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i ncl udi ng the t&&aPrAdhtiilethtoysmbeehtZ08h thsfcoptanteat wiichda ineerpoBREIKEROUND OF THE

| NVENTI ON ReconbiRpand nesk &l ¥ohkinyiral vectors have becone a preferred
means of 20gene transfer for many researchers and clinicians. In vivo gene
transfer is a strategy in which a nucleic acid, usually in the form of DNA,

is adm nistered to S50 QR reh il QL& RE L he
transferred gene iﬁ%gﬁﬁg%§$$§%ﬁ?ﬁgggﬁgﬁgﬁggﬁﬁi?%ﬁ%@gﬁg%gﬁﬁégﬁ%F%nt. The
benefit can be the induction of anEilGiRE@NKesdonse to the gene p;g?uct,t
i.e., vaccination, i, fi ion of .the.genetic. re ertoire ar get
cells for therapeutﬁ%ogﬁg%%§§§%k$ﬁﬁ§mé§ﬁn%gwgﬁﬁﬁhﬁFW W@ﬁﬁ%ﬁﬁﬁg%bntly usi ng
a reconbi ndfit adenwidesajuenadtstng abadehidngnansahCiakdvath aninansgans. "

iral have. t over. ot her yectors commonly enpl oyed for
gene transt er (85 OFERFOVRAF ASERTERG) flefRoe! Samera Nectena! (1) car

be produced i nohirghehbdr&®r 301G . €., up to 1013 viral particles/ml); (ii) they
efficiently transfer genes to
FIELD OF THE INVENTION

The present invention relates to monkey adenoviruses, and methods for
15 growing monkey adenoviruses, which enable their use in a variety of applications,

including the treatment and prevention of human diseases.

BACKGROUND OF THE INVENTION
Recombinant eukaryotic viral vectors have become a preferred means of
20 gene transfer for many researchers and clinicians. Jn vivo gene transfer is a
strategy in which a nucleic acid, usually in the form of DNA, is administered to
effect expression of the protein product of the transferred gene in a location that is
beneficial to the recipient. The benefit can be the induction of an immune response
to the gene product, i.e., vaccination, or modification of the genetic reperioire of
25 target cells for therapeutic purposes. This can be accomplished efficiently using a
recombinant adenoviral vector encoding a so-called “transgene.” Adenoviral
vectors have advantages over other vectors commonly employed for gene transfer
{e.g., retroviral vectors) since adenoviral vectors (i) can be produced in high titers
(i.e., up to 10" viral particles/ml}; (ii) they efficiently transfer genes to
30 nonreplicating as well as replicating cells; (iii) recombination is rare; (iv) there are

no known associations of human malignancies with adenoviral infections despite
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30nonreplicating as well as replicating cells; (iii) reconbination is rare;
(iv) there are no known associ ati ons of human nal i gnancies wi th adenoviral
i nfecti orsodespist#8 common hunman i nfection with adenovi PAFAS20100559%he
adenovi ral genone can be mani pul ated to accommodate foreign genes that
range in size; (vi) an adenoviral vector does not insert its DNA into the
chronmpsome of &oEERn hi@@n|“!f§<5t@ﬂﬁ‘e@rtadn‘?@wfm&r(ﬁhﬁlemenemdﬂ gmomce:wb& 0

interfere with xﬁglggtngﬁ{xl toSic PR B asd i’dﬂe?én' %Qe% t%ﬂgan%g '14 sz and ?ﬂe@r‘}%\ﬁ(;gugeen

havi ng as an essen characteristic th
safely used as @ehudess nobiogsitic 6k idase chmnwd@n@wﬁ mﬁ:ﬁe@ ntsaiffeaem Press, New

York, N.Y., 45 lds et al.,
egg., Raven Pr éls?gr%ﬁé&%% E“ h%%{ EK&T%%%%%% colbg%jn E?EE’F}E?“& (ve) e 2
Bi oTechni quds, ®endkbs,(a888})s anChambigichatctadstic tHeAbfty ©95licaB Ihat $O66) ;

Haj Ahmad et al

o7 261 1986): and Bal |l ay et al. MBO J, 4:
3861 (1985)). fﬁf‘ﬂ] h‘fi’ﬁ%“%’ah THoVRrae qu, %n@‘@”‘f"i‘f’é‘“ﬁo%ﬁ 'Pdﬁﬁsyﬁ?}%ga&
reconbi nant vi r“@.IY METHO6 §198M); Elurwied: aV ik dbrodogs 200 €d., FRERINE ., 88d gene
t herapy protoc : structure, all adenovi ni ses
exam ned to dat ng' Erefty Ng‘ﬁ&é‘iﬂbﬂ\gg %’@%ﬁﬁﬁ%@&%rﬁ diieleshniggss & 685 to 80
hanonet er s |n dﬁmt@fwocﬁl{%ﬁlﬁﬂ,@mr %ﬁ%ﬁﬂ%@oﬁﬁﬂhﬁﬁge@f TV MRAY 57: 267

S co roteins and Ssurrounded by

doubl t
t ﬁg age?lmr/ q&%@ at‘}g%’ﬂ}\%’ eﬁﬁbt é‘i@%@ Jo‘f 3@%“85@&@@&?‘@&@ #rienevipug ét ae of
neutralizing amﬂ:Q%s@ﬁucﬁ%s&@&c&h&ﬁﬁﬁ@ﬂéi ve8bRLY PERnPASS 830 gé %@Ex{ﬂﬁt am no

aci d sequences in the capsid proteins that are on the outsi e viral
particle. 20AdERD S ETBPYIEMEMIESt 0 the fanily Adenoviri dae, Whl chis

di vided into five ganerfs ofRa-AURRGNLI HueANAIRRAKI RS @%a@%?é"ov' rus,

Avi adenovi rus, and khtadenovirus. The adenoviruses I n
Mast adenovi r us PPifEgippavnirsaipsicenhsdrensdf ek 64w &0mendrastem in @hmwpfanzee and

nonkey adengvi Q\!d%ﬁ?viruég%&O%Htpﬁ§§lsiftﬁmgéﬂ_%ﬁb%Q&%&gWA i {j %?ﬁé%#%% m egggn\?\n ,? L

transferring 25transgenes into Wever, one
the use of ademdiicpe prefeivs @it@ufroundgélhemeradﬂwﬁzeai capmdnmepmenﬁshm}w esence of

pre-existing i Vi fus that acqui t he recipient
t hr ough nat ur algliBgegj p%és(%}%gargg g?fonﬁu{r &it a’n b ‘%ﬁ?ﬁ&?‘ir‘l’rggﬂﬁﬁ?@é{%sﬁ with
adenovi r us t hr dsghamidol el semibm@sn thheaggenemams afat §F oAl QS tHeO0

antigeni c epi topss,.on, adenow ral capsid 30proteins. If sufficient in titer,
the antibodies can i mt the efficacy of the adenovirus

20 Adenoviruses belong to the family Adenoviridae, which is divided into five
genera, Mastadenavirus, Atadenovirus, Siadenovirus, Aviadenovirus, and
Ichtadenovirus. The adenoviruses in the genus Mastadenovirus infect mammals
only and include the human, chimpanzee, and monkey adenoviruses.

Adenoviruses provide an elegant and efficient means of transferring

25 transgenes into cells. However, one problem encountered with the use of
adenoviral vectors for gene transfer in vive is the presence of pre-existing
immunity to adenovirus that was acquired by the recipient through natural
exposure to the adenoviruses. Primarily, infection with adenovirus throughout life
induces the generation of antibodies to antigenic epitopes on adenoviral capsid

36 proteins. If sufficient in titer, the antibodies can limit the efficacy of the adenovirus
gene transfer vector. In addition, the administration of an adenovirus vector can

induce imumunity; thus an adenovirus may not be used more than once as an
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gene transfer vector. In addition, the adm nistration of an adenovirus
vector can induce imunity; thus an adenovirus nmay not be used nore than
once as awoO2efffesgadBve gene transfer vehicle. For instan®€l/tsponmbsst udi es
denonstrate that intravenous or |ocal admnistration (e.g., to the lung,
heart or peritoneum of an adenoviral type 2 or 5 gene transfer vector can
result in the pibairegcantropianeiidediadnginceetion! sydindtmontestyiset or whi ch

prevent expres t to 2 weeks
Pater (seor o aroRehRTIR ARTEnReh 0408 WIS b R BbERD S ey

etal ., Nat. Gerﬁdﬁn@imwp%%m(ﬂmd)ram&tvogmmm restilt &l the pduction oRespir. Cel | .
Mol . Biol., 7 ra

395- 402 (1994) a0 g*gfs%é‘?%%‘?g%%“’”’%ﬁ@?é"é%ﬁ‘ﬁ“%ﬁé?vgnéexp??gs‘ﬁ%J?"i‘2}"5 S(a‘%ge)). Thi s
is a drawback |snr0aqb@rvw4>m@tném&¢éﬂeed2 geeie iettm(s&f ep., Ysidgek Gmayhaaps of an

adenoviral 10ve I [ ' the ne, response to
a pat hogen or p‘ftci)gjl §9§4}S%%§ﬁr 80“31%‘90 2505%@3‘1‘} gé}“’%‘%ﬁ“ peat
adm ni stration.J Rhs@zrrmdhME%QWGV\M%WHM%QQ%@E&M éﬁi‘; Séna’:ly@!r@tl an

adenovi 1 al - oncadedopbiiat RegueBhs o LG B A2 s ion s 5 bosel

referred to as dravenabk @l ddeadvirany edms@géne@aﬁ@pﬁwnﬁn? ut@atth badhesiare
termed ' u@r alizin t| b&dl es."” Thus, to take full advantage of

adenovi rus Vect'H&r @rﬂ ‘?‘H“ S8 o apstips e dnmpne weRpepe eypetiogm gdenovi r uses

are needed t hatyrdyldings @acamd&%p@%ﬂag&aﬁcmqnﬂ&%ﬁ@l é{%&ﬁh?ﬁ@éﬁ@g)@&m' bodi es
directed agai nst anot her type é are not susceptible to

neutral i zat i on PKyhaY? Bowhi R I0RIER yected ageingt gn efREoHigHTeae @@p@lmvﬁmn
20There are maRy ddifd e@qﬁﬁc@m@&%ﬂ%&ér{&@ﬁ%nﬁﬁ{% %&Qq% {4 F1cRH9 é%];:ange of

ani nal hosts and adenoviruses are naned Irst isola from Host
ani mal s f r om wEhWmEEREhEGsEly seferrie apé nﬁéigw@t eatditmciespbesiblanmal s, bi rds,

snakes, frags, a@t%dfeb $-ter Q“%Mﬂﬁ%&é{%&ﬁéé IIQ&% %b%g@ﬂ%@%n%)t he

primates such as nonkeys, mans anze mans aﬁ%ﬂchlnpanzees
are very cl ose?@eﬂp@h&t‘v@di?arfdf larvefagﬁmﬁpmdiet eget h@m afsadhorvimiedsre | N contrast,

nonkeys are no n here is a
significantly é?e%g(?g@}?g?/%%e&tg i %ﬁ@ﬁéﬂﬁ% fgeg%%e er{n%aé%b?‘ﬁtéﬁ#mﬁﬁ Fekeys
di ver ged bet weenmstm tsamdm@&?mw hmtcmscyﬁd:rlStﬁaxgmreﬁm'amntﬂy@nﬁmea icBkgmomier eas

humans and chi @@ d| ver%g% .only about 7 mllion years ago 30 (Sanonte
ure @

and Ei chler, evil‘“faﬁv{l/«jsp Ptcs, 3: 65-72 (2002)). These simlarities

and differ@tces bet Weenarh unmn giffeedni mMﬁ@é‘s,asm&i ﬁ@ﬂ&%y@d%@e@@nm St ent
wi th docunented .host range.restrictions aof adenoviruses

di fferent ways 96??}??5?@“ AfRgaVIFUSET 37 BTy Jrd st ‘Wm‘%&%ﬁp%“ wmaéﬁ t ype

human adenovi r gs@switleh mha@ruwhaw&@mmmmﬂ&memhﬁms @84, Snakk) MOnkey
cells infected V\Athq\%‘{ pe hunan adenovinis, the viral early genes are
har

properly expr e B8y AT ﬁ“"‘éfméﬁhd“ hoptsgaglidss prODELherg P8ugte 3886y ; Van der

VIiet and monkeys, humans, and chimpanzees.

25 Humans and chimpanzees are very closely related and are grouped together
as hominids. In contrast, monkeys are not grouped with humans and chimpanzees
because there is a significantly greater evolutionary distance between them. The
monkeys diverged between 25 and 35 million vears ago from the hominids,
whereas humans and chimpanzees diverged only about 7 million vears ago

30 (Samonte and Eichler, Nature Reviews Genetics, 3: 65-72 (2002)). These
similarities and differences between humans, chimpanzees, and monkeys are

consistent with documented host range restrictions of adenoviruses.
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5Levine, Nature, 246: 170-4 (1973)), and viral DNA replication occurs
normal ly (Rapp et al., J Bacteriol, 92: 931-6 (1966); Reich et al., PNAS,
55: 336- MOQ00@BY248Fri edman et al., J. Virot, 5: 586-97PCIABR)Ip/HO5I9ONCVET ,

t he expression of several late viral proteins is reduced. The block to |ate
gene expression appears to be due to abnormal production of the viral late
mRNAs (Kl essi g and Adgerdidyentjways fophost 1@g6restigdon @8u Fo78)amplamiidt hi s bl ock

can be overcomg,, %%ﬁ Q&lﬂ%er{r&g %}QW%&{;?&EEQ}@%@%?&JPK% QI\ﬂA ginding Protein

(DBP) (Klessig and G odzic Rurran . adenovi r uses
t hat contain t hie8s snfm@idewmm iypﬂiimmmdnienm Greosirapeadiigetdsved prommiynonkey

cell's, suggestij bl.ock.is centered on
the rol es of thegﬁgégg!:etiﬂg&&?%e’ Ilép‘eﬂg e osféph Q}ggéﬁg\f {8351 n contrast
to the nonkéy! ikmrmmwmcwmﬂeﬁféh@%bmﬁwaahm rémmucmdemyhmm&ﬁ)s i sol ated
from chi npanze ve .a I8! n.h a e
pr opagat ed effﬁ%ﬁgmn?il czﬁza.Rg%‘?? 65(21%% E%fﬁ"%}:é%ngg% é?(p3 g%‘ligf%ﬁi)/ed ,
97(2): 465-470 Hrﬂ:@ﬁsx) e:t aWJ Diro §: ISiS&%U‘Hb}) HAWeYdr qa@e@mgae@bf Rberal

Nature, 216: 446-449

Epi dem ol ogy, 344- 35 ers et al.,
Ch069)) 2 PO ot Ml arand s, s sk O BEore P waisHoR APt b e
i sol ates was fauam&@aiqﬁomm @‘ﬂﬁej Biente mmhumasstgmﬂ &{aieifg@&i%&?llgilgg\ﬂ

B ht et al of  Epi den ol 2
enout rused” 8t DB OB SPCPh i Spobbis s ieminguie | ae and

bonobos, have %E@Wy@&@ﬂwﬁmm Pmﬁé?@gmaaf QK&'&Q@"&;&J’GMAH&E&C@M $7.6%7.6R0y et
al ., PLoS Pat ho ens, 5(7): el000503 25(2009)) d-type chi npanzee

adenovi rus repl{ftath s dﬁ%ﬁ“fﬁéfhﬁ%c%ﬁ&fhﬁétﬂgkéw&tﬁ@ ipHe Q&Eb?;fegm on of
human adenovi r ys,eRR ﬁyﬁ%ﬁwg méi%cilz%g&tmgiﬁ%c Eéryetsmr rﬁggeg@g% | ines

(e.g., human enbrKonl c kid human i na cé‘l | s) and
non- expr essi ng b Ilsq@FW&%@ iﬁﬁ@ﬁﬁ‘ﬁﬂﬁ?@“@@ﬂt@ﬁ@ ke iﬁairﬁm&inmmm:el | s) have

been used fygr theirypy \ 3 30Farina et
al,, Jour nailg of Wi rg iggg?&%%ggs&%fgéﬁgﬁgﬂék %5%%1‘?)1&%%% et et al ,

Virol ogy, 324: ad@8nvigmes (SQEQ@de‘OHShHWZt%ab not Heunares@etien ﬂihaamaapyc 515:

519-530 (2004); e pThe 1 096, (2006); J.
Skog et al,, l%#zcem%%;pg&{? %?%%@%’ie%gﬁ%) ﬁ? 8%51%?(‘ %O% %ﬁj" Yetuzzi et

al ., Vaccine, 27@9)ss 3@2931-%3@@\7([20{)993)3‘{& Thezeﬁhsﬂmﬁﬁmb&f@zde@m{b@atl on bl ock
i S consi stent th Iutlon di s t he human and
chi mpanzee | i n\gb(gg R i k%%gi %8%%5 ‘gﬁrﬁu%@g%ﬁ f?(?g Q\gﬁgﬂ/\r}%a@s ago (Sanonte
& Eichler, 2&r apmneuiﬁerﬂpmimoﬁ@éﬁﬁw c@aﬁnpaﬂzee@aﬂcrﬁﬁ:rﬁ%@&&ké was found to®@NSi st ent
with the greater dl§ x%ein e of hosts, .a h st range restriction of nonkey

adenovi ruses f 8F" BAYREHERD Bartrkencills flcRavigbbstithedm e J Hyg., 68:

31 (1958); Vi I’G:lazﬂgM of Bpide 2Bk 1068 ) 166 30V | 199 KBY Ad&lovidhses stfa{éh%
Bi ochem stry, 375: 242 (2000); AI stein et al., JVi, 2: 488 (1968);

Genetika, 39(6}* CFATEAL ACSSPRRHS. 6D 6D as Adonebadhavh alshreRgnstensi zed t hat
the determ nantigware gha bl t@bhdaY ot (8Niby et al., PLaS Parhogens, 5(7): €1000503

25 (2009)). Wild-type chimpanzee adenovirus replication in human cells does not
require the expression of human adenovirus complementing factors, since El-
expressing cell lines (e.g., human embryonic kidney 293 cells, human retina
PER.C6 cells) and non-expressing cell lines (AS49 human lung epithelial
carcinoma cells) have been used for their propagation {U.S. Patent 6,083,715; 8. F.

