ,p24.re

{1 unohpeiePi Saof Bhftn seBoressmifing Rmeion VL. Qly e
and iVaoprs; pi4sl [(1999pcreted into the supernatant of 22

t ransf ect,ed Schnel der et al., J Virol

7%, 4892 Wpéﬁ%‘;ﬁ*ﬁﬁgb opbipats were o genprated and
been ptipaghtedidn 2oT €1 wmt@mrwmmwéﬁdu&s%?%émﬂan biln 5.
gener t|on L?cel [ ul ar and huno I nmune responses

in mk %mé{ﬁﬁ‘” Viedeung thag this he{ﬁ"‘ﬂ%??s %1 is syitablg fprypopgplementing the
9145 E1(d4RRY )’-‘\)dchlﬁxpa_ $ENAYERIBRERs ﬁaﬂﬁreﬁﬁb%ﬁﬂ@ﬂgk of r%combmatmn

reconbi nants were both generated and propagate
293 @@ reeersioniedeniication-qampptetivaldgtypeyiruadenovi rus of the

hgman str 'ﬁ{erbré_&ence bPgag g t@xfltn?ffh Tkaéﬁﬁuﬁfeg gna&alﬁ?stw%] Ighaiyzed by

het er ol ogous El is Suit
E1- déYestearblottingpsingaouse rrxggoqlcmelmbqumtcsgagh l:rK cadld (Cx hOf) were

h
¢ op et 830N R8RSR BPAHENSBIAT ol 10 piser el
of gdgditioual é'Kncelln weteanfEtted wxﬂi AruAdhuS upar AdvhAng6s comstruct
ot | EERRY e bR brotid: e, Pyl R R 3B atpere
fior 4é13ai’ateﬂ omuW/mmwwaaylmme pélandBgaeéd vy ewambﬂa&mg

pfu nal TK s, were jnfected W
an A %ﬁ?ﬁ “)wa%%ﬂ#ﬁlﬁ% lﬂg theg}}?}}ogiggglﬁ@tﬂ?qq@ 183-H12-
gl yCcopROHEI-0 po4 (B. meleanwews; VibbRicBET d1poFhe cul ture

super nat 15 ted on a 12% denaturin
po on acry %tﬂg ageé‘f) "?i 5‘4% gﬂ@’lt elppes A 55%8&449@1“&%&%@7)
t 0 acidiMidNg thie Hotdiee seq-lEEifée Elf:‘[ %"g ﬁﬁ&ss&ittﬁé ﬁ‘ﬁggéﬂb gfbdul%t comparable

nonocl onal antlbod 183- Cto HV-1

GPel L¥g5 s shayn by Wegtern\ﬁlpt(ﬂnaly% A protein ((fi@Q'PZPCCtWﬂ@%kDa)
adengui soahd fo%ﬁémbﬁﬁ(ﬂtam‘?do@? R%ak Wgﬁgg’gﬂected in the s?pematants

hi's nodi fi ed sequence o

Adchi np68 carr
gag ef?%ﬁ Bfet?tﬁ‘éwtth &% 9’@@#@0@#@9@6 (ﬁ'@) of githen pdanberus 26z

| eve 0 0 of
t he g%%@%?%ﬂ ge;hzt%yfe\gg iﬁf%ia ‘%hl Aarfld o u n to pa6§ rrrgc:?glgoﬁmﬁtal
ant i penspsingglyenpraidin pf rebies vies (@rﬁmé@b gplandrAdchimp68.gp) failed to
SY¥PeLRA B MiSprotein.

Example 3 - Induction of CD8" T cell responses to gag in mammals by Simian
Adenovirus

The following experiment demonstrates that the splenocytes of mice injected
intramuscularly (i.m.) with either the AdhuSgag37 or the Adchimp68gag37
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of TK" cells infected with 10 plaque formng units
(pfu) of either adenovirus gag reconbinant. Control
cells infected with Adhu5 or Adchi np68 reconbi nant
expressing gl ycoprotein of rabies virus (Adhu5rab. gp
and Adchi np68.gp) failed to 25 produce this protein.
Exanple 3 - Induction of CD8* T cell responses to gag
in mammal s by Sim an Adenovirus The foll ow ng

expe Jo)
et Bhna 3R 4 it Ahechiifnf BRERORY Pt G e,
Ad h u2das) B0, 763 (19&6)) Aﬂthh gagyb@eiayP cytdlidng, te.pifteifoen (IFN)-y, release,
respo%e]g tbo tgrn nodom nant epitope (B. Doe and
PRETY &F 8% 793 (1996)) of the gag protein
by cytoklAe i CgtokineRedsdserAwgay| FN)-'y, rel ease, as
Il as by tar et C t oki ne Re] ease

say 5 Groups fﬁu 30 fga]?%')//ﬁmﬂﬂe% Zetii Wy 2% 1, 2% 10°
vAvijt E o2 2>6x o 5m7ofAdxmﬁ1@€8gaga7 ruk 22;911)6 ?ﬁ%%ﬁ%ﬂ“l virus (H.C.J. Ertl,
chi vir U .0 u Vi rus
(H. 529 29‘9? ) 63&"8@9835?} 2% 10 Oéédb%gﬁl‘g@g))yhio fu of
106 Mivigap fvmﬁ)d [SpRen YB3 Wedsi etk f&" CII8HY obf] res?_&iée Rf gag YYIB4 tater.

virus. Splenocytes were tested for

r espdAgEsay eytefne CON-whiraductiens slenogyiess(d §d96/ Q@{mplfk e cultured for

F /
T e e

AMQVERET th) élpmméor(x@m qns* m@ell ¥pitepé fon the&hzdrhaplstyph and 1pg/ml

i nmu
hapl g?é}‘%g?ngﬁg%i T}aﬁ\@ln%? ]5{9% {'J%g fn d&%re round-bottom
Phar miergiéter, pl8a rwel‘_l} la@?mlbe@@)s niofified Eugdés| merdmm@l)MElVJD supplemented

e S CEAER) BihelEhkrb it B 535 ot CAE s e

(1IEBSyvith *BS bad ﬁiwmede‘md@pmnm 4tahwith a KA 1sbetvd batibuds fagurine

| oo Di- Al B0yl PR e liesii T8 el epeim dharMingen)

and pgroadh aﬂ4°ued:elmwarxw@smﬁlms{eMtﬁ p%ﬂwa ﬁaM\ﬁ&%ﬁQ and

for 20 mn .at, 4 ‘g S _were was
Pen nz‘%‘%ﬁqeré(‘pﬂ%?rsﬂﬂlﬁb ﬁ’f far 3Q min ﬁéugd‘ﬂ@@ PErialteffFé aﬁ'ﬁl?ﬁéy to murine
buf f gIN{. OAﬁ&Qm{’Shiﬁg,a:Ells"@r&VbiaHn@d %Ft\ll@&%rqﬁ“ﬁd%dnw ¥nd &ita

nmuri ne FN—ey After. h| n | s were exam ned
tXo- BETePalyFedhy WinBRe Bhepaimpenip tesrebt lamawzx@rdh@ys the
W nipircén@ bt @B 8 ecellsT mr ﬂmbwr dellls ihaﬁstdiﬁea%sd?@crfgr BgLner

shows the percent of CD8+ cells over CD8+ T cells
t hat stained &ggqqtp{pgdﬁ}@,aﬂpq@%gle 1mmumzat10n a sizable fraction of the

entire splenic CD8" T cell population produced IFN-y in response to the gag peptide.
Primary splenocytes assayed without further in vitro expansion lysed H-2 compatible
25  target cells pre-treated with the gag peptide. Gag-specific CD8" T cell activity was
superior upon immunization with the Adchimp68 construct, which achieved CD§* T
cell frequencies to gag of ~ 16-19% of the entire splenic CD8" cell population. The
response was dose-dependent as shown for the Adchimp68gag37 virus where a low
‘dose of 2 x 10° pfu of virus still elicited frequencies of nearly 10%. The Adhu5gag37

30 recombinant induced optimal frequencies of ~9% at 2 x 10° pfu, These frequencies

24



Seven to ten days after a single inmmunization, a
sizable fraction of the entire splenic CD8* T cel
popul ati on produced IFN-y in response to the gag
peptide. Primary splenocytes assayed w t hout further
in vitro expansion |ysed H 2 conpatible 25 target
cells pre-treated wth the gag peptide. Gag-specific
CD8+ T cell activity was superior upon imruni zation

\cl:melt Ih v% r(glgﬁt\e%gl g gﬁl%%ﬁédr#% miréﬂ%'@ll}xeacﬁg% ﬁ thy n?c%%ne (tha not

spl ershewndD vagsinlia vipus pedombinant exprersing fidklength gagh@&V gag, designated

dose- e Q)
wher SPAAEECChecB LI WR MY chig A R RS nutedd i ower
el i cifteguentiee o EDR] I"eeelloby ineravellylarbpeskind beinfgghu5gag37 30
OS(:orr‘oi nagt Hﬂ&:e%t%% ngll frequencies of "-9% at 2 X
6 pfu. These™fre ct 8824 were not significantly
enhanced upon $p1moeﬁ$fftgnhlt@nﬁilﬁﬁtﬁzddfloftibys%)ré/@&ﬁlyﬂﬁﬂlasmgle
(dat not aeci ni a Vi rud% r econbi nant

expr §ﬁ ‘Wéhef%ﬂo‘%r@lrfﬁ‘ioﬂl Gags e s prggidases of RV Vieas
S. Chewmbithaythd figt gl@én i nMi’éllo@@dl b weﬁds %teél% an %‘ﬂﬁﬁcr(t&n%&@xﬂechon

stimulated far Jo frequenci es _of
i nt r 8t edlpdin adhro lﬁ‘éeaéf %?Pamamgane@ ef@ctozwageb«felltramg on 1 x10*
cel | 81518 'ﬂ&@ﬂédscﬁeﬁ {ré%f@d%rcl% 2'4'H§Uaﬂ égergﬁyeswl]th either the

previously w a singl dose novi
r ecormsptisiaie gaga(ﬁlleﬁe%amrpaa edthf: cpnxxolcmpuw D03 delofeatethfrom the

WWg ag;ecfu%ﬁn%%meqmés Vild§ndcido tegl' g. o AA ﬁv\f:z d68 72885

week ater by an intraperitoneal 1'njectton
t est €1989). Tws immunizations with the & Vgsg vacciat wemrequited fof iedicor

to ty I j n | 0 _RP815 cells that
had bé%ﬁa?lg ga% ll-g-ﬁpfg&ﬁ f%g Sﬁmﬁr%ﬂmqﬂ P &?ﬁ ¥ enperature
wist h eit h€r t h€inefinspifitteeCD8" Hagl ebporisedogapar es) or
t he control del.i neat e
sequence of th(ggoP%so?fésBle\R?cr%’§ W agEret ‘T”ﬁhfi‘—llwp?“f
Ertl Aﬁlhuiﬂag?l]or\ﬁldchxlmp@@gag%s SpléiBtes. wek¥Rarvested 6-12 days later
|rmun| ati th the, Wi vaccine were required to
| ol e? B B Brogicion POl haptapi iyl st despit beve. The Kineic
Pri Mefthe ©OLO TSI §esp01n§e o gaé@lﬁﬁéd B&&h@&votahé‘no% redorfiilehts
respo etog% ps of 4 Balb/c mce were 1 muni
f? ds, Th Ponam

z8d W £88 Prexeatsd by g 2riheigagdicmus peberhdy 3y days

Vi I UarliGth&NBE ¥ DEST WET @spdfke YEHL Rgcl‘ﬁmﬂ&gg %et%oﬁ{bﬁ{ant and
tested for IFN-y production and target cell lysis as

descri bed above. The kinetics of the CD8 T cell
res p@&é@lpleﬂél gEfestl df P‘nb?éxﬁb‘éuferi& HuffandS MV irid18n Simian
gag

reco nants\?o differed. The response to
pr es &WEBRVIMG as6iN_dhusgag37 virus peaked 2 - 4 days

