METHODS OF INDUCING A CYTOTOXIC IMMUNE RESPONSE AND
RECOMBINANT SIMIAN ADENOVIRUS COMPOSITIONS USEFUL
THEREIN This work was funded by grants from the National Institute of
Health, P30 DK 47757-08 and P01 HL59407-02 and NIAID grant Al
49766-01. The United States 5 government may have rights in this
invention. BACKGROUND OF THE INVENTION Adenoviral recombinants
of the human serotype 5 have been tested as vaccine carriers for a

variety of MABGERDER BIRHEANG dseY TR Asie YMUME R ONHe AND

resyiswayesansRuraping s Birdeieted adenavissl resambinants alicitedy
immune 10 responses to the transgene product. Adenovirus of the human

serotype 5 (Ad5) is a ubiquitous common-cold virus that infects most
humans within theirfasiiydad of ffentsHhenmveNtoisiidueifotend Heatth, P30 DK

pre-gxistr iﬂ&?k‘ﬂ}‘%ﬁ 48N d*ﬁ‘f%ﬂﬁ] RaRP ghice fhe stficagy:of
ader%ﬁ?ﬁecom man%vacqlngl_%ase _or% the%gﬁr%sé?g%%%serégﬁé%p%a%¥
Yirugonsoie vayasvhighisdniisanvrefitacy can be overcome by
delivery 15 of higher doses of the human adenoviral recombinants.

However, these higher doses _may be associated with other undesirable

side ‘effects. What arénsetedt ;ﬁ%g\%@m?@%ducing an

immune responsgitaaiselectadmelecsimewhich aveigihe prablemsested as
associated with cyrrent delivery methqds. 2do SUMMARY OF THE "
INVERTHORETHE {68 ER TRV IO BIOITAILE 4 ReINGEr SrTBrErire ATy ool

indutirgadistotoxiondmngineasdspdasedadeheterblegotis maatedidesd ymmune

1@6“‘48%%93‘4}%%%' GEHIS Q. &D&?&Eﬂ@d&ﬁ?&%@%@ﬂ%ﬁ&ﬂ' A O i 2
he inventors have unexpectedly found that recombinant simian I
adeHbiARISEE CRBEGHEYS e hotthdeptosert TnveptivH By Sxariahyes of life. -
IMMuROROEIB- AR TBRIIhHChNdiaes SsiaRficandbrRorenpotenth8d:

T cell response than when the, immunopgen is delivered by a comparable
USRI IS ShHEAYh TSR THORRR T iR TG UA T oecus
recambipgndThimphnzes agentisusisstidnindeifeaap probematetphivésfdidivery

lp ighgfr Hl%‘fl@l‘sdgsfew&? Hl%rﬁﬂﬁ@rﬁﬁ%ﬂ%ﬁ%@&iﬁ)mﬁdﬁowavm these higher doses
may be associated with other undesirable side effects.
What are needed are compositions useful for inducing an immune
response to a selected molecule, which avoid the problems associated with current

delivery methods.

20 SUMMARY OF THE INVENTION
The present invention provides a method of preferentially indueing a cytotoxic
immune responss to a heterologous molecule by delivering the molecule to a host via
a recombinant sinian adenovirus. The inventors have unexpectedly found that
recombinant simian adenoviruses, used according to the present invention, present an
25 immunogen in a manoer 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
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the human adenoviruses. Thus, in one aspect, the present invention
provides a method of preferentially inducing a CDB+ T cell response to a
heterologous molecule in a subject by delivering 5 a recombinant simian
adenovirus carrying the molecule to the subject. In one desirable
embodiment, the recombinant simian adenovirus is a recombinant
chimpanzee adenovirus strain. In another aspect, the invention provides a
method of inducing an interferon-a and/or interferon-0 response in a
subje@dpaverimyslydesnihbishe sl e agHRvML R HestBadt tan do
still angtheraspestcthedsyention provides an immunogenic composition
useful for inducing a CDB+ T cell respanse against iIauman

immunodefidiBHe] \RGE PTHe SO Mo IR 2T taMS T B AR Simah Y
adenadyitisnganiirisintcaih regtintiz éda hefetelogacichsdepubnios: evlgedibhgdalivering
modified aag AIRIRIN,ALAUMBR M VLNAIAREIENRE AV IISTAN 3, one
physiologically compatible carrier. In yet'another aspect, the invention
providissitretmbadiseRidiergarepBi T e RIEITNE & AGEASCHER an
immupgdeficianeradsysindmammals by administering to the mammal the
immunogenic composition of the inv,ention..légﬁa fu%ﬂe%ajfs;ﬁgct, the "
invention probAICES ARERb A FoP AL EHE X €D FTI90 L TE R g eticron-a
againshivarrisserframilp mepvingshinamaach alsdbiradny nistenrignimtienian

nfgmmgl a I‘ECO{lein nt §imian adenovirus encoding an immunogenic
. i & SRD)ECt.

protein derived ‘from human papilloma virus. Yet other advantages of the
present invelrioi withe reedihipp et TRy dRs folfoWinesaeiesepposition
descriptien of theJdnventigns-29 BlietDeserintion:ofths RBrawinastkiesdd virus.

summarizes the 9enetic Qrganizati%? of the chimpanzee adenpyirus C68

genont@ FPERS ST R YBRD A& SR Ee BRI B8 SBROVIRGS PP Hmized

schematicadlyciteprpsetdeccbyithe hodidtdhedomtdhefihverte thtermndef ciency
SRt e an, sl aners e shded ey The
[n yet another aspect, the invention provides a method for inducing a CD8+ T
cell response against human immunodeficiency virus in mammals by administering to
the mammal the immunogenic composition of the in\;’ention.
In a further aspect, the invention provides a method for inducing a CD8+ T
20 cell response against human papilloma virus in mammals by administering to the
mammal a recombinant simian adenovirus encoding an immunogenic;protein derived
from human papilloma viras.

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. InFig. 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 early regions are shaded gray. The arrowheads above the box indicate the
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direction of expression of the early genes. The line below the box
represents the division of the genome into 100 map units. The arrows
below the line represent the five late gene regions and the proteins
encoded in each region. The numbers below the box or arrows indicate

- the start (promoter or initiation codon) and end (canonical. 5 PolyA signal)
for each region. * represents the E2A late promoter. Fig. IB illustrates the
Pstl clones; Fig. | C illustrates the BamHI clones. Fig. ID illustrates the
Hindufirefbneof Frpaies eBHiDcaticcanshddedire §idow thelloatesthates the

fragmeniwas SNt Ro.aP|asmid ¥eelorraslisied dn Jahle i while theme

shaded re%ions indicate that the restriction fragment was not cloned. For
each S8&1BR 4 Fredinem kAR Eiphatseted i tritssoneihy trahargbaow
fragmeatans thefregidient size:atepisiedabovedhe-horanfkdiend (canonical
fragment end paints are listed below the bax. Eig..2 provides a multiple
e B AT G B S ArE h R A Ca IR achlF L ustes
sequehedstbtlighly sEinlanhsiman tel Brovifudhexdiig Wend compatediindll;

with the, chimpanzee adeRoyirys sshg SIS TAR X RETOWPSS. AN« cloned

subgroups are 15 indicated on the left margin, followed by the residue

numb8HC FREFRihBeTiP ksl 1o b amiiblatie shedrdorsionn indiptsches the

Lhehsl_tai]&mmrﬁd@&ieﬁu ‘a?@m AGids Fe g%bfd&ﬁdﬁ»iithglﬁﬁ%?@ﬁt:]@aﬁé%ﬁ%abeﬁcal
ighlight sequence similarities (gra entities (black). The seven

W per VAN Ab S gl dhehFBSh I TR S dbeedralsignd

the baboinandcoriaspondredithd fellowingbAd?2 sequences in the 20

alignment: l'ﬂ’y . é‘pﬁ?&%ﬁg gse;!igt%{&oa xglﬁ%:ﬁ?ofz g&%é%gggﬁ%he deduced

6 -465. The

258-271; HVRS,278-294; HVR6, 316-327; and HVRY, 4

GenBHRRAREE SeRN S e B o TRIE datRe B Arsp Ry sl ksiwpared

AADOZ OB heARp 2362 18406163 usH30208SAUS K AMRRRRE %&ﬁﬁ@nﬁé}g are
NP040%25 éAdZ% DEgAlLED SCRIPTION OF THE INVENTION 25 In
15 mdicat gE ra?a@,l

e STORCYSTIC JF B EcdHbREE g reters

a Compal‘ISOCIi]O(I)]f 8 TtRsY
the huothnastiaireSdgokitipofithie relrienpanze eateitearislas atrakmed, oothare

expregsing @i&%@ﬁé@%w&%&ﬁéﬂ?&ﬁ&% i ﬂ%% oyl rg‘asn&’%%nﬁﬁes
shown to be more potent. Similar results’have been obs Fved with
reconBitthht ERfFfYERISEEHERDYIFeReRs withie lsingameinrédil fudFescent
proteipRnd alsabies Mﬁb‘éﬂ%@@&&@ﬁﬁ@ﬂd-{mmnﬁing Ad2 sequences in the
20 alignment: HVRI, 137-188; HVR2, 194-204; HVR3, 222-229; HVR4, 258-271;
HVRS, 278-294; HVRSG, 316-327; and HVR7, 433-465. The GenBank aceassion
numbers for the sequences shown are as follow: AADO3657 (Ad4), S37216 (Ad18),

$39298 (Ad3), AAD03663 (Ad7), and NP040525 (Ad2).

DETAILED DESCRIPTION OF THE INVENTION

23 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 adenovirns was shown to be more potent.
' Similar results have been observed with recombinant chimpanzee adenoviruses

expressing the green {luorescent protein and a rabies virus glycoprotein, This higher
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3 potency of the recombinant chimpanzee adenovirus is most likely not

linked to higher transgene expression as the studies were performed with
both Ad and chimp recombinants carrying similar expression cassettes in
which the transgene is controlled by the early cytomegalovirus promoter.

The data presented herein also 5 indicates that it is unlikely to reflect
differences in tropism, as both the chimp and Ad5 viruses utilize the same
cellular receptor. Rather, these results demonstrate that the recombinant
chimppwizes afltaosirussszy shihpecore migriorthe presaritkielyentionked to higher
unexpeaiedlly.naxs an adiuvantisity which ts1s, Tom ihe YDA onim

adenovirus. This better adjuvancy has a profound effect on the mag_ﬁitude
and kiffetiedsrHe RGBT Gepesie irriatitadiohde irnseew By the
chimpcagdenmdnisnddvaniagerusly.iisphiahesn Prieasy prEgttsigdise of

lower doses of chimpa _l%ge adeé%)viruses than would be required for a

humarPaEaRS URA AR TR Sy Rt Y A atehi e A TR & Fotmapd AdS
t_hat thﬁ'me_emtiﬁinahﬁ sdmhmpﬂhheee@qb@nm@@&@&ﬁn%mﬂpnemdﬁsm&%at the
f've-f°£90§9as£nlﬁa§§p9&9é%gs{gafes@£%ﬁe_é g@é@{%ﬂr%-%h%@sg e on
human adenovinises. Further, the recombinant c |r%panz e al enowruse’s

have beeesisAty ksvhavedipprocimarbightAiles hierabritympondiendritic This
cells ag theRHMARade RIS RES W USSR aditsia Rl Y GNP 8EW NS pene-

the unexpected potency of the simian adenoviruses provides significant
ol artBRFELC PR (RSASBFSRHETERE iR Thime 3519u4Rsnse to a selected
antigen and in the neatmepswicenditiphs innmbichenhanced: ddueiaBses of

of interferon-a ar%ﬂ/or‘;ntegseéon- %qéibdesiraglffl. IEECO BINA -I;:I ;
SIMIA EROVIRUS A SBURCES DS R Varie }71 Of SoUfcesof - deivery
chimpsiricee adedbitinshsegvratoe Sateloval|tbldhdmeponitidnsuhdrivamType
CulturgsCollactionndR8Q5hRiversity RAURY At ch MRNAS 8851 MIINIR na

20110-2209, and other sources. Desirable chimpanzee strains Pan 5
[AT CAngesE T Ba AcshaEAnARERYIUSSRd Pan 7 [ATCC VR-5931.
Particularly desirati@tiehjnhpanzesaedenoviiysstaing AiaieRimpanZetiound to
adenol\a/allgélsagf%g;{?m% egrhcgeosrm%flﬂ ability upon dendritic cells as the human adenovirus
type 5 viruses. This ability, coupled with the unexpected potency of the simian
adenoviruses provides significant advantages in induction of a cytotoxic immune
20 response fo a selected antigen and in the treatment of conditions for which enhanced

induction of interferon-o and/or interferon-f are desirable.

1 RECOMBINANT SIMIAN ADENOVIRUS
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-391], Pan 6 [ATCC VR-392], 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 chimpanzee adenovirus, strain Pan

9 or CV68 4 [ATCC VR-5941. For convenience, the virus CV68 is

referred to throughout this specification as "C68". The viruses were
originally isolated from feces [Cl, Rowe et al, Proc. Soc. Exp. Med.,

91:260 (1956)] or mesenteric lymph node [C68, Basnight et al, Am. J
Epidemiot, 94:166 (1971)] of infected chimpanzees. The sequences of 5
these strains, and the location of the adenovirus genes Ela, Elb, E2a, E2b,
£3, BATGY VB-194]1 heonrraresigpecs byt Vb Patentblotaoret e
is incpeptitaeh by "Cafeeliee/ heseirvapiianallyy RoRtehFOPARZEE SITRRR: et
adengvijal sequences.ma t% in preparing.the recombinant vectors
e R O s R
obtamedrirdnipidbioin. 4860 (1RF Btrdiinéeféed hATEE MR TBe2#ffences of

adengvipus:strainsisnipied JLomEbesHs MARKeNs (010 st &5 MB3i2R9, pa,
ATCC VR-275, ATCC VR-353, ATCC VR-3 1géand adenovirus strains

isolatdel Fof Aftihl §rae REIRay LR Rten FO83\ R suichvp CreoyRued by

AT CE B Qdiir & ClptiVRH A ThBnieaers binant iR 26,(050tR8f be
simiangcﬁdenoviruseg described 15 hereilp ay contain.adenoviral
: SFRCGRE AR AR o SARPo o AT PR

sequéncesderve o ORe- faars 0
Thesesegiuenoei drdhobecbbiaiddhfrdmbnatiadahseume eszipsdducedr CC VR-

recomiinaatly, synthaticaly.on %ﬁﬁ%&%s&&%@gg&*@g%&%@l&%c

- methods. B. RECOMBINANT SIMIAN ADENOVIRI The recombinant
simiaffatiehdvifdsefasardt i thidhimemi atenoirars shansriseletsdvineh

are GOmMpesge-afEeEaMNaN SntanRasen VITUSRRSAUANGES VRN BCC
hete%qgé) s molecule and/or simian adenovirus capsid proteins. These
simian joviruses, and particularly the chimpanzee C68 and ClI
sequences are alsbeussfnbinarfiorhmngpimsb ok véetoiswithadthevisimialzarited

i@Pn-ﬁmﬁ@n@gﬂ@&%ﬁ%%&@ﬂs@uarﬁg NGRS WeNRed IGCMRINANG iy

viruses, i.e., recombinant viruses with an 25 adenoviral vector carrying a
hetePSfOG5IY diac Uik W TERTR pakRi G Qb achE st stelicouzgssigroduced
proteit@fisiaidn, eigintidaliRecombina iRt aRpAENMEUSemical methods.
B. RECOMBINANT SIMIAN ADENOVIRUSES
The recombinant simian adenoviruses useful in this invention are viral
20 particles which are composed of recombinant simian adenoviruses sequences carrying
a heterologous molecule and/or simian adenovirus capsid proteins. These simian
adenoviruses, and particularly the chimpanzee C68 and C1 sequences are also useful
m forming hybrid vectors with other simian and non-simian adenoviruses, and in
forming pseudotyped recombinant viruses, i.e., recombinant viruses 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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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 5 vector contains the cis-acting 5' inverted terminal repeat
(ITR) sequences of the adenoviruses which function as origins of
replication), the native 5' packaging/enhancer domains (that contain
sequences necessary for packaging linear Ad genomes and enhancer
elemERI RARRERS Simerting Tha R BIoysuswoldetn, sumacenelshs TR
sequeksesnBeewiirtexantole aihe deechnigppsteascilenddos preparation of

a "minimal:’ human Ad,vector S Patent 6,203,975, which is L
R I e T

incorporate y reterence, ca
simiakd aderrasdans. Optivaatizrttesrbcdmbihantsitnianbaderenlispeasnolecule,

usefylindhis invepiioncantain More Hhan i imion adenovirus,.
sequences d_efineg‘II above, 10 These 0 hé?ﬂfﬁ&{t%%sgg% lbeaaddf%r preparation

char8tferiabnas RERMYy HoamvEdhe Rl P 838 a5 twaidbititpcetntreted by

adeneférisdocexpeessianadapinbie selectod-aenesprodusis.oihgs phrase
"functional deletion" is Lged hel[eiglto des%ri]ibe these modifications. Such
K

"functional deletions” typreally take e TormroF s GeiRSE Sy 216" BHors

FHEor
of a fereiof theajiiygsreibaelensuchlftimitoatindeleticagumays aldnddkbBove.

the formalfdrame. e shifh muiation. Sl other:sy %?&iﬁa@ﬁl&%%%%ﬁ Rzc

which achieve functional deletion will be readily apparent to those o
in th&' 2L iV hRRRIARIN He Kredeth BEents tledrhrmcaredevinTdes

azje rﬁﬁﬁ@aalﬂalﬁoﬂefﬁpaféetwe fothe rbse @ﬁﬁ%&ﬁh@tﬁ@gﬁﬁfi@i&g@{%ﬁ? Sﬁch
adengqviral E nd Elb, i.e., are functigna eleted in Fla and Elb. Those
recom |ﬁ%°ﬁ}azfir%§ﬁ)% B <19‘3r31‘01{il i*r%]‘égéer%&?g%%%]&&f’ﬁﬂ%ﬂﬂow PRt e gene
oth e_p@én Bsuf oflexevrpleicthbuadendviclss delayedieatlghndba dhagbe:
eiminated e e Bian adenes sRANaneRUNIEN LIS & Rarlol g

recombinant virus. The function of E3'is not necessary to the production of
the ValSmBRtiRERBRRBYiPURSam el T8 attis unnecessary to replace

the function of 25 this geneppraditetinQrear-ta-packag e BaomMaa i uses

simian adenovirus useful in the "
are replication FH2EVE dle th the absence of the ability to express adenoviral Ela

and E1b, i.e., are functionally deleted in Ela and E1b. These recombinant simian
20 ademoviruses may also bear functional deletions in other genes,

For example, the adenovirus delayed early gene E3 may be
eliminated from the simian adenovirus sequence which forms a part of the
recombinant virus. The function of E3 is not necessary to the production of the
recombinant adenovirus particle. Thus, it is unnecessary to replace the fimction of

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 OR¥F6 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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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 LI 6 through L5 of the simian adenovirus
genome. Similarly, deletions in the intermediate genes IX and IVa2 may

be ugeful for some purposes. Other deletions may be made in the other
struc?ﬁr%lg%rf’ r%r?—gg rlciUTal aae KBV YBRe s THI A Figs Ly tsdgtermediate
delettonss hayddd ygeavihdividublty shes pmadendVitesdskefuensafoe use in
I IhepEReIEAGNR MaYRIARASIIONS. Al 51 00hy AR crons
deletions of entire genes or portions thereof &ffective to destroy their

biol oGP ARIRAR HIPBE uedhA e Kk SRaatRsA foF Bred R ala pResdnt dmention
exempltyMEEloEl At ASEPDVIYS ArguencayMRKk i feletions of the Ely.
genetﬁez%gqé %54 %g%e,tror q%:thg. , Eta and E3 genes, or of the El and