30 Farina et al,, Jowrnal of Virology, 74(23):11603-11613 (2001); 8. Roy et al,
Virelogy, 324: 361-372 (2004); 8. Roy et al., Human Gene Therapy, 15: 519-530
{2004); E. Fattori et al, Gene Therapy, 13(14):1088-1096 (2006); J. Skog &t al.,
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possi bly E2. Savitskaya et al., supra, reported there was no growh of the
nonkey adenovirus SV7(C8) (now known as SV16 (1CTV 8th Report, p. 220)) on
human entwoaniigski4dney (HEK) cell line 293. Thus, an El pc&giseeofosisnt a human
adenovirus was not sufficient to alleviate the block to replication. The
virus could 15 grow on HEK-293 cells with Ad5 E4 region inserted (VK-10-9
cel I s). Howeveriolegdar erapy ol SEBD1 B 4prddd G8d7)oRI Rerywat ¢tiah] Vakine\d7éhi on of t he
replication bl Si | 4 L = [,00 ells
(continuous i ?1%536? B%Qgﬁﬁﬁoﬁk&ﬁ@bgﬁ?(&neﬁeﬁ@ %&%ag%kolﬁ@sﬁ%%?gg@%g gsgts ‘cl"gl | a
bl ock to nonkeyvolutiggary diglanasaicivemen iths hvia0 281 déhpasizecTineageat wigels concl uded

that E4 expressj.9 L RAS 4 2 . rotein |evel
(Krougliak and d&ég%ﬁ\gﬁoj%b}l-ﬁ%uééngh%ggg,agg;(ﬁf’gz}g%%%ﬂ)@aagﬁ%@%{”ﬁ rus

speci fi ¢ prddudtermas, pridbabE§OMequi red (Savitskaya et al., supra). The

aut hors then propos t.he .pr. ct mght be encoded by the E2A gene, though
addi ti onal study V\ouias%gmﬁweﬁgﬂg%gr?%ec P %‘Sﬁb‘rao}ﬁ%terﬁ?g%‘ﬁﬁiﬁt R&ya et al .,
supra, al so notmesikthadenbOnstAfoexpvess limaaaeisthahbsed dageBed HEn. Calse Or an

addi tional factgr. E2 I equired for conplete rel ease of the
replication bl o€k’ gé&%ﬁ%ﬁ?’?@\gﬁg‘l 2%3%%{332%&%”5%@@&@@-3@? Y Pifs tigt auses.

I nterestingly, sabiliaugiooy;hesik@vehl., oV, BUBXPIRSGoPHiN 3908 7V431 By cel I s was
reported t(r)lmbe %&ggi,fic nt{% L ower than that duri ng vvild_tépe d5
replication? it i GRALHED GRS zrL et thatstaminntare patalydi‘endd human
aderi ovi rus typessiblyERUSaiQkdybet zﬁ@%r&,@&ép%’r‘ce@ﬁwﬂ@ Well o YRR YRR nfdlRey301 N
HEK- 293 cel | s (Krougliak and G aham 199 Léi furtFer suggesting that” the
expressi on | eveéfeioy gS YHEEHeeviknawe anpY Bt @CEY 81" Renett. on 230 on henan

speci es- speci fIeﬁmgloamadnw@rz@tpé&pzm\é@b&.ema}s,éfe@% ;Q%L)h%&da gl nore E4
expression and/or "an E2A " product were required, neither was required.
Also, it is appéirentrus ot weéligers wmatleviatechd back teqenlicatibnt Ahe vimsusulgr owt h i s
separate frigm ! L € Lestrigtion of nmonkey
adenovi ruselg oﬁgﬁu%ﬁﬂggﬁga@%@%ég f% Egegﬂ%%}r‘%*gﬁ? em%ﬁt% ¥ %Sﬁ 5@‘8’&7{% i s not
the same for hotVEkdideetereridehanly partiaBiagations! Savepisdyebled shdce, sSupr a,
denonstrates t i i 4 ion tre likely not sufficient
for alleviati ng&gﬂﬁcgggg%\éﬁgg&%ﬁ%ﬁ%%gﬁa ({"ﬁgﬁeg%@ﬁ%fm%sgii&%ﬁ% BIER SRS cul ar
that encodi ng khieexDBPh{sERAYgd there wiapmdl 4 Blotk to onheldiitis@eplicktindn®kher st udy,

an adenovi rus- | n§,s hybrid of Ad2 and SA7 was. shown to be
def ective for r?g%{%lgi\ésaﬁh%ﬁ?%gﬁé’%@gwegégﬁﬁgfmqﬁssﬁﬁP?ﬁ‘ﬁt%%%ﬂ@s?ﬁ)‘ﬁ‘g E4 are
not conpat 2bl eORFA prdiaits dvaninowptien ead GraBadk Hire Grat 7844, it cimntodspr

overcom ng the_hpst. ran ewreséri_ction gni ch is_consistent with_the above
descri bed resuft aWFEémﬁ Hef WasEP Rbbgaaed (F4vekaya Y alairdof e hange
host range (Al sitRirdtieh@toposedVhe pr&iucﬂ&%h( 8968Bdded IR \hd §i§@é@ﬂe?{fho@éhw supra). A
di fferent adenoyj.rus-adenovirus hybrid between Ad2 and SA7{(C8) was
generated by gPGUEMRLEEY YHE bawredsdtosatfhgerbise. Sevitdavadabiseens to
prevent Ad2 pr gpagatd L 6P RS Rloal hay loads B obi ol ogy
and Virol ogg/, 5: 25, (2004)%. G%ﬁth and se‘l(%%ﬁ?g%Lg%w'?ﬁ%%dfgﬁi%ﬂ%ﬁérus on
human cel | € ( FFER-EZ3yos)d bt trauire fgesasniety elagpy afshe mplicatieniblogic endbor at ed onl y
the L3 regi on 9f4iehdl&8h-w g : A

(encodi ng the DNA bi ntii%iii%lyg“%:Ek g%%?%@g\;\f%?g% tﬁrg%%gﬁi%mg%%%é’%%? %%Fq%%ﬁeﬁe

def ecti ve hybr¢piE4 amersgemindhe MKt 1t heeligene rapariaitd bpeigsifobntlyEwerahaa i nvol ved

in the deternm patden: AfaSPECA 8S-sReG. S | , nsi.stent with the
earlier conclusions that %%r‘e '?ﬁ@%%%f{mﬁgg%éﬁi;@%g%@or%&gﬁ#%%? aaf‘ifé% t he host
range deleted human adenovirus type 5 virus to the same level as wild type human AdS

30 in HEK-293 cells (Krougliak and Graham 1995), further suggesting that the

expression level of E4 was not the complete explanation for the species-specific

block. Therefore, while it was believed that more E4 expression and/or an E2A
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restriction. These results showed that only 10% of the Ad2 genone coul d be
removed in order for a monkey - human adenovinis hybrid to grow on human
25cel |'s, Woavimg788% of the Ad2 genome to contain host PEmgE2@6083981 ni ng
factors. Therefore, this hybrid did not provide further delineation of
human adenovirus products required for growth of nonkey adenovinis on human
cells. Taken td@@éf usewerertpged, meior tos shoveld Al i@ppmt:a‘yhaiahﬁm%ﬁi n host

nge determn i | rol e.
Far ther mor e, 1 nargn pethrdd REGrACRRMNE UBalR 8 RoRaRels RrtRId protei n
products, and d‘e&mrtmatliwessémnkﬂdlaé&;@vﬁhRscmhmmﬂsb@ca@s@mwnents of E4b|t hat<
may have been for tial allevi atl of t he range oc
We)r/e not ident :} ?‘?ﬁ%&%nﬁfﬁr %mw{hhigpg %e?‘f‘ﬁiarga Eﬁﬂnr@é% F“Wﬁ?% ”f hat can
al leviate, &@nd Saveskayesalaupthénepeciasha péebling Ml odiE4aegihaste Hange
restriction V\/mc ntsa.non adenqvirus propa atin
replicating eff Ef‘g’f‘\ 3 Gt ﬁ‘ﬂ?‘?ﬁ'ﬁl&@%m@%’% ‘jé}‘ FREles ‘%?ﬁg@ﬂarfor
adenovi ruses anh‘htaﬁl@ﬁmglﬂitﬁﬂ)B?@EZA}(&emga&ﬁnﬁre capabl e of 5circumventing the

re-existing inmuni 0, adenovirus jn humans, The invention_ provides such
Iron=3t hods, adenovi rus oy BARBRE SUd PIRSEITYES-BAenaE I Yo ldwmer BRI EF

SUMVARY OF THE Adﬁ\éﬁﬁxlﬁkx@t\tg) was shownlth 8e HEMERE 'f&'}egﬂfcga‘{éndﬁ%tgé’suﬁgﬁﬁﬁy
adenovi rus. nonkey adenovirus is capable propagation in a cell

conpri si ng Sne pang @ngyBRRR Y FHdctd compatibleang thet Deraeradonavirgs Elisnot  The
i nvention al so spRhORs okrdmliiOfe hok r&;@@&%@@ﬁéﬂ‘gvh?chgp%gﬂﬁeﬂidﬁﬂptéé rus in a

cell, wherein the cell conprises a gene product an encodi ng nucl eic
aci d sequence) 2B9veieribamhresdisridwre funan 5 %Wésséﬁrﬁ“@m theeeet] did f changent i on

provi des a cel |m&9£ﬁ%‘é Rishth 431, ﬁ/tz j @?ﬁ%ﬁ@%}e?a@'ﬂ@a%&a?‘cjx%r%e%u(ﬁﬁgr m‘Of the H

regi on of a 15human adenovi rus’, east - one hucl'ei ¢ aci'd sequence
of the E4 regi 6feroing- quam@\heﬂmn Al amhBATER) erbgdlcnrdtby gtdvalie i s

provi ded et ot 8o 0FBE0AL] AL Aol AN AUAOUL KD el et hod

conprises contacting a ce e non el | expresses
a gene product {erieoled: 4y Mofeerior Gaatihs, Mmbhaelo@/ bndVirelgpnu.2anehiie El B

(59100 Of @ MER AR NR AT R AGHR R AR P SR 2 por L1 o
wher eby the nodkfestivadenothirhas incorpragbgat @6 LB RedidieofmlAcs). T Ckinz ﬁuo%(%}?us o
Tyent on 2! S0, 58 5o BRLLOM L 9, RISPRITALR 9, Tonke), asenouus
encodi ng az2@enendihadiia theafefa iR AGERA thaiShe defle RAGnEHRATIy AL are t he
monkey involved in the determination of species-specific host range, consistent with the
earlier conclusions that more than E4 was required for alleviating the host range
restriction. These results showed that only 10% of the Ad2 genome could be
removed in order for a monkey — human adenovirus hybrid to grow on human
25 cells, leaving 90% of the Ad2 genome to contain host range determining factors.
Therefore, this hybrid did not provide further delineation of human adenovirus
products required for growth of monkey adenovirus on human cells. Taken
together, these reports showed that E4 plays a role in host range determination but
other adenovirus genes also play a role. Furthermore, the E4 region is comprised of
30 atleast five known protein products, and despite these studies, the component or
components of E4 that may have been necessary for the partial alleviation of the

host range block were not identified.



25adenovirus conprises (a) at |least one nucleic acid sequence of the El
regi on of a human adenovirus and (b) at |east one nucleic acid sequence of
the E4 reyDanigfs7a8hunan adenovirus. | n anot her enbodi mEAT/USRE1€/08599E

provi ded a nmet hod of propagating a nonkey adenovirus, which nethod
conprises contacti n% a cell with the nonkey adenovirus. In sone

enmbodi nents, the no %éyt%ﬁ?wmﬁ@ﬁ@mmﬂ@@@tmbmﬁiﬁ@im endaienl regBgEienCe
encodi ng one ory, e@ieg%&fg%%qyg%spgan%e nav&ﬁ& !ar ar}%}g{r in the one
or nore gene products conprise a gene pro enco ed by a portion of the
E4 region respowgidyires fran pa}plﬁeaﬁmatcrrvgi@ﬁmg)v@mmiw mhmceﬁep’mmﬁﬁamn bl ock
in human cell s, 8 ssen and wher eby
the nonkey ade ﬁ%%r‘ﬁgﬁ‘% féxla%em%' rP?ea%m?aefe cwx‘aEe ﬁc cr ngé%ﬁfg %@cﬂfment s. the
one or nor e Sger@cpnoditiog me@hesmszmgmnmsmmogeemmmwdthc:ntnaz’fs e adestiday one or

both of the El A d
Tge i gvent ieon ar stcr%&%rs%?n%‘%g()éﬁ %W(Vé’?“’%&gﬁa]@? (F%“%B‘F@P?‘Fe “g’@gﬁ’fgg%?opagatl on

nmet hods descri bed herein. In another aspect, the cell in which the nonkey

adenovirus is propagated 13§§@ﬁ{%WAR§C@CW%% and t he nonkey

adenovirus in certain enbodinments is repli IClent. The human

adenovirus prefer ab?"}{ea! %eiﬁiﬁg%vﬁefﬁa%&&?ﬁ%rx?v@%ﬂnge C»nke de:n&%?u%risi nvention

provi des a nunber vant ages over I'nc heans

addr essi ng t he cppablefipsipagrgion mmiitoymmcﬂogommrlmnrhmmsommshﬂamlnnan
15adenovi r yges. 4Jhe. invention al so provides greatly inproved nethods for
al l eviating or overcom ng host range restriction or bl ock agai nst
propagation or repl Tmaimvm;onfaisaprmideeynﬁd;eaﬁnipfmgdmgIamtmmeﬁﬁleh&cimihe

i nvention thus.ena st ant.i a use of nke

rowm
adenovi ruses fo1°% Jr “’?’?mwg%@g%e ocfmﬁ?[i?ﬁﬁ(%g‘ée ?fP%%f@a?/ﬁba%@? RORUIS ¢ he
treatment and peigvepti@nof haismedsvirs. THEBOEHbodn SR (FFinkESCRLRTIEN OF THE

DRAW NGS Fi gure is a. g}gggﬁ | ustrati n %he classification of the order
of Primates. FPGEH &K tg‘ﬁ?@‘“@@‘%‘?‘% SEOHEcRAT R Bttt e the
product i on 16f m&eydea@lﬁﬁ@\anw@ a@[e@ﬁ%ﬂcynﬁbﬂ'&ls%m@leﬂgéxﬁé Qyﬂhé £4 QR dri0nS.

Fi gure 2A depic¢ts 25production in human cell |ines ffering 1 n expressed

Ad5 factors ( ABHGARAGTROVATYS; %"a?é‘?@@%ﬁmiﬁ’ﬁmk\d@r@éw@@ﬁ appBh@adRF6 f act or,

293- ORF6 = AdS5y ARE n
human cel I i ne?ps\n {ﬂ ﬁg %\dS E&/ %dgg%&%ikhéélrg%&% Qélﬁlp%&l %%Q%r%%%gﬁwngn !

monkey cel | [i fe makey adenovis o The eelimxaigssesa gene anulaeiendeleil &Y oonor BOF gur e 3
is a diagram wgigh E'lklrég%rf MdS8e B éTFeth)(ﬁ%f QEIW%QIP;&QEM}UI NGa g%@u%e }%‘Odﬂbt

20 encoded by a portion of the E4 region consisting essentially of E4 ORF6 of a
human adenovirus, whereby the monkey adenovirus is propagated in the cell.

The invention also provides a method for propagating a monkey adenovirus
in a cell, wherein the monkey adenovirus comprises a nucleic acid sequence
encoding a gene product of a human adenovirus. In one embodiment, the monkey

25  adenovirus comprises (a) at least one nucleic acid sequence of the E1 region of a
human adenovirus and (b) at least one nucleic acid sequence of the E4 region of a
human adenovirus. In ancther embodiment, there is provided a method of
propagating a monkey adenovirus, which method comprises contacting a cell with
the monkey adenovirus. In some embodiments, the monkey adenovirus comprises

30 anucleic acid sequence encoding one or more gene products of a human

adenovirus, wherein the one or more gene products comprise a gene product

7



adenoviruses wth an expression cassette replacing El. Monkey adenovirus
genone (M with major regions identified (not to scale): the stippled boxes
= | TR, wopatkegiseg signal, TATA = El a pronoter's TATRATAS01086399C0di ng
regions for Ela, El b, plX, E3 and E4. B is the recipient plasm d which
conprises an expression cassette conprised of a CNN pronoter (arrow), open
readi ng franme (®epded byaposivnef gelBiacpnyieandnshledipiiaia@@\or ovemenaingzed

bet ween t he pl j : : . jal ..origin. ~gplication
(o) and a gene ot hap e R o BRI B el oF B o Dot
reconbi nati on (QfFhetgwbercishiébe Sunigyrdenvamdis propsgrtal iB teaslil Trssohn

repl acenent of r A an | B codi ng._sequences with the
CW- or f express#%%dglfggé@?g%g%%?ggg{g %O(%gt%g%%ic% Pﬁiisgﬁiggage %8%@0 ated by
transform ng r esowsil iabhoor lwdngfebeBtA bathend the H1BI15di8B oM umdnhe t wo DNAs
resulting in pl %grgvdnc. Bacteria that are Kan resistant are screened, and
plasmd Cis i dent ' ed by restriction digest and sequencing. Before the
viral genome is traf&test@ibnianberdffs ORfcakseldkeoviQs GRmaEdkehYi I us

particles, plasmd Cis restricted wth an endonucl ease that recognizes a
site (R outsi &é“p%*’gliﬁé“‘?}?‘i‘iéﬁ%ﬁﬁ%iﬁﬁ?%5DETAl LED DESCRI PTI ON OF THE

| NVENTI ON The I ot hHBctOBe 64l B whidd 1Ry inBfigy TBLTORS: it Bﬁ)&)a%%kédew ate or
overcone t (ﬁ% speci es-specific plock or host range restriction that prevents
ef ficient prop&FAFTON ‘ot Mot ot BInkay AlsARETIS dtienaii atbsdimenisisan cel | s.
The invention abfRa@RnefBlehd THE AUBERIAVIRE KRY: AN RAHEUS C hillgyuses for 20
whi ch are acconpani ed by the advantage of an absence Of pre-existing

i mmuni ty in hudBf9P6iul ati ons to nonkey adenoviruses. In one aspect, the
invention provides fg{ ﬁggx?lioﬁ%Favﬂfe@Q?xgﬁﬂ%r%gmﬁ'aﬂﬂ%%ma{ﬂ?&g\{ﬁcﬁ&ﬁn%n a cell,
wherein the cell expresses one or nore gene products o uman
adenovi rus, and@leers Rhaddsisping Hs proskding ddenoiy soasercompuirsestodumac| ei ¢ 25aci d
sequence engodiAg,ai-hulren, ' ! a second
aspect, the in\zlient?i _(H;n pr of?gﬁaaﬁgy&n%{%‘%g% ég%fl(éagg@hgﬁ%d%%%%%sn%% by such

pr opagat i on neghoding or overcdnringhdshiange mstpet@tn or blek hgaien piopagapiciomi des uses
for the nonkey [ vectors. . 30The invention praovides ., a nethod of
propagating a rrf%%%e}%%é}égﬁ%\%?e udgjg?gr?\ll% Wﬁ’r‘i‘ﬁ‘a%?‘}{;a?ﬁ‘r: Y e%itp‘:’é‘éi“fs e(‘%?iff’.igee
transform ng t kestetidlgrowtt And ive ofldenioyi adeiswvirlides €91@ full range of purposes,

including most notably the treatment and prevention of disease in humans.