To study the impact of previous exposure to the common human strain 5 of
25  adenovirus, mice were immunized with a single dose of an Adhu5 recombinant
expressing an irrelevant antigen (human papilloma virus L1). Two weeks later mice
were vaccinated ejther with the Adhu5gag37 or the Adchimp68gag37 vaccine.
More particularly, mice were immunized i.m. with 10° pfu of the AdhusL1

vaccine. Two weeks later Adhu5-immune as well as naive mice were injected with 2 x
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earlier than the CD8" T cell response to the

Adchi npRgag37 reconbi nant. Exanple 4 - Effect of Prior
Exposure to Human Adenovirus on Sim an Adenovirus
Vacci ne To study the inpact of previous exposure to
the common human strain 5 of 25 adenovirus, mce were
i mmuni zed with a single dose of an Adhu5 reconbi nant
expressing an irrelevant antigen (human papillonma

viru 1)y T at i e .,vaccinat ed

ei t naptan T R Rauteie oot et enEi Re RS £4-5 mice pr

vac ;:] i g%} D). l\mcauqam grbﬁpi gﬂAg}{uSLmﬁrﬁﬁqu aa:yramuawﬁéim?mmzed with
AdhuSt et s Adod! sl Al eedb e vy Sbrcdmaletemice

2 X Zprdffecel intraperitéheal B wittdf 0° Qﬂft&f@@&&ﬂa Wfus recombinant

Adchi rrp689ag$u77 reconbi nants m ce ‘g group) .

Addi erpresingdillinpsth ghe. Aicq siere Wﬁﬁfﬁfbﬁm Featies thejvaesinieyis
|nnuqh @gnW th 2 x 106 pfu of the Adhu5ga937 or the
Adchlnp68%ggs7 virus. N ne days later mce were

i nj ect ed Micappimmnuasie Aldhys vifus friled & rpfpandto gag efter vagsination

vir U%{hetﬁeg@g egaggsy %&glg.; gﬁe}sﬂgw&fﬂﬁé uén@fg%fbﬁ@%ag “!ée%%c T cells

wer e sacri ve ter t vaccl ni'a
i nj ectnida to thbsesequrie conmolmise ud dafesondingly sheimspleadcytes failed to

sp I at.lon Adhu5
VECThE b dflal il RE ThRRL s Priar g bRt oA s oty
T ce Isllghtlysiecreaisai intAdhufiremusaeice varciaated with ﬂmAtlehxaipds gag37
corres ndi I t hej ocytes failed to
Goo Seinet Hkgbingled Bt CR@Ft S fdag Sinteladued pilioriPirnd te
cel | cyBioa&vity of @dodyds vﬁBﬂdyWereﬁ'bb'%DVYCo Etﬁx%&ﬁﬂ‘&eﬂt@ffector to
Adhub- i mTune m ce vacci nated with the Adchi np68gag37

const®&deell #ig{uenci es of CD8+ T cells to gag were

rgduced bYh@bith adensifl RBSmbibihts iRNicO Fr¥dueficiddi CHst ¥ cAlls to gag,
spl enocytes was | owered hy - 50% conparing different

ef f edt@Rssing thase eligited Beprevipusly dgscribadvarsings sugipasyaked DNA or
adenqykyials récmBRt I N cBwhis ek, J yirf e ri% 89 Gf99§§/)8#r (ﬁencles
cells to gag, surpassingt those elicited i ou
des c Masetisokigher thas thesegenersllyssrein chompically mfpcigd/indwsduals (D H,
reco I

g%;d?féiﬂ_&ﬁaz (PRooNHRE g scPbishlor 4]19%’?08{)%% ) hg& adar

(199 requencies were
géne Lfmrrmyolskﬁém%ﬁ (060D RiAc &tokpfert ntfcédt Bidoli T4]i10249(2009); C.R.

(0. B0 . B Sl B .y B
( 2000 pofendy oKEdemiv&alh'ecﬁmbﬁiant vaccinds.r al . 74, 10249
(2000); C. R
Example 5 - Effect of Priming and Boosting of CD8" T cells to Antigen
Primary splenocyctes from the cells of naive or Adhu5-immune mice
25  immunized with 2 x 107 pfu of Adhu5gag37 or Adchimp68gag37 virus were
compared with splenocytes from naive or Adhu5 immune mice vaccinated with 2 x
10° pfu of Adhu5gag37 or Adchimp68gag37 virus and then boosted with 106 pfu of
VVgag virus. Splenocytes were analyzed 5 days later for CD8 and intracellular IFN-y.

These assays were performed essentially as described above, with the exception that
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Rinaldo Jr. et al. AIDS Res. & Hum Retr.. 14:1423
(1998)). These results enphasize the potency of
adenoviral reconbi nant vacci nes. Exanple 5 - Effect of
Prim ng and Boosting of CD8+ T cells to Antigen
Primary spl enocyctes fromthe cells of naive or

Adhu5-i mmune mce 25 immunized with 2 x 10" pfu of
Adhub5gag37 or Adchi np68gag37 virus were conpared mﬁth
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15 S OORSRREPErITF T GB350 b A gogme hARd ori0% of e entr
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the VWgag_reconbinhant, After i.m_primn vvlththe

&@enow ot re-eXiSHRg rTRAiG to Adhn m(grelyge@agﬂst ¢ effieacy pfthein
. P- AdRGEAE7 vabIRE YT eHly _@fﬁ}h i1y frlpaitddgn MO RIF cellq:%énse to the

gag speC|f|c T cells_anal'yzed 5 days post-
conpfHeEro8eagt, s ¢ Hé"aéme}’lloléﬂy @mréeﬁ |ﬂtﬁt o’ mmunized to Adhus
cel v;'@@ﬂ!é{/élgﬁeﬁ'a red%@ed% &u%%bé&sb {wvabﬂﬁﬁfﬂah with b AR R ccine to

severely reduced the efficacy of
rabies virus. Increasing the dose of the vaccine or using a DNA vaceine expressing the

25 same antigen of rabies virus could readily circumvent the dampening effect of the pre-
exposure to AdhuS virus (Z.Q. Xiang, et al., J. Immunol. 162, 6716 (1999)).
In contrast, the CD8" T cell response to gag presented by the Adhus
recombinant vaccine was abolished in Adhu5 immune mice and could only partially

be restored by additional immunizations with a heterologous vaccine to gag, This may
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Adhu5gag37 vaccine but only slightly inpaired the CD3
T cell response to the Adchirnp68gag37 virus. It was
previously reported that m ce inmuni zed to Adhu5

virus devel oped a reduced B cell response to

vacci nation with an Adhu5 vaccine to rabies virus.

I ncreasing the dose of the vaccine or using a DNA
vacci ne expressing the 25 sane antigen of rabies virus
coul ; i b i ffect of the
oro. ISR ulcroh of (R T Lotk o RS ARAE S iergnoc ty

| i nmueirerlatingsvirus gaubBlizin@@oibhdiesi as cornprredats stimtlator B eells.
cell response to gag presented by the Adhu5
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innuqyga#hgﬁﬁ}mﬁth a heterol ogous vaccine to gag. This
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al, (E%Qrg%g Vacci ne regimen for prevention of sexually
transmt ed infections with human papill omavirus type

16. Vacci Aé9n0’»'if4meewp1e@s®a_ Bgated oy Ei eédﬁrivacs&&g g&ﬂmman serotype 5)-
agen anzee seJ ot was
e 08 sl F S SRR, L Jitiens PPl 01 (1520). Viuses
Sor O P S 15 LEansteciat 203 Col ol EPHB vins o
sero - ransfecte cells (F. L. aham

et alp.}{‘?ﬁejist&e%fg?ﬁa%’i‘t?‘%g? tiery Fonpther gaperimentsy olaated supepmatagt of
har v ggtigfcted cdls BeERizLdaYduBRheth rédds GElde5e thf‘g;ﬁ a@med. Viruses
experinments virus was purified o¥ CsCl gra ren

pur i PRI .0n 2S5 cdis fredetesieie plemerfonning ut(efi).
sggper nat ame d&ﬁnoﬁrﬂl@edoﬁfbﬁiaﬁt%&lﬂﬁ%i\}\ig@aﬁkgg g@&{#ffgese‘é(glfe%\&j{%?%e

three rounds of freeze thaw ng
tit r 3408 VRS glipgprogain, dermed AdohimneSrad.ep was genefatedrin 243 cells

NI 1 SradsBottl i B178AG0ARR YA col B8k Bl B1S1 i
chi npanzee 68 serotype expr essslenog;i);8 eg Bebditbed in aele in this
example. Viral clones were initially screened by indirect immunofluorescence with

the monoclonal antibody 509-6 to a conformation-dependent epitope of the rabies
25 virus glycoprotein. Upon selection of a stable adenoviral subclone, expression of full-
length rabies virus glycoprotein by the Ad.chimp68rab.gp virus in infected TK cells

was confirmed by immunoprecipitation, as described in the following example.
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rabies virus glycoprotein, termed Adchi np68rab. gp was

generated in 293 cells transfected with El of

adenovi rus human serotype 5 as described in detail in

this exanple. Viral clones were initially screened by
i ndi rect inmmunofl uorescence with the nonocl ona

anti body 509-6 to a conformation-dependent epitope of

the rabies 25 virus glycoprotein. Upon selection of a

st abl Exaa@@ Qui E)@Fes%iﬂhcdf(?ﬁ@tra&éeﬁéﬁgidﬁﬁtl gptg% :églgn%\hrgp gth
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cel | dhagghediffzence avap Wﬁlﬁ'@ Mﬁﬂmwn@oﬂtmslatmﬂ modifications.
Tr ansgd- cflfs akEF¥ER o&ﬁ& es o&”gar*s ec{gigle ﬁ‘é{ ;éprghre%s shepdd thus

protein expressi n In ca in
unrelbap@upaér@bl@h fferences in post-transl atl onal

nodi fi cat cel are CAR tive and rates
of tr ansduct | %H1 %é'e eﬁ%er%epti’lm@@?"é‘?gﬁéé lsq'r@élll’ydlamﬁ@%kld@?é’
cWnp&BEK)-81 cﬁbthﬁmsfeﬂteﬂ beselleaiderd: daRt \%ere
ceI I Ki 10 (BH ceI I s, E

|| Dutteprem B BN Sans AR gpp@mea%ql ith gataurine, Na
pr Op ayavael non-essthtidd &0ho 'aSidsPPES 8rdamtitiod '

l\@ zﬁ%aement ed wth glutam ne, Na-1 Bycrﬂﬁqoh)"?etalbovme

non am no aci ds, HEPES buffer, antibiotic
and 10% fAtal Ihmvirdpredisitaion (FBS) . A
| mrunopr eci pitation 15 TK7 ceI s (106 per sanple) were