E3 genes orof E T EYRAATEF YEREE, IS MRS ttwERfrncampyation.
and sorgraspichil Ond eletigngmaytie thsedkin dambination miyrhethdeletions of

mutafiors. sHEN.A8 feMRSIaIe- SHNsHiv fi to achieve a.desir
result. Theg't%rans ene mae%{?e’ i%é)erted illrit%ﬂaarl%/ﬂ1 d@&%%n(f Sl’e@gﬁi8?1%({(1)'“??%%ean%]%j

simi&fatienabflsERmmihafvenpstndtransibee flgjioecfiistrad snreafiuch
RXistiRggeRmLBiande:disimptie funtiongiihatagionibiesiist iR
Regardless of whether the recombinant simian adenovirus contains only
the MIRIMAT %&t%té‘aﬁetﬁcaé%fe&: & URHrERE- genome with only functional
deletions in the El and/GhEBaregions)dhberzcambinaniyindteantains & the
Sm'@ﬂn?ﬁ%@ffb@iﬁﬁaﬁﬂgnﬁ%m%_g @éﬁs@@e@%@%&gg %Eﬂeﬁ‘% hn existing gene
recombinant pseudotyped adenoviruses may be used in the methods of
the iffEiBHISEHY TG psttRisty dcateniirsisds utilize simian
@denovirus capsid protaiagialabiatyadaes 8is et e e £ FRMRG s

heteroltggnousn?i ian adenlov'rus sequences, or non-simian adenovirus
Com S £ Imninmaj I

seqUSRESE RAVe BB R kegE A P & RESHIBH AN B Me T EheRBViruses
of thaumatiertidnletiaysie thedtuceduBhg giveth ddsashithnane knewihisins a

thosg 0f Sk irus capsid. Alternatively, in other embodiments, recombinant
pseudotyped adenoviruses may be used in the methods of the invention. Such

20 pseudotyped adenoviruses utilize simian adenovirus capsid proteins in which -a nycleic
acid molecule carrying heterologous simian adenovires sequences, or non-simian
adenovirus sequences have been packaged. These recombinant simian adenoviruses
of the invention may be produced using methods which are known to those of skill in

the art.
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. .,
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



the art. 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 7 human, canine, feline, or other mammalian), the adenovirus

nucl?' id sequ nees.e loved in.the vectors can be derived from a
a8 B R R A i ey
adessulrgdsadbrese yrnidtt keeks Sfimian sdenpvittisisaguenees

necessary for productio @f.an csnipiREtious.ecamb i&%&éﬁl&é@ RALISIS-may
p

be used in CO%L'; ion with a helper. virus or vector. The helper virus

nctio
proViSeEBEE TSP FEke PSSR TR s a G Ao rifatrpradaction of an
propiafations of¢helsianasentyisusa\ihes: O My Qpe KR ohen Selepedirus
deletj S enovirus genes are made in an otherwise functjonal
viral%fe%%é% tﬁ%%%%éd _rg‘j}'é ré)‘bgrjgsdﬁ%isﬁsn%%fn & Sppfic elﬂufﬁeg %?Feﬁ‘(ﬁictor
prodd&isipraee sy e prbPagatittg tlenvivirusinieslediechpackaginglected
cell. d-EM%nmﬁ%ﬁrf%%Qﬂ?vm@gelﬁ@s Rrevided;in.a &ﬁé%%ﬂﬂé‘tic}ﬁgr@ﬁ%{%%gor,

f
cell line which provides some or all of the adenoviral functions which are
req Jeddse SERAGIRGE G20 BRg BRI IR K o OGR! Rypcess by

IRNAsyabidcihgdhe Vaoking irlthed/eatogifonediessary or alternatively, any
additional adenoviral 154unctions reqwred may. Erovge%d to th%ﬁﬁCk ing

X . ]1Tus, these funiction
cell by transfection or infection of a construct co rt%\fﬁlngl?hae%% &idhs.

Optitsfysg elidinswiarbumetidersamaobell séibe telinovpret iitiankaginly are

of a MsahuerIPpLAHYING dhe MINiSRRe nte: A, KBterolQgRrs $IMIA0As which
adenoviral capsid protein. Suitable methods of "pseu;iagéyplng" utilizing

the SHZHF T8 &, o8y CapLile eIy M Bainskamrapldiien plassaimpon
120 thatoidricheipiladwayiprihgi@ro egarsing pgeut otlypgRiby BaRfection of a
RS S8R DRI GRS, ARamBN ' ERRNRE
selected to permit packaging of a viral vector carrying the minigene into a
heterologous simian adenoviral capsid protein. Suitable methods of “pseudotyping”
utilizing the simian {e.g., C68) capsid proteins will be readily apparent based upon
20  that which is known in the art regarding pseudotyping of human adenovirus. See, e.g.,
US Patent 6,203,975.

' Assembly of the selected DNA sequences of the adenovirus,
and the transgene and other vector elements into various intermediate plasmids and
shuttle vectors, and the use of the plasmids and vectors to produce a recombinant viral

25 particle are all achieved using coﬁventional techniques. Such techniques include
conventional cloning techniques of eDNA such as those described in texts [Sambrook
et al, Molecular Cloning: A Laboratory Manual, 2™ Ed., Cold Spring Harbor Pregs,
Cold Spring Harbor, N'Y (1989)], use of overlapping oligonucleotide sequences of the

adenovirus genomes, polymerase chain reaction, and any suvitable method which

30 provides the desired nucleotide sequence. Standard transfection and co-transfection
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and the transgene and other vector elements into various intermediate
plasmids and shuttle vectors, and the use of the plasmids and vectors to
produce a recombinant viral 25 particle are all achieved using
conventional techniques. Such techniques include conventional cloning
techniques of cDNA such as those described in texts [Sambrook et al,
Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Harbor

Press, Cold Spring Harbor, NY (1989)], use of overlapplng
oligoiRENas &7 s EERENEs F thaP QBRBIHogaFRIRIaw H SN PeE AR R R

reaCM@@@zﬂﬁNﬁd'lﬁ&@Hﬁh@@@Nﬁﬂ&&&Qmﬁ@mﬂﬁﬁEﬁ@ﬂﬁ&'@@ﬁ’omes plaguing
nucleqtide se ence Sandatgl Cég iE‘)fsfectlon and c -transfection |8

techrfiqieSAPE Eipioye %“é&%ﬁ&%‘%ng%%ﬁ%é?d%*&?
conventional methods é‘mplwedqnbﬂm’eﬂmhﬁﬁmumremmdhammly of the

the viral genamesRIaguing ef Miusesdn agaraMelad.Methods ofa in viro

measuring signal generation, and the like. For example, following the

constRicHERehacHdee B BRENa 1S RsERdbam s ora ettt aiih gratigsis
vectordeigh sttiensastanismbrpsie eteshibivition tade:Hashael Iﬁ@]iaer and the

pack The host eI has, pro vided with, any missin oviral
b L o e e R
vectdrsetjisetndesdwiikhepdmiitsithe aﬁdﬂd@\nq:ustinams@mw@aqumes in
the vegtorto, B%gggcated and packaged into virion capsids, resulting in
the recombinant to adenoviral particles. Advantageously, the inventors
have found that the hunfsty2B@esvire S Erprstein davafrisshieheivtie

El-defegtive-simighadeneviisippasmihdte Ipa@éaﬁwe@ﬂﬁigmiaemm to permit

adenovira artlcles Hawever, because of the low degree of£
gttt ek g e A
15 Aﬁoﬁicﬂmlmtwe@; theherigmfidiFladriskdhaphesi ﬁaamgctzﬁkwed simian

som%&%%%%ﬁeﬁ%‘éé) RIS RRIAGHES ERIGRUANGO M%ﬁisdﬂ}%%ﬁhgouszy

adenovirus. The recombinant simian adenoviral particles, so produced

may TPROTRSISEOPE T SURRE IR AR BT ARy SlermiRgds known to
those of skill in the art fopdigedpathaomethad.atibennveRtans, 20 produced, may

be isolated and purified by any of a variety of methods known to those of skill in the
art for use in the method of the fnvention.
20
I Heterologous Molecules for Delivery to a Host
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, protein, enzyme, carbohydrate, chemical moiety, or nucleic acid
molecule which may inchade 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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Il. Heterologous Molecules for Delivery to a Host 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, protein, 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

moldreiwinpasiy Banslelide eldikr Seqiehes dneteralngotdignpahich enable
adenQyiis SequepeRshishienGadRsRPERIE dpaplifer. Sthpelypaiids, of

enzyme, or another product of interest and.regulatory sequences directing

0 B SHROE SR GPORE R (B0 BRI AT P A ot col, and

which enable expressiaipki the gpcofieshroduchin:tte hogocetl onilder

subject, The composition of. (06 Tansgene denendssnen- henjgnded
SPthe si > atlenovirus, For % { ’

use 10 e simian a example, one type of transgene

comprigisslariefrsiterlormerierr Sy trndbamiEC dpomhistpie sdien an
prodyicas, & deteciak e-sians. deweyrt.dparicraty sasirablejaceigene

products and other molecules which to whé'&ch an anti oql)g/ and,

maQst .
desirably, cell-melisteBTHRRESE  SEROASSUHE TRATOST By be from a wide
imm&mggn@gmg:ﬂmﬁmwrgmsmala@démmm fromdatavtitee Garetyrofks,
pathegenic 'Cfogégagga%ﬁglo% ing bt not limited 10, 1H0SE: oM v an
viruses, to bacten ,?ungl or parasitic microorganisms which infect
humaertehratt s on umraresestted aTdSToF Hdm B EASEREEN. SRtLB P

The [IMMENQGSRINIRMEOMRHSE] ReRtideRiAs. PRlyRaptides.darier faRtne
proteins. In some instances, more than one innnunogen is included in the

comW%%%MQH@%%@&&?@%positions containing these gene
products 15 and Dtkiedtiedteautegdncl aderitrsendirectédripthas: greveniibats

R T
Respiistonceyssdytiaiiithast Prafativh sipes vircise Hesan Snminedpdeapivlis
(e.9.jRfluspza ARG BAMKERES) AR ReS P ¥yncytial virus, Parainfluenza
virus types 1-3, Influenza virus (e.g., influenza A and B viruses), Herpes simplex
virus, Human cytomegalovirus, hepatitis viruses (including Hepatitis A, Hepatitis B,
20 and Hépaﬁtis C viruses), Fluman papillomavirus, poliovirus, rotaviras, caliciviruses,
Measles virus, Mumps virus, Rubella virus, adenovirus, rabies virus, canine distemper
virus, rinderpest virus, coronavirus, parvevirus, infectious rhinotracheitis viruses,
feline leukemia virus, feline infectious peritonitis virus, avian infectious bursal
disease virus, Newcastle disease virus, Marek’s disease virus, porcine respiratory and
25 reproductive syndrome virus, equine arteritis virus and various Encephalitis viruses.
Still other immunogens are directed to the prevention and/or freatment
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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virus, Human cytomegalovirus, hepatitis viruses (including Hepatitis A,
Hepatitis B, 20 and Hepatitis C viruses), Human papillomavirus, poliovirus,
rotavirus, caliciviruses, Measles virus, Mumps virus, Rubella virus,
adenovirus, rabies virus, canine distemper virus, rinderpest virus,
coronavirus, parvovirus, infectious rhinotracheitis viruses, feline leukemia
virus, feline infectious peritonitis virus, avian infectious bursal disease
virus, Newcastle disease virus, Marek's disease virus, porcine respiratory

and a8 papfierdactihbsyrbaeoviels, etigimelifranyaiias aiigvatioasitaci,
EncephalitinViuses:s, SihRIRar mymuRasensa 8, Haciet I Sdhfonella

prevention and/or treatment of disease caused by, without |limitation,
bactSnELaet s FEEH G %ﬁ Az BB B EIR F Patid 4 HhtBable),
Haewipphitises dmmbyddoraxahar cataishidis o iStrepiococeus phebmaniae,

§tr69t889&?vfi§r9¥891 ﬁl&?P%%%p%%ﬁg?ﬁ%'acﬁgﬁg,sﬁ%%rpa}g%oggsugw»em,

faeealis, Helicobacter pylori, Neisseria meningitidis, Neiss
gondrhBEgRCRidthydidavEeh BrisEEs conRatiéiapnedienidesietitdimy dia
psittaghBerdetela peuussis:2almaneis yans selmghelatyrhimpyrium,

Salmonella choleraesuijs, Escherichia coli, Shigella, Vibrio cholerae,

CoryHEHRea AR HishKHae, Mycobacterium tuberculosis,
Mycobacterium agitlihtidyobadtarumb intrece tubas dicamplexhPrateusion

mira%ﬁgfﬁ&%yymggﬁ%s@m? COREHS: am&%n,%gﬁgé%%%mh s

Leptospira interrogans, Borrelia bu Qdo_rfen, Pasteurella olytica,
Pastdered Fnuioeiony wedrsiditaGecsiérbprienmomeasind Niyerprasma
gallisepticum. StilpfharglesrbleRmLNagensare thass.direied 194he

prevention 10 and/or treatment, of disease caused bt)é,j, without limitation,

fung AT PANGEERY CULH S Th S fdififC BIsd omytridgriaiing, parasites such as
Cocdidigdes;£ryprecheens, drdiistaplasiaasdhiacdition.ohesdesiiahle

1 m%%ﬁc?nrz‘gn%é?z‘&?@?ﬁﬂw&gﬁ%}%ﬂﬁ‘?n%ﬁ‘é@ e @a?’lg?a%/.or treatment of
ISease cause by, it OU'[. |m|t<'?1t|on, paras! €S Such as .Lelshmar]lz;\_
major, Ascaris, THEHUf IGiHRiTdrSeRitesoRaudE Pote SFerieiimelbHing a
TrichamaRag. J0xRpIA%HA andisadRaeumacysiis.calili i thekitout
desirable immunogens include those directed to elicitinga . | .
limitation, those utiizing a cancer antigen or tumor-associatéd antigen including,
without Hmitation, prostate specific antigen, carcino-embrycnic antigen, MUC-1,
20 Her2, CA-125 and MAGE-3.

The examples provided below specifically illustrate the advantages of
the methods and compositions of the invention utilizing a recombinant simian
adenoviral vector from which an immunogenic peptide of rabies (glycoprotein G) ox
human immunodeficiency virus-1 (a modified gag protein) is expressed. Another

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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therapeutic or prophylactic anti-cancer effect in a vertebrate host, such as,
without limitation, those utilizing a cancer antigen or tumor-associated
antigen including, without limitation, prostate specific antigen,
carcino-embryonic antigen, MUC-1, 20 Her2, CA-125 and MAGE-3. The
examples provided below specifically illustrate the advantages of the
methods and compositions of the invention utilizing a recombinant simian
adenoviral vector from which an immunogenic peptide of rabies

(glycogrewiey velrsmamapniie soteriee he) Vi ase1ly MddHisutyagpding

protgin).is e¥presead: Anathei2a sesiiable emnbedimmphutiizesg.sipnan
adenovirys carrying.an |mr€%p§g$nl%ﬁﬂgtlde from hum n papilloma

virud etvatREE FRRTRiBT S TR PliEg s pREk g FomEuous vith
inmrieegens. BidRegutatoryf BlemsntslDastgriof @ibtan sgeress dnother:

@uC'%'&ns’;‘s&daéaeﬁgsﬂ&et&%5&%9&45%&%@@%@5&9&%@3 irapgiation and/or

expression to obtain the desired gene product in cells 11 and hosts may

include appropridtEPiRsiaeseBSH s araceBrARy keRT i tHanetdiren

Seqqﬁfﬂ{aﬁw&m{;ﬁﬁiﬂq}m&@@ﬁmp&@emse9&9@&@ RFdpCloessing
"Operably linked" sequences mclud%bothe ression confrol se uences

that SREELTHGOSR IR B HUEIST HEI S e aLB A AR SPRe
expreﬁs@mmmﬁrﬁmﬁeqme& thait enthineSrrahgion effaicistaiice ¥oedntrol

We nuclelca segﬁue SERQLINeres, FXRIGRRIANEONIal SCAUANCES ;.

include approp atetans ription Initiation, termination, promoter an
enhangeneesgherebaacsiivdisin Rwﬁlpﬁioée@%@uaeﬁaqg BUEPFESISREIRg

and polyadenylalinn Jgnalsi s anaRess msﬁtgm@@emmm@mﬁm

sequences that enhance translation efficiency (i.e., Kozak 10 consensus
seq L?éh%“‘é‘é&ﬁéﬁl&é%ifﬁé?‘é’ﬁﬁéﬂf&é%‘b?éFﬁ%@ﬁﬁhf?%‘ﬁiﬂ%ﬁ@?%@%}?éa of
seq L@jpmadhaés&mblaﬁsemmseﬂtetmp:eﬁlgfﬁmmumh@rmé@xmﬁsﬁ}on

%ontrolI L%eqiuence?ef- nat onstl ﬁutg e r |§)§0%par{or tiss %% SEE%%Ifégne

-- are Known |n e art an maysbe Utl|lZ€ rve expression

geneS,‘G%eﬁqm@zz}pwsh@qy@d@fpe&@ée@émxuwewdﬂ@umw@ﬁ@de

cellsygrprassion s anuabs e IR S YPIGaH N tion (polyA) sequence generally is
inserted following the transgene sequences and before the 3" adenovirus ITR sequence.
In one embodiment, the bovine growth hormone polyA is selected. A simian

20  adenovirus of the present invention may also contain an intron, desirably located
between the promoter/enhancer sequence and the transgene. One possible intron
sequence is also derived from SV-40, and is referred to as the SV-40 T intron
sequence. Another element that may be used in the vector is an internal ribosoms
entry site (IRES). An 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.,
Sambrock 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 N MOLECULAR BIOLOGY, John

30 Wiley & Sons, New York, 1989).
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15 include a promoter, an enhancer, such as one derived from an
immunoglobulin gene, SV40, cytomegalovirus, etc., and a
polyadenylation sequence which may include splice donor and acceptor
sites. The polyadenylation (polyA) sequence generally is inserted
following the transgene sequences and before the 3" adenovirus ITR
sequence. In one embodiment, the bovine growth hormone polyA is
selected. A simian 20 adenovirus of the present invention may also

contain an intron,Jdesirabhpldagtadigeipisé erisstpivaiotaprsiiandde desired.

sequenee RIS ATARSSN8VRERASSIRIeHIRL NS RAHRRGEJS, AlSQetroviral
derived from SV-40, and.is referred to as the S V-40 T intron  sequence.

AnofRETSSERIER TG Y bR TS B R RiEa e with e sy ABBEsHE the
entry g iR S)s AMRESosequespdoiliged: talproNiic ennore thase.one,
polypeptid fr sing| é:' n IRES seguence would be
oo S e e R R
Selestivntot threswian tho fhertivanimotsriibe dospbnbivssd fareon(®pidonal

and many;sUGHSEOHENFES Alg-AVYRIARIELSErR:Gr SANMYRRK £Lah1ANGy

references cited therein at, for example, pa%gs 3.18-3.26 and. . _
16,1756 D SR QBRI SIS TRL B S BRI N BRE T e & 7inc-inducible
INM@hdzg HeARIBIOLQEMTY phin 36, Wikale &S o e X pikd1Q80 nddsdn

one embodiment, high-I stitutive expression will be desired.