20
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graph illustrating the classification of the order of Primates.
Figure 2A and Figure 2B are graphs which iflustrate the production of
monkey adenovirus progeny under single-burst conditions. Figure 2A depicts
25 production in human cell lines differing in expressed AdS5 factors (A549 = no AdS
factors, A549+AdS B4ORF6 = AdS BAORFS factor, 293-ORF6 = AdS El and
E4ORF6 factors). Figure 2B depicts production in human cell lines with AdS E1
(293 cells), Ad5 E1 + Ad5 E4ORFS, or in a monkey cell line (BSC-1). Data are
mean +/- standard deviation.
30 Figure 3 is a diagram which illustrates a method of constructing monkey
adenoviruses with an expression cassette replacing E1. Monkey adenovirus

genome (SV) with major regions identified (not to scale): the stippled boxes =

8



enbodi ment, the cell conprises gene products encoded by one or nore of the
EIl A EI B, and E4 regions of a human adenovirus. |In another enbodi nent,
the cel | worprivesesst he gene product (and/or its encodi ngCRASk&E0®53901 d
sequence) responsible for alleviating or overcomi ng the host replication

bl ock of nobnkey adenoviruses in 5human cells. In another enbodi nent, the
met hod conpri sddReit prekdaing denekMATA t B lapmonkey Taddrolwix; asi codlngr ei n t he
cel |l expresses .a,; 0 b . hath of . the E 1A regi on and
fhe B B rog on B aohEran Rk 0 AR % 898 Sne B L PEn Sty o
portion of the #4xpregiwnrassespomygirbédoffadl Ml dravdiat arngwh bpovesdigirag host

replication bl L0 b n.cells.,. whic .1 on nsists 10.,essentially of
E4 ORF6, and V\B%‘%)é 65‘5 ?ﬁﬁe@%‘ﬁ%ﬁ%%“ ﬁaéa“ é‘r%%“ft‘}r(ggg f‘%ﬁdﬁf%g)&é’é% %“‘1 ngt‘“ﬁ@“% ell. In
anot her enbddi meqtence dnd [Tt Heowrigianigin feqplicalhdOti} ngl Bpcaettat wcbdesa nonkey
adenovi rus, wherein t.h key adenovj.rus, conprises a nycleic acid sequence
encodi ng a hu an?ﬁ%ﬁ%@%%ﬁg“@éﬁggﬁ?8dg@F?maﬂﬁéﬁmﬁ§ aﬁﬁ%ﬁﬁdﬁwﬁﬁﬁgﬁe pr oduct
encoded by one S gawome atd plahi€id B dedulis B deBlacaamalt & th€Bi 8RSt afd DUABM

15adenovi r us, i ncl ude duct encoded by the portion of the

W | | . ene. pr .
4 region res po?fg% Ogmg8?qu§’|“’leéWi‘tgtﬂ?@é{r@mgwféﬁﬁﬁi fryseiestiopekerEat i on bl ock
in human cell s redombaRabiRzeRiIRaHh R fordingRRRBIlio P RRRAAL 1283 monkey
adenovirus s provided, which nethod conprises contacting a cell with the

monkey adert8vi ris!83THiE the kel NAd & ling insplasnp £ Hasteria tatare Ken msisnsequence

encodi Ng one OkydWfeBncd0xAENRn PAVEESiRE 13 LUIRB, ALER N, Ll Bencitfd €' ein the
one or nore gene products conprise a gene’ product ncode§ y a“portion of

the 4 region r &§PBREFHITE sarmais|ieosiatehigodd3 CWRitosHs tegeharste virepl i cat i on
bl 0CK | NUMAN o6l o ddEEQ iRRLHEON AR Lk Suias el BldoKifl, & RIFE. and
e e cell”. n so

wher eby the nonkey adenovirus Is propagat Int

enmbodi nent s, t ketsidepf thexprlessaease.an 4 region that is responsible for

al l eviating or overcom ng the species-specific block. In some enbodi nents,
the E4 region expressed conprises ORF6. I n sone enbodi nents, the E4 region

expressed doénsists essenPFaAAINERPESRRETION Qb FHEINYENTHENM s, the 4 region

expressed consists of ORF6 and no other ORF of the E4 region. 30l n one
enbodi nent, the cel FRCBrRBEER EFgan @ driicr epthadeihetclievias oppetemsthy expr esses
one or nore genRcRESFHIGEDIRk RhSREFLE T H TR ' |

enconpasses a ﬂﬁhbe?g%f human adenogiraseg, |néﬁﬂﬁgﬁéﬁg pggﬁg%%gﬁlhunan
serotype 5 adeRoigphiqagion of a monkey gdanorieds|is heman gsllef erred for propagating the

nonkey adenovi rus, ?_ihﬂgn@'nﬁ FhLE n@ﬁﬂ??r@%ﬁle%gmicgige,!féggm%ﬂu 'jﬁ‘xlé_ %c?ssf cell ‘or a

PerC. 6 cell. , e nonkey adenovi Fus also nay be Teplrica Pon- def i ci ent .
When repl i é&t i whichefs astwmianiet e tadanovige of an ggence ef peanplisgipntatisyon of one

or nore of themﬁmhénrSgh&QmsFﬂngeL%ire ion, and the E4 region of the
ation. ['n one”

. DOYITUSES .
adenovirus for propa enbodi ment,, the nonkey adenovi rus

conprises a defi ci éneye aspect, the invention provides methods for propagating a monkey
adenovirus in a cell, wherein the cell expresses one or more gene products of a
human adenovirus, and/or wherein the monkey adenovirus comprises a nucleic
25 acid sequence encoding a human adenovirus gene product.
In a second aspect, the invention provides the monkey adenovirus obtained
by such propagation methods.
In a third aspect, the invention provides uses for the monkey adenovirus as
vectors,
30 The mvention provides a method of propagating a monkey adenovirus

involving contacting a cell (e.g., transforming the cell) with the adenovirus. In one

g



inthe El region and a deficiency in at least a portion of the E4 region of
t he 10adenoviral genone. In a further enbodi nent, the adenovirus al so
conpri sesw@ 2d0gfisgi48ncy in the E3 region of the adenovir CTgSP@0055991 In
anot her enbodi nent, the nonkey adenovinis may conprise a heterol ogous
nucl ei c acid sequence, including a nucleic acid sequence encoding an

anti gen. The nomikedinustipwicH ggmprissh g‘zramkqductenmﬁs@sv enede hetd mfrtha)ﬁlmghe El

regl on 15and rn%‘fl% gﬁ&%‘?;ﬂ%g}l’ﬁXO% %ﬁxﬁ% ag%lc% B'!J qm?i;)@tgef Em% 1mena§7.% lon of t he

E4 region of the adenovi eterolo OuS FUCH e equence i s
inserted into tdwmpd&iseh@gtnEprodegl(m fopiits tdvedide he@lad atid s¢cpghcaNregiontibie

adenovi rus. monke £novi rus be of various serotypes,
known or di scover aeiigwatm% fie Fatut m”‘ 05’% rﬁﬁi‘%g%/%ig&? %flfq‘?f%% _eﬁ‘i’l‘ﬁ%%é%r ot ypes
I, 3, 7, 11,5 16wunkBcelk9 In Mﬁh&@ﬂ%@dzﬁ&t B8 meB8d conpriéepbintatihonseitwigr eof

The term "nonke sed her

refers to both ne d old world
nonkeys, and doayeigorﬂ%% ‘Feﬁng e g T r%ir?ﬁg FHIBES EHfesTam th%?ﬁ%ﬁ‘:? e, g.
humans, chi npanaees thgorA tdgas,anang mmegm SNShumMRi 8L RIrs, axlg@@%rg@f erred to
as the "great a "éﬂﬂhf wor | d, no ¥: i ncl ude the fanllles I1itrichidae
(e.g., 25narnn§@¥@ g#é@@ﬁgcno itddegipreregponsiple forcfieviating squirrel
nmonkeys), Aoti daercing hmstﬁé;ﬂ?&éixdﬁrbi&:‘k{m AR, (IR RUeRULhSdD - Pi t heei i dae
(e.g., titis, sakis and uakaris), and Atel i dae , .howl er, spider, and

wool |y rmnk@ys)“‘(@g% ¥ of E§ ORBfe rchiwksysby she imenkey ﬁ‘é‘iﬁﬁ?if’iﬁ@ inapagsieH dn hbnkey's
(Platyrrhini), Mol tnRoder ddiouBhett, tt}Ye rﬁéth@é Qes c'b x%lagczi)vs)iﬁx 20 d W]?r Id

monkeys include aninals in the famly 3 oplt eC| such as,
exanpl e, macaqueskeprdsaeigs, wtwﬁﬁ@m a denesdrus eongpriseyhinctieat] ed., ad

World Monkeys, sCaghidag: i ¥ &ﬁ%‘a&%no@fﬂ?ss%n& éx%ggét)whxchrﬂﬁy %n%fug} nPnkey al so

is used synonynously herein XOnoRy “of the
order of Pri namééiuiv@ﬂwﬁl@é ¥ pag @dnérn ofFhg il &, BiB, Andi B engionasf shemdrypes are

as. one i o el TSy oD TR o BEENE pole PR KR Srher
types ( see, Fagueespetsibl for(didgating oviovarsorTiay bowo mplicatior bich b funBapor t  of
the Internati OQ&L, qgmt%ree?nbogxmen £ 3 Mhd Ggpr\c{pég% ggf & m'g\g eg/ea m&wg{xs? gs
provided, which method comprises contacting a cell with the monkey adenovirus.
The monkey adenovirus comprises a nucleic acid sequence encoding one or more
20 gene products of a human adenovirus, wherein the one or more gene products
comprise a gene product encoded by a portion of the E4 region responsible for
alleviating or overcoming host replication block in human cells, which portion
consists essentially of E4 ORF6, and whereby the monkey adenovirus is
propagated in the cell.
25 In some embodiments, the celi expresses an E4 region that is responsible
for alleviating or overcoming the species-specific block. In some embodiments,
the E4 region expressed comprises ORF6. In some embodiments, the E4 region
expressed consists essentially of ORF6. In some embodiments, the B4 region
expressed consists of ORF6 and no other ORF of the E4 region.
30 In one embodiment, the cell contacting the monkey adenovirus preferably

expresses one or more gene products of a species C human adenovirus, which

16



p. 216 (2005)). The serologically distinguishable serotypes (also referred
to as adenovirus "types") are grouped into species. Cassically, the

speci es seohas748f | ected the first described host. TheCrasko10/0599DSS
neutral i zation conbined with a 10cal cul ated phyl ogenetic distance of nore
than 10% separates two serotypes into different species. In addition,

speci es desi gn&PFurpagEp e Auaby ol bumer adehairasasantlgding 8 prefateddivioher  bet ween
serotypes of aq’%%%rsléamwwgg udi ng host range, DNA hybridization, RFLP
anal ysis, percentdage of GC In the genone, oncogenicity in rodents growt h
characteristics, posimshk¢lisproprefegedfbipropegating thawmingey alenwiuRNAd 15genes,
hemaggl uti nati i regi and host range.
Sim an adenovi ?)Eeseig@%\lq% agt&:e q?&ﬁ&eaa% I%Fkk %3 ééqiear%%fﬁlé{“e%c@[]ant from bot h human
adenovi ruses and chilhpamzicy adetenowi am&e@ beTrbﬁxca&mmqﬁréhme WhHenovi ruses are
closely rel ate upgan.adenoviruses o and E, so simlar
that the chi rrpgrf%g%&ﬂgi %l\?&f‘ %‘gggeng‘r'%usgrfj%aKrﬁé%ﬂlwi?rﬂ%ﬁé‘[ F‘n‘é)f ﬂ‘fﬁfﬁﬁ“ﬂ%% ies B and
E. The 20l i m t ¢ Phyregpgethe €18 eqons bidibt EO agidnaif tiehdesdviruaforadenovi ruses
reveal that the_sim.an adenoviruses e, distinct fromthe comon

chi npanzee and? Fu?ﬁ%‘ﬁmgdgh |€Fﬁ§§§le@ﬂﬁﬁ%°%k%ﬁ8%ms WP P@iﬁgfﬁf}%f t he

I nternational GoeiEl regomdbaxaniemy 9kt Mswg@ﬁm(aﬁﬁém regihfity| ogeny of

adenovi rus that infect primates is disclosed |n, |, Roy et al., PL0OS
Pat hog. , 3) 3%@6%@6“( draf s“fé%?"j‘%?%éi‘e %%a%vn%ehse@mer@e@@)

Vari ous orl gi NgefiS&PiyPe s r@lioddPthdddesovpthl &abMAtypes can be used as the
source of the viral gerionie For the siman adenoviral vector (such as

t hose described in, “@“@th“'@“@ ‘Wé‘i‘ﬁ@“fﬁ@?&@mﬂwwse{% cppgie £508) . For
instance, a Si KERRIGILNAMKIEUSICRRuRE:, HlchSSld ¥RRickeiddean 18,

16 500" S AR AR S e R ocid cqlbnedopddng &)
serotype. A si ﬁ‘i‘%ﬁ”a@@h@@’iﬂ@is‘d%@ﬁirwfﬁ@ﬁibhfrﬁémwﬁs Bylelatomef thljl mgionabl e
abbrevi ati 98 kpgyiolehrdi8hi3akso %i@ﬁ:ﬁmf@fat B agﬁéﬁf&la@me%ﬁ reggégﬁfv or SAV. In
sonme enbodi nents, the siman adenoviral vect d&hovi r al
vector of ser Oﬁ@@@@ngs Eﬁld ﬁ?ﬁ hqqmiog;@zs nﬂggmcﬁgd SQ@GH@ZS, m%i;cd&ﬁo therde8®d | n some
enbodi nent s Vi r serotype 7, 11, 16, 18, or
38. In one enbggf%e(m&%&ﬂ% sl%r%‘g%kig gﬁ%‘\%ﬁ?ég Vi\g”/)ector is of serotype 7. These
si mi an adenovi r usesthd solkay edenbriommarikey ssrideavectlypw, Eeguandichernsl ogy to

human 5serotyp no are jore closely. related, though quite
di stinct, from ﬁ ﬂxq‘?r e"\r{élh“(lzcH mﬁ’%‘ﬂ %%&05‘7“83&‘8‘%8?% %\?r ﬁdgegégi%ﬁgyﬂgont ain two
di fferent £8bek?, @énﬁswlmn@nhﬁnmmhtmteoﬂ bers) instead of one fiber gene,

whi ch suggests that..t ar, Ee gut Si m ar to gut-tropic
hunan adenovi r uses, T’WI}@%‘% r?%éﬂ? ?9”35 gﬁ‘geﬁ&%‘t@g‘f’%ﬂﬂ"’a‘f‘g G s&Fotdmune

responses. In ﬁxdditdyls Qg d@@mpainbmmmkﬁ&mgmanemﬁmm%x%e pIpt ei ns suggest
that siman adenovirtis serotyp s 7,,11, 16, and 38 are di stantly rel at ed

to human adenoWiFHSee MG G %%é‘&o‘?‘“i"%é‘ﬁ‘“ﬂ@%%% 8¢ tefargd dresthe opi ¢

adenovi ruses (@émap(ﬁ%@qexm@r [ PREnIRY ink ma@thk@an%&eéazgfr%%e (e.g Wld-type
si m an adepovi ruses of any serotype can be isolated using sui tabl e
met hod. Fof> exBAFrasets §?W%}ﬁﬂ%é?fém’af’ (@ scapurhingand wmi@wmﬁw

(e.g., night or owl monkeys (douroucoulis)), Pitheciidae (e.g., titis, sakis and
uakaris), and Arelidae (e.g., howler, spider, and woolly monkeys) (see, e.g.,
Hershkovitz (ed.}, Living New World Monkeys (Platyrrhini), Volume I, University
of Chicago Press (1977)). Old world monkeys include animals in the family

30 Cercopithecinae, such as, for example, macaques, baboons, and mangabeys (see,

e.g., Whitehead, ed., Old World Monkeys, Cambridge University Press (2002)).

it



15 bi opsy and body secretions, including intestine biopsy, fecal washes,
nose washes, |ung washes, and other body secretions using standard nethods
in the arwo 2W1id724¢pe sim an adenoviruses al so are avai PaBIUS2010085991
commerci al sources, such as the Anmerican Type Culture Collection (ATCC,
Manassas, Virgini a) In sonme enbodi ments, the siman

adenovi r uses ariéieftfrmmﬁm%@drﬁii@es geed Smﬂﬁﬁi@wﬁr@ﬁ@)ﬁh&e iRire'Sisian? Ter i can

G een nonkeys ( : VR 209, ATCC- VR 353,
ATCC- VR 355, AT TR Aﬁ%”@*’r@%@% M%%‘ﬂl‘{‘/ﬁ% " "and ATCC- VR 943).
The invention provi d@smwmps mr@@lpmrﬂ«h@fe:razdami\umhxsbasemfhmhm@n human
cells with pref lete.all eviat] f ran ck in nost
cases. The 25 (ff{ prggsrgﬁgeg 87ia8 oo k“f*?ﬁ@m{ﬁ bl%lr? g)}méta‘g?f‘fﬁﬁruses do
not grow on Shurmmm;eh/ﬁtb otadiyperees Frajueset el ak.), 0firg Va8 upeTHeWighgh omt h of

nonkey adenovi r W t h h man adenovi rus conpopent s
conmpared to m) SJO &f @fgré’gtég”éhé%’?’”émf § %?5%’[’@[}% "sgffo%é q%ﬁ?éﬁ ﬁh
productivity ofp. m&e@@)ad@a@@tbi@@baim@g@r@ms&me%a@wmma&@Iréfexlrédte ayi th mnimal

human adenoviru onents, 30conparabl e or_even higher than on nonkey
cells, in cont rai C’Vn% ttf}‘f?si(?mf%?} CHETY Recicy- e%ﬂérsﬁfégyﬁrtgle WEVELEREYE et al

supra. |n sone remdoediReEmbSicsdribed RAST THRARKE LRSS ﬁéu@&lr&ﬂﬁ)ﬁ&ﬂn@&drﬁwed by
propagatlngpthe nonkey virus on human enbryonic ki dney cell 1line 293