iRfected wit h BY el ({eweremplehwereinfentad withepfaaki @b of either
viru ﬁze%lﬂéb%h@k te/bcﬂ)r&é'lﬂ 'é)g;gés?@g aﬁg&ﬁﬁ}/fegom%?ag? gogg{),r}r’gﬁ%g?onstmcts

or control constructs an unr
ant | GEwessing ap pnralgted visal @eﬂlges Adesr é8 hmasd”etrmsshemda with

st er itk BROSRIEE rd g o
i ncubat eg for 90 rfc?n Sgﬁ{es e]?%aan? r eegﬂ \I’Z}@gﬁdﬁ% rIP‘G‘Im fegun-free
t he @adinmipsiar toftheslditionfof 20 B-of HBddbeldd epstdiieind radidtonin (Promix,
et BRI Bodk X o) sto ter 4 hrs
i'nc uﬁgt Fon, & Rﬁ)sAaér e \Aﬁlgf?ggm’v\f‘{ﬁﬁ “19§>3"ao§ﬁ?ﬂ WiHeRPS and then
t r eatreatbdffor2020inmvith Mt 6f ph'otmse iahibidsr® t@SAng RIHAPLIARE Tells and
cont&ﬁgig% r?%m%%qg S and cell debris were
renoved from @ ﬂ*?d? &Y eexst prsflyand peptrifuged for 2 min at
cent 121.G00gpd. Tlersugerndtant &ks incubated for 90 min at 4°C with 15 pl/m] of ascitic
fluid containing the 509-6 monoclonal antibody to the rabies virus glycoprotein,
25 Protein Sepharose G was added at 751 per sample and incubated at 4°C under mild
agitation for 30 min. The samples were pelleted by centrifugation and washed 4 times
‘with RIPA buffer. The pellets were resuspended in 80 1 of loading buffer, boiled for
4 min. Samples (20 u1) were then separated over a 12% SDS-polyacrylamide (PAGE)

gel in comparison to a molecular weight standard, Gels were dried onto filter papers
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12.000 rpm The supernatant was incubated for 90 m n
at 4Cwth 15 1/ml of ascitic fluid containing the
509- 6 nonocl onal antibody to the rabies virus

gl ycoprotein. 25 Protein Sepharose G was added at 75
per sanple and incubated at 4C under mld agitation
for 30 mn. The sanples were pelleted by
centrifugation and washed 4 times wth RI PA buffer.

The ibHEW r ' : ke f
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pre- PRPEIdisEne 5id8 chairomodificatipristrenyaesitsn fuentiiatied
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y ransl a

stability. Alternatively, tional or
post - t r ans| at i korfurther distinguish hetweenshesh tvespasbibilitiag theSotel RN A

chai bial @At b o) ant,itative )

di ff gvragﬁglgﬂ;?ﬂ ?’ﬁhslg?iflgg?‘fgétﬁ‘f‘y”‘“d“é‘ih%c@m adenoviral TeGombingnts.
f13r t Reyersgitesnsonibed mRNBED theeabids virseglyospropiisaidoi Holu$ek@ping gene
t he N t from JK cells infected

Wi t hwé% iﬁjﬁ%@é@ yﬁgmggg%&?‘?%m‘f&%%%@m@%w Rever se
transcri bdd nileal timerérersedmrssription Dyt 6SPERIR rdhcAHS

a housekeepin pgghe was anplified by real-tinme PCR
performed as deScfibed in part B. B. Real tine

r ev]? rse trans ﬂoh@mdnbmomdyymf ’la[s-ecelccdw' ré in}lcf&@e‘atiié BdblichtE(HRlples
n a of M.cells were infected in

gﬁ ol M:{g? (Sepfs[?a%ﬁrg)]lthe% S‘f tgf)ac{ml?\ﬁr&ﬁrﬁcombaxagtp.. Gells pysre isplatedi2d hrs later

adenandRNA waeeomticdaiih the TREteagenVRESHIinS &) Ab REnedcleSs

I atelr a gl (?w ggﬁéﬁxtr%gted wth the TRl reagent

acco F‘&ﬁ“ﬁﬁ ¥ °_i1 SPrentieh CHRFERS OH) rikheRINA meniseatadotith RN Ase-

Eﬁi’s fréSeDI &se, pirifea i BiRdnbl extphdkion Aasdfabidd ¥Psp ' %ﬁ\?ﬁpe\{msgnrﬂple.
’Fhe RNA was reverse transcribed and amplified with the Light Cycler-RNA

25  amplification kit SYBR green (Roche, Mannheim, Germany; Z. He, et al, Virology
270: 146-1617 (2000)) using primers for the rabies virus glycoprotein (SEQ ID NO:2:
5’ AA GCA TTT CCG CCC AAC AC; SEQID NO:3: 3° GGT TAG TGG AGC
AGT AGG TAG A) and the housekeeping gene glutaraldehyde-3-phosphate
dehydrogenase (GAPDH) (SEQ ID NO: 4: 5° GGT GAA GGT CGG TGT GAA CGG

30 ATTT; SEQIDNO:S: 3° AAT GCC AAA GTT GTC ATG GAT GAC 0.
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free DNAse, purified by phenol extraction and adj usted
to 50 ng of RNA per sanple. The RNA was reverse
transcribed and arnplified with the Light Cycler-RNA
25 anplification kit SYBR green (Roche, Mannhei m
Germany; Z. He, et al, Virology 270: 146-1617 (2000))
using priners for the rabies virus glycoprotein (SEQ
ID NO 2: 5 AA GCA TTT CCG CCC AAC AC, SEQ ID NG 3: 3

Ce1 TAG 16 B AT A0 A0 AR S5RA s

( GAPCipli¢agHaEasDemidits #8D5' GGI GAA GGT CGG TGT GAA CGG
30 ATTT; SEQ I DNG 5: 3" AAT abﬁhﬁ\ GIT GIC ATG GAT GAC
Q 30 The data in Table 1 provides the results. The
data ghow the nmeanjval ues for Reldtid Trat@pt QRagUy ement s
t SD.| dabkteoskN Rellati ve Transcript Quantity]|Source of
RNA GAPDHrab. gpRat o ( T Tan. 0P R :
AdhuS}ab. 3.2, 234944181085 T8 0] 521 B181164]~ 66K
Adchi m 68rab. As shown by this data, the trandGaR®H/rab.gp)
transgripts adjusted to 10 those|of the hous¢keepi ng
gene Emmdhm@@ i tati3ax2liffenencrogergpar abl e 11082

t hat pfTK-,serol ogi cal | y.5beicactabl ¢ prodseign. | n dat agpot
provi dedq .i,n this e%an‘pl e, two ot IEer Adchi np68
r econmbPASHp essing the greem fluorescenti protein
and a codon-nodified truncated gag protein of the
human i mmunodefi ci ency virus-1 were conpared to the
Adhu5 15 reconbi nants expressing the sane transgene
products showed equisshdenby hiscleti the trensgane Steisoripth edjedts] to

in T this i concl uded t hat, the
DT S0 BRI e o R SRS B S W o
by t rserohgixailynbbdttablerpugeinef | ects a

In data not provided in this example, two other Adchimp68

recombinants expressing the green fluorescent protein and a codon-modified truncated

gag protein of the human immunodeficiency virus-1 were compared to the Adhu5

15 recombinants expressing the same transgene products showed equivalent protein
expression levels in TK" cells. From this it has been concluded that the reduced
expression of the rabies virus glycoprotein by the Adchimp68 virus reflects a
difference neither in viral uptake nor in rate of transcription, which in both constructs

is regulated by the same control elements.

20 Example 8 - Immunization of mice using a rabies virus antigen.

The rabies virus-specific antibody response to the Ad.chimp68rab.gp
virus was compared to that of the Adhu5rab.gp virus in inbred and outbred strains of
mice. Mice were injected with serial dilutions of either of the recombinants given s.c.
or i.n. Sera were harvested 14 days later and tested for antibodies to the rabies virus

25 glycoprotein by an ELISA and a virus neutralization assay. Adenoviral recombinants

expressing an unrelated transgene, i.., the gag of HIV-1 (described in the Examples
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difference neither in viral uptake nor in rate of
transcription, which in both constructs is regul ated
by the sane control elenents. 20 Exanple 8 -

| mmuni zation of mce using a rabies virus antigen. The
rabi es virus-specific antibody response to the

Ad. chi np68rab.gp virus was conpared to that of the
Adhub5rab. gp virus in inbred and outbred strains of
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St andar d rain were prop aate
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intra ebra |né%§e|o f, adult ICR mce (Z Q X ang
7 ¢ et igindioptiy? of fermipl lies Vings grcephghils. 1 03- 16 ( 1004) )
Upon chal u“wmlml@aeaswe ScRBeTdneFnEWkey u&ﬁméo%déa b%ntfag’sfay
t., 21 d ﬁ%lfgere eut hani zed once

ve|(§‘gf§é)=c‘8‘hw %ﬁlﬁP R osefndIviras lseutralmlmssags

i ndi cative of Aermpngga rabies virus encephalitis. The

~serol ogi cal assays _included enzynme |inked
i munoadsor bant  asd4§e werebled yasiay time dnterygeafter afuntiszatibn by

ant i RaLdbital Baktknitd, 'SUR Wk rddtel 234 o801 R 23 dies to rabies virus on

plates coated with 0.1 ug/well of inactivated rabies virus. Sera were tested for

25  antibodies to adenovirus on plates coated with 0.1 ug/well of purified El-deleted
adenovirus recombinants to GFP of the human serotype 5 or the chimpanzee serotype
68. ELISAs were performed basically as described before (Z. Q. Xiang, et al,
Virology 219, 220-227 (1996)). Plates were coated over night. They were then
blocked for 24 hrs with PBS containing 3% of bovine serum albumin (BSA). After

30  washing, sera diluted in PBS-3% BSA were added for 60 min. After washing, a 1:100
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A. ELISA Mce were bled a varied tine intervals after
i mruni zation by retro-orbital puncture. Sera were
prepared and tested for antibodies to rabies virus on
plates coated with 0.1 g/well of inactivated rabies
virus. Sera were tested for 25 antibodies to
adenovirus on plates coated with 0.1 ug/well of
purified El-del eted adenovirus reconbinants to GFP of
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ice. ALter washing, trate was added for 20-30 mi.n .
oo RpSE Peko el R B i gty sy deaifod motbppions
nm BXidngoviyfe®osfcitedibioeexi es 5 | sotypes of antibodies
to rabies virus were determ ned by . an EL| SA.gn pl ates
coated with inacti _é?ﬁ’“@?&ﬂr"%iferq; Wﬁ’ﬁbt_"taﬂf@_dégqr‘fﬂo‘ﬁ’@ﬁéﬁﬂ
Hydr i eleaiizafenbut fby nierabledd o4 1.2 apfiatiok iof thwint & adeRBBral

m nor previously described nodificati ons.emgfwhng, i L
Vi 1 ol vacainage Botjrecombingsis ypon dpliveny by eiserqupestimastlsfion, elicited
ant i bedh aib6uied 15 thedhfiddhlof bt Ofyss €. 10 i mmuni zat i on
but was conparable upon i.n. application of the two
adenoviral vacci ndith Reembinantowbh aimeuniggiion adéthever y

by ei [ 00 | el

ant | oayaEb @ il ahEd iAo b dairodoiieed 1661 response
r et onindicgtive of Thedelr, whichivanlackingini thevegponsetitithe Ad.chimp68rab.gp
Adhu5rat{i8‘gp .vacci ne upon s. c. adm ni stration induced a
pronothced F4a°% esponse 15 indicative of Th2 hel p,

whi ch was | ackCng iMeutradizing éptimsdiest 0 t he

Ad. chi np68r ab. gp nstruct given s.c. C.. utralizin
Ant i bodi es Sera vvercé(;erat‘g%rf geate? nHira g ?’}‘P?”%es 16 FabieS Viras of
ant i bihel C¥'S-11 Gtrsiapildeh i fitiggniodlly cldaely falatedto the HR A ktfin (Z. Q.