B e R e B O e S (w0
retro9WaDIRYuIS s arcrnag Visess p@m}etm ptemBtes. é&yﬁ@ﬁaﬂyw’tlﬁf{éﬁe
RSVianhancas e Syamegalominis (MM promatedaptiopally with the

CMV enhang:z% see, e.g., 5 Boshart et al, Cell, 41:521-530 (198”5{323, the

SV 4G AR SRR AL Bl e B RN il ey i Cossen et
promgtetidhe PReSRbegimaokkinase(RGHvarerpiel 2 e kmapiol.,
el D, e oo felaed b oo,
sheepipngiaiiv thiofiasy (V] Gepaibier, 4v dexafietigsodel@iepnincineible
oron SIS SR N B T e he mera ozt (B By
ProcoNaduoiida graguitety SALCtOB 33461888 i tgosy)tatiare those which are
tetra?é@ﬂ%ﬂ@? ﬁesﬁgizlﬁli% ﬁﬁ&%ﬁ%@gﬁ@@&%@?@é.?@er&ﬁ%ﬂ%ﬁw& phase, a particular
20 differentiation state of the cell, or in replicating cells only,

In another embodiment, the native promoter for the transgene will be
used. The native promoter may be preferred when it is desired that expression of the
transgene should mimic the native expression. The native promoter may be used
when expression of the transgene must be regulated temporally or developmentally, or

25 in a tissue-specific manner, or in response to specific transcriptional stimuli. Ina
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 {ransgene operably

30 linked to atissue-specific promoter. For instance, if expression in skeletal muscle is
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Acad. Sci. USA, 89:5547-5551 (1992)), the tetracycline-inducible system
(Gossen et al, Science, 268:1766-1769 (1995), see also Harvey et al,
Curr. Opin. Chem. Biol., 15 2:512-518 (1998)), the RU486-inducible
system (Wang et al, Nat. Biotech., 15:239- 243 (1997) and Wang et al,
Gene Ther., 4:432-441 (1997)) and the rapamycin- inducible system
(Magari et al, J. Clin. Invest., 100:2865-2872 (1997)). Other types of
inducible promoters which may be useful in this context are those which
are desiyerdatantdnycdes pestifi dnphyssie ldield] assd e Hheseinpladathreranotes
phage, 8, particulan:20 differentirtian.siaie abiherael2 a1 dpsteplicatnggells

only. In another embodiment, the native promoter for the transgene vgill be
usedeTiRe KaE BrSTRbRSSHLY iaprste et ithedbdiies e than
exprrasin-ebibeiiransgenessheult-nimivd gnative MxXpregsin SR
natiye promoter may be used when expression of the trans e must.be .
T LN T
marmet. biinale SPoTide-3 $pbifiberatise Bptioraiostmoeniofer Sdufipelral., Gene

embﬂ%&ff)%&%ﬁﬁ9%%1/&@%%%&&&&9@?},%@%% SYUEhRs.LrbaANess;

elements, polyadenylation sites or Kozak consensus sequences may also

be W&ol HiARS the st esrisiasSiB. ARbt&Y. it et 'SR (1997
tranggeng.inphides @ LAnsaene aperaiiy- 3 linked 106 iosun) Spepilicytes
promoter. For instance, if expression i sgel(%:g%l muscle iﬁ %%‘d%‘;’ireddh%m T
Brorfiotr 5er f hus e eksun eiﬂg%‘ T Hede TG oh8 B BTGt sre ™
fromegéenespeneoding skeletakianabtis nawasisptic it ehelps 2N SH) shopdii,
muscle ,creatine kj s.well as.syntheti ¢ s
o B L e LR -t

Biotgeh (RiFsdd e2alb ProagyyiloAzsd Hipldasds Shbier 6 89aDared the neuron-

tissy a%&ﬁcvé é,?ef,?a%ﬁﬁwezfe{Aix%@&p@m&dm@@%))%ﬁbng Vi,
71:5124-32 9% hepatitis B virus core promoter, Sandig et al., Gene

her., 3:1002-9 (PI9BYSIPRAtbESrotaR CARS] SARFIASH ST Fupetipn frvally
GengelinBlexpfdbRBolh£kA90nbonesteoemcin (Sdeveat ale MatilBiothe art

o AR SRS SO SIS St
ImmirotiiE6topd #31Bif 19sg)ivimPriirde wbuliicHehareh apuduces may be
selected by one of skill in the art using the guidance provided by this application.

20 Such selection is a routine matter and is not a limitation of the molecule or consiruct.
For instance; one may select one or more expression control sequences may be
operably linked to the coding sequence of interest, and inserted into the transgene, the
minigene, and the transfer virus of the invention. After following one of the methods
for packaging the simian adenovirus taught in this specification, or as taught in the art,

25 one may infect suitable cells in vitro or in vivo. The number of copies of the minigene
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,

immmumohistochemistry, 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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cell receptor a chain), neuronal such as neuron-specific enolase (NSE)
promoter (Andersen et al. Cell. Mol. Neurobiol., 13:503-15 (1993)),
neurofilament light-chain gene (Piccioli et al., Proc. Nail, Acad. Sci. USA,
88:5611-5 (1991)), and the neuron- specific vgf gene (Piccioli et al.,
Neuron, 15:373-84 (1995)), among others. 15 Of course, not all
expression control sequences will function equally well to express all of
the transgenes of this invention. However, one of skill in the art may

makestitgeletticrrraviba griEselexprdedivhicomroat weqeirbessgithioupression
depaging.fremihe seapepafdhiainvention: RyiaRle SHRmMOIeHe RRRERVery

sequences may be selected by one of skill in the art using the guidance

provid&eF BY iSSP FIRAHISAD S0° St cH ST e B TRt e idfe P anths
not adimitation cofithe saplacuisardcanstrucharbatthestanedimmnesthgn select

one gp;more exnr g;%age%g}éol sequences may be operably linked to the
coding sequence of interest, and inserted into the transgene, the

minigene, and the transfer virus of the invention. After following one of the
methgds for@ackagingdhesinyian adenoyitisdaught in this specification,

or as taught in the art, 25 one may infect suitable cells in vitro or in vivo.

The number &F EEBREBELS SRR T TPy BEcsHtB Fed by
Southassitilaitagyaoaipantitadivad) GRy TheilereliabRNAGXRIESSION M8
be monitored by Northern hlotting. or quantitative RT-PCR. The level aof

e GABH B o HER B3 BB ot e o o o S5 o
immunofistoHeridteyi ELIS AR ot tesks vk thés genasgrdtuctiemple, one

biologigabactisy. AB.BVSane Mmay,Asly S SN ARAYIGH Bfering

expression control sequence is 14 suitable for a specific producéd _
encofR syt ARSHETE NETER S8 @ BRRESEbHY Coiet Setjdesiele
most appEoRERLe; Alivkattahm\wheihe iataculeder delivertidarRambil,
require expression, e.g., a carbohydrate, polypeptide, peptide, efc., the
eSO EOnt et R RO B Tt h A GEST S preset
stmiam&@aenovirus or other molecule. 1ll. FORMULATION OF VIRUS

FOR DELIVERY, e #RSmPIaRESIPIANAASON TS S RIS TR 38t on tq the

suspended in a physiologically compatible carrier, may be administere
to a HEPABSBIT SR RdsROvirus and camrier(s), other conventional pharmaceutical

ingredients, such as preservatives, chemical stabilizers, or for vaccine use, adjuvants.
Suitable exemplary preservatives include chlorobutanol, potassium sorbate, sorbic

20 acid, sulfur dioxide, propyl gallate, the parabens, ethyl vanillin, glycerin, phenol, and
parachiorophenol. Suitable chemical stabilizers include gelatin and albumin. Suitable
exemplary adjuvants include, among others, immune-stimulating complexes
(ISCOMS), LPS analogs including 3-O-deacylated monophosphoryl lipid A (Ribi
Immunochem Research, Inc.; Hamilton, MT), mineral il and water, aluminum

25 hydroxide, Amphigen, Avirdine, L121/squalene, muramyl peptides, and saponins,
such as Quil A,
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mammalian patient. Suitable carriers may be readily selected by one of

skill in the art 10 in view of the indication for which the transfer virus is
directed. For example, one suitable carrier includes saline, which may be
formulated with a variety of buffering solutions (e.g., phosphate buffered
saline). Other exemplary carriers include sterile saline, lactose, sucrose,
calcium phosphate, gelatin, dextran, agar, pectin, peanut oil, sesame oil,
and water. The selection of the carrier is not a limitation of the present 15
invention. QpEDREIRYHE BENHPLENDASGT YRR USEARORRRAY YoRtimNR/OR
additi 69% gmbinant simian adenovirus and carrier(s), other
convéntional pharmaceutical ingredients, such as preservatives, chemical

stabilizers, GiforRRB RS ! ] B ARt S AABRY BREH TR inistered in a
presenviativesdnelude-chlambulanat, patassitmeoHatessonbic20:deidyirus

sulfur dioxide, propyl gallate, the parabens, ethyl.vanillin, glycerin, pheno
R HRTBObl Sab AP OIS Mg Sh B B Shae
albumirtfiSieitablelsexfemptasipac tvasdsddlade, taronigotiygipeutic or vaceinal
immune-simulating complexes, dSCAMS). RS aRalogssing
3-O-deacylater r%noﬁ’ob "osphor){/al lipid A (Riebi I%munochem Research,

Inc.; Hamilt&Fpnversionsirerhpimaaia nisaby, ARl Hiidrixigisaton

Amphigen; Avifdine d: 2 Hsoyalens MU kamyh Reptides: andisaneniostancous,
such as Quil A, 15 IV. DELIVERY OF R COMBIN@NT VIRUS F.O%?

FREATHAENIEA KIS RP RO TSRS IR E RS B pHaiE - A
defectivel adenqvifuses argadminisiasattimantpharnacetitibalkliefactivecosal
amount”, that is, an amaunt of recombinant. Vi IS e

in a rolite Gf & ?r%%ﬁét%%lo%uﬂgr{lﬁa%r% éc?%@g%a%gﬁ%%’ é%%%sgﬁdaﬁ%\% 5’2&% Ctél
sufficientdevBluitsk oX prossigrisitmes bfcgalinuhd g pshriedusted depending

theraneulicrYARGIHEAk, P ALINSEESPPRSS:ME: o, SOPIE HIeAs sARIB I RE Of

protective immunity. Conventional and pharmaceutically acceptable route,
el AR S b A e e S O

dal, Intramuscular,
intratraghealastibeptanedy sl Bairhdedmabmectdltho hisamtbothgheated.

mucosal andD%gerse (r)];'[ aelff%%%{;[z%%n%l?n o R ARt replication-defective Ad virus

will depend primarily on factors such as the condition, the selected gens, the age,

weight and health of the animal, and may thus vary among animals.

20 Dosages of the viral vector will depend primarily on factors such as the
condition being treated, the age, weight and health of the patient, and may thus vary
among mammalian (including human) patients. Advantageously, the unexpected
potency of the recombinant simian (e.g., chimpanzee) adenoviruses of the invention
permits the use significantly 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° pfu of the
chimpanzee adenovirus. However, higher doses may be readily selected, e.g.,
depending upon the selecied 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
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used herein, mucosal routes of administration include those which deliver
to mucosal tissues, including, without limitation, inhalation, oral,

intranasal, vaginal, and rectal routes. Routes of administration may be
combined, if desired, or adjusted depending upon the immunogen or the
disease. For example, in prophylaxis of rabies, the 15 subcutaneous,
intratracheal, intranasal and oral routes are preferred. The route of
administration primarily will depend on the nature of the disease being
treatedefiDode souetfedtivedmolhsisbitvarsespiiinanpntaining concentrations

replicgtion gqﬁi}{%@l{ww%@wﬂiaqg@ﬁm}ﬂgm% A {asters pudiyazihe

condition, fgglg selected gene, the age, welght angﬁhealth of the animal,
and rﬁays{wé»s%?y%bﬁdoaﬁ?rﬁmgt bes Bosafial sitse beed veraap dfike adult
depe%@Etmﬁrﬂbéﬁﬁéaam@émgta&mOmmrﬁ@amgﬂliﬁaagadm@hatagmow

weigh a a thusv ry ,among mam

(|ﬁcl ﬁﬁﬂﬁdﬁp r%ﬁﬁ %pen 81% van a}élgqbu%s Dfﬁe%u%%xpec gpo?ene SORFOH)
the retdmbinantsiviseten., Chithompred) addnovitesisodithauimgentitn
permits e aecianiicaiinInue amanal olhe. i oAb GOIPR0R Fing

adenovirus 25 to provide an effective amount to induce the desired
immuitoessRefedt (4 Tirellvsbrnest arpraieimmEbodelest ofgserum,

cells)ofiRheumsleiamealfostive dopec %sﬁ?&.rmﬂbiﬂ?ﬁh§m&ﬁbman‘f simian
adenovirus may be prow ed by 10" pfu.an

fpfu oft chim anzee
o UG PRS0 P N T S L8 ) o et oo g o oo
depenging upendhecselectéctdoutbecfidalivery. He ocagigvietetheDuir ghrticularly

vector, ma xg %&{%e'gva% echinsan REyoHA @ﬂy YUhich£A0ESS oM 2bgyk 100 sL

to about d'more 16 preferably, about 1 mL to about 10 mL, of
carriensohisadcanteiimgeconcentrations of ranging from about 1 x 104

plaque formingrdnits pfdiarRRam:L % 3-Rl4 MEvRIDh Argahgut 1 x
109 to about 1 x 1011 pfu/ink virus, based upon an 80 Icg adult,  weight. A

e e B IR o 56 H RS0 A SERAE SORAGRESP STy vires in
1010 SspiidmbyAlgreiened rdasshisdiosmanoidehdoiabeunb s catiiéified gag

(e.g., sa{g}we sﬂl%tgn ; tthe ab %’81 ncsn&r tlt%nsf,%;_ll'lb1 éhge%b)?hltl%lgvels
or Iev%llO immunie f?dtﬁ clected” gene can Itore etermine
the neptinifethy; g@pao@@gtéﬁsi Féiﬁ)ﬁﬁﬁ’g‘é %ﬂ@s@éssﬁ?é REGPEDEPITIEB||

res[)oééﬁﬁerf%?ﬁg%ﬁuﬁu@éﬁmgﬁ fiters,) KO SSRHIEQ ID NO:7. See, also, G.

20 Meyers et al., Eds. Human retroviruses and AIDS. 4 compilation and analysis of
nucleic acid and amino acid sequences (Los Alamos National Laboratory, Los
Alamos, NM 1991). However, any of a variety of methods to improve expression of
the gag protein, or any other selected immunogen or antigen as described herein, are
known to those of skill in the art and may be utilized, e.g., humanization of the HIV-1

25  gagcodon sequences, removal of the HIV-1 gag splice site, insertion of additional
leader sequences upsiream of the HIV-1 gag codon sequences, insertion of a Kozak
sequence upsiream 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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optional booster immunizations may be desired. Optionally, the
recombinant simian 10 adenoviruses may be delivered using a
prime-boost regimen. A variety of such regimens have been described in
the art and may be readily selected. One patrticularly desirable method is
described in WO 00/11140, published March 2, 2000, incorporated by
reference. In one desirable embodiment, the invention provides a method
of 15 preferentially inducing a CD8+ T cell response to a human
immuRredsiiciRaYV I «Bcihbiedah by ditivertgsageaombinamibifidtom
?‘denoéég aﬁf%’?%rdv%@& amodited gad, profgin -eTQo‘%eE“QQAQGQe%%%EeEBt%‘
illustrated in the examples below has been “opti |ze<§1, e.g).r, as described
inUS PatentSio72l896patheksotingaard protisis oS amdéitsbrphsequences. See,

reproquceddereln ineEQd R NR 6.a0d-PERQ. P NQi 77 PR&@i80063. @0y 1997).

Meyers et al., Eds. Human retroviruses andAIDS, A compilation an

. . d
aralysis of HUEKeiEcRErTEsl srhiRdimen Ssemiss FedkimrdRdbnal
LaboratenteknsyAlanng N EO9 L Hawme roanyeiavatatyfroathgds fic

to impgove elx tr SSi?n oa]:l ne %g%vgrlo teiar}’eggm QX O%Qg’xl;ise'e? e‘ﬁeoqri cpmprising a
immunddeii oF antigen as ueseribed nefein, are” Known to those of Skitin: =
the artand-macibedpilized, etle, solprmdniSation o the HiVdEs281hag codgnnes

sequences. Eﬁﬁ%&’ﬂa‘gfaﬁ?ﬁ'v'l gag splice site, insertion of additional

leader sequences upstre m'of the HIV-I gag codon sequences, insertion
ofta Kozak Seejsceapadiasn SrtRvmigrryyientnhedpbatdecrinly

selectign.efthecoptinizatioronethed isnot adimiationoeiiReRisseta selected
invention, Alternatively, the method of the invention may be used to

deliver 2 BB AR GHRA SRR IS B0 RAKRAR G &R et fdpEer
proteinseriakdiivigatidththatgedject. One desirable HIV 17 envelope

proteln s HIX.AISORIOEIN A0 [ohAIE SRONCN0E: 008 BVARBIG AN scsian
GenBank. However, other swtaijb e viral envelope proteins may be utilized.
The seljuerics formpiiving palotsikdeisd dwmrbunyaprlonaiooiféy pgrention

sequepeRs. BeLmE it R BieN:RR4Zn9 GaRe R Sohaider.eladnditions. For
Virol, 71(7):4892-4903 (July 1997). 5 In another desirable embodiment,

the inVEAEBIEpRePREELIIBIS S ST rate YR RatRiTTg e s £ epdpr L
response:-terd KmeLagsaciaed praesnisrepifithere the condition is respiratory

syncytial virus infection, the protein is selected from the group consisting of the
20 glyco- (G) protein and the fusion (F) protein, for which sequences are available from
(GenBank.

The following examples are provided to illustrate the invention and do
not limit the scope thereof. One skilled in the art will appreciate that although
specific reagents and conditions are outlined in the following éxampies, modifications

25  can be made which are meant to be encompassed by the spirit and scope of the

invention.
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for a selected malignancy by delivering a recombinant simian adenovirus
comprising a tumor-associated protein to the subject.. Such a protein
includes cellular oncogenes such as mutated ras or p53. 10 In another
embodiment, the invention provides a method of preferentially inducing a
CD8+ T cell response to a tumor-associated protein specific for a selected
malignancy by delivering a recombinant simian adenovirus comprising a
tumor-_assocjated protein to the subject Still another desirable

embodirSRPIfVoNES AN AHAY & rEESH I VEH YRR 25 Sdumpanase

comprisidenavprat€iidderived from human papilloma virus for prevention of

infection therﬁ‘@’%}?éﬁ% QEASAIMENS ANk @@QX@&%&E%F'%%%%M transfer.

conditions. For example, the protein may be selected from the group
consistiig GFE6 Stereah afSFElne (SEsapHnRteYE Ridslstah nigrnegous
(1985);)@\5\!9?@&%@ ?ﬁ%(ﬁ!ﬁi eRbissEasPialonk ﬁﬁ?ﬁﬁ%ﬁ%gﬁ?ﬁé@ﬁ@f%@ﬂ wWh&reation
protein is selected from the group consistin tl co- protein

B thE B BT FFGHBIFS PP A S e RO S A e eene
GenBamkrebkiegfoilowinrg gxanijplessacet prowag G ) [fustrat@Nbedrvesteomd C68
and do_not limit the.s¢ illed in the,art will. a iate

et s g B e L ARl an
followirkpessingpies lintositicamdris 2stebh@Sertnaaid (PRRtluayatmeant tiridng
eRFoMpASSAANL e, BI04 36008 B the BNERHQ R LB EXAHRIS bicted with

Creation of an El deleted vector based on Chimpanzee Adenovirus C68 A
replicatiGreibtertich Risheidit Sredamias/ide xidths hose thetdeiserauld spkfice for
The classicstigiegnefeieatirglapiagambinaat withibkorketae By desired
homologous 5 recambination in an El expressi i as pursued.

et TR QAo B e L A G B rough 1.3
followed by abiditiontaydomirigetiog exprebiiagsenancdd greemable efficient and

flyprescentpiniein (EERNEAINE GMY RIOMOIRL AN LR, S9HYEN e initial
spanning 9-16.7 m.u. This linearized plasmid was cotransfected into an El
shuttle vector was replaced with a prokaryotic GFP gene driven by the prokaryotic

promoter from lacZ. This allowed efficient screening of bacterial fransformations
when attempting to incorporate a desired eukaryotic RNA pol I transcriptional unit
into the shuttle vector, The resulting transformation can be screened for expression of
20  GFP; white colonies are recombinants while green colonies are residual parental
plasmid.
A green-white selection has been used fo screen the products of cotransfection
for the isolation of human AdS 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 37 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 plaques were screened under a phase

contrast fluorescent microscope for non-fluorescing isolates that represent the desired
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expressing cell line with Ssp I-digested C68 plasmid (Sspl cuts at 3.6 m.u.
leaving 10 4644 bp for homologous recombination). Experiments were
initially conducted with 293 cells which harbor El from human Ad5 with
the hope that this would suffice for transcomplementation. Indeed,
plagues formed which represented the desired recombinant. The
resulting vector was called C68-CMV-GFP. The strategy for generating
recombinants was modified to enable efficient and 15 rapid isolation of
recomibinaisaitirst s aratilalmeIphsdphaass DAt wRidlc shntae
vectorwas Jeplacesh with Ao aRelicGRRggne driven by the

prokaryotic promoter from lacZ. This allowed efficient screening of

bacterial trafsformatidHe WA 4ttempting to incorporate a desired
eukaryotic RNA pofdictransetippbnaldsitiik octher shutttettecidredonehinant C68
resulting transformatio e scregne {)or wg%% @29 F%’étvé!gi\%h
(:oﬁonixéqg‘l g%?é’g%%éﬁ%@&%ﬁ?e aéenaclg c?h%@)are res%d% p%céé etall

plasmBEl A friterediitBletdotdnbsasdsadi ideerts cserarniaspresudigngheim,

cotrangfections fonig.iprlation WihymanAdd 7ecambinarts (ReR Haawis et
al, Gene Thera., 5:1148- 115%1998 . this was adapte/d to th%C68 i
systerf ol iRRTEF S ML D SioravE 2% tedidat 1B TAc i Bl AgpgrLspanning

sequep@aps:fiam. . o REIMIL. Thisheatib rwasccotidnsteatathwithe\iNIIDRRAE
from the original C68-CM\/~ isolate that en. restri '
I,E \9\/ hi éhaé}al%g %({%1&%%111'&1%& ex‘i g%’ QEJ §§’§ ngme L&a Ei(é‘;]% }Q{{B%%%blaand