( HEK- 293) aPon§@¥itse Riiregsnaiifeditnce gEmem f@aﬁ@“f’w@#@rwﬁ YBRLYRER Pitessed

durr[ ng aden?x' @ﬁ%ﬁéf?%}%ﬁkb lol}?r ad@!«ﬂr‘bﬁ)r@@d;&%%gna&;@?d@ﬁ&ﬁ&?&%ﬁﬁ@? cf?%aétg}%ugkllk
protein in the - cell in Exanple 1 Was too |low to et ect ed

reni ni scent t ot differ byiypansgromey piadstayinpp incindingthogt reedel BNEKr ougl i ak and
purmn cel |11 ne gL ¥ argRES fetaitatlor e bertfis, HIGRAREY Beovi ruses
as are nonkey éwlents, gﬁ“@‘*ﬁ"fhrdmﬂ%@yﬁﬁmemowhihtseﬁre(:ckabzaatmt mgfewnf VA RNA Thus, in
oottt ot ron ot St AR08, el RSl HeTo Reb il B8 BB e o
portion of 10h&imeian a@ewawsr:usu Bdd frumtmdmﬁe;smmms&eﬁhtaimfmmgmm uddanr epl i cati on
over comes. ¢ he ESP e S R e AR L i Sh PR AP RS 1t | s

posi ible that thesly &&ﬁ@iﬁ@fﬁomﬂwﬁﬁumm ddenevidbes\Isgddie9 Boml |F? sd Gmiist that SUPEOH
uman’ E4. sequelEebTRLR Al oY iGs B Gar i & hoe STSio g mdee |
det er mi nantg doémitedphyildrehiddeoadtucibns B thedihiHQaenRlisck RGLAIGR: BRA.  Rat her,
the host range determnant is E4 ORF6, and apparent|y not one of the ot her

factors singlySBHan HERAYHHTE 314 WHe ditded Samine sanimeychippengeg addumar . in | ght
of the di scovesdendfirssds PRES TheHHEy: Sm'iyr@ 6;@ {thfe %e&%&a'z Rom@¥lel slaya et

al ., supra, could be re- |nter8rete in tr ess of was required instead
of nore, and th&e eRer ey GobB)- cBvpd M@E‘%@ qfﬁd%mw@&@@ﬁ?wwmgﬂd@

 ncl uded I n VK WeRaGRhl Sy 1 6l PRIsidl 9phhiBbosTonkey adenovirus in

human cel | s. entification of theé human adenovirus conmponents
whi ch per n#t ré‘ﬁlipdéﬁ/mﬁ“@fpmwﬁ%@é%w rus on human cells has many

advant ages, such asy,Qut m@@hs LBy b&dof Bnad: &8 &pé@ggggﬁéeﬂragth%f product s

based on nonkey adenovirus
source of the viral g&neme for the simian adenoviral vector (such as those

described in, e.g., U.S. Patents 7,247,472 and 7,491,508). For instance, a simian
adenovirus can be of serotype 1, 3, 6, 7, 11, 16, 18, 19, 20, 27, 33, 38, 39, 48, 49,

30 50, or any other simian adenoviral serotype. A simian adenovirus can be referred
to by using any suitable abbreviation known in the ari, such as, for example, SV,

SAdY, or SAV. In some embodiments, the simian adenoviral vector is a simian

12



25In addition, the ability to reduce the conponents of E4 required to
alleviate the host range bl ock to nonkey adenoviruses on human cells has
cl ear adwsatages7zenpared to requiring all of E4. The sipeplustéioasison of the
E4 requirenent allows for easier manipul ation of the DNA sequences and

proper regul ation of expression of the E4 sequences. This allows for easier
desi gn of syst éfgravBalicrgniFewbagat .0 1 BA6oF8. AbRReY. ¥3riBsersi9onn bawaan cel | s.

For exanpl e, s, AL sHUPRCANRIPNLLNS dFifrSEANENGSR G218 tC! uded in
e genone’ o I

a nonkey adenovini s genone, integrated into t a cell "or exist
extra chr onpsoraf Egbedmasti th eimipaadenofral veetoh isrd serolgbt 7.nGhese sigannonkey
adenovi rus. Working. w.t . onl , s that .conprise E4
ORF6 al | ows fora%éé%girerﬁg’aér’?gﬁ%%%nr%e{piiﬁ%’l }gegi@? ggvuﬁ%g%%gﬁﬁ% Giég\y%rg ehg%;%n of these
sequences. TFhi sershipaneddhoziony awl art emdscltselyhelglhdrthyighlodise diftimnriloaythe

adenovi ruses I i al for reducti,on in .cost ods and expand the
comer ci al an%&%ﬂ%\ﬁa}l# P%’mg%\gﬁiag%ntmf%%%&tirf?? ¢ qﬂf?g\}a g@%ﬁ%@ﬁﬁ%%@scan be used
for. Anot{lveg amtishantfdge) mbteddhel ohe Bbdrighie; ahlchBugiest fat thuymay adenovi r us
conponents sufficient for allow.ng replication of nonkey adenovinas on
human cel s is ¥hg eb%”fntuizps?’omagﬁg? K FO@B’?{H{W&%%W&WS%%W%{?&Q?&,@%

adenovi ruses ( CADS) 1o Kotulax anpdse) infdh@eirdbiisd. an abdiibieanpadenovi rus El and
E4 ORF6 seﬂgenges in tEiI?SFlom)nk.e adeng‘i\éi rus, gnde,r expression control

t

el ements t PRYCR B! PROnPEOIEngRRE HRLHRER AEPN IR RED Adil iBn, ti ssue,
or cell type, ahd ®8wurtalshepldaat bomah addA6viRROK M A EdSeotiBedn&ent rol | ed
fashion only qur. desired. Appljcations for CRADs are nunerous and
include, for eX 3ﬁ%y&gﬁt"§r§p}§ agfrov vt (wern 4@ty adsitohanto dharigerapeut i c
gene only under congiiidlOmssiffan\ii&mlirYRE L Oy S&BHLE Blnl 1RNsol sirlgnf €d-
15replication vaccines. Anot her advantagé of the identification of
the human adend&¥iablignididp divepteapdusimiei adamovirgses shybr istlatah fromepinkent i on of
monkey adenevi bissOhdbiREEBbhsS ideRidlrBGnBRk bio¥s ﬁec?&%ﬁ@s’f fos@danayi rus gene
transfer vectors where a transgene expression ssette 1S’incorporated into
t he nonkey adeHBgivipkespadoier bR soeretions using steeletdonethotisrin thedrtt Mild-nmonkey
adenoviruses p ifsdlUmBN . C Lipne-human adenovirus system have
the foll ow ng ] egﬁifﬂ%g%igg&(%l}gggégﬁecag’]a%%biép@%n} SRS Kicﬁags’{fuﬁ%'?&rﬁui’ % human
popul ati ons t oAnkrecamitpe Cuitderiolicrands TCC2)Maspas] €sgiahgci fic bl ock to

replication for en f t Q. human popul ation n é{g avoi ds the
ri sk of adventiti OB@ r}’;%iglg8%%%03%%“1%%?71%@?8338?‘1%5%‘1%%8?@&WP 8@&1 a
25n0on- huma@t ce ATCICHYiR 27Far Réxanpl A fridsh Sremnkeyepab yopaOd-vaS 9§40 was f ound

to contam nate f ] cclL.ne, ct.. factured on npnkey
cells. Cé?g#ggnggf);)ﬁﬁﬂgg’l%}lk ?’@néﬁ?o%%%d&ﬁ&&%é g?ﬁpa\ﬁk‘éﬁ%novi ral
vect or incl udeAThUtvVRIe!,NOICE VR 34daddos T@O 3l s (described in, e.g.,
Grahamet al., ./: ﬁen. Viral.,. 36: 59-72 (1977)), PER C6 cells (described
in, e.g., |nternatioidl"BLENCYSONBIT ek YPdBtavEEs ealratier oinoBn26, and
U.S. Patents Scdi@4ithderarasly CotlBRicU0iati AN héfD 3mERbRc € 8l hés: bhescrl.bed in,

e.g., int eEnati onal Patent Appl.ication )
5 data presented herein confirms that monkey adenoviruses do not grow on human

cells and demonstrates equal or even superior growth of monkey adenoviruses on
human cells with human adenovirus components compared to monkey cells (see
Example 1). Example I shows the high productivity of monkey adenoviral
progeny on a human cell line with minimal human adenovirus components,

30 comparable or even higher than on monkey cells, in contrast to the 40-fold deficit
reported in Savitskaya et al., supra. In some embodiments, the host range

restriction can be removed by propagating the monkey virus on human embryonic
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Publ i cati on WD 95/34671 and Brough etal., J. Viral., 71: 9206-9213 (1997)).
Addi ti onal conplenenting cells are described in, for exanple, U S. Patents
6, 677, 156vend11@)5688, 929, and | nternati onal Patent Appli @aTmiusaoiPobidPcati on
WO 03/20879. In sone instances, the cellular genone need not conprise

nucl eic acid sequences,, t gene oducts. of which conplenent for all of
t he defici enci S%éjﬂﬁy ﬁé?%?%&%l(%gg“%?%g gleng witeimagdreriia b4 GBEeeFoitne or nore
replication- esqeR) dbregflQufitEdeh &Ss lrAGkbR 0sirPridndl £ Rhd SpldsQblr slakd ci ent

adenoviral vector can be S%%g( ied by a helper virus, e.g., an adenoviral
vector that suppkPegen g s BE&-ghechin Bpmplek vaniop 1w wdwalefea®ét i ons requi r ed

for replicati one@fnisktff tIBad bR JRARDULY Fr WG W e d I PRial hidGrahgn Of t N
engi neered to prevent packagi ng of infectious helper vitus. For 10exanpl e,
one or nor e r egfi7e &lerohbass Seht’p 4l 99§Bn dhevineas wespestedithed @l humegidh of t he
adenoviral gengye ;fAfSinioVi9es i :’%ﬁ%ﬁ!ﬁe' ‘ : [ e or nore
replication- essentgi al ETgéga{éne f%%é??%é}ég&g’ EQ%TE% r%g&§§%%4$e%%¥éaﬁ%xﬁ%bi r al
genome are pr ogEllieldr Bynkeyhdénpairusgs fdate.not shown).| deal |y, a
replication-deficient,si . [ ' resent in.,a.conposition,
e.g., a pharnmaceuti C% Ss%:%gﬁpé%g?%ggﬁ% t%ﬁ "g%ég%%’?fg?gfj?/r tE P g%c%r?e thé hst mngg

repl i cati on- conpéricent chaleriay iadersviREAr ggonbahimat detin a(sabgt or poltbnednposi ti on

conpri ses l,@ss 1% of . replicati.on-canpet ent. adepnovi,fus on the
bast s of 1o ¢ SPHRTadaR b R rals bR SRR PR By iRt age] e, | he
conposi tion i s oRGAxfold4 gienas itiredlinaies bOE4 tanpesiceons ralidatih@tks that are

RCA-free are desgcribed,.in U.S. atent 5,944, 106, U. S, Patent plication
Publ i cati on 20625‘6%6@%%&?%"‘{‘%&%@3? ﬁtgﬁi}éﬁi’%ﬁ%m SR IRp B ﬁi@ﬁ WO

95/ 34671. VHK-10-b hellssb miBrupstenayiied bdoneah@rgrdvith RS the presence of
replication-deti c}:;,en_t_ |bdealf{}é Ehe sim an adenoviral vector is manipul ated
to limt repli ERHSH YRS n/Be pypan bf sRAYIICT iasertsd g the pdk (RSt exanpl e,

the sim aniadeneidngt deelifdnt 8RR nBEIn@u&OMrELONRA do¥s ncd RRRE kAt | NY
adenoviral vector, which is engineered to krﬂepi i cate under conditions

pr e- det er ni ned s g hﬁf’té%‘t%etdf’"@ﬁ@f‘f?m o4 @R BPnene 2pnaceptly cafanent ssdat i al  gene
functions, e.gfactdeies balchbABRaSRR Q&Qd%thhr@@ﬂg%%\éﬁiﬁékn ES;‘@E bt €91 Ons,
can be operably linked to an inducible, re ressiblfe, or tisSue-specific
transcription BgfvER of FéqAefckeingesufficienp thsrastadn Savitskashics ale wigerdi aveldt |
replication regujligsrhics PrEsQRe , 2 ; ifi ctors that
interact with th(;3 1t rgéfnscyi Sfﬁ%on g%%‘?%ﬁ%@g%ggﬁf:%& Qfﬁg%hléﬂdﬁ?%a et of viral
i nf ecti ons2f obe eenepiws injhumeanddseviag\Eln nalydalis 10166kl whadidiomi r al

vector repli ca%ggg,gh %%O%g%?‘%ggﬁ,gi%%hm}!%rgps nodes, to obtain continual

antigen production I mrune cel’ ™ producti on.

Condi ti onal | y- r epl i Catiflengfiedion ol the dbmue edcossnacempasansivied fetint her in U S.
Patent 5,998,205, .. = . One of the utilities of a nmonkey adengvirus is to
del i ver prot ei% fication gt s gikg?’ Y e htuglagc‘%@%ﬁ? m@‘i%“ﬁ@%ﬁ%?& Yt #el i vering
the proteins iluthot lireitdian, fodséirie menunerobf prigucedatedunb&ikeg adhotifg, Vi r al
capsid. Th ified e this. There are nunerous

capsi.d..can, be .no o facilitate ¢
exanpl es o?ﬁ t hé 2@8‘?’8?’%%%@!?%?%@%‘6 té&%ﬁﬁﬁ?j‘tﬁ %IEi‘gé"F%’fed HOMEABIFGNE r us
materials to tie: aagshiook Sarmkef adehsitBdich heAkA N8 had Qe h@aBiaBACI OUS N
character, while others are n rg;lhes of substances which can be |inked

t. Exa ) ) . A
to the adenoviFU¥EEPIGUTHE Iﬁﬁﬁgﬁ‘é‘mﬂi‘ P Hicationaefdn Bt wouipment disvscr oss

l'i nki ng chem c@t sasier manipuiation of the DNA sequences and proper regulation of expression
of the E4 sequences. This allows for easier design of systems to allow propagation

30 of monkey viruses on human cells. For example, the subset of human adenovirus
E4 sequences can be included in a monkey adenovirus genome, integrated into the

genome of a cell or exist extra chromosomally as neither part of the human cell nor
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10The viral capsid genes can also be genetically nodified to include a
foreign gene or portion thereof, so that the foreign gene product is part
of the viweloo#i53i4d protein which beconmes part of the viPcalusp@owszve. The
effect of the protein can be exerted on the cell with or without it being
internalized. If it is not internalized it could activate or inactivate a
cel | pat hway Iéh@%ﬂ@(ﬁbf@d%{iﬁﬂie@i réorkmgtvdtimsly 4 subdballeh teqoenced thatt he m)nkey
virus is inter I [ nef . The
protein coul d glgsgast |46$F§)‘ﬂ?&“§\3 f0r &Qléeglrdg‘fléérg %‘hﬁt%%@ Jctatie m%?flo @xp'{casx?%(gj protein
itself. The caﬁbﬂsclsqawcxtcezs nBhif ¢rthenced haxaih] ea@t%hngﬂﬁ@zmmmﬂmve all been

Sortons. ¢ her odreuniTar TREh iF SveT RRaTBHERREet PErS® widmaltat  on of ¢ he
viral capsid ca:nmhmxmiaﬁwmamﬁabpmemm‘nn that m&ih@y%ﬂd‘nkiﬁmise@@h%&kedtfb@pl sm can

be changed. The virys could dto new receptqr, its

interaction with i tg‘ ﬂ%?rnaﬁlvmﬁ g@ri C%‘Q“Sgﬁi‘Sg%@Haé PYHYs j nteracti on

with its nor nalcom@@@ﬁis@ﬁffﬁ@ﬂt Peal M%&@ﬁbw&@cﬂhéﬁ@f/ hdt@oding ammﬁ%y

adenovirus can i the desired activity of the virus b irecting it
it Begp kah

to the desired gy %lge’i‘et"“tﬁﬁ?f“éiﬁl%é}ll‘bmﬁ%%g aflepeyinusgsfp at woul d

yi el d a non- desof 8h@id e GMRion UTQuRiidch&alk 81 26884 @R%@ skqRfkel § gyasi on of
t he i mune system Ml t i ple capsid proteins can be nodified sinultaneously.

The coat prt eHrEFY FHBOAHE AGU§T EHRrC IR %@W%Wnﬂséﬁ%@@ﬁé@%‘?ﬂqf@ﬁ gige bi ndi ng

specificity or qres009hdbRR Qhdailing RAENEN He,@8hwanl SRR ?8&1 a potential
host cell. 30For adefhovirus, such mani pul at’i ons can | e etion of
regi ons of adeABWEFUETYS da copirstied fghiqueondy Wherp Besired. pén;@i@ntmmrforﬂék@as

i nsertions of r ns of a coat
protein, and t\é% du?%émggl\/%dn%giﬁ atf(%}%g EVE e J}ﬂﬁg%sce%%%g rggéggtgr??ﬁr oaden the
range of cell sthefﬁiﬁé‘@t@%%}'h@i@ad@mﬁ u%wmi V@:mmg:émmamgmdumgtedf t he
adenovi rusto 9@ f&'hf"k& zﬁ?l | type. The sim an adenoviral vector can
be mani pul at ed £ ter the binding specificity or recognition of the
adenovirus for a r eﬁ@(ﬁh@rﬁdmw@@ pbthe dehtificaliosdf thehémanbidetiovadenovi rus, such

mani pul ati ons n n.. of i ons Vi rus c roteins
(e. gIO fiber, 8%%% sl 5195? glgtge Signgfrﬁcﬁg?rfﬁ% Hor} XW’&& ﬁ@“ﬂ‘ﬁf“?\?@?‘wa onnati ve

| i gands into pos lsmmhsaimfnwao ga&taa@a@h@uzms gﬁﬁdmhéf@r Yelotots widdd fillsgddeon of the

coat protein can broaden the, rang? a %I |knf ected by the siman
adenovi ral vectSF=S8P" &RAHICA® PEPGERien PR frerHukey AN HE 8P al vector to a

specific cebl A;iﬂﬁ;vnris&iwﬁ@ﬂs detiedfr&A nﬁiﬁﬁéﬂdblﬁﬁvﬂ{@e@%}hﬁﬁ Md & PLRLHI Ns found
in the bl ood, %s coaqul ati on factor % can affect the

X
adenovi ral vec‘f 1rimﬁ YMEE gUcRBI SISy it ihaYs tBe fqg}@&’ﬁ?ﬁ *‘Fi‘émﬁ%és prl egbsersBloé et hod

of avoiding t h@"eleﬂisﬁﬁg,ﬂ%m!ﬂﬂy% blndhopulations d\RY n%ké@@eﬁmtn%g&ngﬂue for
altering native bindin ost cell, such as nat’ive binding of the fiber

protein to itsSPEeRY tﬂ%’%crb@@%fﬁf@?’ licapigmfop enhapgsids9isty. to Bawan Baxkatiphseanddi f f eri ng
fiber lengths ngvd?& tﬁé‘ﬂéi@df%@@enﬁﬁ@%@s!@ﬁ&g%ﬂﬂ@% ﬁ;eg% Al %m%ﬁctﬁﬁ%ée Thi s

optlonally can be acconplished via th d a bin quence to
t he penton %as‘é}“di*u“‘faﬁ”ibiéﬁﬁ lipga dtyr e, dlgainerbkon paforaa binmsd VG ‘»mcﬁmmd@e can be

done either contaminate batches of human vaccine product manufactured on monkey cells.