\;V?(I} ;i {.a%&%{] ag 91%‘ o§ya|2“l 38&-2846 41398’))?'1{;1 %V?—PO }e?erénlgg se%EmAwas used for

comparison. Titers are expressed as International Units.

The Adchimp68rab.gp virus given s.c. induced a less potent B
cell response to the transgene product as compared to the AdhuSrab.gp construct, The
difference in magnitude of the antibody response, which was observed at all time

25  points tested depended on the mouse strain and was less pronounced in outbred ICR
than in inbred C3H/He mice. In contrast, upon i.n. immunization both vaccines
induced comparable titers of antibodies as determined by ELISA. and by virus
neutralization assay.

' The pronounced Thl response to the Adchimp68rab.gp

30  recombinant upon s.c. immunization contrasting with the more balanced Th1/Th2
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20 Xiang, et al, Virolqy. 214: 398-404 (1996)). A WHO
reference serumwas used for conparison. Titers are
expressed as International Units. The Adchi np68rab. gp
virus given s.c. induced a |l ess potent B cel

response to the transgene product as conpared to the
Adhu5rab. gp construct. The difference in nmagnitude of
the antibody response, which was observed at aII tinme
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aden(ﬁ??’i’l AR B S S ESRed fisersesifon MR heleBepd 3 gecks lnter Wlth 10
chal keagkthal ddses (LBL) ﬁ‘&abid:srvh&ﬁs ofGBECIS stitdife: G hisFABYN Er@8lstrain is

with 5, x of the adenoviral
ant1gemcaqgf c'l)oséiy refiated to e ERA strain but % more virulent in rodents. Ata

lower vaccine dose of 5 x 10° pfu, the AdhuSrab.gp virus still provided complete
protection while a small percentage of Adchimp68rab.gp-immunized mice succumbed
to the infection. Further reduction of the vaccine dose resulted in loss of efficacy of
25  the Adchimp68rab.gp vaccine. Upon i.n. immunization, both vaccines provided
complete protection if given at 5 x 10° pfu. At a lower dose of 5 x 10* pfu 50% of
mice vaccinated with the Adhu5rab.gp vaccine developed progressive disease while
~ those immunized with this dose of the. Adchimp68rab.gp recombinant were protected.

All of the mice immunized with adenoviral recombinants of ejther serotype
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reconmbi nants given s.c. renai ned di sease-free when
chal | enged 3 weeks later with 10 20 nean | ethal doses
(LD50) of rabies virus of the CVS strain. This rabies
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25  antibody titers to rabies upon Adchimp68rab.gp virus that were either similar or

increased in magnitude compared to those in mice that were naive prior to
vaccination. In particular, mice pre-immune to Adhu5 virus developed higher

antibody titers upon vaccination with the Adchimp68rab.gp construct which might
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2, 7 and 12. The response was not affected in mce

that had been pre-exposed to the 20 Adchi np68 vi rus.

The response to the Adchi np68rab. gp virus was strongly
inhibited in mce that were pre-imune to the

honol ogous virus. Mce that had previously

encount ered adenovirus of the human serotype 2 showed

a slight reduction of the antibody response to the
rabies_virus antigen presented by the Adchi np68
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ser oty pesragehdpBiucadenovi ruses devel oped 25 anti body
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257 pre-immune mice immunized with this dose of the AdhuSrab.gp vaccine succumbed

to a rabies virus infection while those vaccinated with the same dose of the
Adchimp68rab.gp virus remained protected. Increasing the dose of the AdhuSrab.gp
virus to 2 x 10° pfu per mouse restored the efficacy of the vaccine.

The antibody response to the transgene product expressed by the
30  Adchimp68 recombinant was not affected by pre-existing immunity to common
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20 imune m ce conpared to those achi eved by an equa
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construct was superior at all doses tested to that of
t he Adhu5 vacci ne thus nore than 20 conpensating for
the slightly | ower potency of this vaccine upon s.c.

I muni zation. Adchi np68 reconbi nants thus provide an
attractive alternative as a vaccine carrier for use
in humans. As shown here they are efficaci ous even
when applied at | ow doses of 2 x 10" pfu through non

i nva e ro of administration such. as the upper
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SStpIeafol T TR O EeF G e D ot RS /5 added to bring
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col I S¥3igog Sawilige 1V imio prspasationnwerg obtained é)llhwbxtheditra
VisI Uzt ﬁéi)s ‘B}itc&ﬂﬁ‘ﬁ a#l&l&fc{eﬁs%' g%éﬁp g amﬁ%cikg 5% VErug w%rnedchluted

concentr a centrifugatlon
r esudpbrde dparhclqszmi\mmnM TisH908M Nwiéﬁowgmbr&) yndBstored at
cycl egepf freezing and thaw ng. Virus preparations
were obtained following 2 ultra 15 centrifuge steps
on cesium chloride density gradients and stocks of

i o P8R R PERe: R selvaith bl ofuoniagy ™

Exa rrp | e 1@en0mdid BNAmwgs asmbhtedd‘mnem: purgied fvirwd pregaregion GlloGing
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di g estamtfaoweﬂﬁrs eecpmnehdaﬁﬁnsl &xb@sismoféﬂ} dlitegtiictioNBRd modifying

foll OWI A gs were obtamed from Boehringer Mannheim, Indianapolis, IN. Genomic DNA
was digested with BamHI, Pstl, Sall, HindIII or Xbal and the fragments were
subcloned into plasmids (K. L. Berkner and P.A. Sharp, Nucl. Acids Res., 11:6003-20
25 (1983)). After deproteination, synthetic 10bp Pacl linkers (New England Biolabs,
Beverly, MA) were double digested with Pacl and BamH], or Pstl.
The Pstl, BamHI and HindIll clones generated from C68 are illustrated in
Figure 1, parts C, D and E, respectively. The fragments indicated by the shaded boxes

were not cloned, but the sequence of the entire genome has been determined through
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manuf act urer=s reconmendati ons. Except as noted, al
restriction and nodi fying enzynes were obtained from
Boehri nger Mannheim | ndianapolis, IN. Genom c DNA
was digested with BanHl, Pstl, Sall, Hndl Il or Xba
and the fragnments were subcloned into plasmds (K L.
Ber kner and P. AL Sharp, Nucl. Acids Res., 11:6003-20
25 (1983)). After deproteination synthetic 10bp Pac
i nkers hbm1E Iand Bi ol Beve Y

doubI ST SIS P YRRy s Pl omgs pociiat BAVA. diect hshaed bosese The cloned
PstlJh@ﬁﬁh&a&nﬁmﬁbﬂﬁhhhuﬁbpnes generated from C68 are
illustrated in Figure 1, parts C, D and E
respectively. The fragnments indicated by the shaded
boxes were not cloned, but the sequence of the entire
genone has been determ ned through 38 sequenci ng
over |l apping clones and viral DNA directly (unshaded
boxes). The cloned fragnments are described in Table
2. 39 Table 2. C68 plasm d clones and insert sizes 5
10 15 20 25 30 Insert Size Fragnen Fragne 5 End 3'
End Construct Nanme(base t nt Map Map Unit
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ai rsb'

End3' EndUni

t Pst-I

Fr agnent

C68- Pst - A6768247843155167. 9%86. 4%
BS: C68- Pst - 13671348381 555013. 2%31. 6%
BS: C68- Pst - C5228148112003840. 6%4. 9%
pBS: C68- Pst - D2739120721481033. 1%0. 6%
pBS: C68- Pst - B2647200392268554. 9932. 1%
BS: C68- Pst - F1951320463399687. 8993. 1%

NEB: C68- Pst - G1

74118740. 0%. 1%

S

PBS: C68- Pst - H1 5891830643 plremidzlonppmdjysert sizes

pBS: Cb8- Pst - 1 1343339973533993. 1900} 3%
PN EB| ComtrietNanel 50 Tm3AE35 iralopmy ,
BS: CBB- Pst - K1111276333¢3/. esojffz e f’:‘dgﬁief lswfi,"d f{{:i,“{',nit
BS: C6B- Pst - L96438744818)10. 6% Bnd2% | 3° End | Unit
pBS: CoBstPFraghBRB18 (527625, 194. 6%
BS: C6B- Pst - NA08226862309362. 1963. 2%
C68- PsC68IB8A316663204586768 Y8 7.24%84 31551 67.9% 86.4%
-pBS: CopBYsds-HB5115511184331. 6% [4%1550 |  13.2% 31.6%
C68- PepBIi3etA8361207132224Y33. 11801 | 20038 | 40.6% 54.9%
PBS: CoBsEds-Hln 4319523168686, 478H. |7 748 T 33k @0TTE N S0,
C68- BapBsAaa86tid 98363651864 | 379070 20685 | 54.9% 32.1%
PBS: CosSHeenHgRit 83582124639y . Y8010 33906 | 57.8% 93.1%
PBS: CopkrBaresPidd017440THHA P34 -~ 1874 0.0% 5.1%
PBS: Cosh sty 86 10BoU I e 540 K38 3m ey T ¢3 50 67.9%
PNEB: (588 ERIBiZ 03 11 204110950807 T 35330 | 03.1% 96.8%
pBS: G FgstpiRfU20423 OY38%097°36519 | 96.8% 100.0%
BS:C68-Pst-K. 1111 2763 | 3873 7.6% 10.6%
15 | pBS:C68-Pst-L 964 3874 | 4837 ] 10.6% 13.2%
pBS:C68-Pst-M 888 1875 | 2762 5.1% 7.6%
pBS:C68-Pst-N 408 22686 | 23093 | 62.1% 63.2%
C68-Pst-O 380 31666 | 32045 | 86.7% 87.7%
pBS:C68-Pst-P 285 11551 | 11835 31.6% 32.4%
20 | C68-Pst-Q 236 11836 | 12071 | 32.4% 33.1%
pBS:C68-Pst-R 114 31552 | 31665 | 86.4% 86.7%
BamHI Fragments
C63-Bam-A 16634 19836 | 36519 | 54.3% 100.0%
pBS:C68-Bam-B 8858 3582 | 12439 9.8% 34.1%
25 | pBS:C68-Bam-C 4410 12440 | 16849 | 34.1% 46.1%
pBS:C68-Bam-D 2986 16850 | 19835 |  46.1% 54.3%
pNEB:C68-Bam-E 2041 1] 2041 0.0% 5.6%
pBS:C68-Bam.F 1540 2042 | 3581 5.6% 9.8%
HindIll Fragments
30 | pBR:C68-Hind-B 9150 23471 | 32620 | 64.3% 89.3%

pBS = pBluescript SK+ clone
pNEB = pNEB 193 clone

pBR = pBR322 clone

No prefix = fragment not cloned
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H ndil Fragnents

pBR: C68- Hf i i d- B9150234713262064. 3%89. 3% pBS =

pBl uescri pt SK+ clone pNEB = pNEB 193 clone pBR =
pBR322 clone No prefix = fragnment not cloned 40