S allowing for erlap for homologous

recomBinBtbfreAbERE ARy Il albESREES e bl driaiigepshensestte
Contraéaﬁégaﬁg%ﬁ%ﬁ% IGHOSGRRE-TOL RO Tsesaina s elatesithatyerrgssnk

the desired 19 recombinants. This greatly simplified screening in

compatisehites fresstiddire RaMNGdS ksl bRlstlienire b tdmsihReeRUSal
expregsionef -SMtHR Ragsrd o consirucaplasmists idtaneaion fymes,

creation of recomhinant C68 ir e plasmid pSP72 (Promega,
MadisHiiR8 Wgé)éh‘g?r}if@ Bg/?né{“g(ézﬁ’ébr?%h Bg11l followed by filling-in of
the ends with Slenéur thadyithd {BpéhihagedMermizeat; 1 fitidbapslis,ofNj6s,
and II%%E?BW—W&H—%%& %Eﬂeﬁ%ﬁl‘) @HE%’B@—'@W—%%@%& double-digested
with BamHI and Sph I enzymes. Then the 293 bp fragment from pBS-C68-BamF was
ligated with pGEM-3Z backbone to form pGEM-C68-MU 9-9.8. A 2.4 kb fragiment
20-  including the C68 MU 9.8-16.7 was obtained from the pBS-C68 BamHB clone after
Xbal digestion, filling in reaction and subsequent BamHI treatment and cloned into
BamHI/Smal double digested pGEM-C68-MU 9-9.8 to generate pGEM-C68-MU 9-
16.7. The C68 9-16.7 m.u. region was isolated from pGEM-C68-MU 9-16.7 by
digestion with EcoRl, filling in of the ends with Klenow enzyme (Boehringer
25  Mannheim, Indianapolis, IN), ligation of a synthetic 12 bp Hind[I linker (NEB) and
then digestion with HindHI. 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 pAAdCMVALP (K. J. Fisher, etal., J ¥irol, 70:520-532

20



Biolabs, Beverly, MA) to yield pSP72-Pac. A 456 bp Pac I/SnaB |
fragment spanning map unit (m.u. or MU) 0-1.3 of the C68 genome was
isolated from the pNEB-BamE to plasmid containing BamHI E fragment of
the C68 genome and cloned into Pac | and EcoR V treated pSP72-Pac to
yield pSP-C68-MU 0-1.3. A minigene cassette consisting of the
cytomegalovirus early promoter driving lacZ with a SV40 poly A signal
was separated from pCMV p (Clontech, Palo Alto, CA) as a 4.5 kb

BcoR (IS4 fead rrehirardi iy laeertaob i sl s o8V rishicranl nennmé 68
samesgihenzymes, 15 resulting in pSP-C68-MU 0-1.3-CMVLacZ. For

the initial step in t iﬁé/)}latign of the 961%‘7 I\A&e jon of C68, both
pGEM-3Z (Ptome Y 268 ,G DER p'§§- &' BamF were
double-digested WitheBaimtst Eihd Sphdrermyhiest ThEGMERGT hypctor, a pCes-

fragme i RmHRaS OB BAMFMAS dales UM AGENESE Haskbondoene in
form pGEM-C68-MU 9-9.8. A 2.4 kb fragment 20 including the C68 MU

9.8- 167674 bhiasdatth din tAEpsS 68 %W&%ﬁf@l&?@?%&?ﬂe- The
digestignsfilirg: nsaactienasdsubsaquent Bam kil ireatment aindlianed
into BamHI/Smal double digested pGEM-C68-MU _9-9 8 ta.generate .
O ENC R R8P R ey 0 cral Bb e ARE IR ie ot
pGEMBHSN (8167, Bylodigestizn hitBaddRligéiting Hlofetherendsnwith

Kignoyy same é%B%P&{H&%&%&M&”&QﬁJ@%)!”M anlissihblidioationof a

synthetic 12 bp HindlIIl linker (NEB) and then diggstiorp with Hindlll. This
2.7 ket tdRins e commerbtabipi as mrsi pif6 Hhe! dnddiped to

site ofpSR-CE81MY @%G&QM@WQH?ET%E@@@WEEQMMWd G ug)
pC68-CMV-LacZ, In addition, an 820 aline, tase (AP).cD

fragm &t GRaEARSTAIETHOM BAGERNY, @@(r%‘?‘ﬁ’.“ﬁ%%@? éfa%f&{%?? |Eeyspf°f
70:52@cp320 20 1R0mHendexchengad faeladE-al Bldidsites, of Virol, 70:8934-
pC68-CMV-| resulting inpC68- CMV-AP. B. Construction of . i
R Bcort N RS o e B Pt s B R et laeor2
vectorcapiS 68pl iGN EG R shgrthsi phaan R wins s br 6nStraedenby
replacing thelacs (Fpesgenein RERS M V-1acZ with the enhanced green

fluorescent protein (EGFP) gene. The _ , _
In an attempt to apply the convenient green/white selection process {(A.

R. Davis, et al., Gene Thera., 5:1148-1152 (1998)) to construction of recombinant
20  C68 vectors, a 7.2 kb fragment spanning 9 to 36 MU was isolated from the pBSC68-
BamB plasmid by treatment with Agel and Bsiwl restriction endonucleases and
cloned into Asp718 and Agel sites of pC68-CMV-AP shuttle plasmid, resulting in a
new plasmid called pC68CMV-AP-MU36. A further modification was made to
remove 26 to 36 m.u. from pC68CMV-AP-MU36 by Eco47IIT 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-MU26 consiruct is co-transfected with
Xba 1(16.5 MU) restricted C68-CMVGEP viral DNA into 293 cells, followed by top

30 agar overlay; The recombinant virus plaques (white) are generated through the
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replacement cloning process was carried out as the follows. An additional
Notl restriction site was introduced into the 5' end of the EGFP coding
sequence in the pEGFP-1 (Clontech, Palo Alto, CA) by BamIR digestion,
filling in reaction and to ligation of a 8 by synthetic Nod linker (NEB). After
Notl restriction of both constructs, the EGFP sequence was isolated from
the modified pEGFP-1 and used to replace the lacZ gene in the

pC68-CMV-lacZ. The pC68-CMVEGFP const was

P o g R o R RS s paen
for horhbldyads rduernbivatioranp ffoirshbaddernbabe(Go@hmaes athidh form
Virol, 7Q:8234 LA 83220 Araet plagiesisualzedaydiyerasggnt

microscopy were isolated for 2 rounds of plaque purification, expansion

and purification by CSIgfreriidiEe SefHoBneaom e weasisefaiiogisg to the
abave) pincass attelorihioBhphethe tianrvenicn QearRTINRItRISEIeEHN The AP gene
process_(A...R. (\flﬁ' A e Ther 1 148- 1996221) to, .
constru%it%rghogcr%gombi%@ %@52&9@ 2 icé irévgasrﬁe e rassette

9 to 36 Mbrakay ¢Sl SHEY fonitkenyB € 68-ZBamBtel éectniel iy tr et FRSAY3 1

with Agehapd BsiwlJesiiction eadonucieases:andkclaned IIRASRLI&,in
and Agel sites of pC68-CMV-AP shuttle plasmid, resulting in a new

plasmid EHRBdIsCRBEbAR BN S6 TATSrasarTRGmcsHBhmirseshisteterial

remove:26:i 36ty et PERSCIMMABNMAIAG DY-Ee0 AR M lanchNuk:s of
digestions. 25 T w shuttle plasmjd called pC68CMV-AP-MU26 has a
shorter Tegion é:ﬁr%grﬁgﬁ?g%)u%%é%gm aﬁ?ﬁé&a&(f OTEALERITS Fggrpment C68
minigenectds.make a recombinant C68 vector, alkaline phosphatase (AP)

is replaced with the gene of interest. The resulting

pC68CMV-Nugene-MU26 construct is co-transfected with_Xba | (16.5

MU) reStRASICE8 eRGRSIan YirAPiasA (RrReAsSEENS) iBiibhvet byt with
agar ovgirtdyn Pluereshnadinanhe Csrplagiies (white) are generated

thrqugh the 2] .homologous recombinatian in the region Qf,16.7:26 MU
W5 shar e B e G SRt o8 el and e

- backbohienthetraischibiffaiswioh ouvieviidkesgapoe neatéstlested dfem
green plaguesiah G e 68 GMY G ERVINiS T he Qe eiwhite SRIQEHRd (in

mechanism was also introduced to the

Example 1 and Z.Q. Xiang, et al, Firel. 219, 200 (1996)). Transcripts of structural
proteins of HIVQI, including gag, contain genetic instability elements, which require

20  the presence of rev protein for nuclear export and efficient expression in the
cytoplasm (S. Schwartz et al., J Virol 66, 7176 (1992); S.Schwartz, et al, J Virol 66,
150-159 (1962); G. Nasioulas et al., J Virol 68, 2985 (1994)). Adenoviruses rely on
nuclear transbription and thus require rev for expression 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 et
al., J Virel 71, 4892 (1997); S. Schwartz et al., J Virol 66, 7176 (1992); S, Schwartz,
et al., J Virol 66, 150 (1952)) 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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5 process of cloning of the gene of interest into the pC68 shuttle plasmid.
The AP gene in both pC68CMV-AP-MU36 and pC68CMV-AP-MU26 was
replaced with a cassette of prokaryotic GFP gene driven by the
lacZpromoter isolated from pGFPMU31 (Clontech, Palo Alto, CA). Thus,
white colonies of bacterial transformants will contain the recombinant
plasmid. This green/white selection process for bacterial 10 colonies
circumvented the need for malting and characterlzmg large numbers of

miniprepsictsiaLnsn geds B efram @ tRE difibieA% (P 7ehtify mutated

reconglag@atu%& WeEtRNE EXAMPe dmBodERssianaf Matiaen(Fa¢ generation
secretlp % (ﬁells Infected with Simian Adenovirus Vacgci
cts

ine .
Consftué RS recoﬂ%b RPRE D FREC I PRI grgirgééet al.J
(Adchmfrp%) ant tHé%%thman strain 5 (Adhub) carrying a nucleotide

sgquence madifieghyersionafa. waneaied form.of w& 9&&2&%

Glade B were constructed as described (i gﬁ Example 1 and Z.Q. Xiang, et

al, VifIP2Edeson P06l bbb ainonotened Brrmma strain 5.
including @a@t@@mw@@emﬂﬂﬁmei&w@gam@lte Whish reeLFeRGIfing the

prese teln or, nuclear ort nd efficient ex ion in the,
cytopi%sm é aw A & %‘ rﬁ%@‘ﬂ? %%%%\ﬁg Foompigptipn
Viral 864 rw@smsgo(ne@@zan@,mm@ﬁavp@wmal 68, 2986 (1994)).
Aglenovirusgg, l_?%s@ﬁcé%%%%ﬂ?ﬁmﬂyQ@m%ﬂgrﬂgﬂégtg%yag%alyzed by

expression of HIV-1 proteins. To circumvent Rev dependency, a

codon¥fSfiE EBY HERE & Br AR R W HiEH g Eise e 228 .H%iabfmﬁ/( I X 10°) were
elements-hadobegrtamavethi,sity diraatechpigagenesiss(Ro S

Rineiaen.
t al. V I 199, t J Virol 66, 7176 (1992
S, SchIAT=C IR N b Y RS Hm A e e aHora
vectoexpiessingribe lgbe:dp@eamcémdndesmkse mmwtpe@agemmmwm
490 Ped JSRIPRS): 179 JHNGAIET 898 HIRIRIL éé?%%}'&%nﬁ?%&’ '%S‘ePa{r \eK88ing

and is partially secreted into the supernatant of transtected human

cells (R2S¥RHeRer e, Tvikky vas goad vdh fherhenerlmakentHagy 183-H12-

constsects Haue prerpussdibracenationexrertnentsoang result in the

generation of ceIIuI rand | mor | immune re}?&?nses in mice and

primates (J. %ertlé.) recony mant ciones udgag3’, Adchimp68gag37)
carrying tms modlﬁed sequence of gag expressed the transgene product at comparable

20 levels as shown by Western Blot analysis. A protein of the expected size (37 kDa)
that bound to a monoclonal antibody to gag of HIV-1 was detected in the supernatants
of TX" cells infected with 10 plaque forming units (pfu) of either adenovirus gag
recombinant. Control cells infected with AdhuS or Adchimp68 recombinant
expressing glycoprotein of rabies virus (AdhuSrab.gp and Adchimp68.gp) failed to

25 produce this protein.

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 AdbuSgag37 or the Adchimp68gag37
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Virol73, 9145. (1999)). 5 The Adchimp68 and the Adhu5 recombinants
were both generated and propagated on 293 cells transfected with the El
of adenovirus of the human strain 5. The inventors have found that this
heterologous El is suitable for complementing the El-deleted Adchimp68
virus recombinants thus reducing the risk of recombination and reversion
to replication-competent wild-type virus. 10 The presence of gag protein in

the TK' culture supernatants was analyzed by Western blotting using
mousETRTRBRIIASIR AT’ W@%%ﬂé@ﬂ@pﬁ@pqﬁ%m@miﬁfé@t@ﬂeﬂn

48 hrsymith AdaFoees3y BrAGeR INEBARGFONIYS CLGHRfHRES GBIy, release,

AdditionalI K- cetlls gerg infected with an AdhuS or an Adchimp68
constfict" %ﬁpgsgfﬁg ff§ @fﬁl/%oprotein of rabies virus. Proteins in the
culture supetnatantylekingReéspmeatecban a 12% denaturing
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membrane. The blot was stained with the monoclonal antibody 183-
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AIDS 408 788s1998) Y esh ey pretbiiizey eytsldnec eCrrmenfor GiarMingen)
(IFN)f%¢ 19/@88@t 4°C. Cells were washed 3 times with Perm/Wash (PharMingen) and

incubated in the same buffer for 30 min at 4°C with a PE labeled antibody to murine

IFN-y. After washing, cells were examined by two-color flow cytometry and data
20 were analyzed by WinmDi software. The number in the right hand corner shows the
\ percent of CD8" cells over all CD8" T cells that stained positive for INF-y.

Seven to ten days after a single immunization, 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 Iysed 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 CD8* 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 2x 10° piu of virus still elicited frequencies of nearly 10%. The Adhu5gag37

30 recombinant induced optimal frequencies of ~9% at 2 x 10° pfu. These frequencies
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as well as by target cell lysis. A. Cytokine Release Assay 5 Groups of 3

Balb/c mice were immunized i.m. with 2 x 105, 2 x 106 or 2 x 10' pfu of

Adchimp68gag37 virus, 2 x 106 pfu of Adhu5L1 virus (H.C.J. Ertl, etal.,

J. Virol, 63:2885 (1989)), 2 x 106 pfu of Adhus gag37 virus or 2 x 10' pfu

of VVgag virus. Splenocytes were tested for CD8' T cell response to gag

10 days later. To assay cytokine (IFN-y) production, splenocytes (1 x

I06/sample) were cultured for 10 5 hrs at 37C with 3g/ml of the

AMQMER 2T hEpticrails edharsad e intirasinedhiciowh efitimtrseio idhtant

E:GDEIB' %Sﬁﬂ)i@@@ﬁﬁﬁf ﬁhﬁ;bb%fbﬁﬁfﬁ%@)ﬁe@dﬂﬁ’g'f@ﬂﬁ]@n Etfﬁdé%éqiﬂvagag, designated
olgi ,.PharMingen, San Diego, n 96 well round-bottom

microt‘fé&r%qpfgt‘ ' vHv}élﬁ1 S%%foﬁﬁﬁéégg} (rzng%ﬁfléﬁo ggg?ggangcﬁwwgﬁﬁ)fﬂ lower

supplérrmntetds Wit TelSovireedinm (FBS)eandnt:=6 M

2-g1ercapto§hanoj_.1\gglﬁ%é%tv&ﬁged 15 with PBS and incubated for 30
min at 4C with a FITC labeled antibody to murine CD8. Cells were

washed and perméalsmostichirr ciap freyspbithdarparminetnitbe spale

min atidée oGallsavaseiwpshes Bdimes with-Ream/Wash/hatMingen)
incubated iﬁ‘%ﬁ a}%r?e buffer for %{gfmin at 4C with a PE labeled antibaody .
to maffife M ENY RALPFAERAG: SRRk re e e b b aREE P el icction

cytometry tasteddatas2e Were<nal@ery by WinheBisoftware Tk nibotherin 104
the righ; bang cornershows e, pencent RL GRS, cells over all CR8! T oglls
that stained positive for INF-y. Seven to ten days after a single

immuiifEsde i ereidilaé faaetshoofhernertirensisleAlOCHB ctimsalid from the

populatiparReeauceR i wrin respeRseiothe 9agPertide: Rmasy 2585

splengcyt % assayed without further in vitro expansion lysed H-2

comp LU= T RENE HRES FEAN B W h & DR Qe S e
CD8' Fecethisletiviy waslisitpergrpioin primuni@atiyaisvith the Adchimp68
construct, which aghiew * ies to gag of- 16-19% of
tf?g entire splenic g@%@eglﬁ)%ﬁeué%%? ¥§g %%%%ﬁ%sgo%g%

dose-dependent aSstpaei fob e Adenivms8gagszdirath Wi sl
dose afs2,% 1A nfAl sl gliciad frequencies,af-0eatyd8%1 T g%s later

Adhu5gag37 30 recombinant Induced optimal frequencies of -9% at 2 X
106 pf&é%ﬁ@&é‘ﬁ é‘%\ﬂ—éﬁﬁé@o}gn and target cell lysis as described above, The kinetics

of the CD8" T cell response to gag elicited by the two adenovirus recombinants
20  differed. The response to gag presented by the AdhuSgag37 virus peaked 2 - 4 days
carlier than the CD8* T cell response to the Adchimp68gag37 recombinant.

Example 4 - Effect of Prior Exposure to Human Adenovirus on Simian
Adenovirus Vaccine
To study the impact of previous exposure to the common humen sirain 5 of
25 adenovirus, mice were immunized with a single dose of an AdhuS recombinant
expressing an irrelevant antigen (human papilioma virus L1). Two weeks later mice
were vaccinated either with the AdhuSgag37 or the Adchimp68gag37 vaceine.
More particularly, mice were immunized i.m. with 10® pfu of the AchuSL1

vaccine. Two weeks later AdhuS-immune as well as natve mice were injected with 2 x
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were not significantly enhanced upon increasing the dose of this vaccine
(data not shown). A vaccinia virus recombinant expressing full-length gag
(VVgag, designated vDKI in S. Chacarabarti et al. Mol. Cell. Biol. 5, 3403
(1985)) stimulated far lower frequencies of CD8' T cells by intracellular
cytolcine staining. s B. Lysis of target cells. Splenocytes from mice
immunized 10 days previously with a single dose of the adenoviral
recombinants as described in A or two doses of the VVgag recombinant

the firs®givers il PEIREIT spebien ddahisyrasort A prnmbdaninjdctiorce per
e o racniiibed vl
ratuos on 1 X N cells_that ha een treated 1or - IS a .
oo Ea SR e AR " SRS e B G T 1GH bl B e mice
controlpe m;'daa’dl mt(xjedeimwmmqm tife oS egquende afihedahigsauirus
nyclegprotein (i Ered, Jaltl £f Ao YR sa%ﬁﬁéé%sga(??%@ermomma virus

immunizations with the VVgag vaccine were required to induce
detectBlsf& T cell-mediated gag-specific primary cytolysis. 1s C. Kinetics of

the CD8 T cpliidespanssulr aAEBHeuRsOh B AIGHESINEEEHBMHNIZSHon
with 5X’r%/06 pfy of A%huS ag37 or Adchimp68gag37 virus. Splenocytes
were FARBGEBEEAyETats ARG T OFERGF brotindichsrre iy &eels
cell lysisibs debosirednahavetrdheidinaticeoretiteltDg Hehalbesponsaird to

lcited by the ' [ iffered. Th
099 AR T RO I T o

earlieribiytireng T celedponse rithuaanderhhpbBdhy8dchimptgagl?
recombinant:. Exampled ofcffeptotElies ExprsdiedgupanAdenoyils .

on Simian Adenaovirus Vaccine To study the impagt of previous exposure
to the BRI R Ah B AR SO &5 TEEFOUH tis OMicummeras filliris etfector to

with atsipgleideseof an Adhus recombinant expressing an irrelevant

Tacanated clber b K e SRR M B L sels o e

More papastngfhosaitsiiod ey pravioniie dersrividvaoRisouch tsaidaH B4 or

vaccing, g Wesks atar A dBMRLR RIS 35, Wielk a8 AlANE T8 \VeEuencies

InJeCt??ffjczyev Ie;[,lr;ozbfi(gher than those generally seen in chronically infected individuals (D.H.
Barouch ef al. Proc. Natl, Acad. Sci USA. 97, 4192 (2000); T.U. Vogel et al. .J.