Complementing cell lines for producing the simian adenoviral vector
include, but are not limited to, 293 cells (described in, e.g., Graham et al,, J Gen.
Virol., 36: 39-72 (1977}, PER.C6 cells (described in, e.g., International Patent

30 Application Publication WO 97/00326, and U.S. Patents 5,994,128 and 6,033,908},
and 293-ORF6 celis (described in, e.g., International Patent Application
Publication WO 95/34671 and Brough et al,, J Virol, 71: 9206-9213 {19973},
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directly or indirectly via a bispecific or nultispecific binding sequence.
In an alternative enbodi nent, the adenoviral fiber protein can be nodified
t o reducewbOhie1128m4aber of ami no acids in the fiber shaf PCTiUSRIIOOF590T eat i ng
a "short-shafted" fiber (as described in, for exanple, U S. Patent

5,962, 311). Use of an adenovirus corrprl sing a short-shafted adenoviral
fiber gene redt¥§ioppeomplaientie el peidswehedin, Buemowie 8.S.Fases bi nding to

its cell-surfacestasenidscashol &ﬁiriﬁéﬁﬁéogﬁgﬁﬁé}%{ gi;caﬁﬁﬁﬁf ;cQ@tﬁaeW nding to
its cell-surface receptor, thereby increasing t specificity o 25

bi ndi ng of t he CAHERBYIIRseme nstanegis\tbncadlslar genaime erasatol veshyise nsaeioficid si mi an
adenovi ral VeCtng{ueﬁ&gHﬁé gén@%r é@Bf&%ﬁi@&ﬁE;ﬁ%ﬁr@ace %@%'dgéméa%r&%ﬁé ng of the

si mi an adenoviral vector 1o a desire rece
i ntroducti o ofrepdicainnmmsticpat éﬁmme"aia@p@r e s e:pixd%nmeswm@ﬁ g@mper tton

base or the fibglkNabyin m are .a.czcajmogoc{%hgagﬁ aﬁ@m‘vurg} vegtgfoag b&ﬁs?@ixﬁ%?f %lgucl eic

aci d resi dues enco ng a resrdues associ
substrate bi ndlhn@emwsmm&ged;miswgpi faenpEids inradehe bedok:eenti®. 0.

| et onal e SRRl BB OBV AR R AL <
76(6): 2753- 276#u{2002) 9ng&1¢eﬂ&dtmp’evdnh&c3agm@f igfdenayY hélpdr Wwiast

i ncorporating the tated nucleic.acid r i dues {]:‘%V' ng the fiber
protein end @deﬁx‘illﬁfgué’ﬁ‘f/?r?‘grelrﬁg‘e@%‘ﬁé"eﬁ% ?Fdf%f“ftgmﬁﬁ vE! S ae. Any
sui t abl e am no ad&todird! @EAdES pro0ide@by IhBCEmPEALRIN ckalhikRHE 8L 18§eOr assi sts
5in the |nteract on, betvvee the knob and the native cellul ar receptor can

be mutated or FEHBIEY: 6*?8“ &Rf TyEctioppolithgd regiograd iy adenoxbspleepems #¢ ner i ze.
Simlarly, am @@Waﬁﬁaﬁa%@;@@mugdded to the fiber knob as long as the fiber
protein retains the ability to trimerize. Suitable residues include am no
acids within the exﬁ&%%daF“‘@Sfﬁmﬁfdﬁfi%@“ﬁinﬁﬁ?ﬁd%ﬁ@bfaﬂ‘cﬁ?ﬁirm‘?v presgutinas, for

exanmpl e, the ABhQRRiontdle, %alﬁg&@utiéah@@nl: Gsit 18:9@11}%542&@& DL g[h%&%msdl at es

Any suitable amno acid fesidue(s) enton base protel n
or assists in ﬁ‘ﬁ&“qﬁ’ﬁ‘ﬁé‘f‘ff&@‘fﬂrlﬁrﬁkﬁéﬁm@mﬂﬁ@n;ﬁ@m@ncbﬁasmta’mctampn@gﬂams can be

nutated or renﬁx\éﬁg?mﬁ‘i@/ t(ﬁp%ﬁcétﬁ)ﬁ' e%Haﬁ)ét@ﬁtr}ﬁ!:%gﬁ cg egﬁgﬁrg%ll%e’t?ﬁp RGD am no

acid sequence nmotif |ocate ypervari a1 € T'e e siman
adenovi rus pen@dﬂnﬂ‘b%e@ ﬂmﬂmwmpmtaaniﬁhéimﬁaiesmiv,mee@mpnsammm ftd es on the

perton D25e o Rl Ao Fe o R R TR BB, 2 2,
sequence i 80 coRdter lﬁr%fm A&IU.§. Ravae AppigiatibrePuibticatioh 1O2IQ! 10645A 1,208 €gr i N
nuclei o hetd sunEnte EAERM G Fie NoSRAURPET penton base protein.
I the simian adenoviral vector is not replication-deficient, ideally the
simian adenoviral vector is manipulated to limit replication of the vector to within
a target tissue. For example, the simian adenoviral vector can be a conditionally-
25 replicating adenoviral vector, which is engineered to replicate under conditions
pre-determined by the practitioner. For example, replication-essential gene
functions, e.g., gene functions encoded by the adenoviral early regions, can be
operably linked to an inducible, repressible, or tissue-specific transcription control
sequence, ¢.8., promoter. In this embodiment, replication requires the presence or
36 absence of specific factors that interact with the transcription control sequence. In
the treatment of viral infections, for example, it can be advantageous to conirol

adenoviral vector replication in, for instance, tymph nodes, to obtain continual
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20The sim an adenoviral vector can conprise a fiber protein and a penton
base protein that do not bind to their respective native cellular binding
sites. AlwOroatisvaBy, the sim an adenoviral vector conpPCITAS2610/08599pr ot ei n
and a penton base protein that bind to their respective native cellular
binding sites, but with less affinity than the corresponding wld-type coat
protei ns. The sihfigarprabietovindabnigventoy cedhpniduition. rGadditiockilyiraglicagng 0o nati ve
cel l ul ar bi ndi r otein and penton
base protein bI’Lgdﬁ%{xg%eﬁ&s%r@@g&eggg%@95@5}’5e}é}icegiF ? %&%I nding sites with
at | east about 5-f ofse of e fuolitks oﬂ@nfmk:d add@@wirod d o Mwénqirdt,em@brgiz@@ﬁf old | ess
affinity than dad fib otein ent on base
protein of the péée%?r%s searcg[ype g‘?ﬁgkﬁ%@ tﬁ%@ﬁ%{?\ﬂsrﬁ%ﬁmggﬁtgﬁmﬁ%c an
conprise a &hi nerdoat gnmmtnspfmb@lrﬁi o@pﬁi@)ﬁiﬁﬂc@@z@caﬁdﬂaﬂﬂﬁiﬁfﬁedec aiinge agd. d
sequence t hat nds _a substrat ceI | ul ar

recept or ot her bflthﬁ%r?m “‘Wé*i“?‘{?é”“@éﬁ’ f(‘slﬁféz?e ‘P*é’i@:‘éaf?? glbe}“$ﬁg’%ﬁ%ﬁ t‘h?f e/&°% ani no aci d

sequence of thedafehimy haecdenand afa@&adcgﬁﬁe priad Sbaifivdtlcaybre phfeigddiiud i
adenovi ral vector con\BgJ Si F% t he chi mer gug protejn to bind and,
5 i R AR i

desirably, inf&C¥aHYst LTS A5OOh PR racee by cap bedinked o ng

adenovi rus wi t h@aoviieapOR AR ¥ibaBit) Pecdpihd, BRQURRER: i !ml@ng chHBpRbiscel I's not
i nfected by t he_correspondi ng 5w | d-type adenovi rus), to bind to host cells

natural |y iff edbPeyrdapsrbecast asiohapestivayaoedjind aashee fusiznigets gr eat er
affinity than bhﬁ@rﬁ&{{h@n%[?@Q&ihﬁ&h@ﬂﬁﬂ%ééxﬂé%x‘d&a&@gﬁ 5;.*1% \ﬂﬁ“ ea' ve am no

aci d sequence, or to bind to particular tar!get C ter affinity
t han non-t ar ge®rasan péich keeomss paraef she viralperiie ﬁa@ﬁdeg@qgﬁmear%ﬁamcmri se an

am no-aci d_seaueneq oAl B LRGSR hinbigAHINOYLfkogRal LOPr ot ein

or an am no acid sequence found in the adenovi ra ["6cat ed in a
non- nati ve poskeyldpactiveteivr macthatecagstipdthwBy eaqémgfm@am@dt@nm hds" is nmeant

that th f
net ance, | aui n e, AT AAE, GraeIRAR B0 BID R B R B e y . .
at | east about c8h fﬁiﬁd),rmasﬁwri okidy stirbulfiplad ;mxﬂ%dmi;dnse&’@tdnaﬂdf to e f old,
45-fold, or 50 rd?em it teq’%egap%gdyf&lﬁ%g%gﬂgggoéh )glan r%?xggx?%z%y\éeaﬂ bee%and bi ndS. a

di f f er ent receBtor such "as The sim an
adenovi ral vectlmwnoaibe sdepr beseodifiehb iRtide nopadenpried] @lileitOiPohtbhg a
non-native amﬂ% g % ﬁ ?ﬁ%‘% t hat confers to the chineric coat protein
the ability to"BIRE* " &f" HEPEMEeHYfe efficiently than a wild-type

adenovi ral 2goat pr oveifificatlon opeetvigldagsid c&d@v@hé&%amm‘ﬂ & viggt or can
conprise a 20chineric adenaviral fiber protein conprising a non-native

amino acid seqUEWEEIRMIE fAsrhschPneedt bR (ipve sRd B redirected thizaav AereRoUi 1 al

vector by i MupeineLdctisn with &b 86rafl ¥ 48 Be ﬁfr@@%&t b i&€labSon V@ﬂﬁﬁ% as
dendritic cells, nonocytes, and nacrophages. In a preferred enbodi nent, the

si m an adenovi P%:mai/@&%fr caprhiaecsd aReHirpRiing ghefmakey peoediug coonpr i si ng an
am no aci d sequeRER hEddired AuDBNMAL LKL by directing it to the desired cell type, or it

23 can help avoid a cell type that would vield a non-desirable cutcome. The
modification can also lead to evasion of the immune system. Multiple capsid
proteins can be modified simulianeously.

The coat protein of the adenovirus can be manipulated to alter the binding
specificity or recognition of the adenovirus for a receptor on a potential host cell.

38 For adenovirus, such manipulations can inchude deletion of regions of adenovirus
coat proteins {e.g., fiber, penton, or hexon), insertions of various native or non-

native ligands into portions of a coat protein, and the like. Manipulation of the
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25am no acid sequence) conprising an RGD notif, which increases
transduction efficiency of the siman adenoviral vector into dendritic

cel |l s. ThEORGD/aso4Bf , or any non-native am no acid seque@aTAS2poas®PBRblYy IS
inserted into the adenoviral fiber knob region, ideally in an exposed | oop
of the adenoviral knob, such as the |-H loop. A non-native amno acid
sequence al so c¢am AsEciappeged e rge Coelirinicpiod batefadetseiredemoabiy al i ber
protein, optiongblyh.\Wsd, aadmg L oS W e spacer sequence preferably
conpri ses bet V\B%J% or%e af? O?idg m('%no acids, and can (but need not)
have an intended fuf¢ kigman ademwrai \Ientoamﬁtﬁwemanmmmﬁtmmr tha iedisg mi an
adenoviral vect i ) i s not

sel ective for S%ngaét?fggg&tg dﬂ%&l ﬂ(’éu dg% {/Jﬂ [ cergeﬁcle&gtar%} Q%ﬁ?n%ﬁcép%& Eat protein
di ffers frof abs kdinoyipe, moﬂamampm%aé&irm chxymaiudﬂ ddaiohiobregafs af mBmevirat i ve am no
aci d sequence i .coat rotejn sequence, or
attachment of ggéht%r&ém% &vgg ﬁ%%? om"%]%:lo'(igl11 51%%%10?5 A Igmﬁ-“‘i & %ng‘?erm nus of
t he coat prot einatxvaﬁcgam@namspﬂcegonaeﬂ 4 gangoepipid the n@ Mpipuiddonefte about ni ne
| ysi ne reS|dues f.er abl si.ne, r.esi dues) can be attached to the
C-terminus of tH % %HSW E?%'fd%fl }beéﬂfm% 95?%5%“?\5{??%& %?Sﬁmflﬁh?fjlef“ﬁﬁré Vehcer
sequence. | n t hi snebhagdiimnis thddaiag Bﬂdﬂiﬁﬁl‘a@ vikitdris a eSRIficRER@eNRRA I cient |y
binds to aégroa er 1 range. of .eukaryotic ce%ls than a w |l d-type virus coat,

such as descri Bed?'H U‘t"é clisgd tp"‘ée‘% upd i o puhrpa crag it iopEEBRt
Appl i cation Pub{ {Foatweith WO 9861300k noviral vectof BRIARDT Mdavicafiod fesddtt an

adenoviral vector to reco%%ze a potential host cell can be nodul ated
wi t hout geneti deasFishie At Brveifias Beantenstivngrith FX. e through use of a

bi - speci fic nmol ecul gyy ERfablR&hARESor ﬁ%h%éﬁ%g}nﬁ%ﬁg%@@ J cEH'%uem sh a
15bi specific nol ecul e conprising a penton base- bi ndi ng dongi n and a domai n

that sel ectiveP§tisibigdogef e fltes progain ipdisice Msrrfr@s@éwblcmbmqmﬁpyﬁé &nabl es the
targeting qk tBe i af ALeRAVIEL A c\éa‘?gé 9)%3551%% %S%ﬁté LGHL ?{ntdﬁxglta fxpe.

Li kewi se, an antiden can Be conjugate ace enovi r al
particle thr ouéhlsﬁéﬁﬁ@ﬁhe@ﬁ?@%ﬁmisb@@ mtﬁea@iitmeefarhmbng@qnbnse@ubmce can be

conj ugated to oPast B ﬂﬁﬁ%ﬁﬁg&”%ﬁaﬁ ztugg%{’a Bk 1%5'5@%%@1% 2 Cﬁ%ﬁ% eg | Jeri ¢

adenoviral coat protern eref exanple? & Ron “ho aci d
sequence can béirwmouglatreﬁliﬁvmabimﬁk@dm’uhkmcafmbamih@meﬁm.omamf| ber
protein, a pento rot ei.n

etc. Methods f ore@”al?@? gmgﬁga%g fﬁe adegif% x%%g PEta IC?‘P é%%&#f%%géirﬁ‘élcépg ( g/gé,

e.g., U S 2Pat emrhimr 5f Mﬁp%@iﬁs an&héﬁ&’;r@% thorebi 2redtdfy a ‘ShdBdhahd@; fitkr 756, 086;

2.5 {as described in, for exampié, U.S. Patent 5,962,311). Use of an adenovirus
comprising a short-shafted adenoviral fiber gene reduces the level or efficiency of
adenoviral fiber binding to its cell-surface receptor and increases adenoviral penton
base binding to its cell-surface receptor, thereby increasing the specificity of

25  binding of the adenovirus to a given cell. Alternatively, use of a simian adenoviral
vector comprising a short-shafted fiber enables targeting of the simian adenoviral
vector 1o a desired cell-surface receptor by the introduction of 2 nonnative amino
acid sequence either into the penton base or the fiber knob.

In yet another embodiment, the nucleic acid residues encoding amino acid

30 residues associated with native substrate binding can be changed, supplemented, or

deleted (see, e.g., International Patent Application Publication WO 00/15823,

Einfeld et al.,, J Virol, 75(23): 11284-11281 (2001), and van Beusechem et al., J.

i8



6, 951, 755, and International Patent Application Publications WO 96/ 07734,
WD 96/ 26281, WD 97/ 20051, WD 98/07877, WD 98/07865, WD 98/40509, WO

98/ 54346, WoR000¥515823, WO 01/ 58940, and WO 01/ 92549). TRETAIS20m0/0559980
adenoviral coat protein can be generated using standard reconbi nant DNA
techni ques known in the art. Preferably, the nucleic acid sequence encodi ng
the chineric adémdvital: 2¢Pal7 @ dile))suisthhtdbatimainwiltrovimnaltvegomdenovi r al
genonme and is . g . t at . regul.at es. expressi on of
the coat prot eilﬁﬁg)%ﬂ%gl%ﬂllmc@ @%%Eg%‘%%g‘{}?%g‘sd%&%’ ter h“%igev%?% PIOYI% nucl ei ¢ acid
sequence encodiengpdeth Gieathy nisldseatdderiom itsalaticombstptot ein is [ ocated within

t he adenoviral genone and.is part .of .an expression c ette which conprises

genetic el ements re%li" P Lé‘c?b}eo‘wﬁgﬁeﬁ‘?%ﬁgﬁ?@éjgS%E?sqr%tﬁmgggfrﬁg‘a@ﬁf’ﬁ%"?‘lﬁ% coat

pr ot ei n. 5 iThe iceattigarbetveicn thedhth ol bd ndtive cahildesdeplonch@bO Vi kd4sd coat
rotein can be a full-length adenoviral .coat pr.otein o which, the

Ir[:on- native ami r%rﬁ%ivﬁd’sc’@gﬂg’gﬁég”&@%‘ﬁfﬁ@ﬁ‘d%?f"ﬁe Bririperies, Diuglary, anEeceds e g. |
internal |y or atnbd@ided toanelfigr khbb 4:a5/0 RS IO PRWEK retm@dithd Ahi(kncl udi ng the
presence of the. non- n%tj vger ami. no ,a?i d), .the 10chineric coat praqtein
preferably is &BPEE0 SR HEfue dgiueamine asife oy ths “aeps leorsahtee t he

non-native ani medGiol dSAFHERNER Y, Sorakimnhes: A8 iddpemt TehoR kRl S hopPr ef erably
it does not disturb the interaction between viral proteins or fiber

monomers. Thus 274 #& Bid¢pPnat i ve ami no aci d sequence preferably is not itself

an ol i gorrer i zat | 0N AQURlibicasisHkR EARRYIVES 5kon bl BLAG el flikbe
trimerization 15domai n of the adenovirus 'fiber. Preferably the non-native
ani no aci d seq@epwisigthydeierdction betreey fheiperiop bt endintegrivs ¢as be modatpbr at ed i n
such a manner as.R0e 4.8aght Ly; 9 2 ﬁ”b I ] .
surface-recept oriff'_3 oypc?rrarrune ceﬁ%%%&gg%’hgt&t e"”%gl E{Sﬁfﬁwﬁgr&?ﬂi’dﬁﬁ YOF the
adenovi ral pr otmsiiflocaitd mchetypevadabiesigduef fracinngr alcsotist petten bposi ti oned on
a peptide ac .et ne I I ose, the, ngn-native ani np 20acid
sequence. Iﬁgeaﬁ{%"?igtﬁ‘e@)nﬁ%g‘? ﬁggt%igglng% %&a‘%‘ﬁ%ﬂ %ﬁgﬁ’ﬁ%ﬁﬁeeprf’%miwgocﬁfbg‘? ated into
an adenoviral flishetedpy otlifgingtthet thiple@ 4ol vipruse @fodihetht nbdre REDLREN (and

ttached vi L t i_nt d ) . 0., the H
Foop) of the 1 PRRTLeheap BB BRI T et B RpBEEr A arEtBR b fbh: nat i ve

am no aci d seqbizding té & iategae heehbtbOsieh ak Bplneatsy ADPR! feh@co®ind e pent on
base, preferably it is within the 25hyperyariabl e r,,egii ons to ensyre that it
contacts the sii %%%%’ZE}@ PEIefe AP RERe %@%%’?%ﬁh? adenoviral penton base protein.