Chi npanzee adenovirus, €68, was obtained from ATCC and
propagated-in human 293 cells. Viral genom c DNA was
isolated frompurified virions using established
procedures (A. R Davis, et al., Gene Thera.,

5:1148-1 @gnnmaﬁsnoaw, CES, geas plteined fram AT ot pofpagated in

r est I y4
B R e S A
Ki t cdstablighediproGdiess (2 R. Dasisxt L. (@Maera@ 1148-1H52 (1998)) and

ot e Sple o ol il e e o BRR g rovins
¥ agpmeirs<datguzn shavg) (GR. Hitchingmayp mzmom (ng Q. Liand G.

oo N BT o L 15

Ban”l-ﬂl%ﬂ))ﬂ Ridsthictidn ﬁ'argﬁﬁﬁte S mnih ) eHe cm&é genbhﬂlbfdﬁs Ve subcloned
plas t he unshaded

. di_cat
Do oo s Ao ikt sl s oPB e, and

cl on@el Pstil rmraha }hxfdﬂiiﬁﬂ@ﬁﬁnts&hal HeredMAeDRIPITAENi @ Ostkdrs 2B
are also listed in Table Both plasmi cl ones and

notfiicates\py thinshaded goxes, ip Efol 18 i3 afl% D grespgetivielyn ghe vigred

genOREMbAS, f&%&e&@%amﬁyge%m%smmlakamns&d%ﬂblez Both
dlrectlons and each base was included in an avera%h
&

f apipwedrlaesandemenic [PNA é*teredﬁsd astempiates fopmauensisge
3 6 52Jenbie twhs defirdlbdy I{yiﬁﬁ:er Wﬁ E}t(cﬁre%&s fdPlach base was

PrelTmnary conpari$on wt sequences
|ndumdp@dlwma,vmged@@p@éméﬁlyfommmamty wi th ot her

5 he R CH R L B R BT, 0 BB G AT o

t he Iffmlanmgtwsbxypamsmmﬂb GenBeilk sauenced indigpetetarying ddgtess of

2 5ot o ol AR BB

C68 vratigdnbme. hBlegicms adéarhoxiology ulltofidie previously descnbed adenoviral
genetic units, early regions 1-4 and the major late genes, were found in the C68

20 genome (Fig. 1A). DNA homology between C68 and the human adenoviruses that
have been completely sequenced, Ad2 (NC001405), Ad5 (INC001405), Ad12
(NC001460), Ad17 INC002067) and Ad40 (NC01464), was used to order the clones.
The open reading frames (ORF) were determined and the genes were identified based
on homology to other human adenoviruses. All of the major adenoviral early and late

25  genes are present in C68. The inverted terminal repeats ITR=s) are 130 bp in length.

Example 13 - Analysis of C68 sequence
The complete nucleotide sequence of every member of the Mastadenovirus
genus accessible from GenBank, including isolates from different species, were

screened for identity to C68. The Ad4 minigenome was assembled from the

41



have been conpl etely sequenced, Ad2 (N0001405), Ads
(NC001405), Adl12 (NO001460), Ad17 (NO0O02067) and Ad40
(NC01464), was used to order the clones. The open
reading franes (ORF) were determ ned and the genes
were identified based on honology to other human
adenoviruses. Al of the nmajor adenoviral early and

| ate 25 genes are present in C68. The inverted

termunal .repeats,(l TR=s) _a 130 bp in length. Exanple
15" " b E BER i aabtedd 1k Ban HhR (4R domeion Gu 14y DNA
sequ@ghtad 4503 EIhE) VAf A NGV | I

acces 'ﬂzgfﬁpsgryégené%gnk, i rﬂ%ﬁi ng ibso ’;?é?%ﬁ'gr%g%’%%n

di fféﬁz % hexqnd X84646); endogrotensa (A 6697); PNArding frateif6S.

Th 207, i St fol l.ow
oAk e i REER T B AT, B bohon@ bhahe

r dgi OYS C16Riad oy thefllowipp seanende dare Mu2 5 ()3000)57 A)RNAL I,
RNA- byrp! - v 0921);
hexoﬁTg%ga%?éﬁ?@é%%g%?ﬁ%&é@%é@;,;hews?q%pw&aze -
pr ot éAR0650RMPBYAYbinding rweteinXR6E530); E3 mndyfiber Foglodl (AF F04384); right-

(JOL Q8RR WR0 conposite genone 5 was created from
the toll ovR\n'(lr?g ?gé'uence data: Mu 3-21 (X03000); VA

RNIA- |, 1| The ayipo &éﬁﬁguﬁmli(ghﬁaﬁ%hg 'g%ﬂg&)wd&ﬂm(dl%@&igééﬁ)ea with
, eIl rof eas : , . DNA-bi ndi n

Blyot é?ﬁé‘?@éw-e%’%& RFpeiAT AT PP Porshade

r i gh(httptamely cH Bnbid 0g8dward/BOXA Fora QA ﬁubﬁ@l?ggﬁ%ﬁlte ﬁexon

al i ghent was ?%per ed with Custal X, edi
190

10 JBIRAREGAPHE maR;adenevigys seretyperovas? initially eligupd to

and dentify ZieckebdhbWinBeeIHAER homology to C68.
(http: //% ch, enbnet . org/so]%l?\(/i%};g/ Bg)x_form htrnl).

Publ i cly BRFirlapide seausncs andipredieldaming e swsericesoufiali significant
hsiMaBpeAdedms fidufes KRHOLY! o Bibd al igned to .

i dentlljfy the set Sshpvvi nﬁ@%@%’?’gﬁ ﬁg%%&ﬁdoéﬁo@%%@g&gaﬁégaem
The FRABINSEY i e nyeepiidn sequennelof268ds oungmiredito sequamedsthf Ad 2, 4, 5,

sequenge | WeTalmN : open readi.ng frames
ot F e Rt b B henich 3R ot AR i B, it
pr ot &one; L4 and Biadelk citefiabove)iC6&is triodiesiraitea uemmofd4@§z%gﬂo§p E).
conpar ed f Ad 4 wel, 12, 17 an

40. In _aglﬁhgéﬁ rrg* %F ggv:n&&'l;t% F é@'l(gi?mr e ? A Ahon At 1 A8Y tpthepoly A
@qgi t aMitiogsiierat 1621, e”ﬂle_ca’_almses ipllibehdﬂmdr éﬂﬁéﬂﬁde tor %{eﬁ 84 in tg)e

abov . i m | ar, to hunan subgroup E).

The. ERRERE poSHBRSH ey A cuotiah K .24 GK mteins
480 arosittiler jpoizy to'the Binaadli frbteifs. STHORM fo}-ﬁlagmaﬂ-é_g?E].ﬁhprotein
CONS§H e s Ergclii!:tg(? tode(r)lgo re 18{1 r%sigge(s: gsp gp%%se?iltcs Sp%ro?ﬁgn?atlelg 6(t) an?ino

acids for other adenoviruses. There is a TTA codon at residue 60 for C68 where other

25 adenoviruses often have a TGA stop codon. The first 60 residues of C68 E1A 100R.
protein have 85% identity to the Ad4 homolog. '
The C68 genome encodes genes for the four E1B proteins, 20.5K, 54.7K,
- 10.1K and 18.5K as well as pIX. All five C68 encoded proteins are similar in size to
that of other Ad E1B and pIX proteins. The Ad4 homolog of the E1B 21K protein has

30 only 142 amino acids, where C68 has 186 residues and other human adenoviruses
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anal ogous position of the human Ad counterparts, and
the 28.2K and 24.8K proteins are simlar in sizeto
the hunman Ad proteins. The ORF for the smallest EIA
protein of C68 is predicted to encode 101 residues as
opposed to approximately 60 am no acids for other
adenoviruses. There is a TTA codon at residue 60 for
C68 where ot her 25 adenoviruses often have a TGA stop

codor]_g The first. 60 residues of C68 E1A 100R protein
have 2859483 didfwesidpes. oTher(8 apdiAdbprateisy sharn@5%ebRnie nverthe first

encodgs Fj
encodas senasn Kéﬂgg&hfmg el dhd %éﬁdpﬁf&eﬁi t@ﬁmn%gs 2 *§4z é@img Keids.

protei ns APeCEY gaopme eil%’d%ﬁ hpmologs Oﬁth%\EZIbﬁS%D&r@r bmd.ingprmtein and
B andpdivad 1li=l5.t€i$a€‘1bx'i‘?roteﬁ{1 8s @gﬂaswwnﬂ&ﬂ E)po%en%tgﬁﬁzﬁﬁ

protein has am no aci ds
reSi delyserae A h%tnhe B2 mmnamtﬂmer sipdar it Bizh m/themﬁsnailm

re e 5%

ov::rcgd J‘Es?n ﬁsgmj%ﬂ%%l e sﬂa‘u‘%flar WVVIéld gn 'gh%EzB

t he A@lGEIQN‘@ polymenasd is amésteétctbell424 msidus, whiledsd4 if pRdicted to

f th

or ot o s SRERER e MAUPLARS sfonoliRSetTabe PrALep o B pPoeho

t he ?adges 1A Ireftthephdst melymezeselhavh go EiM‘Naﬁtyﬂ@ by B2 2. pﬁMerase
t he regj,o ot ei ns sinlar Iin size to their

P e A R e G0t i s s pideped Adeodon: From

par t iagtifoakidy 70193, A@1 91 CeTholyhiteasédihvEsEs arhind. a@iﬁ

pol yrrerassflééﬁ%%r,edl cted to be 1124 residues, whil A

is predic BIORS;Qidhumey adenpyingsas geauerrsd se fvepxmm@nslderable
adenQyduents@hd bty PRty QhriaBiliyY DRABHESSve ﬁ%@agﬂig&e% AGL has

of the AM pol ynerase have no 'simlarity

Ad pé}xyﬁ@f \d5hgve sryen, Adp&has sight @ﬂéxdﬁhawetl R édbfsuh@ounB
gt Ualnin aaahsoﬁﬁésgh@% nfHd phtgﬁ\% gggkgp&{ gn&o d8R-Ada B giondas not

am no acids 72-1 I nerases hav
ani ndetdeenseneraned. thy compaels@emﬂggep Bheegoh ofi Ads; all 7 E3 gene

aden q,gh[,lugﬁge 28 ?%Hﬁf‘é?i‘?ﬁ m%%s? gé nofS bRkt | C'y‘n S :@\3’2 %a]%ggntz

sequence capaci varitabi’l
five VE@lOEBgiléngdﬁésl,%ﬁ)dlz has six, C68 and Ad5 have

seven, Ad |.ght 3 as |l as AD (subgraoup

B 15 hu rraﬁ?e en o‘gﬁegl i %s)%d(%l%eanﬁ F??BE 9808s téf?r‘?t%’ﬁ,ﬁ ig fhe

?En ebumﬂfh&dﬁdz abeB40r E%regmn Nl H#Q‘Iome?ﬁﬁpt\lél?gﬁébnlﬁlﬁﬁg%%@ﬂ -the
n c on o a

- gen e ’In8 & ?/ée(lt’] ﬁg&?ﬂlﬁdﬁ%g@arﬁ APRrprmeisly 198 residues; while in

F. Baslb éferecunéltvid GRFHREMiAZproteivd {H4Q8Y 67 ?elﬁues]vﬁﬁ HBZlZIogy,

(199% The 8 E4 regl on has 6 ORFs and each
horo FSREsH Lely: 4o the gminosad parbexp derminal ends of the larger ORF2 proteins.