20 Immunol. 164, 4968 (2000); P.A. Goepfert et al. J. Virol, 74, 10249 (2600); C.R.
Rinaldo Jr. er al. AIDS Res. & Hum. Refr.. 14:1423 (1998)). These resulis emphasize

the potency of adenoviral recombinant vaccines.

Example 5 - Effect of Priming and Boosting of CD8" T celis fo Antigen
Primary splenocyctes from the cells of naive or Adhu5-immune mice
25 immunized with 2 x 107 pfu of AdhaSgag37 or Adchimp68gag3 7 virus were
compared with splenocytes from naive or Adhus immune mice vaccinated with 2 x
10° pfu of AdhuSgag37 or Adchimp68gag37 virus and then boosted with 10¢ pfu of
VVgag virus. Splenocytes were analyzed 5 days later for CII8 and intracellular IFN-y,

These assays wers performed essentially as described ahove, with the exception that
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25 106 or 2 x 10' pfu of Adhu5gag37 or Adchimp68gag37 recombinants

(4-5 mice per group). Additional groups of Adhu5L1 immune or naive

mice were immunized with 2 x 106 pfu of the Adhu5gag37 or the
Adchimp68gag37 virus. Nine days later mice were injected

intraperitoneally with 106 pfu of a vaccinia virus recombinant 5 expressing
full-length gag. Mice were sacrificed five days after the vaccinia virus
injection. Mice pre-immune to Adhub virus failed to respond to gag after
vaccinBfBnvanine thehsokastagsrsdesings ThRY! Skellsct tredueh dresaf peptide
CD8' gaghspesifit Jegedls3 m}ila@tgrﬁngﬁgﬁ%%'ggag;pntrol mice and
correspondingly,.their splenacytes failed to 10 Jyse gag expressing target
cells. In con?r%s ,?ﬁgrggﬁi&f%ﬁuﬁéﬁb‘ﬁ’sﬂ%@% EHHLEIHIy 2 <gightigastruct, the
decreaéehinradmbbuiminfiié micsoracoinzisdwiih thecAdcbipp62gagad by the

constriahSTRANENSIES OGRS AAEISIASAE wersIedused byonly.; 3090
and the _cytolytic activity of splenocytes was lowered by - 50% comparing

differeNt BB 1 G RsechTard &8s 18chisd . bite baambvEaEe" T cells to
recomprirantsInNyee femuansies of GR3. Toels lQaagnsHRassingihase

elicited W reviously described vaccines such as naked DNA or poxvirus
recombinants (o S & AR BraI BT Sl 66 | 186 11585 19893 bk gtrerraesre to
were ghsatigherafian those gerieraly seenlinohronicaly infecisd qualitative
inglivi . € rac. Natl. Acad. Sci USA, 97, 4192 |
00y G T B e N R0 A oo
at. J. Varembinaio he 150 0)cd mepRiprieleadrinab GuAIDSResIE Fhaninated

Retr.. d#hl42 10880 3haseLesulisemhas Mgaﬁon similar to

| 6T Fn0% BRISRE
adenot¥l|rtal recombinant vaccines. Example 5 - Effect of Priming and
Boostig o DS &80 Antigen Primary splenocyctes from the cells of
naive or AdHirsgiramianef Gite TEimte ynizadvaliths 2ok Bftealeell lysis could be

hu [ 7.virus were compared wijth splenocytes,
o e S e 2 0 s v
AdhuSgE§3 FehasER MY esyagSThimams dtcthen boosteditithddBmfdrof
VVgagiisinateRasHies Wee ABaZed B 98YSAIBHIQESERS M8 te vvgag,

intrac%liyégr IFN-y..
gag-specific T cells analyzed 5 days post-prime comprised ~ 40% of the entire

splenic CD8" cell-population.

20 Pre-existing immunity to Adhu$ severely reduced the efficacy of the
Adhu5gag37 vaceine but only slightly impaired the CD8" T cell response to the
Adchimp68gag37 virus. It was previously reported that mice immunized to Adhus
virus developed a reduced B cell response to vaccination with an Adhus vaccine to
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, etal, . Immunol. 162, 6716 (1999)).

In contrast, the CD8" T cell response to gag presented by the Adhus
- recombinant vaccine was abolished in Adhu$ immune mice and could only partially

be restored by additional immunizations with a heterologous vaceine to gag. This may
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These assays were performed essentially as described above, with the
exception that 26 there was no further in vitro culture for lysis of P815
cells treated with the gag peptide or the control peptide 31D ina5 hr
51Cr-release assay. Priming or booster immunization with a heterologous
vaccine construct, the VVgag recombinant, failed to restore the CD8 T
cell response to gag presented by the 5 Adhu5 recombinant vaccine.
Although Adhu$S vaccinated animals boosted with Adhusgagp37 and

VVgad SiGtheRr A RHES 7 hiesllde dpiesie exssride iritserirsatcey
IFN-y-iiraeispansetonthe gaththeseddassTcselis-tatall v iacke s Cytaytias
activity against gag-presenting target cells. These results indicate that
pre-exposure to the antigens of the vaccine carrier had not only a
quanti&%ﬁ%ﬁalgmwmn@ﬁﬁemmmmwenquwswmmmﬁame
to the gpesgrNAsipProduct of the adenoviral recombinant. The CD8' T cell
response to %3%%? Adhu5_ .immune mice vaccinated with .
Adchimp68dab Ty ShEGH RHBELEFURERE POV dadiibririizarmsrece
similastoithatSeers iprnsiyeahiod Freguencieso GDBHT Tells4e:g88.a56
well as fri celllysis could he 15 augmented fyrther by primin
ot s P R T A B e
VVgagerevpemplirdins Bfwsrdarrie griminginidiih dagenoyiidnecomiiiEns 6

followggh 9 layidatar oy SERIIRURIZAYR With #he }699% :
CD8' r%ag‘-’s$ecifi§é$ cel s?%nlcﬁsggg SSGZ'ZIays_ 5@5@2?}1%%,0%&%%\6% -4 (%93? )
V.

tHé e faratoE g wbRY90 pU st rominme fespsevtiomed sesel vathersitted

severelyetaducetitheaificasiiohiheu,ghu bgausz¥acaneBitanlysiaht sed
impair{%g ego%D%'eT %egklgleraﬁ%o%géo the Agghimp68f$§g37 virus. It was
previolisly Teportad that nica T dn2adRo RIS ViraEdesdraera

reduc&daB@ell response to vaccination with an Adhu5 vaccine to rabies

virus. Increaging e 0056.af ﬁb@py%%%ﬁ £f Henga gm fle Serofype 5)-

expressing the 25 same antigen of rabies virus could readily circumv

tHe dafffsFiig ettt iné pretexptisareAdimariis Vidas 21 (Ma&hy \étuses

al., J. waekiolsk62y 618 (999)) ol ealash e € DS Taeli{§FRORSS tO

9ag p%%.t‘si gttletgy l@égf grﬁaqehnl% %uriﬁcatian. For other experiments, cleared supernatant of
the infected cells necrotized through three rounds of freeze thawing was used. Viruses
were titrated on 293 cells to determine plaque forming units (pfur).

20 The adenoviral recombinant of the chimpanzee 68 serotype expressing the
rabies virus glycoprotein, termed Adchimp68rab.gp was generated in 293 cells
transfected with E1 of adenovirus human serotype 5 as described in detail 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 virns in infected TK: cells

was confirmed by immunoprecipitation, as described in the following example.
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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 27 indicate induction of CD8* T cells to be more
susceptible to interference by circulating virus neutralizing antibodies as
compared to stimulation of B cells. Example 6 - Production of

Recombinant Adenoviruses Containing Rabies Glycoprotein 5
Adenqviruses of the human serotypes 2,4, 5, 7, 12 and the chimpanzee
oron o b e dre B AGHA LTG FESHGEr s S HE A edsPE
recompheaingdoviruses based on the human serotype 5 expressing

the glycoproggj f rabies virus or the LI protein of

the human %ﬁaﬁgﬁllgﬁ%gﬁ/ﬁ%ﬁ\%%%ﬁﬁ&a%e %%ﬁcéleegg‘ril eag(ﬁggv%éﬁ?ﬁf?fls of
Q. XiZHICH I GYeIsE 21 e onivrir HOgelsts Drwakblvabeykidiahos
(2500]Q)Ommgﬂﬁgwé@ﬂ@fmmﬁéﬁwﬁﬂMmmﬁ%rggg%%ﬂiﬁ%aﬁng
with hgman papillomavirus type %th}/ ccineg._An e>i§ressipn system

based on adenoviruses of the chimpanzBece At oRhe 85 iied srdidisetras
describedsits BrdmPfetsiivenslintses wesdpropagateden EEeEyaduld thus
from the.hy gerotype 5)- 15 transfected 293 cells (F. L. Graham, et.

at, J. Gen. Viral. 36: 59-74 (1977)). Viruses were harvested by freeze
thawing of th¥ B&n& BsFsarraiBrpeErmanms e vase pbatidduy € Ghey
gradigrrrgpificatior: Feratberexperiments eteaigd @H&%%E&@Q&&%the

infected,cells,necrotized, thrqugh three rounds of freeze thawing was used.
Virustjggljl R r%cgeﬁcf %%Bfg%scgé‘f Y5 G it U AT
20 TheradénoviratseotmbinantofithEHENIS paffze enb8ises AhPRISXRISSSING .
the rabigs yipus glycoprotein, termed Adchimp68rab.gp was generated in
293 cells transfected with El of adenovirus human serotype 5 as

described iﬁdetaifWHi@%’%ﬁWfEﬁ&@N/iral clones were initially screened by

indirect immunoflurresaenaes\wih M%%E@é@%ﬁ%%%?e%&ﬁ%@eﬁm
conf mragon-dlg%eédent epitope of the rabies 25 virus glycoprotein. Upon
a

selection of & StabRe SRS SFEGHHs rdenaybrd seembrauie e pytholabisgucts
viruseglyresng teinupy et At hinp6 Srdiagrs VeI dackath Tk eUSyin
sterile phosphate buffered saline (PBS) and then incubated for 90 min in serum-free
medium prior to the addition of 20 1 of ¥S-labeled cystein and methionin (Promix,
20 NEN, Boston, MA). After 4 hrs incubation, cells were washed with PBS and then
ireated for 20 min with 1 ml of protease inhibitors containing RIPA buffer. Cells and
cell debris were removed from the wells, vortexed briefly and centrifuged for 2 min at
12.000 rpm. The supematant was incﬁbated for 90 min at 4°C with 15 xl/ml of ascitic
fluid containing the 509-6 monoclonal antibody to the rabies virus glycoprotein.
25 Protein Sepharose G was added at 7521 per sample and incubated at 4°C under miid
agitation for 30 min. The samples were pelleted by centrifugation and washed 4 times
Iwith RIPA. buffer. The pellets were resuspended in 80 11 of loading buifer, 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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was confirmed by innnunoprecipitation, as described in the following
example. 28 Example 7 - Expression of the transgene product by the
adenoviral recombinants. This example shows that the Adhus virus
achieved markedly higher levels of rabies virus glycoprotein expression in
TK' cells as compared to the Adchimp68 s construct. Transcript levels for
this transgene paralleled protein expression indicating that the difference
was unrelated to differences in post-translational modifications. TIC cells

are CREBOSHRE Rt ihadosaoncisntifs inatiseiiypes Shotikiue

thus BE8&-dpmparable. For use in these experiments, mammalian cells, i.e.,
baby hamster kidnﬁye 6&8«:&%‘5'%2% cells, E#—transfected 293 cells and TK-
cells, were propagate UlbeceeR TROUMBH ESGRE s Hh adrgiritoimrpected
suppléisdineeriithie heaThfne aNhogy Theatesciydnte sE TRl abiMINQ BEWSH the

HEPESGhiter g tikiolie 88,107 I umEBS). A.. .
Immunﬁcgre%%)igtﬁatiqn 15 TK" c]é%s{a(g%%kp%%\%%grﬁg%uv%gr\g%%é S0 e from

pfu p&F el SFERREM feeiddsrrad gRtopraRER e revsiat hteneviral
refcorpbidl'mtﬁmremiﬁfmmmﬁgﬂ&tsiwﬁwSﬁeﬂfﬁ%ﬁﬂ&ﬁ]}:ﬁg%ﬂ)g&fﬁf{c@@é@@m
After rs cells were,washed twice with sterjle phosphate buffere

saline ﬁ%@ﬁéﬁht eé&n%lﬁﬁl?aa@sﬁ%a"%%ﬁ- i T AR T EEPeiRR (B Ateeene
the aditist OERO(POTBSSatabdiodlcysteinahd ndetionies (RKemMixp@Re, rate of

NEN +,Bosian M -4 DS, in ion,-¢ells, were washed with PBS
and t;len t?g;tecﬁﬁggf éﬁfr? %ftf%@lur%?% %?g(? s nhiarS s taTmtonal

RIPAEICE encha ditawdidsridainere ddiensinad frometi inelispinttexed

brieflyifedeentifugad o miR@int 20R8,rpm. The supernatant was
incubated for 90 raniﬁ%tgc ith 15 jt/ml of ascitic fluid containing the
509-6 monoclonal &n ﬁ?ﬂ@%ﬁ?@@@ﬂ@?&ﬁ&’@&ﬁ%ﬁ#ﬁ%s%@ﬁ RNA

SepharoselGed fomdde d el THkitpewishsthle antldadubated at 4G uager
mild agitation for 30 Mimd les were pelleted by centrifugation

and washed 4 times  with Iﬁqu u%&%?% 551?8 53""{}\,%%%%%% DevigeyH sene
80 ,ulet ?{}gﬁ}ﬁ@dﬁﬂffg@}ﬁmfé{ﬁ%peﬁomed as described in part B.

B. Real time reverse transcription polymerase chain reaction
(PCR)
Confluent monolayers of TK" cells were infected in cuplicate samples
20 with 10 pfu of either of the adenoviral recombinants. Cells were isolated 24 hrs later
and RNA was extracted with the TRI reagent according to the manufacturer’s
instructions (Mol. Res. Center, Cincinnafi, OH). The RNA was treated with RNAse-
free DNAse, purified by phenol extraction and adjusted to 50 ng of RNA per sample.
The RNA was reverse transeribed 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 glycéprotein (SEQ ID NO:2:
5’ AA GCATTT CCG CCC AAC AC; SEQ ID NO:3: 3’ GGT TAG TGG AGC
AGT AGG TAG A) and the housekeeping gene glutaraldehyde-3 -phosphate
dehydrogenase (GAPDH) (SEQ IDNO: 4: 5 GGT GAA GGT CGG TGT GAA CGG
30 ATTT; SEQ ID NO:5: 3> AAT GCC AAA GTT GTC ATG GAT GAC o).
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4 min. Samples (20 ,ul) were then separated over a 12%
SDS-polyacrylamide (PAGE) gel in comparison to a molecular weight
standard. Gels were dried onto filter papers 29 which were exposed for
48 his to a Kodak Scientific Imaging Film (X-Omat Blue XB-1). The
Adchimp68rab.gp recombinant expressed a protein of the expected size
that bound to the 509-6 antibody. The precipitate of TK- cells infected with
the 5 Adhusrab.gp virus showed a band of the identical size that was
absent in lysated4ioim Teldhd ipfodtes hitreadien Shir diicedomitieants: values for
expregsigAnnnglateddranggene product. Expression of the rabies
virus glycoprotein was more pronounced.in cells infected with the
Adhu5rab.gp construct. The differencgﬁwee&pression of the transgene
produdt may reflect pre-translational evrRetsistIChaas Gitfexenegs in viral
uptake, sate-obi QMranscription or transcriptistability. Alternatively,
translational or post-translationgh mifferences sucﬁag,pdlstlnc;t side ghain
modifi¢ations may result;in ntitative differen in serolagicall
odifications may result;in quantitative differences in se ocggi % T

S H a0
[AA'AY) HUQQ'”"I‘-I\’Q,

lal foin T £obab oy Aoy h-bhoit
detectabteprotetn—Fo-further-distingtish-between-these

thae tot 3&%[}% dl\}/vugfaggé?be(dj rfrgrgj’éé Cfalls ir]f?ftiggﬂ% Si}hear of th(fﬂ§2
e

adeno “recombmants—i5-Reverse:transgribet-mRINA-to-the-rabt

virus glycoprotein and a |housé€keeping gene was amplified py real-ti

PCR pefférhirentdselescribed in part B. B. Real time reverse transcription
polymerase chain reaction (PCR) Confluent monolayers of TK- cells were
infected in duplicate samples 20 with 10 pfu of either of the adenoviral

recombinants. Cells were isolated 24 his later and RNA was extracted
with the TRI reagent accHfdifpthEindurastiressnmstsetisiadivesd ©

Res. @reter Gincinprtbpl yeldig RNANasHeMRImtR- RN 385888 t0 that of

DNAse, aﬁélﬁ%i ki/ Qh%?)l extraction and adjusted to 50 ng of RNA per
samplgéz.]f ERNA AL 12088 ranscribed and amplified with the Light

Cycler-RNA 25 amplificabiotufeit@ YBRidmbeni{iR ochepI) ann bibien Adchimp6s
Germany: @ikifis 8k YPIROY: 2 B hA0: A8 1ol A0 90N MBS RS D ncated
the rabies virus glycoprotein (SEQ ID NO:2:

gag protein of the human immunodeficiency virus-1 were compared to the Adhu3

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 conirol 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 AdhuSrab.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 recorbinants

expressing an unrelated transgene, i.¢., the gag of HIV-1 (described in the Examples
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5" AAGCATTT CCG CCC AAC AC; SEQ ID 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 ATT T; SEQ ID NO:5: 3' AAT
GCC AAA GTT GTC ATG GAT GAC C). 30 The data in Table 1 provides
the results. The data show the mean values for duplicate measurements
SD. Table 1 Relative Transcript Quantity Source of RNA GAPDH rab.gp
Ratio {EKPBHEHIES) B - Tadntrseaiinpioiyledse indugogpanibody

0.52.04bhdo4e 18064 VAdeiinpaBEad. githéSaShOWA MniRiRAata. dB&ission of this
transgene tra&&crigts a i Fted to i o those of the housekeeping gene