20 The simian adenoviral vector can comprise a fiber protein and a penton
base protein that do not bind to their respective native cellular binding sites.
Alternatively, the simian adenoviral vector comprises fiber protein and a penton
base protein that bind to their respective native cellular binding sites, but with less
affinity than the corresponding wild-type coat proteins. The simian adenoviral

25 vector exhibits reduced binding to native cellular binding sites if a modified
adenoviral fiber protein and penton base protein binds to their respective native
cellular binding sites with at least about 5-fold, 10-fold, 20-fold, 30-fold, 50-fold,
or 1{0-fold less affinity than a non-modified adenoviral fiber protein and penton
base protein of the same serotype.

30 The simian adenoviral vector also can comprise a chimeric coat protein
comprising a non-native amino acid sequence that binds a substrate (i.e., a ligand)

2

such as a cellular receptor other than a native cellular receptor. The non-native
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or immune cell. Were the non-native am no acid sequence is attached to the
hexon, preferably it is within a hypervariable region (Crawford-M ksza et

al ., Viraw020106348 1836-44 (1996)). Where the non-nati PETAISR10/05399U | S
attached to or replaces a portion of pfX preferably it is within the
Ctermnus of plX Use of a 30 spacer sequence to extend the non-native

ami no aci d sequEHevacddwegutnce At hinehimgrie edsaodtal etsepmtrEmdinvisdhe yaieci cl e can be

advant ageous i Nt hRtralt e &ﬁin‘g\{ﬁe c@t‘iﬂ] Qﬁ d%gt' ;ﬁ‘méi%%‘ &REen& %QS;Q&V”D re

avai l abl e for binding to a receptor, steric I ntéractionhs between
t he non-native ﬂaﬁi«tﬁ@ﬁa@iiﬁmge@w@ﬁ&eﬁfm &Yrﬂecoa"dm%@m% adenbyiberwitbowioher s can be

reduced. o RE NS (571%’{9&1 k%ﬁ{ﬁ%@% éi(ee ‘hest ’ceiﬁ%eg %%C) dtbgttﬁc &)'ilrreg &x%é l on or

propagation within a speci non- nat 1 ves am no
acid (e.g., Si gfahidt)lp@:ahmbwwd),a)Eﬁa@nﬁ@mrdiimdueaiﬁy infted bydielooswpbabmg pr ot ei n.

Thus, the l i gaq,(q aCtQQe E’C!e?cg\agns%%% eapeg/agl nht%%:hn}?gxebc%{rneﬁﬁéﬁm e{eﬁ‘a‘g fe g

al bum n), synt he Feficed e
pol yl ysi ne, polvmtimsﬁtthdnmname am)n,o aardtsefiuemteabr tpepidi admmaﬂu&mg&&@(iﬁ g :

FLAG, and ROD nj, Biol., 130:
1160 ( 1008) ) AT niRS Do on AR JocR rePis e R oot hs

EI as';]i c (e g2i9 ?(,:%)6,13 zsitgifé gxh;m a%gﬁ;&xeﬁ&ﬁmté’a?uréil Jehi mbhlede&gg@ﬁ&ﬁa (7319'[ al .
i ochem a se e eng etal ne

1(1996) , and KP&&?&“&E%dmm%@‘&éﬁ%&“ﬁm@é?‘g%ﬁ%g’@ ag*’fﬁé@“ coO¥hitiaeatedtina:  ga9

(1994)), streptaningive doSEbbetthRitheddapsid BRpehericnanly Bids” 1DfaR: 649R5) . and
Kat z, Biochem stry, 34: 15421 (1995@), nitrostreptavidin (Bal ass et al.

Anal . Biochent noppativeagung agbBRycach b 3 Ieepsmaek hafrdestagke, ovRAt ur e
Bi ot echnol ., 14:11@:3}@79@‘5% 3t 1422}59 20 3 3 f&@ gregﬁ.repzﬁ‘f}n %ﬁg} PGS ab@ﬁrfgiat {@n of

nati ve bi ndi ng of “ adenovi ral coat telns aCe receptor can
al so render it fpldsid-fabl éﬁuﬁ&ﬁdslféﬁtfe}da&;‘i fold, th- feiﬂebrliﬁffaki@rMeraﬁqﬂuyﬁbm thost

i nmune syst m OVI ral nistrati.on induces i ti on and
acti vat es bgt h f}gna 8 ‘§a%§ iU r’g%gﬁry Ri™ RS 08 AN Ky @ 'ﬁ‘imvect ors

20activate antigen- wxeﬂmfan@démvgd ,veaiﬂﬁ@hlcmdgz@&mdﬁﬂﬁémlo@&ﬁﬁﬂ&ezbesIOO”SGS
which Iimt the duration of transgene expression following an initial

admi ni strat i on BFPEHE & WEFHHYE PHING AHE SFRNcedha 6&ipia 1 e 8%?@%‘18‘?/?%I vectors

stinulates proguedih 0 0fliHeULsEbiaA iNGuditel RO SFicRY1Bhee) Wad-wii ch can
precl ude gene ex resagl on fraom subsequent doses of adenoviral vector (WIson

& Kay, Nat, denoirag poat grojeinghy pReicy iy ghe simjap gdaigvirgl yectar e eoPERss of

repeat ed an nbﬁih{eﬁé h@Roital tib&: M&Qxﬁ%ﬁm?ﬁ@n@n&ﬁ%@ﬁ@ﬂm@a%% e host
imunity. In addition to stimulation of hunoral imunity, | - medi at ed

i mmune funct i of&ichiRsilitaspundicyif ehefsipiag péeapeirpd secydr byHamphe eadlsf r om t he body.
Rapi d cl ear ancﬁre%;ragﬂp&m\gbﬁ Hx%sénﬁngzzélfs' Qlﬁ:ﬂ %%eﬁ&nﬂc@% gnfj W%Eizggis(:ham SITs

(see, e.g., Wrgall ., Humah erapy, and
30likely invol V’@eﬁ”o@mﬁﬁi‘« éﬁ a@e@fﬁrfﬁdfmnhﬂrdmwn‘t Hiersintipe addngdral vatersomipsiseabl at i ng

native a chimeric fiber protein comprising an amino acid sequence (e.g., a non-native

25  amino acid sequence) comprising an RGD motif, which increases transduction
efficiency of the simian adenoviral vector into dendritic cells. The RGD-motif, or
any non-native amino acid sequence, preferably is inserted into the adenoviral fiber
knob region, ideally in an exposed loop of the adenoviral knob, such as the Hi
loop. A non-native amino acid sequence also can be appended to the C-terminus

30 of'the adenoviral fiber protein, optionally via a spacer sequence. The spacer
sequence preferably comprises between one and two-hundred amino acids, and can

{but need not) have an intended function.
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bi ndi ng of an adenovirus fiber protein and penton base protein, immune
system recognition of an adenoviral vector is dimnished, thereby

i ncr easi yowetwsr248ol er ance by the host. A et hod PC@rUSeMamdbIIgL
pre-existing host imunity to adenovirus involves nodifying an adenovir al
coat protein such that it exgidté)i ts t?\eqluced recpgniﬁti on by 5Sthe host inmmne
system The nodifi ed® 84 FPEMEPRI TR FEIRAdNqVIELY e OReFTOMPIiBet | or hexon
protein. Most phiheiahhycodk PRiRDGEf i A6l seioative Bl Pedifit Sp@of@Xafofy ot ei n. The
coat protein can bf odi fied in any u%ui %abl e manner, but is preferably

modi fied by geréfa 5‘%’3‘”8?’%%0@ rroteinittere ey Wikl pe rost PIOFE B dibl y, such coat
protein vari antifseaicd o hok-2808 RhdRMcRYseMicBe Mo i BladtOtan internal coat
adenovirus-specific neutralizing 10anti bodies. Diversity can be generated

usi ng any sdi t FEIEDFRAUREE RGOSR plfanogrmptive areing ait sequense tethaipioe,
directed evol Utd.Qfnfitus®f theROAHRUEH €PL &8 ,SBUS fdahd r ne PCR
(see, e.g., Cadwell, LEI%CR Ié\:/letwh?{:s Appl ., 2: 3%-’33 algg%r?g,ﬁ'&%gﬁ%é&eﬁé@gﬁ ,

Techni que, 1: Rpourmeiggw)residuss (Peferablyardndysing residupsian be ettéichbad toBieol ., 234:
497- 509 (2005)).¢erh FUMEGHAYRL 50k OG! 3 .on, ! li ke.
15An adenoviral _é%at or ot e%{n a?%gg?:%ﬁﬁ %h?r%ﬁ%?g%‘%tﬁgﬂég%ﬁ%@f)%g%ﬁx?gti ng
host i nmunity s debetitngy. te cligeonviofs caatqoettinpfiaiamiin baddtoradpbaiei ng it with
a correspondi ng, I.edi L 1 0 i.n .of. anot her adenovir us
erotyper nort vl SF PlhalbATLaRa R BB Bl AR Ehe TR T S ivans. 11
this regard, ametgot &éG5E5Seqdbnoesgionsltthicnt Apdichidadtublicanibe W0 97/hesspent on base
protein, and/or 20 xan,.protein .can, be.renoyed and replaced wth

cor r espondi ng seque}ri:gee%mftgé)%hgSﬁ?ifl?%drgg%vtﬁag‘c'figﬁo(g\% ﬁﬂﬁ%gn&"gfié’f)%ﬁfé‘?i\g?ﬁﬁ?f f or
exanpl e, when thebd mbbratpt wileiun gérstiomdhifilatbnt o tevadepreR; BXitBlugg host

imunity, amno_acid.residues fromthe knob region of a siman adenovirus
fiber protein 85%&1 g”"d% Céf?:éa&ﬁ?’féf'ré)ﬁf“ﬁ@ﬁ‘d* W‘?Eﬁgﬁ?ﬁ'?‘b@ﬁ%ﬁ’&?‘ﬁﬁﬁgﬁi no acid
resi dues fnem aisgécific@noREASNEIridmigafpedtofl bisk &Ry LR8I QLYRBmagUEH as those
serotypes described herein. Li t he, penton base protein is

ot \ S SL Sk Do liew 5E, anen the, pen | is
modi fied to ev&dEFtyFE buds eppmigUinael shifare Rindipg sinpnslen tedereatsig @it wi t hi n
the hypervari abkBad £8h&MkaDiecttr & MhAfk.vRE BAONLAASIKPORL QR RARE Y ei n can be
del eted and repl aced with correspondi ng am no acid residues froma siman
adenovi rus of SoHvE%eEee Sg@fﬁéwE@,ad%&ﬁai@éﬁﬁhé%féu@wimtaﬁp@@ ne@ssr i bed

herei n. 30Pref erabl ¥ 5ok g Rex0i REPLELd, t W iral vector is
nodified in this nanr?gr t(H) evade E)regiéxfg%ﬁﬂnﬂé}%ﬁ@g?&ti@d}m(ﬁgf%@gI nthis

respect, ar¥ noadepyral eeat ntainsip forie Giiraersradpprviralofoat pretetry Jaeretrd, sl e
regions, whiche.gecw ,i.0,1,9905.0f, lhe.hexon. %%%xﬁh%&teﬁ&ﬁn&%%%ﬁ%d Jand
replaced with corresponding am no aci resi ques Prona sim an ad&hovirus of
a different seritchyo afiseproieines boom regpoteis ahelm remoyvedtefridnvi,he hexon

Benovi rus. ser o yaede /b BolEr SRHARP AN RANERE o adh Bl oo -
renmoved fromtheg., éliﬁ‘mi’a?!emadéﬂmx’im;élSSQ,@@%;dg? 1ngReyrs, Triave] H7sker epl aced with
(s m an or PhumlC P h FoP SoRakon 08k UP Bbre 1B R Tof
si mi an adenovi 6,a53,43¢ 6 629,¢20) 6146 5,6 o1BVed, 28010, ST6 A ARSI HWOY 16, 1418526 Ofrie s pondi ng
sequences from §iy,ss and International Patent Application Publications WO 96/07734, WO

96/26281, WO 97/20051, WO 98/07877, WO 98/07865, WO 98/40509, WO

98/34346, WO 00/15823, WO 01/58940, and WO 01/92549). The chimeric

30 adenoviral coat protein can be generated using standard recombinant DNA
techniques known in the art. Preferably, the nucleic acid sequence encoding the

chimeric adenoviral coat protein is located within the adenoviral genome and is
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ot her adenovirus serotype (siman or human), such as those descri bed
herein. 10Met hods of nodifying hexon proteins are disclosed in, for
exanpl e, WROxR0E052348, J. Virot, 77:9553-9566 (2003), andPUrSS20a0851

6, 127, 525. The hypervari abl e regi ons of a hexon protein also can be
replaced wi th random pepti de sequences, or peptide sequences derived froma
di sease- causi ngpppreblydgbed e, rgomoth fgt reguindisfeprassiasnd theooadmeioiniin s coat

5. 555, 000 5, 719" 48: HehBunk BIEHERTLE wspateFagliBbaRh% Qe 9E0.
5,871, 727; 5, 885{180B;ad6 10928 BUTroBRIGRrBAlYllSn S6BIELiral6e05is 4BSs

g 2-34215 28? 6, 15%“%%?5 ex%’rgégi%n g;‘ags(s)étte%h%é‘s m?%ﬂpﬁm%eﬁe%é '8 e%:%hts?éq%?rgd fl ?6
’ 5 efficient expression of the chimeric coat protein.

The coat protein portion of the chimeric adenovirus coat proteincanbe a
full-length adenoviral coat protein to which the non-native amino acid sequence is
appended, or it can be truncated, e.g., internally or at the C- and/or N~ terminus.
However modified (including the presence of the non-native amino acid), the

10 chimeric coat protein preferably is able to incorporate into an adenoviral capsid.
Where the non-native amino acid sequence is attached to the fiber protein,
preferably it does not disturb the interaction between viral proteins or fiber
monomers. Thus, the non-native amino acid sequence preferably is not itself an
oligomerization domain, as such can adversely interact with the trimerization

15 domain of the adenovirus fiber. Preferably the non-native amino acid sequence is
added to the virion protein, and is incorporated in such a manner as to be readily
exposed to a substrate, cell surface-receptor, or immune cell {e.g., at the N-or C-
terminus of the adenoviral protein, attached to a residue facing a subsirate,
positioned on a peptide spacer, etc.} to maximally expose the non-native amino

20 acid sequence. Ideally, the non-native amino acid sequence is incorporated into an
adenoviral fiber protein at the C-terminus of the fiber protein (and attached via a
spacer) or incorporated into an exposed loop {(e.g., the HI loop) of the fiber to
create a chimeric coat protein, Where the non-native amino acid sequence is
attached to or replaces a portion of the penton base, preferably it is within the

25 hypervariable regions to ensure that it contacts the substrate, cell surface receptor,
or immune cell. Where the non-native amino acid sequence is attached to the
hexon, preferably it is within a hypervariable region (Crawford-Miksza et al., J
Virol., 703} 1836-44 (1996)). Where the non-native amino acid is attached to or
replaces a portion of plX, preferably it is within the C-terminus of pIX. Useofa

30 spacer sequence to extend the non-native amino acid sequence away from the
surface of the adenoviral particle can be advantageous in that the non-native amino

acid sequence can be more available for binding to a receptor, and any steric
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6, 740, 525; and 6, 951, 755; and International Patent Applications WO