ORF5 has been omitted in our nomenclature because the 5* ORF in the E4 region is

25  homologous to the widely studied ORF6 protein of human Ad5.

The major late promoter and the tri-partite leader sequences of the C68
genome were located. ORFs with the potential to encode the 15 major late proteins
were located. All of the C68 late proteins are similar in size to their human Ad
counterparts. The percent amino acid identity between chimpanzee and human Ad

.30  late proteins varies considerably. The C68 fiber protein is predicted to have 90%
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20 human Ad5, 12 and 40 E4 region. The E4 nonencl ature

i s confusing because the ORF2 honol ogs of C68, Ad 12

and Ad40 are approximately 13 0 residues, while in

Ad5 there are two ORFs encodi ng proteins of 64 and 67
resi dues with honol ogy, respectively, to the am no

and carboxy term nal ends of the | arger ORF2 proteins.
ORF5 has been omitted in our nonencl ature because the

5t" ORE in,ﬁsgg E4 region is 25 honol ogous to the

wi del 3189 BYF KateRp g}eo%déinﬁot% otimueh legs simitprity trelhiemther human
| at e Ad Ab@hesteis) Tht CAR BihdiR@side; of
the C68 gtgnorre wer e Iocatlg%{l{eg?%ghgm&t 5‘% g&g%%ﬁ ?g(é)ll
to encode the 15 najor late proteins were |ocated.

Al ofx e GBS \j ' 1 Adar in size to
their rmn Ad l@%ﬁﬁ%@%@?@}lﬂ%eﬁgﬁécem am no acid

i dentity [SEYSHE SWdiehVagss pefermed tafetoomine ifbrSi clont-eeactivity
Prsot eleRfecd &k Fder 1 i.per protejn.is
predi ct ed te%) Elge\?ieﬁ@gﬁﬁoo/sg %3(’)? glr‘ﬁg and ﬂé’%@%&éﬁ%ﬁt yP% I{eﬂ{r%]ﬁg’g
Ad4 eBYiE of serp wes testechas| foliayvss iPaelsnfistry from nbingal idhed subjects

huma =§g§ ' ' The. CAR bi ndi site.in the
fi be:tNkno'bfhl!egﬁ &%&%ﬁﬁhﬁ) %%‘g@" a%n"'ﬁf @g‘ﬁ’( WGP yaigted for
neut rgpiralizing antifodies egainasAds/md S8 basell vatoihishiss 288 Ic6lls as an

per f t on et ine i f.there, | ross-reactivity 5
bt eidlEricl B, $ff Bfios ol Bigidbeldiatimareianonkerk, o
?mep wgimpaszeeél' Tvere r@cd vagedd :aﬁd’?];gl foﬁﬂth;ﬁht%é( &5erfa?¢|§iﬁ1ﬁ%§f each
ested as s_of sera from normal hunman

subj e8TR* ({:Kﬁié%\ﬁfhf‘gjgﬁshm&@%m(ll(&ﬂh()fWEM containing 10%
chi Mrws) 6asadddF@QhualemeuRy Sl i Mv? B/

anti bodl;es % ai ns%luAd.S and@éoﬁé?édlggse Ce;‘gg?%arosﬁys{%ﬁg%ﬁgs
cel | LOACMNEGHPdnug andoipcbated af 4°Refor tBe hes. Onk hemwtrethnt fitn

I ndi i Qn chi zee

wor o 1 oers AR Bt R IR o 2 10 26 Gl PR o borom
diSl utrlatas. Epntecd avslls weraririfestqdiwithequal amounts of virus (without addition of

1:20,.1-40,d.: : 16 1 320 J-B~10 f M .

cont g?r#lg géﬁ&s J“E%é?mg/\o/gtgg gtod ded T * g(?@l gqr 4%&‘}9 gxagpined under a
H5. 0 flu@esdei@RiErofchPE OSHREpld ditakibns thet showld SHOYE ket of Sreen-
and mcubat&d.at 4C fegr {ngé) hrs. One hundred and frfty

mi cr OPPPETY I8¢ 21 aTed tqnieclid FRntiofsarrst pied odiiedornentralizing
10 28ditodies.s in 96 well flat bottom 15 plates. Control
\g@!ls vverg infecred wi.th equal amounts of virus

(@i t hout QYTPETIThaRproxinaelydp” ofaermablsmmpge sebjpqtcdsnonsitited

at  3féutralizif arki65dy @hindt A dB! SréfihcG ¥RABA REkhy %Bseﬁved in sera of
fluorescent mcroscope. Sanple dilutiohs that showed
>50041esng grankeys apd chimpasaee. Neytsalizing antiboflpto Clswas obpeaved dn 80%
t 0 | bf @GheRz&Q0 bAY Sy LEmRE ALEH sG@@étstér\ffesIlsor;lonkeys. Titers of

neutralizing ~— °
neutralizing antibodies in the non-target species were generally low.

25 To further evaluate cross-reactivity of C68 with human adenovirus vectors,
mice were immunized with 2 x 107 plaque forming units (pfi1) of Ad 2,4,5,7and 12
as well as C68. Sera were harvested 2 weeks later and tested for antibodies that
neutralized either AdS or C68 vectors. Neutralizing antibody to Ad5 vector was only
detected in animals immunized with AdS. Importantly, the only animals with
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anti bodi es. 20 As expected, approxi mately 35% of

nor mal human subj ects denonstrated neutrali zing

anti body agai nst Ad5, a frequency nuch higher than
observed in sera of rhesus nonkeys and chi npanzee.
Neutralizing anti body to C68 was observed in 80% of
chi npanzee and only 2% of normal human subjects or
rhesus nonkeys. Titers of neutralizing antibodies in
t he noniégr et .S eC|es were generally low. 25 To

f ur t REpL @Saam@ ¢ <S8 vegtarcwere thoge ippunized with R6%verten; none of
adenand m&n\éa@fygésiestedﬂhaedm@h& %Eﬂaédzﬁqbwlés% lguc?é 1Hf"

pl aque forn1n units (pfu) 5 5, 7 an as
wel | bgetradgey Cabinyifiger o harvested 2 meeks | at er and
tested f Ohnﬁ’dilahttte@he‘%ﬁhﬁz*&ﬁbés Bt qﬂw&aﬁﬁ d@g M}@ béﬁée % &

C68 vectors. Neutralizing antib
orfl y negfealiging aptitiody Bytheaman mnmlmiiozelu oW stntdymreen of 50 normal

| npor h 4
am)l bggligﬁ %&gj e(%{6s g@fé@ %et&mnﬁlg?'h 0se gflﬁrrarﬂ% %Jénél%vﬁi ?Sh(ggé%) using
vect dhe same assapthat shhwednentpalizig ramil:}onfes int>S59%eaut chitpahades. Ng

ot FATERBAT Sl E PR il ol A peTaptucing
in thdlﬂnmaiesu'alﬂ:etdﬁ&enabw&mC& of 5 neutralizing

ant i body t ouyr study, a
sc reen of h’éﬁ EISQ %ﬁ?grﬁ@ ﬁ f8h'°8 iﬂﬁ‘”@ﬁ'i& qrqeatrre Yf‘c‘&%?t@c‘ﬁ"th
any g dosesan therrgihiSrab. grzoriig: £d068ROED SBccine |g1ve13r SUibchtehddGsly
t he arre assa Q é shO\év’ed neutrali zi n% anti bodies in
>50% %‘f) Hﬁﬁaﬁﬁé‘r% 84 or orglly (peroshylice werg bled 34 dpysdager and viral
| MU RbEeUzinE biRibaey (VNDA Rty BBbResfd a§ ﬁftéi’ﬁaYlgﬁa‘i ublﬁcv{féﬂéj&crt‘é}mmed

Ad4, did not neutralize infection with

anot PéiFe wetsgheallepged dyvsekralierypogipated with 10 m@R lfrﬂneé éosmo%CVS-%
VRC Chiial %ﬁih&l dikbctly Bld Bkl SorvEls s % fign Adhusrab. gp or

the Ad ab. gp vacci ne given subctutaneously (s.c.),

intranasally (i.n.) or oral IMMEMMMMd

21 d and viral trali zi antib (VNA)
tute%&e’})‘(%fr)&rses K ¥ 5x10°

det ewihmfaeh.gp,9d.ce wer e YREIODENgeE241(16REK S 168(108Y 12 (100)

vECELORARER B L0, TEOE SRRl SRS o

2stem 20 25 VNA Titers (% survival upon chall enge)

Adhu5rab.gp, in, nt 162 (100) 162 (100) 18 (50)
AdC68rab.gp, i.n. nt 54 (100) 162 (100) 18 (50)
2x10’ 2x10° 2x10° 2x10*
25  AdhuSrab.gp, per os 108 (100) 54 (88) 18 (80) 4(30)
AdC68rab.gp, per os 108 (100) 36 (78) 12 (55) 0.2(0)

These data demonstrate that the AdC68 construct unexpectedly induces a

better protective antibody response at low doses intranasally than human type 5.
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Vacci ne Dose5x10' 5x1065x1055x104

Adhubr ab. gp, s. ¢. 972(100) 324 (100)108(100) 12 (100)
AdC68r ab. gp, s.c.240 (100)36 (100)12(80)8(80)
Adhu5rab. gp, i.n.nt162 (100)162 (100)18 (50)
AdC68r ab. gp, i.n.nt54(100)162 (100)18 (50)
2x1072x1062x1052x104 Adhub5rab. gp, per 0s108

(100) 54(88) 18 (80)4(30) AdCe8rab.gp, per 0s108 (100) 36
(78) 12 (55)0.2(0) These data denonstrate that the
AdC68 construct unexpectedly induces a better
protective anti body response at | ow doses intranasally

t han WURle %R I - ructural analysis

of hegon prgtge(%r%@mﬁ"ﬁ% %@gﬁ@gh%"wa{el“ﬁ‘l i zi ng
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us to, LSyl al uate structural differences
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hyer AR Biede PREAahi Tegigns s detop determined by
Cr awf Qasol-lER2a m&ﬁﬁﬂ@r VzrélJvo\{'z;Q@ 1844 (399@3@; dfihrisan of the