% and e restuls hilows. .
showed a quantitative diffefence comparable to that of serologically
detectable protein Heardbad-BotapkovitesHilthiseKaiiile nive etheruchased from
Adchimpagn legrmbinants eXRIGSHRgs. #RenAHUQISSCRN OBAKPE%'MEQH?
codon-modified truncated gag protein of the human immun e‘fluency

virus-ISHEE KoK EPE T 8H8-AdhliS 15 recombinants expressing the

same transgene pidcidcigshnaed asuivalRatpreiainRdIgssiaRdeysls i
TK- cells. From this 't.ha§ been co“%uge%ﬁt at the reduced expression of
detintp

the rabies virus giycoproteifi by the SO FUHEEEY 45 ke ran et

neitheimwﬁdﬁmﬁta&el\ﬁgqc ineratb i tead soriptidisswineholn oty Sanstiril given
isgegylatet by 18.5aMECRHIP lﬂ@é&%@%ﬁz@@ﬁ%%&% Sr L ?g%%“%”
of mice using a rabies virus antigen. The rabies kus-spemﬁc antibo

respoRSkIthe ihifBos ran p UrlienarYissniardseitd S bf then were
AdhuxepagpedoisBRENRredRNEROURRASH RINSIOA over a sucrose gradient,

inactivated by treatment with betapropionolactone and adjusted to a protein
concentration of 0.1 mg/ml. CVS-11 virus was titrated on BHK-21 cells and by
15 intracerebral injection of adult ICR mice (Z.Q. Xiang, Z.Q. & H.C. Ertl, J Virol
- Meth. 47:103-16 (1994)). Upon challenge mice were checked every 24-48 hrs for at
least 21 days. They were euthanized once they developed complete hindleg paralysis,
which is indicative of terminal rabies virus encephalitis.
The serological assays included enzyme linked immunoadsorbant assay
20 (ELISA), isotype profile of antibodies, and virus neutralization assays.
A ELISA
Mice were bled a varied time intervals after immunization by
retro-orbital puncture. Sera were prepared and tested for antibodies 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, ef o,
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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mice. Mice were injected with serial dilutions of either of the recombinants
given s.c. orin. S era 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.e., the gag of HIV-1 (described in the Examples 31 above)
were used as controls. These recombinants failed to induce an antibody
response to rabies virus detectable by either assay. A more detailed
discusiisfosrofiadinfrrhambaes esinertelisons apbmars dedGrapilorgs added for
C3H/Henapgli &S AR/ 6 piga; Wwarerpw ehaseairem & lneksanrbahemateryure.
Bar H??rbor ]\éﬁi}ge. Outbr%i %Q&mice were purchased from Charles River
(Wilmin§tSH, MR)YMite Were njecied with varied doses of the
adenoviruses or thB- adelsoWrgseé@amiiiadigs given in 100 | of saline

supcutaneously (s.c.) or inplhlsiptramasaly (- puiMisawveie shalleneedy an
with rabies virus of the CVS-I 1 strain given 10 at 10 mean lethal doses

(LD5OFrtrAcaBieaP afed Y B ATt T ndres g theckihingbamdiebadoma
(ERA)anddheitthaliesgs Vs Standarnt (RN pilistiyniweti®ed modifications
propagated on. BHK-21 cells..ERA virus was purified over a sucrose
gradie%%a?ﬁggff\?yteﬁdg éy“%r%dz Pr?gﬁ}' with betapropionolactone and adjusted

to a protein concentratiohlefigrypaghviilc@Vaihadiess s wititead apen s.c.
BiIK-21.6alls.and By: Indniragerabraldnieclion At ALMILIGR MirsoQrat
Xiang, Z.Q. & H.C. Ertl, J. Virol. Meth. 47: 103-16 (1994)). Upon | .
challe@&HitetNbrietbiat o Very SAEhiY fiPe ieti3aoqupEom rlgited
were gutimnizesh@oce ey ievelopadieommete hindleg paralysis, which

is indicative of terminal ra&i&s viru enc$phalitis. The ser%o icacli ssays
included enzyme linked itPRLHSRBROHRAN 84y 195 RIS L e
profile Aflantibogi escancvpivy s. nedimatization asbays afprEbiBsedfél wespense
bled ayayied, UmeriprRIS AR LR RMBIRAHOR s RO IRl PRGNS ab. op
Sera were prepared and tested for antibodies to rabies virus on plates
coatedPRtRIOt BIGPVER-of inactivated rabies virus. Sera were tested for

C. Neutralizing Antibodies

Sera were tested for neutralizing antibodies to rabies virus of
the CVS-11 strain, which is antigenically closely related to the ERA strain (Z. Q.

20 Xiang, et al, Virology. 214: 398-404 (1996)). A WHO reference serum was 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 AdbuSrab.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, upen i.n, immunization both vaccines
induced comparable titers of antibodies as determined by ELISA and by virus
neuiralization assay.

The pronounced Thl response to the Adchimp68rab.gp

30  recombinant upon s.c. immunization contrasting with the more balanced Thi/Th2
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25 antibodies to adenovirus on plates coated with 0. 1 pug/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 his 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 'SP UG FEATOPERI R PhdsPhataberconjisy fred dfatartinrdiseritoity.

(Cappehonagadatach i0hd 4ansiage AlRR1VSRINgUBSTaIE AaS AAARd
for 20-§Qsm|n ?t ggo‘cggﬁrr%? rature. O%tlcal density was read at 405 run.
B. IsoR/pes 8 antbodt SRS BrhAtRsER ngirsd dtiRodeitss to the

deterrfrivedeby andiEl {SAver: platpsrebhtethwithitinachidaietl-E Rbtypaisofile. This
using ' i j ing,(LaJolla, CA) kit with
s? me %2%%@4 p%%&ﬂé%%ﬁ%%ﬁ%%n@&i#&@%% ; ﬁ%vésgﬁed
aboveJerReTeotynd Fromardtamtiprstiasidibvraiione oporrsd toithe
immunizatiemrdutt. was comparable upon i.n. application of the two
adenoviral vaccines. Both recombinants, upon delivery by either route of
inoculation, elicited IgG2a antibodies to the antigen of rabies virus. Both
reconibiagmtie ShofreferantialindatiirnariCitietoAid UG editRgpprareingthpon

S.C. agprHsiALN O APRIOWNGRE I9GI response 15 indicative of
Th2 help, which was lacking in the response to the Ad.chimp68rab.gp

cBnstruct given s.cY ERIFRIFARGETHBbMa B M werssts vty virus-
neutralizingiandbediegite (akies FinusmbLihe &VE; KicskainnvBighisa 1977,
roro0h SE I SRR LTS R W ER P BBl 15
compéariseue Tities drbreyghras st o b d rtgemationahiibitserf h@munized with the
AdChim&%&%Q&YQﬁ%@éﬁ@, &%ai%ﬂ&?ﬁ@tﬁth%spsm%%% gescribed Adrab.gp virus
15  based on the human serotype 5. Within thig application, this recombinant is referred to
as AdhuSrab.gp virus. |
Both adenoviral recornbinants induced protection to challenge with
rabies virus. C3H/He mice immunized with 5 x 10° pfu of sither of the adenoviral
recombinants given s.c. remained disease-free when challenged 3 weeks later with 10
20  mean lethal doses (LDy;) of rabies virus of the CVS strain. This rabies virus strain is
antigenically closely related to the ERA strain but is 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 resuited 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 AdhuSrab.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 either serotype
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cell response to the transgene product as compared to the Adhu5rab.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 sXprivsing Aizatiolatcd atkasting wilh el M ofe daldinged Bh idEhd 138

response Hpen- %%%Qa%fe%:ﬁ%ﬁ?&ﬁ%t% LOUGS-IPL AGTAIR0CE Mnatitis,

adjuvanticity. Upon application tothe airways, the natural route of

infection for Adhu5 virus and presumably for Adchimp68 viruses both
recompinaniteinducEkariandy Hersirihe Ihensgsne DiFeusittBatonge of
compaigble I magnjide-and . el sapmeprofle This s suggsts that
postula ed differences in ropism and?or gdjuv nﬁcﬁy are tissue

dependent, i%® ftackirig-o¥resserorom deticimitieraitveayts vl Sumpesdabapiruses
the sybcutaneumeGxample 9 -7Rrafesential dnduciion Al GWereXiGRERlne

Response with Recombinant Chimpanzee Adenovirus 10 . .
Vacciredhimeitpreredion e il de rréta e sitipized with 4x 107 plu
neutratiziagicatihodies N A doviuded ahdnhehaalbedheer. Vi, B6x 12 or the
59-74 (1977)). . The studj ith the rabies protein thus focused on .
e T R T
experimentgchnetediererifimitime édwittriise adsshivastrab gpviives Ead,

in parajlgh.with the. g R waescrbed Adiak Op Mrusl2 Dased ansthe

human serotype 5. Within this application, this recombinant is referred to
as AdHtATBRI R E8. "Bt Aot R FEEShiBPAR ARG E e dnpranat aesib edy
challenggonithinrabiesiviiiss & StbiHelsnidesammenizeddth & X106 péuebuse.

either gt e adenavial ecomblnants given s.c.temained disegee free
when gnaa\lenge(?ré{ Wee%rs fter with rif%g?(')emeaﬁnfg%ﬁafzdoses ’(7_ dfo?
rabies slirupwidheCAS BN Thaisrabigsivirnsciiraispsnse to AdhuSrab.gp was
slightly superior in naive mice to that elicited to the Adchimp68 virus. The response
to AdhuSrab.gp virus was completely inhibited in Adhu5 pre-immune mice. Some
reduction was also seen in mice pre-immune to adenovirus of the human serotypes 4,
2,7 and 12. The response was not affected in mice that had been pre-exposed to the
20 Adchimp68 virus, The response to the Adchimp68rab.gp virus was strongly inhibited
in miee that were pre-immune to the homologous virus. Mice that had previously
encountered adenovirus of the human serotype 2 showed a slight reduction of the
antibody response to the rabies virus antigen presented by the Adchimp68 vaccine.
Mice inoculated with any of the other serotypes of human adenoviruses developed
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 AdhuS virus developed higher

antibody titers upon vaccination with the Adchimp68rab.gp construct which might
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antigenically closely related to the ERA strain but is more virulent in

rodents. At a lower vaccine dose of 5 x 105 pfu, the Adhu5rab.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 105 pfu. At a lower dose of 5

x | 04 pfic80%6 plesriceclacinated withliipeAciy SradpQRYRAGIES cell response
develqpafl progiessiygdisease while those immunized with this dose of
theAdchimp68rab.gp recombinant were protected. All of the mice

immunized WRHEHEhERFaRRSCE A Bivhresinsitinsrssbrotyipel8as8ires singine

an unmc_{{ated ﬁ@ﬁﬁ@ﬂaﬁﬁwﬂiﬂ tﬁ@ﬁs%@%&ﬁﬂa@é&imﬁé Qﬁ%@r@%ﬂ@ﬂf@"q mice pre-
reﬁcomblnants to tﬂg g%bles kus%ygcg rotein developed a fatal rabies
f

encephatis. t&‘)%‘ampleiﬁﬁ’-af & BRI § P do Groups of
Differéift@deatjpestof iHumsrrddenoiirdseHbfile Amibedy:ReSpaRSRL0
Rabieg Vi T i REE-EXRaSIHE of the comman, serqtypes of
human %%ﬁ?&gé%ﬁ%ﬁ%man serg%gglyﬁ AT AR 9%%) "‘J&é%¥ arer with
inhibitts aiBEERP rispohddh Bt 2 de Hirip 88 rals. g pveesih dp grodiseofere
C3H3ﬁ@i§@r&\@@' ePmynized !Mﬁig&d% %08 pf E'ab@é‘sr%ﬂ!kc@%&%{ﬂ@%@% an
q%encgﬁ es of silh%ébum(?n serotypes 2, 4, 5, 7 or 12 or the chimpanzee
s,erotype%%i(;ﬁluteS QS Tt BE TRl Eiatmatn TiRreeRe sershice 10
were vigoinatetdiciaithreltherboiufabugp oA deRimpERiab.gposiisitict in
e IR R AIDBL N R 0 BP B A TR L B v

mouse, the Adchimp6 .gp recombinant, which given's.c. on
a margfirtarsAtEdHy A sasEisidB Rittecriiveunt subh oioviodosevivas

in jectaepaﬁ&ég&Qﬁ;@%&%ﬁ@é@qrxé_ﬁﬂ%w?eﬁﬂﬁé@%ﬁ%ﬁ’&%@é&%@?&%@%s
tested for %gubog%%sq&the rabies virus 15 glycoprotein by an ELISA. The
-555 [

rabied YA EH: HETREND A BiRet SACEH e ss GRSt s in
naive satigtertiv lyahekaitdebed fhe AdCIRGSSH USIINT SROAS R ghest
AdhsiEh g s compltel nhbied n Adus pre-jpune mice

Some reduction was also seen in‘mice tENEhGirh S FrRdower
humarresregses therpwararduted Thewesbense fukds notaffettedindgnicted,

that had DeampiesexRPsecbifiig: induced higher VNA titers to rabies in Adhu$ pre-

20 immune mice compared to those achieved by an equal dose of the AdhuSrab.gp
vaccine. The detrimental effect of pre-existing immunity to Adhus on the efficacy of
the Adhus vaceine was demonstrated furiber in a protection experiment, Nafve mice
immunized with 2 x 10° pfu of AdhuSrab.gp or Adchimp68rab.gp virus were
completely protected to challenge with CVS-11 virus. The majority (65%) of Adhus

25 pre-immune mice immunized with this dose of the AdhuSrab.gp vaccine succumbed
to arabies virus infection while those vaccinated with the same dose of the
Adchimp68rab.gp virus remained protected. Increasing the dose of the AdhuSrab. &p
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 immumity to common
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20 Adchimp68 virus. The response to the Adchimp68rab.gp virus was
strongly inhibited in mice that were pre-immune to the homologous virus.
Mice that had previously encountered adenovirus of the human serotype
2 showed a slight reduction of the antibody response to the rabies virus
antigen presented by the Adchimp68 vaccine. Mice inoculated with any of
the other serotypes of human adenoviruses developed 25 antibody titers
to rabies upon Adchimp68rab.gp virus that were either similar or
incredsethirednagritudercomparaitiddiibie i rigeiab were Najye.pHgr to
vaccination.: ] [ re-immune to Adhus virus developed
gy Ao s R B &T b s ton
constfaRARARE Y iRsRt thS ipaftaes wregsderbe diferosh ge aothie: Trinelpelished in

cells thatprpraatedihenB.callrespenss, adbs-lansaens prod lﬁﬁﬁn;lose_rotypes

further.determine if at equal vaccine doses the Adchimp68rab.gp vaccine
e STBHGS ATy T HE EOMBS S106 (BRI G =

mducedasﬁnr?effgr an
mice preeckinirhinieddAadbuoinuspaevachi et REON: EXREITRR AT MaAST

conduygted,; Groups of LaHIHe M re immunized s,c..with 4 x 108 pfu
of an El-deleted adenovir%egg}ﬁ%inwgeﬁst%o t lé“tfr%té’r%ﬁg%en%?‘ﬁb‘i??i‘ ﬁ&?c?é‘d
were SEBEIFA RSN seRly I WitthasitheralitioSealiones ofth Adchimp68 virus.

Adchimp68rab.gp MeLsgiven & fepAt ¥asieaAeaes AMice Were e 2.ed the
tihqdy titers to rabies virus were determineddby

v%/Geeks Ia%%g and serum an 1

an 1G°EL /Kf&?SP%%%%Séﬁ%@é‘(mﬁ§Hé?ﬁfatﬁaﬁ&%e§§§&w freitHBrassay
showedansignificahbughitetioniartherantibadyresnonsetediRusly infected
Adehimp68rab.gp ¢ ruct in uSdmmune mice. The severity of the
reduction o}fg ant gﬁd%?fge%% to lrrg%%éﬂ\}/ﬁ’ﬁlsn presénted By e ¥ on-defective

constieiinviriedipidopahiatised e hidihologoablvimiib dipendditorithenpon
VaCCiﬁ&d@%@ﬁ%ﬁ@@ﬂ&h@%ﬂﬁﬁﬁ@a&@i&%@%ﬁgtﬁé YAGGIRG WA S o1, o

more affected than.the response to higher vaccine doses. VNA titers were
dUnstHPHEN FRBYE FRBRCEHRRITTHE EMIAL Gfars: ciiae dnpi ¥ asine-
higheistiwat pinecliseapsie hialve i Rty oy §AAR) WO AGHSD NS | as

while gt the fwo lower vaccine doses fiters were reduc?;gb more than 20
fold. At any g‘\%gxe o%“é_"‘s“%é*%le% ,%B{E%écﬁs gﬁ?n%’ pBarssE %’oxrﬁl?ﬁ%‘ﬁgﬁ‘il at lower
inducEdsidh &R pusrermoe abestin WdAuSsprese to the Adehimp68rab.gp

construct was superior at all doses tested to that of the AdhuS vaccine thus more than

20 compensating for the slightly lower potency of this vaccine upon s.¢. Immunization,
Adchimp68 recombinants thus provide an attractive alternative as a
vaceine carrier for use in humans. As shown here they are efficaciouns even when
applied at low doses of 2 x 10° pfu through non invasive routes of administration
such as the upper-airways. Mucosal immunization by i.n. application has the added
25 advantage of favoring induction of responses of the common mucosal immune
system, which is distinet from, albeit interconnected with the central immune system

targeted by injected vaccines.
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20 immune mice compared to those achieved by an equal dose of the
Adhu5rab.gp vaccine. The detrimental effect of pre-existing immunity to
Adhu5 on the efficacy of the Adhu5 vaccine was demonstrated further in
a protection experiment. Naive mice immunized with 2 x 105 pfu of
Adhu5rab.gp or Adchimp68rab.gp virus were completely protected to
challenge with CVS-11 virus. The majority (65%) of Adhu5 25 pre-immune
mice immunized with this dose of the Adhu5rab.gp vaccine succumbed to
a rabids*aimnus fdfectighirmifkzaeos 68/ daomatedivitid tRerdantiegose of the

Adchimp68rady g, wikus Eﬁff}oééﬂqg REOLEGER: aage iglgii%%ﬁ%ﬁgrggttq%aéion of

Adhu5rab.gp virus to 2 x pfu per mouse restored the efficacy o
vaccind S PREEHIED 40 FedpBiske fppreeidtan Stene ¢hiddlicn e dvadhby

the 30nfdechitop6airecombinasiuampeinifected dhprer RASUBRIMMREY nzee

to common 36 Qol{urs%au% tgdenovirus serotypes, which inhibits the response

to the corresponding recombinant of the human serotype 5. Upon
pre-immnunizbicAlvitnsepiibatiorritomp dentATIOSER otheilmrivibigand

responsepigiae Adbyerab gerrescing was,ahqtished in, Adh uis, MO)

pre-immune mice and reduced in mice pre-immune t6 other huma

seroty B SRt feiehead samyPCTians povelssateogan, UT) and
Adc;]hir:]ma&fennmm@mnwa_ﬁl @gm?m%gamlm@g Ualmifé%\ géﬁhﬂ{@l&ggﬂ%mh{
ta the homologpus virus, t inical concern as Adchimp ,
s DR B S e PPt e S Ginh o Yehae o bng
serotyprediog rorshigréondatitiizihgepilopts wathharlehie Py IUE4 of the cells
Pre-expRag eerlisatiandsientive-Adhubirusaleo reduced the 10,
antibody response to the rabies virus glycoprotein presented0 By e
AdhuSTEERABRa s B HetR etpardan s 19ord< e el 45 mdieed by 3

previouglydnfeariedn it makealion:ee RRRIeREM M S8 AR BICE, 2 ulra
p{gz-lmcrél%r]%to replication-def tw{gé@dhus virus developed reducedgbut

readily datedabie s iﬁ%séﬁ%%ﬁ%ﬁ}rré iR SAHERS ARt RRE R bR WAt aliluted
AdhuSBrabzgip Vaetinkesintieasing thésdoseiaelAdbuSyab gRtbiored at
construgtgould in part circumvent the impact of pre-existing immunity.
Vaccine- induced protection against rabies virus requires VNAS, which