96/ 07734, WD 96/ 26281, WO 97/ 20051, WD 98/ 07865, WD 98/07877, WO 98/ 40509,
WD 20 98/%0248/05v¥8800/ 15823, WD 01/58940, and WO 01/ 9252€T/US2010/0539bhkey
adenovirus can al so be used to deliver genetic nmaterial to a cell. The
genetic material is typically DNA. Any DNA that is inserted in the nonkey
vi rus genone i sfmlesxka?am"sédm@en the men-naths amifeicel wlpgen;godsharhelic! figrd
sequence or "hDNA. ' re.a nunber of functions the hDNA can have that
are known in Zgn?q?gle Cte‘ﬂ ﬁ'ﬁ@gu‘ff’ can have regul atory properties. Sone of
the nore comon el edeoter eﬁz&@dim&tne, (é,gan:sﬁﬁcﬁiiﬂatei;mﬂﬁsasﬁh oBBropARiBt ©ilin a
enhancers, transcr%($t| onal ators, splicin nt s

attachment requP%tdr§e8reRg Fﬁ%LQ’p‘? r %ﬁ%‘fﬁ%?f‘%ﬁﬁlﬁgﬁfﬁ%& $38f355“ag§ﬁ"§ 4ol y

adenyl ati on 5seq;um@5@ﬁi diiger BRAR call-b@ice biotdiNATHLS, BeRematadbihd ardbd-he hDNA it
can have a function mqgm:: of the functions are 30 re%ul atory in nature as

shown with si RNAYOEHERAPORC Sr GRRAe Sarfiumi@nSEtheippeplide RIAECTHECRMNA can al so
encode a pol ypeptyafiehoded (@g ol aﬂﬁ@b&ymﬁlﬁn@éﬁt}edz{‘h&ﬁ@)e&ﬁier%@(}de?{&sOr
nodi fied in any fashion that is known in There are nman ways to

regul ate | evel §e 8% RNAD)-1ap@ REIDhparfe GrmnopisdPesarrling el | £ (Gellt Wat fa?f}e known in
the art. There @gr%(ei@gys?rﬁzq%aﬁmsatewnﬁng £ e §g&@ AbQENesRNES qu ?{lgpept' des

can have. erol-ogous nucleic acid sequence pre encodes
an anti gen l6f eﬁqﬁ%‘h@géﬁ% The 2541396 ebriodmbagaio at ali Bisshers s Iﬁﬁﬁﬁi& espiratory

synci tial virugd ﬁ\qn\fku%g%mmgggﬁ@w %71‘“1299% H 005(%9% and- nout h

di sease (FMDV), pes si ex viru epat HCV), ebol a
virus, or l\/arbtﬁt@hwr@!sph}’ThﬁeSpévinwgzenZ@I 3% (d&%)b@tr@mmmgﬁ&ami esalch as, for

exarrpl e, a Pl am%igg) @g@iag 4?ﬁ£19§g%er O#@ a}%ﬁwm ZS ‘g,,g (gqeg,&aPl asnodi um

fal ciparum. Ater og"ous nuc ence can
encode, for exanmlsa@ptanﬂua{&nab e nBhagBiptiereid3 (m%gm%%dﬁhmr MATH! ) ,

d,f he_ad i ral
of the i mvari SNsIRN L8 ARt EReto R dD e CPRP. 2o i gpecne

adenoviral vector C}"ammfmm& oﬁnamt: aindap of MePovirabc@ehOtdiN: 2 38 dpSQI tion, or a

substitution) in the adenoviral rre t hat dges not inhibjt viral
replication in fEEPT @L2fE rengpiy E?g‘aagﬂ S0 IR R ﬁ? Kaaig QedevrsHiosvect or i s

replication- def@ugndysteRy Ade@d@hﬂap‘@écto@@drﬂi%fstr@ﬂi&ﬂﬁducb@mﬂ'@nﬁﬁhﬁ&%ﬁ the
adenoviral vector copprises an adenoviral genone that |acks at |east one

replication- es&gEiFa *aé"f{@f@faﬁﬁé‘%quﬁ‘ﬁd e, m@ﬁ@ﬁsﬁ%a‘id@f‘ﬁ‘émémé‘now ral

vect or doegonobcivarlahé esecmaz CokeiR8EndeR) ldnufS0eehat Whithgse 1n a
human patient that cou?€In ge |En gécte emﬁtnhe gdeﬁ%w r%% vect or ?}ﬁg t he course

of the inventi %W‘%HWEHAE@@FMEP%W@W avigg Yeinisial glensistaivsef B, or gene or
genom c regi ony.Qs, wsathider @ﬂpﬂsuré%é&%ﬁdvﬂgﬁfcgtﬁrsastxgﬁlag%sp d@iu&gmn {ff Ticient

genetic material of the viral genone to Inpalr erate the function
of the gene whaddratiting aitibodies by Belsqwbinh eanversclaidsl geheekpressinhébe or in part.

Wi le deleti Onsaﬁw@eﬁﬂi@ﬁ}e&‘tﬁé& RSB vior (Wilson & Kay, Nat. Med., 3(9): 887-889

25 (1993)). Indeed, the effectiveness of repeated administration of the vector can be
severely limited by host immunity. In addition to stimulation of humoral
immunity, cell-mediated immune functions are responsible for clearance of the
virus from the body. Rapid clearance of the virus is atiributed to innate immune
mechanisms (see, e.g., Worgall et al., Human Gene Therapy, 8: 37-44 (1997)), and

30 likely involves Kupffer cells found within the liver. Thus, by ablating native

binding of an adenovirus fiber protein and penton base protein, immune system



preferred, nmutation of genetic material by addition or substitution also is
appropriate for disrupting gene function. Replication-essential gene

functi onswanelwtsase gene functions that are required foPCraskéioasioon (e.g.,
propagation) and are encoded by, for exanple, the adenoviral early regions
(e.g., the EI, E2, and E4 30regions), late regions (e.g., the LI-L5
regions), genesedognitibyelhni adendviral vepac kalghinghddetigreby trvesabivgfeqgene) , and
virus-associ at egd, Mv(t s B VA-RNA | and/or VARNA-2). More preferably, the
replication- def|C|ent “adenoviral vector conprises an adenoviral genone
deficient in at Ieaﬁtmﬂh@i ﬁoepskaximgtpi"@mie'mgenﬁhmmuge}me afitmelriiavafesone or

nore regions of adenovi r.al none, t he adenovir vector is
deficient in at" dgg{‘é‘ a%ﬁeena‘éﬂﬁae ?%ﬁﬁ“f‘%ﬁmégmﬁﬁg’%ﬁﬁ rtﬁg%f’e{gﬁecc?ﬂtém% B region,
or the E4 régi @Eﬁei@&t ztrimmnade;mvrﬂw m@ﬁﬁ@fﬁﬁsaﬁf;ﬁmﬂiﬂr@d@xﬁm& Vi perkon( ipdr) cati on
(denoted an El - F C|tent>42 dg entﬁ%genow ral ctor ] n addition
to a deficiency” Mi°TREE" )@195#@” bethr Bed ﬁ%ﬁﬁf’mﬁ?ﬁﬁ KLPEIFYY can have
a mutation in tihecompaieih adncheh @NTIdER a@@mbie aanth SeMESederhy| Nt er nati onal
Pat ent Appl i catl 00/ 00628, In sonme enbodi msnté3 t he adenoviral vector

i s deficient O&%‘@Fj é@f’“%ﬁﬁ‘g(dé‘ﬁﬁ‘t&é‘ithﬁoaéE’é’éWﬁ i BIEteibhe SYsertingtieit desi r abl y

all replicati O@a;%&%é htlre@@Meed MNGELARS) Rk aﬁ&%vﬁhs»%ﬁ&ﬁgh%x‘aﬁﬁg at | east
one gene functl on of the nonessential E3 region ba | deI etion of

the E3 regi'Bn) 2pitRefistetl VAR IErAERS. arafrried Briee ﬁ'ﬂéﬁw&liﬁ @'Pihv(ém%‘fn)m thajagth r espect
to the El regi %iudﬁa@efo@@%ﬁg}% rdﬁflecté’@&%%'imﬁ @% Bgivgﬁzflétﬁnﬁg Eﬁufih'ﬂ%)aénh or part of

the E 1A region and all or part of B region. trate but not
limt this enb8dpmaRe PER é‘“éff‘a@t%/[ﬁﬁd% a‘ifé%%ihrémﬂvécltgoﬁ dan)clowpg e'se an El

del etion of 15gu Cﬁe?ﬁzé:}éeﬁ 12/Q (ﬁ @89? 41%& i’rn%&%@ e{ eﬂeJ aﬁz@%ﬂ*éi %ml v ?.% Q@’?-‘ S

deficient in at least onhe replication-essential unctién i'n"only one
regi on of the ag@sGIN. aﬁmigwmmd(ir&e@is@ inghedE pcgszﬁmnﬁﬂdrﬁ%@ﬁ{a ci ent adenow ral

vector), t ng adenOVAﬁ g&erﬁéﬁ% 95&%1;)?()\&&}% ﬁsg &%%e Od%led tg Iexpa%? %xtﬁeh%ﬂstaﬁvg?ﬁl on can

replication-deficient novVi ral Vector 0
be "multiply r e‘mhuma’thyai@ietaﬁg)dafgxmf.élatcpé& pmnamtgreplaazhgﬁtheihadenow ral vector
is deficient i n.,:on i i

e |cat on- esse ne functions in each of
two or nore regi ongﬂr‘%fngtrﬁ%m %elﬁ(% crﬁgi pr %Wéﬁﬁ“m%&ad&?é%ﬁ EOHe
af or enent i onedpdttiewdati msemaypeoxrh;ﬁi i E3s inttedriogémdin BURAO VN, rege@t or can be
further deficient in.at | east ‘%nehrggl i cat.i %?F esse t| al %ene function of
the E4 region {HERSPEASHRAEF ViR the,ibeepratein. dhe pEBfn Srsroesandinovi r al
vector), apal/ ohexoh@rdidn tRGicaBmbHINAL ehlRAR Fith Etresfind /sEaﬁleﬁ%s@%Maﬁl ent
adenovi r al vec g‘]r %ﬁifﬂ{ﬁef erably the_E2A region (denoted an El/ E2A- or

El / E2A/ E3- def BENEY P PY U iye ﬁ%@lpkewﬁ% e fibgriprdeingsart of , for

exanpl e, the Ehodifidd talR8ddEde £ RosOhntAfy 88PN i%kldga%mﬁhekﬂlﬁn resul ti ng
adenoviral vector is able to accept inserts of 30 exogenous nucleic acid

sequences whi | BEPBLAR AT adkaovalF ﬁb%rmt@n ben atekesgserdinemiased@éhovi r al
capsids. The né{ﬁ}eﬁé&dﬁg'aﬂi&%ﬂﬁ@ﬁ%&%n@&nﬂ%ﬁ'&&ézﬁ@ﬁ& 4 (ﬂ&@&dﬁ'l region, the
E3 region, or the E4 région of the adenovira enomne the nucleic
acid 25 serotype, such as those serotypes described herein. Likewme thn the penton

base protein is modified to evade pre-existing host immunity, amino acid residues

within the hypervariable region of a simian adenovirus penton base protein can be

deleted and replaced with corresponding amino acid residues from a simian

adenovirus of a different serotype, such as those serotypes described herein.

36 Preferably, the hexon protein of the simian adenoviral vector is modified in this

manner 1o evade pre-existing host immunity. In this respect, amino acid residues

within one or more of the hypervariable regions, which occur in loops of the hexon

24



sequence can be inserted anywhere in the adenoviral genome so |ong as the
position does not prevent expression of the nucleic acid sequence or

i nt erfereveizbtv/gsaRagi ng of the adenoviral vector. The &dEnseinwassvect or
al so can conprise nmultiple (i.e., two or nore) nucleic acid sequences
encodi ng the sane antigen. 5Alternatively, the adenoviral vector can
conprise nul ti grecnuat eingovad atl splguenciscoengodding atino acid rerives flothker ent
antigens. Each nucleic ac ence can be operabl nked to th ane
oromter. o vtk rupelfis BRIHEPE Bt din GRE Poh e S r LB B o 1| o
desired by the im’naﬂ‘*hlhbk@ﬂﬁm;emaﬂd r@waed)@iﬂia tisestegdodding bep RgRM of 8giien of the
adenoviral genone, e F4 r di fferent regiagns of the
10adenovi raIg éﬁ%‘ﬁ‘éaﬁ&owmq S?‘W@'p& LH@HB%H?%?IM\? ‘E:f{p(f?gm%\??é‘ “mul tiply
replicationsd efﬂ::ﬁbﬁﬂti‘mnﬁﬁxe@ma@d zia)émb\ﬂrar ﬁi@idr ﬁ@loh@fﬂ)tﬁﬁ sedicbRtedgeBend UNCt i ons

of the El and E4 re referably inc acer sequence to provide
viral growth i FeHE ?r% ﬁfsa ??é?‘?liOP?ﬁ ‘F‘%F‘ Y EHAYPRCHR&VEd by

singly repli catﬂumaaﬂafmecdrwe @&@ﬂm&bg al p&ﬁ@ﬁ&ﬁ&@ofﬂ@f&%’irﬁi&ﬁ HheRhbivai an
El -defici ent adenoviral vector. The spacer sequence can contain any

nucl eot i de seqUEREECHLE SEPRISA Ausbr WF"@H’V iy e prresPUEERseHIEE FOR 2% uch as

sequences at |%ﬂ§r§‘a@é@;@%§u5%§r@%§%uﬁéh%§ ) sue :%ttM\Ss@HQQHQéghe% base pairs
and about 12,000 base pairs), preferably about 0 base pairs to about

10, 000 basd paiMghodysf Bogiene hanprotietare %@owésre f@‘@?@@?‘@&%@& J8, 000 base
pairs, even nong,. Z20p.efsaraky, @9995@0%8599(:@@%@7833 [ BrcliRp@0Atl 0, 000 base

pai rs, and nost preferably a t o abou Sse palrs in |length.
The spacer el enegiensséqheneardein alse caobl mplacd witiraoddi prgtidnsiqmatésyer or

non-native wit tﬁi%@?&ﬁ#@née@ dtﬂ%d%gpﬁgiggg@%”c&ggggﬁh%gg go%?\,enot restore the

replication-es t| al “tunction efrci spacer el enent
preferably is Iocat ethdifiratidie nEaldeme‘gtmnoamrmdnm acl dsyonberidh, f25gemplee. The use

O B oPacets, naE AU Ao ek Ahel TR L DRI RN, 857, £0
exgr ers]ses a traregene :aaa/mg,m $ Va8 S5, 8314, Mm ,3ads aﬁﬂﬁmtfﬂlfi?,ﬂim in vivo
and that persistence.of. e n.at .

E4- defi ci ent ageﬁi’g\??? 15:?3%@6?%9 g%%%d%ﬁ%?gﬁ 7%‘659&(’;6{’ﬁ§%§}eti on of a
trans-acting f@gmom: sm@h 9&57i5|aiviﬁt@|ﬁ@gonMd%EPA ERMddsdw QN7 3586, HI V
tat, HTL V-tax the cellular factor fromthe U205

ost eosar cona c&g% 2%8;? Wé% Qf/g?ﬁf’tit 1599/4 168180 08/ 37? WO 98/40509, WO
20 98/54346, WO O/15823, WO 01758940, and WO 01/92549.

Monkey adenovirus can also be used to deliver genetic material to a cell.

The genetic material is typically DNA., Any DNA that is inserted in the monkey
virus genome is referred to herein as a heterologous nucleic acid sequence or
“hDNA.” There are a number of functions the hDNA can have that are known in

25 the art. The hDNA can have regulatory properties. Some of the more common
elements regulate transcription such as promoters, enhancers, transcriptional
terminators, splicing elements, matrix attachment regulatory elements,
transcriptional insulators, and poly adenylation sequences to name a few. RNA
is generated from the hDNA it can have a function. Some of the functions are

30 regulatory in nature as shown with siRNA, shRNA, microRNA, anti sense RNA,
YA RNA. The RNA can also encode a polypeptide such as a protein. The protein

can be native or modified in any fashion that is known in the art. There are many
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1CPO, or the cellular factor in PCl2 cells that is induced by nerve growh
factor, anong others, as described in for exanple, U S. Patent 6,225,113,
U. S. Pat emO 28ppisr2#at i on Publ i cati on 2002/ 0031823 A, an@CraiSermasivenal

Pat ent Application WD 00/ 34496. In view of the above, a nulti pI y deficient

adenoviral vect th e | cl en Vi r vector) or a
second expreSS|vga S'\glo’effi’: g?te?églﬁpggf\!lﬁ‘ g%‘?‘?ﬁ“ﬁ%& RS %aéﬁgy glé‘?%l“e Hiehice

encodi ng a tranksatti ng factor that nodul at es the persi stence of expressi on
of the nucleic acid uence. Persi stent res of. apti genic DNA can be
desi red when gener aF?‘%fgatﬁrﬂtﬁW&‘mPS‘r“S?%mé% &ﬁ%@%ﬁﬁ&%ﬂ?@@ﬁ@%&ﬁﬁt@%m or can
be deficient imatvepli catl on-essential gene 10functions of only the early
regi ons of t‘ihe aden% é enoneg, onlé t he Iate regi ons of the adenoviral
genome, and’both thé"® TR A 310} ugels af grorReeedre F‘l"i@%ﬂ@ﬁ%%”r@l“g@b?f@ne The

sim an adenovi halhoyac tTae pﬁh%ﬂ%@tﬂbé’kﬁ%ﬁts%ﬁﬁéﬁn'eéﬁula?brﬂ? g}%«zﬁ@ﬂtfu@ (@skenoviral
genome renoved, in which case it is Ere erred that | east elther the

viral inverted "EERRIBEINIEREeRCR virveridY ), dert-apdranogih %ﬁ@ (bMbhot reesor t he

viral |1TRs 15aRghfePpask a8 0g nspanat \aueHef} «ddM Ahk, &inviSiburgdu@dgpovi r al
anplicon). In one enbodi rrent the sim an adénoviral vector o the invention

may conprise aRiheEHMOCAR ‘@%%wﬁﬂ%ﬁt as) g R, ievéasmadiued peraatt.d sequences
whi ch encodg a@%&%\@aﬁs@; m@fa% %5}’2@%&)’%&% O%&t&nﬁkv@%&tﬁ required for

replication and packagi ng of e adenoviTal nto enovi ral capsid
proteins can béetzmi@pm mstbic aviddepedneadiarovideabr eaupbr 8o dtacit horgol aglenow ral

protei n coding,s 1 endent enovi 1 vectors,
and often requf rgé}%%’l efr\fgﬁﬁg ion y’-ﬁ%L (}rpigg%név?igﬁgmfigfméefif c(%?ent

propagati on. SR e replication-deficient adenoviral vectors, including

multiply replication-defici en t adepoviral . vect are discl osed in US.
Patents 5 837 511 bIGEEnGal Y ““%toé9%%3G’é’ﬁ“‘?@éa"i%@tﬁ@ﬂﬂ%ﬁaﬂi@@é2F‘3616 u.s.

Pat ent Applif CataxmiPltﬂﬂ ade@v&rﬁﬂﬁ&cfé@&h/ HIOAB9 24 (e.22 WARIB00 4 4R eton,
, and I nternational Patent

2002/ 0031831 Al %t%nd 20 g%ﬂ
Appl i cations W d 2‘8“:‘35‘ 9‘2‘6@?6”‘%‘@3/‘53‘@7@2133’3\%@"9@ gEERton D
96/ 22378, WO 93«5@2&&6%\&@&%&%?&; m@mnma@aéc%zs%gm ibn-bdiRiAdempvi r al

vector is not repllcatlon deficient, ideally the adenoviral 30vector is
mani pul at ed t o EPHRAHON-gficieaktip Bsansfhat s aderevisH vegondomiisesantdengeiralt i ssue.