(1996)).. A, conparisaon’ of am no aci uences
hexorfoppocid seguenesspd éwoewtw@e@weeas arfdlLpervanal human

adenQMbroFes IsShSRPMTE 1é'|.ﬁ]e f' ]g&lareg (%8 Q.l%ﬁ ?%iaégglgsﬁgﬁ%tfm

substantjally dissimlar
t hes Sighifisagtyegionsiof @e@éqpm@ue smem:es:i dﬂauelde«dﬂmﬁ@ieln@of the

olo. Mg Suleftil AIIRRARA oF LEH bt Bl 16 H0R yiiuaicpr

was performe e uniqu
h ex OrfeqeEnags:t Moésis Oﬂumm&cmdfr&dCMcEAdﬁﬂ% abeshtbianed on

| t f Ad2 d
s, fstycBbuPlh il oPAGHET KB SE AR OND 10T AdZ an
( Prot ei n The X-rBacrikstal d’emi:tluriss@ Ad5 E&UﬁXP&tlm Eaéa tﬁﬁﬁct BOEnE
an at for
Ad2 ?@%i% J%‘%"H%}a&{ Bgpett é‘tff’?a?i(her ¥ 1|%°10 (2@§)0p) and thed for Ad2 (F.
4130- 408 AthapPiD4) e) al, TSI BRE, '24f w3285 (1 %@?ﬁb RGok ﬂegn gllrtﬁérq'eﬁned to

the cur nt hexon nodel s ( Rux and
publ | © BirEsirEpR modaln@ax end Bymattat quubllshgd)elsevﬂi&fa) Models

and Qf‘lthg XA %&@ ¥ iahl ‘Il\éi@ﬁekgnsmei)edlﬂﬁiﬁx H%N.wgcbj%l}g tﬁm%wws-

PdbVi ewer profein- I'ng environne
MC. p@‘ﬁpggqprotem-modehng environment (N, Guez and M.C. Peitsch,
Electrophoresis, 18.2714-2723 (1997)). Its automated procedure was used to align

20  the C68 and Ad4 hexon amino acid sequences to those of the Ad2 and Ad5 hexon

crystal structures. The sequence alignments were used to guide the threading of the
model sequences onto the known molecular structures. The side chain positions of
residues not seen in the known structures were selected from a library of side chain
protomers. These initial molecular models were then manually adjusted to improve

25  the automated alignment by moving gaps to exposed variable regions and by
optimizing the packing of side chains. The positions of exterﬁal loop segments not
observed in the Ad2 and Ad5 template structures were either selected from a library of

known loop structures or fitted manually. The conformation of each mode] was
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El ectrophoresis, 18:2714-2723 (1997)). Its automated
procedure was used to align 20 the C68 and Ad4 hexon
am no acid sequences to those of the Ad2 and Ad5 hexon
crystal structures. The sequence alignnents were used
to guide the threading of the nopdel sequences onto
the known nol ecul ar structures. The side chain
positions of residues not seen in the knomn

St UCkMRETeAIRA By SRIGCHhLABTbnd hORAAIS meth ek

protomers. These initia ar mod

manuaFHHRYEY! (B.tRe dBreaks, ehls 6\£évmp2@henhd 13@-&@7@1963{)) The structures
alig Y regi ons

o hd %t ?ﬁ? %ﬂ%ﬂ%g&ﬁﬁo{e?sn\ggﬁgﬁg B ﬁlsw Sﬁcﬂl nce alignment
p03| t ¢abouéatadf Téﬁ(dlﬁpma%s bciwpensthgtmrstrsctulralﬂy alxghaﬂrekeﬁi selqiiences

tructure e, eit.he
& oF oy Bk s thor G Bt e RAh SR SRt Db Er s pregped
fitt emthmﬂmawm-Pdezmqnbgrmmrmpm‘fed efACRkRndgeekithvas 46

fin-ther refi ni S|ngte

nol ec r%?tel}?ﬁgﬂgﬁ 081“%5%%%@@&9@&% 0 Veé?l%%ég) et

al, J Conpwhiltkeaveradl: CﬁEecﬁﬁﬂceGﬂ-&%gs)iﬂular-{_@ﬁatsdfmtﬂéﬁ&lsthe

of th e C68 and AM hexon nodel s were then ali g}Eé @EGI
rig

a neviHEERERREWeRD [HEqueRess &6 Papady foppsed dn the
beg VVelSHpst é}fd thes® cosﬁawsn el eraér agla %ﬁ@?@ xR ﬁ“a@ﬁg? NSRS al FG2

wer e used to col or II’TB. es O

G aphipersi eachfipm & diffesens pt@amt \Ahas mtlma‘te}yetssswatséo feutin\theetommrer
progr RN r

by o SRABLPHERPE I SRR AGAR e MLl rmagmpch of e
2000, extegios sugiacef the wigion awi iatedhet dites af\aatitally at%&nemq Bkeﬂ‘ieeldes
is Vv K h di.ffere

bt weed oot i heldls iR toeloe it B Bibst s cCpioms Sl
DB | frond m@d}iﬁndmg)qml thedmrsdquichees ere&om;bmbd] IalcbntBRY &8 sequences

hyper ab |0 S

I oopso\f%%gc Agfl‘{ Y 4 q‘lﬁfé?rgmthgg?i‘ﬂﬂ%twmt t?&ls lﬁ’“ﬂ’teiiﬁ%’e%lms
assoowlgt antibalids eaised tdeithieDyfihiese HAUFEY doSobdrodsligact.Oop of the
trimeric nol ecule. The hexon towers form nuch of the
exterior surface of the virion and are the sites of

anti body attachnment. As the sides and base of the

hexons pack to ?t her wwthin the capsid, these regions

are shiel ded il PyRiigrupss pibed g thisi Sﬁféﬁflf?@tlcﬁlnﬂldtth@ﬁquence listing, are

S eqUahdRforAéEhefd Bl ce, | Whitdtht hdshion ﬁeﬁ%e&e&gﬁ'ﬂﬁg With

of C68 and AM are quite different In hexon 't owers.
THi s reigienesita e enicwsrly nivferaed eptbpdisent; tt)wdl eepprEcisted thap

eith
ubl e BT K bl SR ki BTG SRt of o ipysgion. such
sequeraséifidatiensiaregntended to fal sdthpahestcent of re@ppentisd claims.

reference. While the invention has been described with
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20 reference to a particularly preferred enbodi nent,

it wll be appreciated that nodifications can be nmade
wi t hout departing fromthe spirit of the invention.
Such nodificati6ns are intended to fall within the
scope of the appended clains. 47 What is clained is:

1. Use of a reconbinant adenovirus in the preparation
of a nedicanment for inducing a T cell response to an

i iwhamdgelaimed i8;: subj ect, characterized in that said
reconbi nant sim an adenovirus preferentially induces
a CD8+ T cell response to the i nmunogen when delivered
subcut gneouslk ., fur. r.characterized in that said
r econbialhant S% eor%\r%?croﬁ%g lﬁ%gﬁ%erl SEs® glthﬁgfeé)ﬁll@ 2 Pga medicament
mEbeRdhEng B QO 1irgspasd TIMgRmMmodaiRra subfcgont rol  of
regul atory sequences which direct expression of the

i munogen i n t he chaigFieeized in thaysaidgecambinans sishian adenovirus

e J h [ f .a,edi canent .for ..
R G SR PP BBl Bt QAR GER R eliverd
sébb&fdneotdIrandt eri zed in that said reconbinant sim an

adenovirus preferentially induces an antibody
response to the ifurthgrshanactatizédow thiasseid redosmbinai¢ hderevirds

to the nusosi. ang furt her c&aracterized indth%g saiq

r SEBREFTAICkAEAY mq'!i%ﬂ_ ulEBiFpTing a8 Immunegss yadgeihg control of
MRbRGMbE RRGRHIENThRA dirBtERBRSHoN BERE ihbRin6 St hthe Qlbject.
regul at ory sequences which direct expression of the

I mmunogen in the subject. 3. A nethod of

preferenti al i-nduci a + T cell response Lo an.

i munoden | r¢ % °§66f°é’8%q’,qna§’a%§%{fﬁw th%ﬁfﬁ’?@f‘%"{.ﬁ@eglcamem
Stfefin@hcifiehh ¥Ry rdsPorhsdo ak lﬁhﬁlﬁho%e%_ ih@GapREDant

si m an adenovirus conprising a nucleic acid nol ecul e
encodi ng an i nmehagetarizatdierthatisaidgectinntbhan Sinszp pdswiivas

control..qf regul atory sequences ich direct
cppvEuigly % ah RihaiS dEamorsF oHGF GulppaRsen shlowdgses when
MY hade P Bt Hulssatl endl @i m 3, wherein said reconbi nant
siman adenovirus is delivered subcutaneously. 48 5.
The met hod accor dimhgrichbare¢terizaddn that shidirenodbindne addnovirus
sai d r.ecombi pant . . .

comprises a nucleic acid molecule encoding an immunogen under the control of

regulatory sequences which direct expression of the immunogen in the subject.

3. A method of preferentially inducing a CD8+ T cell response to an
immunogen in a subject, said method comprising the step of delivering to the subject
a recombinant simian adenovirus comprising a nucleic acid molecule encoding an
immunogen under the control of expression control of regulatory sequences which

direct expression of the immunogen in the subject.

4, The method according to claim 3, wherein said recombinant simian

adenovirus is delivered subcutaneously.
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siman adenovirus is delivered at a | ow dose. 6. The

nmet hod according to any of clains 3 to 5, wherein said

reconbi nant siman adenovirus is delivered at an

effective dose which is between 104 pfu and 106 pfu.

7. The method according to any of clains 3 to 6,

wherein said reconbinant siman adenovirus is a

reconbi nant C68 chi npanzee adenovirus. 8. The net hod

accor difig t oTkeiyietibd atcvrdiBg %o £1inT 3 oWORIE 4NWhERin said recombinant

I munogen is selected fromthe group consisting of a

pesiiancadeneyitnsdpdeliveredrat plow dpse. i s derived from a

pat hogeni ¢ virus selected fromthe group consisting of

human i mmunodefi ci ency virus- 1, human papill oma

virus, @nd rpkd @étho@ace‘b‘i‘dih?’fﬂ&@@kﬁ%’laﬁm@grwg?{whé@ﬁl said

useful for inducing a cytolytic inmmune response for

hueeembinaatsirdiahiadenayirs 15 delivered apar effastjvé dyseawhich is between 10°

rectonbi n tf sim an adenovirus conprising an optim zed

nu%fl@f’% cPH'sequence encoding a nodified gag protein

of human i nmunodeficiency virus-1 and (b) a

physi ol ogically conpatible carrier. 10. Use of an

i mmunoghni ¢ Eeenpetbpd acnording tr atiyrd clasme Bao f ®hemin said
reparj.n a _nedi,canent . for i nduci a.CD8+ T cell |

P QSR hu By ST RE CORRNERS ismisroneRre bz finovirus,

mammal s. 11. Use of a reconbi nant sim an adenovi rus

encodi ng an i mmunogenic protein derived from human

papi | | odva vi Fhesmethog regoatding tp aynddiaimsdno 7f whereindbe immunogen
. + respons ai_nst man, papi] | onma viru

" s fdied G5TiAbe EP OGRS SRAP! AeBlith, RAMPoRIdsicRTorein i derived

ad@s v ' ' ' tei i ved

g L e d B PR ol g oF e

i ndugunogeficiemyutinuat li, humgn paytillroayirns apd rebdesagai nst

rabies in manmal s. 13. A vacci ne for human

i mmunodefi ciency virus conprising a reconbinant

si m an g epl i £R{hRANAGEHRAInYRsHORMMU] £53 élfd%%ile\s}{ygk?y@d‘immune

anti gen of human i nodef’i ciency viru
14espbnee fonbumae imowoodificenty vichscomprdingaka escombirant simian

e oP B Sy SRR D SR SRR e g

protein of human immunodeficiency virus-1 and (b) a physiologically compatible

carrier.