were not induced as efficiently in pre-immune mice by the Adhu5 vaccine

especiBibmphemnusebahPwRl sequencing of viral genomic DNA
Genomic DNA was isolated from the purified viras preparation féllowing
20 standard methods and digested with a panel of 16 restriction enzymes following the
manufacturer=s recommendations. Except as noted, all restriction and modifying
enzymes were obtained from Boehringer Mannheim, Indianapolis, IN, Genomic DNA
was digested with BamH], 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 BamHI, or Pstl.
The Pstl, BamHI and HindIl 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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doses. In Adhu5 pre-immune mice the VNA response to the
Adchimp68rab.gp construct was superior at all doses tested to that of the
Adhu5 vaccine thus more than 20 compensating for the slightly lower
potency of this vaccine upon s.c. immunization. Adchimp68 recombinants
thus provide an attractive alternative as a vaccine carrier for use in
humans. As shown here they are efficacious even when applied at low
doses of 2 x 105 pfu through non invasive routes of administration such
as the upperchipwayiseiftig oRNAATUARIZAEI. Ry 4B ARPUE AN, BAS Nehe cloned
added Jas l%glysg}gggscotgga/%rip%fgguction of responses of the common
mucosal Tmmune sysfnem, which'is"distinct from, albeit interconnected with
the central immune system targeted by injected vaccines. 37 Example 11
- Chimpanzee C68 Virus Stock and Replication Examples | | through 15
which follow provide additional characterization of the chimpanzee C68. It
will be appreciated by one of skill in the art that this information can be
readily used in the construction of novel recombinant chimpanzee 5
adenoviral constructs. The C68 virus stock was obtained from ATCC
(Rockville, MD) and propagated in 293 cells (ATCC) cultured in DMEM
(Sigma, St. Louis, MO) supplemented with 10% fetal calf serum (FCS;
Sigma or Hyclone, Logan, UT) and 1 % Penicillin-Streptomycin (Sigma).
Infection of 293 cells was carried out in DMEM 10 supplemented with 2%
FCS for the first 24 hours, after which FCS was added to bring the final
concentration to 10%. Infected cells were harvested when 100% of the
cells exhibited virus-induced cytopathic effect (CPE), collected, and
concentrated by centrifugation. Cell pellets were resuspended in 10mM
Tris (pH8.0), and lysed by 3 cycles of freezing and thawing. Virus
preparations were obtained following 2 ultra 15 centrifuge steps on cesium
chloride density gradients and stocks of virus were diluted to | x 1012
particles/ml in | OmM Tris/200mM NaCl/50% glycerol and stored at -70C.
Example 12 - Cloning and sequencing of viral genomic DNA
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Genomic DNA was isolated from the purified virus preparation following
20 standard methods and digested with a panel of 16 restriction enzymes
following the manufacturer=s recommendations. Except as noted, all
restriction and modifying enzymes were obtained from Boehringer
Mannheim, Indianapolis, IN. Genomic DNA was digested with BamHlI,
Pstl, Sall, Hindlll 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 deproteinatiof aBlgh&lid nBiop iR abinéslkeids iNewskagland Biolabs,

pNEB = pNEB 193 clone

pBR= pBR322 clone

No prefix = fragment not cloned

40

Beverly, MA) were double digestedwitir Pactand-Bamittor-Psti—+the
Pstl, Batakandndindl olones SRRSTRISEIR) FRgATS PusiiFtecsiy,
Figure(1, parts C, D and Epsespectively. The fragments mq;catenllﬁypt it
shaded -boxes were not ch#irshl, buf tfi&sequerncd&af thevantire genome
has beeriddisraas. through 38 sequencingloverlapging clones and viral
DNA '8"*!15 (ynshadedboxes). The-cloned.fragments are desgribed in
Table 2% “?6% je-3-E6t plasnﬁ%éf @ﬂegcgqa nsékglzes é%ﬂzé’tmrt Narifé
Insert Sigg Frggen Fragme Sibad End fhsce tgilap Mg i aitd 8¢
End 315RY YRIERYIC Frimeats £68-Peip 5768 s4faa-3 151 b77. 0.
86.4% EEHPE-EST B b7 132533 1155013296 34 By B5 L BB-PSLE -
5228 148520034 40.6Y6 54.9%; BSTCRIISID2 0912072, 14810- -
38.19%4 4816% 6B B:68-FSTE 2644 P0039 22685 54-9% 32¢t5a < 1o
PBS:CoBPebErOB1 32046 33396 B7 8%0d3 1% ABNEBCER-PStG o
1874 1 ABY2MB-B94 5.1%, pBS:CA8-Pst-kkaePD 230084 PA78353[2% GZ. 870
BS:C68Pe8: C6E3%BI33997 35389003.1%688MBM6 36519 96,8% 100.0%
pBS:C68-Pst-K. il11 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-0 380 31666 | 32045 86.7% 87.7%
pBS:C68-Pst-P 285 11551 1 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%
BamH]I Fragments
C68-Bam-A 16684 19836 | 36519 54.3% 100.0%
pBS8:C68-Bam-B 8858 3582 | 12439 9.8% 34.1%
25 | pBS:C68-Bam-C 4416 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%
HindIlI Fragments
30 pBR:C68-Hind-B 9150 23471 32620 64.3% 89.3%
pBS = pBluescript SK+ clone



NEB:C68-Pst-T 1180 35340 36519 96.8% 100.0% BS:C68-Pst4( 1111
2763 3873 7.6% 10.6% 15 BS:C68Pst-L 964 3874 4837 10.6% 13.2%
BS: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% 877%
pBS:C68-Pst-P 285 11551 1 8835 31,6% 32.4% 20 C68-Pst- 236 11836
12071 32.4% 33.1% BS:C68-Pst-R 114 31552 31665 86.4% 863%
BamHI Fragments C68-Barn-A 16684 19836 36519 54.3% 100.0%
BS:C68-BafihiBi858: 3682viRd 3003.8%6s341ied 2B 008 dda 3440 in

124 1190 04 : -Bam-D 16850..19835 46,1% 1
5 ag e b A R A AR e
2042388l B8 psgeduseHindlt Peyimeasd IGBRIRES-BildB191301 987 and

32620 6 3%.80 3% P BE S RBINE SEHRN S KTt R & BN ERF RNEBH SRvious
clone pBR :Z%BR%%?? clone No_prefix = fragment nat cloned 40

ChimPaiseEHHBNGTRTY Cod: RS BHEHb S 5 BICE A B Ao ktead

in  hukaialR A3-aetis./Vifdk e Mo DNA Wasudotated fiem:plngedoirions

o SR O A SR T s

the difa Wesaiébndistbrinsiitisisrevibostiestodiresqaata shoratiolid el &R and

Kitchjngman Haene «R9120en2 $Qdh882 MR welanshGr it AR ole

%001:?1?&303‘(% %39( %’2&’: Eris}h/gl eﬁaggkeest ?nt ?irg]geg\ﬁ[ ?Ig,ga)z/ld%%,l fc?speotivcly. The cloned
fragments, fragment sizes and genomic position are also listed in Table 2. Both
plasmid clones and genomic DNA were used as templates for sequencing. The
genome was sequenced by primer walking in both directions and each base was
included in an average of approximately four reactions.

15 The C68 genome is 36521 bp in length [see, US Patent 6,083,716).
Preliminary comparison with GenBank sequences indicated varying degrees of
similarity with other human and animal adenoviruses along the entire length of the
viral genome. Regions with homology to all of the previously described 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 (NC001403), Ad12
(NC001460), Ad17 (NC002067) 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 JTR=s) are 130 bp in length.

Example 13 - Analysis of C88 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
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(1989)). Restriction fragments spanning the entire genome of C68 were
subcloned into plasmids. A schematic drawing of the C68 genome is
shown in Figure 1A, and the Pst-I, BamHI and Hindlll fragments that were
cloned into plasmid vectors are to indicated by the unshaded boxes, in
Figs. IB, IC, and 1D, respectively. The cloned fragments, fragment sizes
and genomic position are also listed in Table 2. Both plasmid clones and
genomic DNA were used as templates for sequencing. The genome was

sequefitisaving piinfeninatiungdn befhidid CTRR0ANEE AR hasenWRE 4918); DNA

includegi f } ' 1

oo B S R e P DAy
compaH<8Pahith ?\%?@éﬁﬁ@%@?%ﬁ%&é@?@h@%ﬁ@é@yg{eﬁa
similaiivy 12407 pthies (KIvos4v RRgraniRaladenoMEsesiRIAng (e S enome

lepgth of the_viral genome. Regions with. homology to_all of the previousl
describEd SdanoUtEAI S ah AT T ey P b b o driacd 1.
genesy Wefe oY iV 186766 8:20mehb MR FY o). HBAA Hdreelegistease .
betwe | j t haye been c .
e e AUy A TG gE) s RSBy R
(NCO@?@%%%%%%%@ (NCO01464), was used to order the clones. The

open readingteaes (RE)wWare JRGHINGHA YR INR OERRENEIEX cdited with
|Eigntlfﬁdi‘g\%sgg %n hor&qloqﬁ go other human adenoviruses. All of the

major a0anovird e ATy SR AR T8 M i e hheedrrplvess sy B arhefed
termir(hftreeats. (ieRibs)tare/ BO e/ MOEN Gitm, FxaMple ikl -Aaalysisghn
C68 ide sequence of every member of the
Mastﬁ%%%ﬁ%g%%ﬁ%@g@gsg Ei ?r%nr%vg’lesnsgré)ﬁﬁelsn‘gﬁ%ﬁégﬁglatljt‘ggﬁf{é?n

differdAtEpE heselrbowingthedighe fohathomity to@88. The AN minigenome

bied | ) n tc') 1|1T' Foan
was assembfag fremyile sému@mgn@cﬁa@@%ﬁsqam%% 8%9%4@;@%5 ¢

(JO1964); El A region (M14918); DNA pol and pTP (X7 ;
RNA-F Effég‘égz%%’i? %é]b& (FE 2588y vAe QorpTed jo faxsn PREY BaByrotein
endoprqteases.(MEGESR)DNSqbincing Po8teidotidaed Q7o SRt FORAY ), 5,
right-b,a?g &B%@Q&Qg@g&% i@%z orr%%siige %e.nome 5 was created from

u -

the following sequence data: d6oy: VR RIS ff¢itchingman, cited
above; Li and Wadell, cited above) C68 is most similar to human Add (subgroup E).

The E1A region of C68 extends from the TATA box at nt 480 1o the poly A
20 addition site at 1521. The consensus splice donor and acceptor sites are in the
analogous position of the human Ad counterparts, and the 28.2K and 24.8K proteins
are similar in size to the human Ad proteins. The ORF for the smallest E1A protein
of C68 is predicted to encode 101 residues as opposed to approximately 60 amino
acids for other adenoviruses. There is a TTA codon at residue 60 for C68 where other
25  adenoviruses often have 2 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 fhe E1B 21K protein has

30 only 142 amino acids, where C68 has 186 residues and other human adenoviruses
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pTP & 52, 55K (U52574); penton (AD001675); pVI, hexon and
endoprotease (AF065065); DNA-binding protein (K02530); E3 and fiber
region (AF104384); right- hand ITR (V00037). The amino acid sequence
alignment was generated with Clustal X, edited with 10 Jalview
(http://www.ebi.ac.uld-michele/jalview/), and analyzed with Boxshade
(http://www.ch.embnet.org/software/BOX_form.html). Publicly available
hexon protein sequences from all human adenovirus serotypes were
initiallyretigHSd (B iereduify theesaiSshowidgthechighbtest bovhalag;tioeo8e first

The nugleelide. sequenseAnG-RLCHleAd AR AFIA6AURNGPR.OTAll,o

significant 15 open reading frames in the C68 genome were comparedaf

known DNA T b eeroetRredecomHeeh ol ke tidd SeHeNdebindpamistein and

compatedtQ sequeneesrofei:a wtims fie E2BlEant AR IRAMEaMBRtAVith
previous restrictio is, (Kitchin n, cited . above; Li and Wadell,

S T A R R e et
regi_o_ncew@%mwﬁ%@%m@ivﬁmmemiamm&@It@¢hmpedy Ah2068 E2B
additionsig BS3dThecoRsensUSSRYice 99@9&%@&%&&%5%@%%%@%‘%@ o

in the analogous position of the human Ad counterparts, an

and 248K Brot@ e g PSS iftsr epedermd s osrploteisnmieORF
for thereshiltet Fl Afketait ofl bBis prediciedin.eRcede 1R l-residiugs A8 o
opposed, to. approximately.60 amino  acids for other adenoviruses. There
e dit il gy R R R ey R S
have @FGresibp/eddan. AdrkafirsC6Dndgitnes 04684 AlQORI(itRILiH,
have 85% i [ nome gncod enes

for the fourdlrigl.il%g%o%%&gﬁgéﬁgﬁgggoﬁ%giigﬁ%%fgggﬁ garsev’ggﬁ%g% P 5?.6 rable
All fiveGEBE G Fed proarntarerapilitr indiddavliivediioraitrogshes ZUB? has

and pl¥proteing. AdseAdbden oo ahikeddhd 3 2 pratelnRas3en s
1?2 a%{r;}gﬁaac&ds, v,vherglC68 has 186, residues and other human

HATEH B BRI PR g K4 phdiamgion has no

1ds.
0

atfenoviriees Ao HAVE
share 85beidenfignonderithen finstridddvia b &3 theisirvilarys ends eng dbe

IS 10 i T e R
Virology, 215: 165-177 (1996)).
The C68 E4 region has 6 ORF's and each is homologous to proteins in the
20 buman AdS, 12 and 40 E4 region. The E4 nomenclature is confusing because the
ORFZ homologs of C68, Ad12 and Ad40 are approximately 130 residues, while in
AdS5 there are two ORFs encoding proteins of 64 and 67 residues with homeology,
respectively, to the amino and carboxy terminal ends of the larger ORF2 proteins.
ORFS 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 AdS.

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

30 late proteins varies considerably. The C68 fiber protein is predicted to have 90%
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the lva2 maturation protein, as well as the E2B terminal protein and the
DNA 5 polymerase. All of the E2 region proteins are similar in size to their
human Ad counterparts, and the E2B proteins are particularly well
conserved. The C68 E2B 123.6K DNA polymerase is predicted to be
1124 residues, while Ad4 is predicted to have 1193 although the other
human adenoviruses have smaller polymerases. Residues 1-71 of the
Ad4 polymerase have no similarity to any other Ad polymerase, 10 and it

is possibiectheit! tdisipnoteih Getuallpivitialesaham RN ATGCALMMer human

From aming.acids £2-1193, Ad4 nd C68 pplymerases.have 96% amino
acid identity. ?he E3 regioné%%ﬁlﬁ%rﬁgrslﬂg %ﬁ%%%%g VG HEREE G %
exhibit considerable sequence and coding capacity variability. Ad40 has

five E¥regipr ganegiridddubas:isx «+ishapd Ldpshave seven, Ad38 has
eight and Ads’i a%a\flse(u (E?s%%%e S#E’g%ﬁ@ﬁ% hum%nggdenowruses) have
goh ot eetervity

nine putative E region genes.
setuebktedeniypompseificomtisith ¢HE Eand dhannfAdd%iral 7 B3 B8RRI zing
homolggsweygidentified.i genome (C. F.Basler and M.S.
Horwitz \I/%ogy, 215%%%%%%%%6%%%8%%@ =08 r%%%ﬁpﬁ&?%lﬁﬁﬁgts
and eRRIOHSRBIIEIE S ProteiaadistiverechufiaRONdE e ERdurde A GoE 4

regiomsihisizdnomeicia s saptusing Pecausedbs QRFAD 9&}%@;%%

of 06811,1db.\dlt2 an @d4 are eproxi ately 130 residues, while in
there are o sleénEE)ad?ﬁg Hﬁﬁlténﬂ%‘ B4Rt BT PessigRs wmitpkeys, or
P@mofé@ypﬂesmﬁmhg@dm;ﬂtﬁ aniifiCancs oanheiys tesinal cﬁﬁf@p&f@&h
argerg | Jhas heen omitted in our nomenclature
because hes(g't ’g)ll%?:r’iﬁ%ﬁbééa%gﬁligigénh%r%g%’émﬁ?@%ﬁ%@l 0%
studiedCORFs pldidin efuslaramaost Hhel HE)6V EGEpImImeT #reithe
ui-partisdnadersediences alibe 9B aehame Weredgealed OR.Faith
. e

the potential to encode the 15 major late proteins were focate
C68 IRERIEEINS Brandifia i ctresimémiumah0R43 colmieppartsl Thdotom

percepl:agiMoAitvdentiddaiveensliNpansgs,an %Wéﬁ&@ﬁm of

prOteiQSu\lln ri.%gm%ogsigerrgbl 8 'I;hg Ct:eg8nfib'er protein is o have

90% 43 a6|}n|n0 i ISR AR lﬁ%l@t‘éﬁ?ﬁﬁf fﬁ@éﬁ%é@fﬁﬁﬁiwﬂer a

to theftherchntmesroscope. Sample dilutions that showed >50% reduction of green-
fluorescent foei as compared to infected controls were scored positive for neutralizing
antibodies.

20 As expected, approximately 35% of normal human subjects demonstrated
beutralizing antibody against Ad3, a frequency much higher than observed in sera of
thesus monkeys and chimpanzee, Neutralizing antibody to C68 was observed in 80%
of chimpanzee and only 2% of normal human subjects or rhesus monkeys. Titers of
neutralizing antibodies in the non-target species were generally low.

25 To further evaluate cross-reactivity of C68 with human adenovirus veetors,
mice were immunized with 2 x 107 plaque forming units (pfu) of Ad 2,4,5 7and 12
as well as C68. Sera were harvested 2 weeks later and tested for antibodies that
neutrajized either Ad5 or C68 vectors. Neutralizing antibody to AdS vector was only

detected in animals immunized with Ads. Importantly, the only animals with
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Ad fiber proteins. The CAR binding site in the fiber knob is present in C68.
Example 14 - Virus neutralizing antibody assays Several studies were
performed to determine if there is cross-reactivity 5 between type specific
antisera of C68 and human adenovirus. The neutralizing activity of sera
was tested as follows. Panels of sera from normal human subjects

(N=50), rhesus monkeys (N=52) and chimpanzees (N=20) were evaluated
for neutralizing antibodies against Ad5 and C68 based vectors using 293
cells aswirliridicatobabilitinss Sernarcoleciedfiemindbddual DEERRABST; none of

h ' inactivated.at 56C for. 30
g R B e

1:320%8P 18t SIFSVIENA ontaining 10% FCS) was added to equall

amounts of BEEHLGIMYEGRT (1009 RELY Walboh HERGMYEGER. VRS
and mcubgltgd at 4 C for two hrs. One hundred and fifty microliters of the

mixtufs WEPE T ASEEREH b R SeE 8 RS RSP o6 et AAEISER A dmprmal
platesh@untrobjaetisilet o iddectedywithifouahematints @hVHEMENAUS using
additiqn, of SCIUM)  SAMRIES WELGIDCUNAIRD 8L 37C in,p% COZ Tor 48 hrs
and examined under a_fluorescent microscope. Sample dilu loRe &t
showéd$B09e 1R deaR nnbfegraemitkibrédcanttiveiuseoip sreth tesinfeotio

controlgavere saoree-Nesitive.fen Reullizing antibodies. 20 As expected,
approximately 35% of n?}rmal human subjects demonstrated neutralizing

aRtibody ag REESHHfORRS Htiéh HigHe FhdR soterwgsmedeiash
rhesusantainkeys enbkohimpanzecNeualizirghaptibodydeia8ubasanecously
obseryed in 809 ' nzee and only 2% of n |.human subjects

or rhek/é’U' ’%c%m%@@giﬂle{ps%g? IZ% u@% igfgg){\z/agr?ﬁ %eé?gg%ithéé‘ ﬁ%r?f%raélg%ml
speci@sufiaia pepEiRiNy IO 251 faptrspadhal initeretions-reHe tivity B GoBed.
with husRaHae eRAKAISMEGIRLS ofRICEWER MU EL Wil 25 10 BIAGYE 14
forming units (pflfé_?f Ad 2,4,5,7and 12 as well as C68. Sera were
Harvette PHsdirsthy BRd el crattp 6B that neutralized either
Ad5 or ces ve_ctors._Neutrinzing gntimmmeamQ@Mnge)
sv?ttﬁ;{ga%églgglggeals immunized %\Q%Ad& Impor%}ag%j;y, the %)Q )6san|mals Sx10°

AdhuSrab.gp,s.c. 872(100) 324 (100)  108(100) 12 (100)
AdC68rab.gp, s.c. 240 (100) 36 (100) 12(80) 8(80)
20 '

AdhuSrab.gp, i.n. nt 162 (100) 162 (100) 18 (50)
AdC68rab.gp, in. -t 54 (100) 162 (100) 18 (50)
2x1907 2x10° 2x10° 2x10t

25  AdhuSrab.gp, per os 108 (100} 54 (88) 18 (80} 4(30)

- AdC68rab.gp, per 08 108 (100) 36 (78) 12(55) 0.2(0)

These data demonstrate that the AJC68 construct unexpectedly induces a

better protective antibody response at low doses intranasally than human type 5.
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neutralizing antibody to C68 vector were those immunized with C68
vector; none of the human serotypes tested, including Ad4, generated
antibodies in mice that neutralized C68 in vitro. Important to the utility of
C68 vector in human trials is the absence of 5 neutralizing antibody in the
human population. In our study, a screen of 50 normal human subjects
failed to detect any significant neutralizing antibodies (>1:10) using the
same assay that showed neutralizing antibodies in >50% of chimpanzees.
Furthermore, sera of mice immunized with multiple human Ad serotypes
including Ad4, did not neutralize infection with C68. 10 In another study,

groups_of te twgnty ICR mice were vaccinated with varied doses of
the Agr%(aglpa%& o%ﬂ%tﬁc% ra\’gfsgg?vhaeggji%g rg‘;az?\{/a('ann‘o’subcutaneously

(s.c.), intranBsadlypdies. popofslLRmedydigide tvere Bié driihdays fatetyzaid
viral pentaliaingapiibody. A Lies sxRresdetkeR RIS RO N RILS hexon

were determined. Mice were challenged 4 weeks after vaccinated with 10

meanREHEFH SR T GRS Do s TRt sp et i SRFimte thi et hat these
Nervogissystemiord Fitars (o shipdvatidperehalieige)oY desinedbe

o S AT e St 100100
AdhuBxity g iRt beg) BRI IO Oy I8 0) 6 At 68rataldppim Tit

54(100). 102-4400) 380N X0 2@9&&@&%&%%%@1@%5{%% per
os 108 (100) 54(88) 18(80) 4(30) AdC68rab.gp, per os 108 (100) 36(78

12(55¥ @it Teas ghtactrhprstradarravmecadien derdedmodeling ohine
upexpectedhidnasiee st heiian BERCMEs AR Qe IBSADRSAPHRWHEIRRES

rangsall (a0 AT RS A Bk 20 L o

the x-ray crystal structures of hexons for Ad2 and Ad5.
The X-ray crystal structures of AdS hexon (Protein Data Bank identifier

IRUX) (J. J. Rux and R. M. Bunett, Mol. Ther. 1:18-30 (2000)), and that for Ad2 (F.