10.  Use of an immunogenic composition according to claim 9 in preparing
a medicament for inducing a CD8+ T cell response against human

immunodeficiency virus in mammals.
11.  Use of a recombinant simian adenovirus encoding an immunogenic

protein derived from human papilloma virus in preparing a medicament for inducing a

CD8+ T cell response against human papilloma virus in mammals.
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15. The vaccine according to claim 14, wherein the
antigen conprises a native antigen from which the
genetic instability el enents have been renoved. 16.

The vacci ne according to claim14, wherein the antigen

is HV-1 gag cDNA conprising the sequences of SEQ ID

NGO 6. 17. The vacci ne according to claim 13, wherein

t he adenoviral reconbinant is an E 1-del eted

adenovi s désd ofed rdcombimanciimigraieseviig edesding an frMthogenic
chi npanzee strain 68. 18, A vaccine for rabies

c insdestyed frogrrahiss yiHs insprapatingagpedieament for inducieg ave

a j: | IS j cj uence encodi ng
2 TEARAAHE o RATRG bt oSt 0y BERRRRR.CUTS, Ory
sequences which direct expression of the rabies
antigen. 19. A nethod for inducing a CD8+ T cell

r esponsB: andA peesirecior hgman immunedeligigary wiruseamprising a

e s SR Yrlcby S SR a0ty B eBlyBl i R oy oF human
defesirdodefidémdyanruadqravinal vector containing, in a

sim an adenoviral capsid, siman adenovira
cis-elements and a heterol ogous gene operably |inked

benovi Tar cheoeine acEing BiRim b G ienein b tiath &belected
Q0RSIA diroHs tlﬁaeér&%; &Qmsfsﬁﬁ%bfﬂﬁ eAVAHPe, pOI ot g%gf Rgiont oPADY-1.

5, Pan 6, and nv 2 A replication ective
sim an adenoviral vector containing, in a siman

adenovi ral sid,. siman adenoviral ,cis-elenents and.

a het erlof ogoUs GEHge & Ecﬁﬂ%gcﬂ/cqf‘%L‘gd"l}eée"éillﬁag’sgf“bﬁompmesa
C i@ hntSRE YRS GhichWhe péHelic iniebRlityeRMeABANNY be& removed.
capsid is derived froman adenovirus selected from

the group consisting of baboon adenovirus ATCC - VR

275, us nkey. strains, ATCC - VR 209, ATCC -,

272, AT VA BeRe RGOt ke lat, 4. Aherein eqnggp is 11V-1 gag
MUTREN c8inbAsiAg tHldebudiRes ofHQ IANEG:6VR 941, ATCC VR

942, and ATCC 943. 22. A sim an adenoviral vector as

claimed in claim20 or claim2l that is replication
defect e dUS,\RctNCaaBRRNE Qlint 1 vARKM e di2nduiR S
recombinant is an El-deleted adenovirus derived from a chimpanzee is derived from

chimpanzee strain 68.

18. A vaccine for rabies comprising a recombinant simian replication-
defective adenovirus comprising a nucleic acid sequence encoding a rabies antigen
under the control of regulatory sequences which direct expression of the rabies

antigen.

19. A method for inducing a CD8+ T cell response and protecting a
mammal against human immunodeficiency virus comprising administering to the

mammal the vaccine of claim 13.
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23. A siman adenoviral vector as clained in any of
clains 20 to 22 wherein the del ayed early gene E3 is
elimnated. 24. A siman adenoviral vector as clained

in any of clainms 20 to 23 having a functional

deletion in the E4 gene. 25. A sim an adenoviral

vector as clained in any of clains 20 to 24 which
contains a deletion in the delayed early gene Eta. 51

26. A s20ni anAaeisiivation ddfestbetsirhiafsdedodirabvectdt caftindig, in a
claims 20 tqQ 25 having a_deletion in any of the |ate
geTimian adenoyiyab casid, pignian adenqviselaivelemants gada heteralggous gene

sim Ir ' in.a of .cl ai ns . .
S ReBRARARIR Cabek et AP sHUTE R Syl By copsi
t hés durievé Roironclin@ahdes alemvirudbelit&EReM the ?ﬂé&lﬁ doistihg of Pan 5,
virus selected fromthe group consisting o uman

i nPAfb@ad Pardncy virus, Siman i munodeficiency

virus, Respiratory syncytial virus, Parainfluenza

virus types 1-3, Influenza virus, Herpes sinplex

virus, Human cytonegal ovirus, hepatitis viruses,

Hurman palpi | | Ameplication defedtive\simias adenmivaral vegsor containing, in a
cal.iciviruses, Measles virus, MInNQs virus ubel | a

v H BN RATEH eArSie ae eV e e dnd ¢ Brig@logous gene
Vi dpdfably fildah BESEssid 'rwlfer- VW i i
[ nfﬂgct i%lﬂs r h?no r%sc(?]eﬁtrgp%rq?ﬁg%g’, e?llﬁﬂgee sqﬁ\ﬁieil?kl@% %wral capsid
vi isuderivee fromean atepatiususlepted iffoanthe iggoup cousistirgp/éfaboon

i nf ecti,ous sal_disease virus, Newcastle disease

Vi é}ng?VlmrAeﬂjé —3\(% 3a§ sps onkgyr s, AECH T XRAGP. ATEC - VR
repisodgeid VR 353Y RFCETHRYSSY ' FolohkdySse4) -
aﬁjgr EncephaP\l ti g Vir usg\gss.?%fd &ﬁggla%%%gna 8#’1%%??5}%}1{5%(:(: VR
veetlpATESC YRA4TpATIOC HRY4Af arel ATEE RG. t 0 26 wherein

the heterol ogous gene is directed to the prevention

and treatnent of disease caused by a bacterium

sel ected fromthe group consisting of Haenophil us

i nfl uerk2ae, A kingia® pldrovizalseoiod s cliicddalclaim 20 or claim 21 that is
catarrhalis, Streptococcus pneunoniae, Streptococcus

pyi6plisaEien defeptiver ditede thesabsense of theabilitpte exnress@deneyiral Ela and
fqﬁgalis, Hel i cobacter pylori, Neisseria

meningitidis, Neisseria gonorrhoeae, Chlanydia
trachomati s, Chlanydi a pneunoni ae, Chlanydia psittaci,
Bordetella pertussis, Salnonella typhi, Sal nonella

t yphi i um , Sal.nonel | a. chol eraesui s,, .Eschefi.chi

col 1, St gelh Sigh AengVissloiesion s a1 AEY Pk g 20 to 22
diairéig thed@olayil eI BRIE LidlelifiR@EL Ul OSi S,
Mycobact eri um avi umy Mycobacteriumintracel |l ul are

conpl ex, Proteus

24. A simian adenoviral vector as claimed in any of claims 20 to 23 having

a functional deletion in the E4 gene.

25. A simian adenoviral vector as claimed in any of claims 20 to 24 which

contains a deletion in the delayed early gene E2a.
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mrabilis, Proteus vulgaris, Staphylococcus aureus,
Clostridiumtetani, Leptospira interrogans, Borrelia
burgdorferi, Pasteurella haenolytica, Pasteurella
mul t oci da, Actinobacillus pleuropneunoni ae and
Mycopl asma gal i septicum 52 29. A siman adenoviral
vector as clained in any of clains 20 to 26 wherein
the heterol ogous gene is directed to the prevention
and tre26.menA sithiadiad@aséral vtsed chimed iningws ckahe2o e25 having
fromthe group _consisting of As erglllls Bl ast onyces,
33? letion ip gy ofithedais ge f@é&c@fl} C anuaw@n@wedgnmme
30. A siman adenoviral vector as clained in any of
claims 20 to 26 wherein the heterol ogous gene is
directed to the prevention and treatnent of disease
caused By a Haimehiadenwiraktestbrias olairhérbinging wp claims 20 to 26

G wpartn PadproldsoliEcecs gt sehorhepiPinn SH IR of disease
TRk sy Byigey Wlected3Rin ﬁ){%eg‘l'g@fé’(ﬁfsis ng 8f Hinhn %xﬁﬂﬁun@deﬁmency

si m an adenoviral vector | al ne n any o
20vitus, Signiamiremenedefioientie views) Resmitssorg speeytisl diusgRarainfluenza

I t ffect utilizi cancer
TP JRherzs S5 Heders Soplg rus bR fpfaalairs.
OrIRipRiEORRIses, Hifnd pa Bl’o?tﬁvﬁh Mﬁ)ﬂﬁ%@%{é g(?tgvg%slgagrcgﬁlalses, Measles

car ¢l no- enbryoni ¢ anti gen, (
MAGEs SMusips virusgR ibetia sirugmdehovimg, rabieevig; catinedisieiper virus,

. f .claim20.to 26 conprisi.ng assenbl i ng
eSS, ERARAVIRHG RoR Ve Rfr el olAGheitisviruses, feline

el jeptia vird§ f§1§r&liﬁfé9f?ousq%rltomtls virus, avian infectious bursal disease virus

Newcastle disease virus, Marek’s disease virus, porcine respiratory and reproductive

H

syndrome virus, equine arteritis virus and Encephalitis viruses.

28. A simian adenoviral vector as claimed in any of claims 20 to 26
wherein the heterologous gene is directed to the prevention and treatment of disease
caused by a bacterium selected from the group consisting of Haemophilus influenzae,
Haemophilus somnus, Moraxella catarrhalis, Streptococcus pneumoniae,
Streptococcus pyogenes, Streptococcus agalactiae, Streptococcus faecalis,
Helicobacter pylori, Neisseria meningitidis, Neisseria gonorrhoeae, Chlamydia
trachomatis, Chlamydia pneumoniae, Chlamydia psittaci, Bordetella pertussis,
Salmonella typhi, Salmonella typhimurium, Salmonella choleraesuis, Escherichia
coli, Shigella, Vibrio cholerae, Corynebacterium diphtheriae, Mycobacterium
tuberculosis, Mycobacterium avium, Mycobacterium intracellulare complex, Proteus
mirabilis, Proteus vulgaris, Staphylococcus aureus, Clostridium tetani, Leptospira
interrogans, Borrelia burgdorferi, Pasteurella haemolytica, Pasteurella multocida,

Actinobacillus pleuropneumoniae and Mycoplasma gallisepticum.
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29. A simian adenoviral vector as claimed in any of claims 20 to 26
wherein the heterologous gene is directed to the prevention and treatment of disease
caused by a fungus selected from the group consisting of Aspergillis, Blastomyces,

Candida, Coccidiodes, Cryptococcus and Histoplasma.

30. A simian adenoviral vector as claimed in any of claims 20 to 26
wherein the heterologous gene is directed to the prevention and treatment of disease
caused by a parasite selected from the group consisting of Leishmania major, Ascaris,
Trichuris, Giardia, Schistosoma, Cryptosporidium, Trichomonas, Toxoplasma gondii

and Pneumocystis carinii.

31. A simian adenoviral vector as claimed in any of claims 20 to 26
wherein the heterologous gene is directed to eliciting an anti-cancer effect utilizing a
cancer antigen or tumor-associated antigen selected from the group consisting of
prostate specific antigen, carcino-embryonic antigen, MUC-1, Her2, CA-125 and
MAGE-3.

32. A method of producing a vector as claimed in any of claim 20 to 26
comprising assembling a heterologous gene and the simian adenovirus cis element

ITR sequence.
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