15 K. Athappilly, ef al, J. Mol. Biol., 242: 430-455 (1994)), have been further refined to
yield the current hexon models (Rux and Burnett, to be published elsewhere). Models
of the homologous C68 and Ad4 hexons were initially produced using the Swiss-
PdbViewer protein-modeling environment (N. Guez and M.C, Peitsch,
Electrophoresis, 13:2714@723 {1997)). Its automated procedure was used to align

20  the C68 and Ad4 hexon amino acid sequences to those of the Ad2 and AdS 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 external loop segments not
observed in the Ad2 and AdS5 template structures were either selected from a library of

known loop structures or fitted manually. The conformation of each model was
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The absence of neutralizing antibodies between C68 and human
serotypes compelled us to more carefully evaluate structural differences
in the regions of hexon presumed to harbor type specific epitopes.
Previous studies have suggested that these 5 epitopes are located within
the 7 hypervariable regions of hexon determined by Crawford-Miksza and
Schnurr (J Virol, 70:1836-1844 (1996)). A comparison of the amino acid
SeqUENGED @BWR@%M&MMM&%M&%@M&%S program

e |

adenoviruses is shown in Figure 2. Indeed, C68 is substantially dissimilar

in sigtEMMEGidhSurifedehypERH AN seqtneEE (IMGH" dERgifagetues
modelingeef tiyg 40 thieedisnensionalst urivstpthexdn ofG6guMas alignment
performed to the.unique sequences. Models,of hexon.structures

Fom CA3 A0 AR L e S e e i e L B M e

of hexerefoeda2endnedss THaotwrapleaysradstru Stmritcst Iugohexmared

(Proteinata Bapk ideotiias o 26 (krd e%%&%@%@ gt aol.
Ther. 1:18-30 (2000)), and that for Ad2 (F. 15 K. Athapellly, et al, J. Mol.

Biol., Bragstarys ofo% yeu day) Irstersremrtiiner fatine o fiethd Current
hexon modeis{Rax anegBussitstehe publishedelzeivie)dvbdels, bt

the hgmologous C68 and Ad4 hexons were initially produced using t
il At b S
PeitstdhpL ledifoph oresis, 18321 4:272281(4198 Wiickts. duipthaied!pfdtedude G2
was ysed to align 2 . (}]gég i i

thosg %(%pﬁ’leeaﬁ\d%o%% %ﬁ%%%%(@f?gﬁ%al str&%%%g%%f ts%%@:%%mr
alignrientingsiba iep afitetimertnadrataing ohenen inves euy deiacy the

onto the.kppwirmalegdlar-sikuatuseshl Be-sislemahain pasiiensf Armaidues
not seen in the known strl%:#éjres Yﬁ/ere,zeleb%ted from.a Iibrarﬁ of sidﬁf. a&n
&40

protofidriest RELS fisRas PRTSISEIPTR SHER (e FaPma PSS ARy ik 8
ingprofien? mthe duiadiated diighrmeptinenovngsgaps (h exposedhesdaipiaces
region b timizing tk ' ' i it] .
oo A A ety ples
structwhyswiibrdieitriéred ddedtes oiohess Nibvary BFoRNBAH 168 structures or
fitted manually. The conformation of each model was 46 further refined by
energy minimization using the molecular mechanics program

All publications cited in this specification, and the sequence listing, are
incorporated herein by reference. While the invention has been described with
20 reference to a particularly preferred embodiment, it will be appreciated that
modifications can be made without departing from the spizit of the invention. Such

modificatidns are intended to fall within the scope of the appended claims.
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CHARMM (B. R. Brooks, et al, J. Comp. Chem., 4:187-217 (1983)). The
structures of these C68 and AN hexon models were then aligned and a
new sequence alignment calculated. The differences between the t\gq) LLp
structurally aligned hexon sequences 5 were used to color images o ﬁg
chamatogy models. Graphical images prepared within the
Swiss-PdbViewer program were exported and rendered with the
Persidtence 6f¥igiortiRayi ditacer piogram B OVi:Ray2000cMearsian, 3alg)imian
.While the overall. C68 sequence. is very similar to that of Ad4 hexon, the
“%‘Y%ﬁérﬁncé?ﬁt?e%’v&é%h Bé%(t%% fs“eaé u“é“ngeénac}réisp%flrr%ag‘rﬂ?t?é%@égeo&?ngf?ﬁ'@ Befbly
el FGA: 18 foops racchthese gontain alhseverhbypernanablevegionssild i
Gl and FG2 loops, each from a different subunit, that intimately,
R L O R R B B B . Pao
6T Hexoh towers form much of the exterior surface of the virion and are
the sites of antibody attachment. As the sides and base of the hexons
pack together within the capsid, these regions are shielded 15 from
antibddy bindirsgmad tdeisegliences ase:bomservedaim cohtrast ytbEcation
68.and Ad4 are quite different in the he towers, This
S 1 D SR BB, o
not cross-react. All publications cited in this specification, and the
sequence lisyj incorporated herein by reference. While, th .
invention haé!ﬁL rllsqé%}?frigggg%}égga\?vﬁﬁcé%rraesfg}aé};%eeét%l 5'] %%?ti%ﬁfa%lf/” g?é?g}r%‘cﬁ delayed
eghmsdimients itlwilliséedppreciated that modifications can be made
without departing from the spirit of the invention. Such modifications are
intended to fall within the scope of the appended claims. 47 MCSLLP
CLAIMS 1 Adepiivatiod defectlecsimian akdenedirabveetdeieontaining litveng a

ﬁﬁ{g&igg?lac%?&%ﬂrlar{ &%0559 simian adenoviral cis-elements and a

glenel .
eterologous gene opérably Tinked to an expression control sequence,
wherein the simian adenoviral capsid is derived from a chimpanzee

?de”%‘."rus SRISEIRCL AT, NS rouR SPnsIsting.of Pan % e, S and Pan,

contains a deletion in the delayed early gene F2a.

6. A simian adenoviral vector as claimed in any of ciaims 1 to 5 having a

deletion in any of the late genes L1 to L5 of the simian adenoviral genome.

7. A stmian adenoviral vector as claimed in any of claims 1 to 6 wherein the
heterologous gene encodes an immunogenic product from a virus selected from the group
consisting of Human immunodeficiency virus, Simian immunodeficiency virus,
Respiratory syncytial virus, Parainfluenza virus types 1-3, Influenza virus, Herpes
simplex virus, Human cytomegalovirus, hepatitis viruses, Human papiliomavirus,
poliovirus, rotavirus, caliciviruses, Measles virus, Mumps virus, Rubella VIrus,
adenovirus, rabies virus, canine distemper virus, rinderpest virus, coronavirus,
parvovirus, infectious rhinotracheitis viruses, feline leukemia virus, feline infectious

peritonitis virus, avian infectious bursal disease virus, Newcastle disease virus, Marek’s
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2. A simian adenoviral vector as claimed in claim 1 that is replication

defective due to the absence of the ability to express adenoviral Ela and

Elb. 3. A simian adenoviral vector as claimed in claim | or 2 wherein WQSLLP
- delayed early gene E3 is eliminated. 4. A simian adenoviral vector as

claimed in any of claims | to 3-having a functional deletion in the E4 gene.

diseadd Simtian adenovieal vector as claimed in any, ef Slaims o 4 WhiChheritis virus

contains a deletion in the delayed early gene E2a. 6. A simian adenoviral
ang/ESras iEidimBiE s- any of claims Ito 5 having a deletion in any of the late

genes Li to L5 of the simian adenoviral genome. 7. A simian adenoviral

vector as claimed in any of claims 1 to 6 wherein the heterologous gene

encodes animiiHbgErIe BradURE HoAT vt serstted fﬁ@ﬁaﬂﬁhbtargaﬁlefaln the

heRPRSISHRg LhEHURAA R YRHSICIBRRY HEUS: FHIHAR HIITNRJSHGISREYom the
virus, Respirato%yncytial virus, Parainfluenza virus types 1-3, Influenza

SrOHPUEOHETIRS OSBRSS FH{Ir AR TS Bt BUir SO HEpaH ViRidks,
caldHmaR PERUOMAVIFYS p RRLIRYITUS, Folayins cAlishEeaes, Meagles vius,
Mumps virus, Rubella virus, adenovirus, rabies virus, canine distemper

BGAGE AN TBATEREUAFUS JEBFERaVITESCOR RIS IndEC s BT i 8 etsseria
goyﬁwz%%atgl@ﬁz&%&ﬁgﬁm}%\éwaﬁa&%!r@himﬁw%na%ﬁgmy',scfﬁfwmfﬂgmm,
infectious bursal disease vinas, Newcastle disease virus, Marek's 4
Bonesliepeisuase virts) phtciing respiraeriahareprodtio i syhefsme
chYIYSeSANING BTN VNS BRELENCEDNANUS MIHRLS: Sy AeBURIBRLm diphtheriae,

adenoviral vector as claimed in any of claims 1 to 7 wherein the
MY DI GBS YR E EAES 0bE P ATRTGHE R ORI ST e et a gt are
coﬁﬁJﬁe%,eﬁrﬁ%tmmgﬁ%pfwmtmgaw?@wgm%m%%@E,czosm-dmm tetani,

Haemophilus somnus, Moraxella catarrhalis, Streptococcus pneumoniae,
Legioapiist Btetis a9y diaseStrbptedodets Hagiawcide swsiiacsctgstenrelia
miBBERAIS. Hsheabanter Pylor, Nelssshia: MeRInaldie, NelSSeli®epricum.

gonorrhoeae, Chlamydia trachomatis, Chlamydia pneumoniae, Chlamydia

psittaci,
9. A simian adenoviral vector as claimed in any of claims | to 6 wherein the
heterologous gene encodes an immunogenic product from a fungus selected from the

group consisting of Aspergillis, Blastomyces, Candida, Coccidiodes, Cryptococcus and

Histoplasma.

10. A simian adenoviral vector as claimed in any of claims 1 o 6 wherein the
heterologous gene encodes an immunogenic product from a parasite selected from the
group consisting of Leishmania major, Ascaris, Trichuris, Giardia, Schistosoma,

Cryptosporidium, Trichomonas, Toxoplasma gondil and Preumocystis carinii.

11, A simian adenoviral vector as claimed in any of ¢laims 1 to 6 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 anfigen, MUC-1, Her2, CA-125 and MAGE-3.
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Bordetella pertussis, Salmonella typhi, Salmonella typhimurium,
Salmonella choleraesuis, Escherichia coli, Shigella, Vibrio cholerae,
Corynebacterium diphtheriae, Mycobacterium tuberculosis, - MCSLLP
Mycobacterium avium, Mycobacterium intracellulare complex, Proteus
mirabilis, Proteus vulgaris, Staphylococcus aureus, Clostridium tetani,
Leptqspira interiagans: Bousliaburadarfer Rasieurellahagmolyticay, 1
Pasteurella multocida, Actinobacillus pleuropneumoniae and Mycoplasma
COFHITSEHAIBtHHT0 I ALSHARF AGERBY BEN SBO FSsS BRI ed SAaM D dlaiemernt [TR
Se&ql@}lg\éherein the heterologous gene encodes an immunogenic product
from a fungus selected from the group consisting of Aspergillis,
Blastomyces, Candida, Coccidiodes, Cryptococeus and Histoplasma. 10.
A simian adenewral xectarasalaimed inanyofalaims hio ewhereinihe « 11 in
heterologous fqene encodes an immunogenic product from a parasite
the SRSPEEAHEM tﬁ@ﬁ&&ﬁl@&@&tﬁ@%ﬂ%&%ﬁ?ghﬁss?ﬁéf&}%%%am@}um genn a
suplghuris, Giardia, Schistosoma, Cryptosporidium, Trichomonas,
oxoplasma gondii and Pneumocystis carinii. 11. A simian adenoviral

vector as claimed ifF&HF GTERirE A B VISR IR HeRiIGg6R ese

prisrdiecied tnRlicling axantizeaness Gffectutiizing.a-cARGSLRIIGER, QB4
tumor-associated antigen selected from the group consisting of prostate
SUBGBIERECHNgEN carcino-embryonic antigen, MUC-1, Her2, CA-125 and

MACE-3. 49 MCSLuRnd2. Amethpd OfPod usinga vestahasalaimedin
any of claim | to 11 comprising assembling a heterologous %%rée and the

CORRASHRIBMIIFAS Mg ePeRI SR HEE e SETs BTSieh HscerAB IRt

re@@ﬁf&‘ﬂ Eéﬁ@%%@_&dm&ctl‘i’ aneoneefclaims %&%&%&E&Hﬁe@é@%@c@ a
medicament for inducing a T cell response to an immunogen in a subject,

characterized in that said recombinant simian adenovirus preferentially

induces a CD&+oF celltappise 4&-Isimauneasnovhen dsliveredaims 1 to 11 in
subcutaneously, and _ _ :
the preparation of a2 medicament for inducing an antibody response to an immunogen in a

subsect,

characterized in that said recombinant simian adenovirus
preferentially induces an antibody response to the immunogen at low doses when
delivered to the mucosa, and |

further characterized in that said recombinant adenovirus
comprises a nucleic acid molecule encoding an immunogen under the control of

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

15, Use according to claim 13 or claim 14, wherein said recombinant simian

adenovirus is formulated for subcutaneous administration.

16, Use according to any one of claims 13 fo 135, wherein said recombinant

simian adenovirus is formulated for administration at a low dose.
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further characterized in that said recombinant adenovirus comprises a
nucleic acid molecule encoding an immunogen under the control of
regulatory sequences which direct expression of the immunogen in g g, | p
subject. 14. Use of a recombinant adenovirus according to any one of
claims |1 to 11 in the preparation of a medicament for inducing an antibody
respohée to drcimmmmiogemiary subjett]charasterizedvncthat saigl recombinant
Jfecompinant simian adenovirys preferentially induces an antibody, .~~~
e e o A R N SRR RO Wi evveen
1 GneffurteiiChidracterized in that said recombinant adenovirus comprises '
a nucleic acid molecule encoding an immunogen under the control of
regulatory sequences which direct expression of the immunogen in the
subjett. 15. Use accoddivigtotiaimel$ otgtain 34, Whereinesaitie immunogen is
' imi irus js fo ated,for_subcutaneous
Sﬂ[ﬁg%@ Qﬁqﬁé gijg\% %gﬁ&ygggﬁ 8%}%@& rpogfp(ﬁngge 3!

administration. se according to any one alms 11‘?{8{&%1’ lVSVﬁg?evl%d from a

PEAREratOMBINARE SIS adbaevirys isortuptéd foradminisitaticiiabay virus- 1,
hWB%'IQ%MQﬁkL%&Zab%%‘? according to any one of claims!’) to 16,

wheréin said recombinant srmt an a enovuas is ~ti effective i formulated
or administration at an ffc ~ ecti’. dose which betveen i04 pfu and 106 pfu.

18. Usg accaygling to e ims.13 10,16, wherein the immunoaen
is selected from the gﬁo%eg%ocr%{l tlgr%%lgfl au%%ﬁpl & 16%?3?6%%&(%’18}36}%%%“%
rdspdesived fromea ipathogdnitcidruy setectechipoinirth éatroupcobsisting@fan
fjiciency viru%-Ll, .hurqatn p),apilloma.virus, and rabies. 19,
QLE O C 0O

' nod L
ELéﬂé"l&p&!ﬂlgqré%ré)m%coomaﬁl(}js|t|on LSettilor IRdUCING BRETTOIGE RIS nucleic acid

An Immunogenic
segsponsadodingmamithfindnodeficienty Vitus eotnprisingl€8): RecarpbinBrid (b) a

pﬁ’}i/@% 0.2 ﬁggvglu% 1d&ao,r\g]i{?_l%rto any one of claims 1 to 7 comprising an
opt|m|§1e nucleicacid - '

20. Use of an immunogenic composition according to claim 19 in preparing a
medicament for inducing a CD8+ T cell response against human immunodeficiency virus

in mammals,

21, Use of a recombinant simian adenovirus according to any one of claims 1
to 7 encodmg an immunogenic protein derived from human papilloma virus in
preparing a medicament for inducing 2 CD8+ T cell response agaimst human papilioma

virus in mammeals,

22. Use of a recombinant simian adenovirus according to any one of claims 1
to 7 encoding an immunogenic proiein derived from rabies virus in preparing a

medicament for inducing a neutralizing antibody response against rabies in mammals.

23 A vaccine for human immunodeficiency virus according to any one of
claims i to 7 comprising a recombinant simian replication-defective adenovirus

comprising an antigen of human immunodeficiency virus-t (HIV-1),
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sequence encoding a modified gag protein of human immunodeficiency
virus-1 and (b) a physiologically compatible carrier. 20. Use of an
immunogenic composition according to claim 19 in preparing a
medicament for inducing a CD8+ T cell response against human MCSLLP
immunodeficiency virus in mammals. 21. Use of a recombinant simian
adenovirus according to any one of claims | to 7 encoding an
immuanogeric pratein detved:framhumar: papillemandrusin. prepaing Ar.
ancTe icament for in(tiucin%r%CD& T cell response against human
PDapitfoma RiriL i HAMAR 22 tRe BPa PEesmbHARE SihtidN ddenovirus
- -according to any one of claims | to 7 encoding an immunogenic protein
deriyed frolrp rabies virus inﬁpreparing_ a ,)r[{ledicament for inducing a .
neutralizing SntBoH} rESPBREE G SIS rabiddTH THamh RIS 20 CoDVRERE native
antifen Humantimmieqreficiency: stitus,aceareingHo anyone.ah claims | to 7
comprising a recombinant simian replication-defective adenovirus
comprising an antigen of human immunodeficiency virus-1 (HIV-1). 51

M?%Lg’f 2He Theovacein h erdoeording:io Q'?,@k%@aiﬂ'ﬂ%{%ﬁi% ?miﬁ@mi%ag

selected from among the group. consisting of the envelope, pol, or gag

CD}\FIegg{f?)ﬁng 8€‘ﬂ$\}fﬁf Sf@%’ﬁ‘\ e%gf(ﬁﬁ%%&&&} 'ﬁg to claim. 23, wherein the
antigen comprises a native antigen from which the genetic instability
ele%ents ave been removed. 26. The vaccine according to claim 23,
wheérein tHe SHTigER 191N 1 GRG RN E8RTBRSIHG the Seeemiss dmm-

defeBEQ BB 2Acobrdasginesfoy sabies amprising7a resembinant simian a.iq

s Jggicatioré1 defective adenovirus according to any one of claims 1to 7

TS oS R AR 5B JTeb RS Ry emiEdoartrgaRaaRte M el

direcontpotaf seguldioryisequariges which direct expression of the rabies

antigen. 52 -