For exanpl e, t /& AleRe kAl éé%n@rra;ﬁn@&mg%s@nﬁ& i t}uf?&%g éi”e rsgol thgta;ﬁé ng

adenoviral vector, which is engineered to replicate under "conditions
pr e- det er n2hedadspotire veckr dees nol emlisate mdypieat honpkels, @Samaibfah@se messent | al

gene functions hurﬁar&mtmﬂ%? C&E@ 64 I PREg %P %%gx??xb({? }éait‘v@gtoiagnetﬂé) ,[rs% lOf %ar 'y

regions, can be operably ed to an rep F6sSi b
ti ssue-specifi @V@fﬁam‘@?hﬂﬁi |@ﬁ€fémymamq@m@ﬁctwngm gepe osngmemnc In this

embodi ment, r eﬁ% off aés u3k ]{c?ﬂxl{" {]&ﬁ"’ n%g' & zﬂﬁe‘?&% on gnsugf' e %?rpe Lﬁﬁl&tg(_%%%l%

factors that 51 Ateract wt ranscr|
aut oi Mmune di sesd gertornedt frepitir, or obliterate the ﬁmctmn of the gene whose nucleic acid

25 sequence was deleted in whole or in part. While deletion of genetic material is
preferred, mutation of genetic material by addition or substitution also is
appropriate for disrupting gene function. Replication-essential gene functions are
those gene functions that are required for replication (e.g., propagation) and are
encoded by, for example, the adenoviral early regions (e.g., the E1, E2, and F4

30 regions), late regions {e.g., the L1-L5 regions), genes involved in viral packaging
{e.g., the IVal gene), and virus-associated RNAs (e.g., VA-RNAT and/or VA-

RNA-2). More preferably, the replication-deficient adenoviral vector comprises an
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it can be advantageous to control adenoviral vector replication in, for

i nstance, |ynph nodes, to obtain continual antigen production and control

i Mmune ceWbD 2prigda8i on. Conditional | y-replicating adenoPCrAIS2MO05399E ar e
described further in U S. Patent 5,998,205. 10lt can be advantageous to add
| arge anobunts of I ONA in the nonkey adenovirus. This can occur for exanple
i f large regul adoryiskgroenc deicaneinme dg dne rrplitatiph-essertahgowrifptctional  units
are needed or t h r .packaging size limt
of an adenovir u(%\gio}; ﬁlg%sr%%!ﬁ?s of‘t ﬁﬁ Jd%rle%g'é)o g%f}&%% re%ra%?wp file a@emeﬁ 5%3@&05 Buses

wi th | arger genfieisntan et iekst afmeq;ahe fmmmifﬂwzﬂ'idx mgaenaﬁé ErB tagimsmtmsl%iaabl e. To
overcone this packa nd .st abi | |t atl on.viral DNA sequences can be
del eted to accdﬁ%}%}bg‘itgg?‘%éﬂ‘f‘%ﬁ ke Vﬁﬁ{ﬁ)hcﬁ‘@r@e‘?@g dﬁ&%reast three
viral regionss (deﬁﬁemﬁh@«d&iczeﬂi&dﬁﬁdirﬁ‘%d’tﬁgl pnsiitibhad 2 &dRicaey mewored from
the virus and sti.ll be able tg%(%enerate i nfectious viral artlcles Each of

t hese viral ZOF%%?%F&‘”F%QE@W OGRS g paudye { AWIENPE Hghe malgh tite

pol yadenyl at i orpr@n@eerlm MhdsGlibc QREDTG SteinbifiondUbdtém A@plid2808 Y ( D/SocaRd
proteins. All orti ons of these regi ons can_be deleted fromthe viral

genone. It is ’ﬁ ¢ FRPAdHRENL therreioviTBINACRLIS dpfirdt i dfesteme giplicdden- t o

repl ace each Ofesécﬂl@é@eﬂ&gh&ﬁﬁ me‘s}a geait egmsaaen%&tﬁe éﬁe%ﬁch&@s)reﬂﬁe gy a tine
or in conbination to yield Vi rus hi s 25furt her

expands t he®f | &g 4ﬁdta§'ieéﬁ&“% E@ﬁé‘mﬁ?i@n ?fﬁeﬁ mﬁeﬁseﬁtgai Bﬁ regie (renkeybeir us.
The renoval of gtRE.EhshESs e@%n%eﬁe&s ney/ES aéﬁ&éa@aaeﬂwﬁa; O@L%fd@gh' onal

benefits for the use of nonkey adenoviruses. These regions a nown to
encode nul ti pl éespesyin &e &i yeawaoﬂelaﬁ@lomﬁtw:@awaalb@éfsﬁmmﬂmw pegtbfthdi rect | y

O ot ate \MIASKREE SR Aludhe AR L 818k ARG B infi® and

regions in partic are 30known genes. appl i cations
it is pref erre@ﬂ!ﬁ?h@metﬁmewomm3$3®mi weer mtcmmps&&sﬁﬁdci&mmf of the

benefits Ofﬁl e%ﬁci&lt{d@i sRHEDS 48X Pl RS> di en%den%\flra Lm %@?’Cﬁﬁ\?gf?egﬁggg mgnagﬁgd

hDNA such as pressi on, ‘avoi

virus is adm mrmiaea:t@d e@@n‘axi gaund fimadticamdonip oneagied ot?ﬂheuaendem ;,é:hﬂie can be
adm ni st er ed. he a crea e dosa i Qv

regul ati on exp %%Sa %bﬁ cdﬁ?fﬂéiﬁt SOy TR ﬁg?tg’g f %a Y‘fa&'/e%‘?" % ’%g”ﬁ%nkey
virus. Theref Otmaxd‘eingivlrﬁgncWMx@ﬁeﬁaﬂﬂt’WI |1 sinultaneously expand t he anmount
of 5 hDNA the virus..can acc modat e anc} renmove har nf ul uences fromthe

virus thereby expantrny™#fié WC’F’{E VECHEE §1jthe ipvention can bep an rslieggrdescri bed

herei n supRort gefapast m@;ﬁ;hg)rmpﬁae dednetind vimankeyRASNAhE Us8se AS nMentioned
above the adenow rus El region encodes for regulatory proteins. In the

absence of El fSFHEAOBHS%A (39‘?%@%%%’“%%“@%@%”?"@&{ mgrs regestades ve (al so
referred to hegp@inbvigs gedoR IFeRblapicd 8k lafdr&intibned AR AP S /BR] oW

deficient adenoviral vector can be further deficient in at least one replication-
essential gene function of the B4 region (denoted an E1/E4- or EI/E3/B4-deficient
25 adenoviral vector), and/or the E2 region (denoted an E1/E2- or E1/E2/E3-deficient
adenoviral vector), preferably the E2A region (denoted an E/E2A- or EI/E2A/ES-
deficient adenoviral vector).
By removing all or part of, for example, the E1, E3, and E4 regions of the
adenoviral genome, the resulting adenoviral vector is able to accept inserts of
30 exogenous nucleic acid sequences while retaining the ability to be packaged into
adenoviral capsids. The nucleic acid sequence can be positioned in the E1 region,

the E3 region, or the E4 region of the adenoviral genome. Indeed, the nucleic acid
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denonstrate that full conplenmentation of the replication deficiency of

El - del et ed nonkey adenovirus is achieved with human adenovirus El and
E4ORF6 (swo 2Bxzspl4e 3). Therefore, these regi ons essent iPAI/USI108H65994 h oOf
nonkey adenovirus on nonkey cells are non-essential for growh in the human
cell Iine - human 15adenovirus system (Exanple 3). The proteins encoded by
the E3 regi on areuctiesige s aisereedfagywhdre ingheedsngiiral ganoime skhogrs the t he art L halt
adenovi ni ses Wi : |et i : i C i 0, Vi s with E
and o 4" del etranaragEnEliran: AR RIS R ol et NS " e
one responsi bl eaflegingxpdwddchohpdtvertan jihe efienvoind eyctaddoai cusgset 0 human

cells (ORF6) i . .capable of.20.¢co enmenting growth of E4 del eted
adenovi ruses. %ﬁ@ggieﬁﬁw%? g %8?%“@“%%[ ‘T?ﬂuefnf‘%’rﬁ%f’%;é“%\%ﬁgn&r%ﬁﬁwc serotype
has been shdéwn Alemstipgarte gieowifl ofctonom Spgcisesulphdatpitiacidsegienicsh El -,
E3-, E4- deletions.(Tatsis et al. GCene Ther. K 13(5): 421-9 (2006)).
Adenovi r us vectﬁg?oéj"&e%}\%E"fﬁ%ﬁ?@ﬁ%ﬂﬁ%ﬁ“&d&%\#?iﬁ@ gdé?%’eﬁ?é‘f‘éjg?for t he

25f ol | owi ng appbéeBiy iiaRsa! o (Hk)savia @RInitRer V@ ed BB rehOfromblefClch8ldsngdingRas e

i ndi cations, (2) vaccine.,v ctorg for anti -cgn(?er applications, (3) transfer
of transgeri es “EHESHRTHRETHBLOY fMe PRCBERIhENY e bedtieEeDRdDCHI6Ni ¢ di sease

intervention. region of MUY RELADYINE USz VIRE EO i3 Br RRUMTEH dinslopglCi NY
i mmune respanses (vaccination) in mammls. In this respect,” wi despread use
of human ad&nodf¢&rTaEset®ors i s hindered, at least in part, by the

i munogeni city of g MRGQHencirBBIObS, WhePhulh® thiRatiRRBHALE ON has been
exposed to w | d-type human adenovi rus and devel oped pre-existing i munity

to hunman adeno¢fictialhgerlicgernecssentinkicar fungiées of e EAgnd Bf eegidns,  hunan
adenoviral vec [ & chiaacs | vEXI SL Loy
eaponse. t her oy i o 8ECY ipuek Bty roRldE Y bl ROSho L ENAE
neut ral i zat i on<ghbiteoimidréathanedicyéd sy iepitativedt@riat pdenvhiea! Bodys,

conpl i cat escus esenV [S, NA V. ci-pes. vacci nes . enpl oy gene
transfer vggt o] %r%{cgaﬁgyd%ﬁgggf&gﬁ i“’g%‘r’f’- &nco ?'négﬁf)%ﬁc%o'y@%%%‘te Cé%f“fn&m By

produci ng anti geniwlgetidt Eqmsice or seijneasestwischhueof adesaatieaeh, Isuctedi at ed arms of
t he i nmune syst t here | et e i nmune

(e 1 rmune oY LEMLALE A6 et ol sl SRRELALLAA 2 0 S ERIpleLe T
forei gn protei 3060 st pjiedg tpedembly absdeobhady pailas pbdue 10,08) By paitsageous
character| st ool MUIE RIGNONLLEL MeeL oL by togen el NSl venicl e,
20 preferably about 1,500 base pairs to about 6,000 base pairs, and most preferably
about 2,000 to about 3,000 base pairs in length. The spacer element sequence can
be coding or non-coding and native or non-native with respect to the adenoviral
genome, but does not restore the replication-essential function to the deficient
region. The spacer element preferably is located in the E4 region of the adenoviral
25  genome. The use of a spacer in an adenoviral vector is described in U.S. Patent
5,851,806.
It has been observed that an at least E4-deficient adenoviral vector
expresses a transgene at high levels for a limited amount of time in vivo and that
persistence of expression of a transgene in an at least E4-deficient adenoviral
30 vector can be modulated through the action of a trans-acting factor, such as HSV
ICPO, Ad pTP, CMV-1E2, CMV-IE86, HIV tat, HTL V-tax, HBV-X, AAV Rep 78,

the cellular factor from the U205 osteosarcoma cell line that functions like HSY
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dosi ng, which can be advantageous for "boosting" the inmune system agai nst
pat hogens, and results in only a snmall fraction of a dose of adenoviral
vect or dewDwervosg48t s payl oad to host cells. The nonkey PadasoMmo0s399vect or s
will not be subject to neutral i zation and/ or 15cl earance nedi ated by
pre-existing immunity to human adenovirus. Al so, the conbination of two or
nore nonkey addh8%i% e C\?E%l%@%wwnfﬂméw Biba ésipducad by pervogedntagteen wi t h

repeated adm nigldhabien, Q,fdet&'%@maigﬁ&g?ﬁbfel@ ﬁv%&ﬁ%rﬁ%zatihﬁlstpa\%k be
possi bl e to boost the i nmune s%/stem al nst pat hogéens’. Thus e nonkey

adenovi rus vectAsp§csionPiblécatipeZae3 Helv drit §i€é§‘f&t!@$ﬁé?ﬁamﬁ¥pp&dﬁw0w ral
20vectors w t hoyh dﬂm!@% SIQQEJ»@&%QQ}%V@ g multi Cgfi}%&xc?éﬁp LR vé%:fmrg%gb ding an

adenovirus of the invention conprises a nuclerc acrd sequence
anti gen whi éh itke @ xgesidsisddicient aderovimahveatoritaw aisendad exmcﬁsiormtmm" degisgbhnse. An

“antigen” is ac%hﬁa@é a?nw% Ié'iétamﬁ échgi?ce%n&%mgw glg‘a}% oot hé*{f‘i@g}%@?arﬁ:ﬂ o'rb\nt he

"i mune response” can produc
activation of itmpengsteict eﬁ@mr@smeﬂa b&he ;&\meam(:xegmqmnnethﬁsnﬁanteﬁméssim dfhe

i nventi on can coQ .an u unl an r at ei na ous nol ecul e, i ncl udi ng
a protein or peprg) 5@?1@&%{{%% egﬁ%c‘f/g .%Ffatg‘ﬁr‘%&’iuf’i?ﬁﬂ “#fgal , protozoan,
prion, cellular, or Thutimtanekdbtvire! vatioftan be Wbficn: hmgﬂndaﬁo@é@mi@g&n@n i mune
responseiga rrgal,f f rabI Ieadlr%% éog tectlvelrmunlt

antigen al 8 ¢ RSP OB %WV&%Q”*% @denoyinal ZERQIG gl dh “HP‘BF@‘W"Ml ch the
body has ni st akemkydémdenitickh®ek, asd Both me@amﬂdna&@e@ﬁom of fhe QR oGRROdI MeNt

the antigen is a vi raIl ant.i r%“{; The viral antigen can be isolated from any
virus includi n§™8t Hgsipp Eﬂ”iaf)wcﬁ)r@is?ﬁ@”?af“’%ﬁﬁs%iﬂ“bfh@teﬁ%mf ol | owi ng

viral fam li esaddNoeRasbadnta8motyd 8 MEH 4Se it ASTERME] hEla€ 1eaBRRA QM i dae,
Badnavi rus., Barna-viridae, Birnaviridae, Bromaviridae, Bunyaviridae, 5

Cal ki viri dae, CapiTYese iemainalaspeasm TR andanglor PwevprAmStersar thegiiat Tdae,

Cl ost erovi iys, £PIPAtkEd o QM abd €laead i Iy such as
severe acute respirat origé‘fg’nﬁidr ome §A %.aﬁiﬁgﬁwrd%‘?{%&iﬁ. r%{lg

Cystoviridae, BEPeEPRRiuLe ‘**Eﬁﬂﬁh?eqﬁmﬁirﬂh‘@mmﬁfﬁbmvmﬂsm Y| c@mprwm'ae (e.g.,
Mar burg virus QMQ‘E&'@ g{?m}‘der Ha izgcﬁe&itwﬁ %%Eéagacnﬁg%g&&&xgﬁ Yogast, or Sudan

strain)), Plaviviri e virus 101, Dengue
virus 2, Denguedeppyits p@tﬁiﬂamd@@wguégammwiﬂi)qntm@a@damrepid:amr(ﬂdg :

Hepatitis B vi 32 vru 3, 4, 5,
and 6, and Oyt é&%&ai’ vftﬁfi]s e'n@%ﬁf? éon\‘?/()f%rgl“3(j pteh i S?fqu yggins E@\/E?evl ri dae"
Li pot hri xvi2¢i dedginddl dvioinkal admzeyareﬂ)wdmmmng mikﬁiaﬁre(i @r@em cddnid sequemensi rus A
and B), Papovaw I dae.. Par Vi i ii(;?i %‘{t nmunps, and human
respiratory syn(@,y?rmgg i’ gge“%iﬁa% Bt F\S‘g{?m ﬁ?‘g A6 Tdae (e. g.
pol i ovi rus, rhcmernmc;taoherpanbxg}w ddesqviranfbr aﬁhtehﬁp&bpag@&an F@X&ﬁkiél dae (e g.,
vaccini a vi rus%@fgi OVi #& e.g rot avi rucf}% ovi ri dae
| entivirus, oRgREet ﬁigﬁf‘ﬁ e poEresuding gy “P | ¢ licatiofde NW 2),
Rhabdovi ri dae adnglikOVdovdrt, laetaBiscidsBd RING S EPdaQE 18I 51 1%‘89%”@69@@9@%& he
i nventive gr?t hg(il %§ %GSEI ratory Syncytial M rus Ré ant i The
anti gen caf 27,175 an 82,616; U'S. Patent”Application Pubhwuom 2001/004 922 Al,

2002/0004040 AL, 2002/0031831 Al, and 2002/0110545 Al, and International

Patent Applications WO 94/28152, WO 95/02697, WO 95/16772, WO 95/34671,

WO 96/22378, WO 97/12986, WO 97/21826, and WO 03/022311.

If the adenoviral vector is not replication-deficient, ideally the adenoviral
30 vector is manipulated to limit replication of the vector to within a target tissue. For

example, the adenoviral vector can be a conditionally-replicating adenoviral

vector, which is engineered to replicate under conditions pre-determined by the
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20be, for exanple, an RSV strain A or strain B antigen, such as all or part
of the F, G M M, M, SH or NS1., or NS2 proteins, or a fusion of all or
part of meoeotam4dne of these proteins. An antigen enc@®de&adsker0tobi9ol
adenoviral vector also can be a retroviral antigen. The retroviral antigen
can be, for examn ang HI such as, all art of the gag, env,
or pol proteind" Rﬁ?f)eél Bdé ‘%Efar& \g}%i‘cémﬁ‘pﬁ?e Pl %Fﬁéﬁji‘%tl“g‘? eagﬂgeéﬁﬁmgﬁgqngcti on,
i ncl udi ng cl adescoligd By ¢ ,adMvirar@drEﬁ Rgioht, kén bd dpeBBIEiEPdinTRRCHie, at | east
one anti gen encoded. F t he adenqviral .vector is a Heré)es Sinmplex Virus 2
(HSV-2) ant i ged°Pr&iiPfan] BIEaRENIF FiaSedpitan §aRL! SEctRet B nF8RCIT ni e hod

include, for exampigen@ldpli@ftiopdighirefthé fsehbelShabbdheddt spadifi@feRiQbfi Ns. The
antigeni ¢ peptides spgcth%l cally recited herein are nerely exenplary as any

viral 30protei AEAH Y ﬁﬂlstr‘Ptioﬁé‘}WHﬁﬁ%&Fmﬁf Iy fgeimren isense treatment, The

antigen al so CataR@c adRAkAS®LE & RAbIGARIHER c&Sr rePilatiBPh, for Mshgdk to, a
Sporozoan antigen. For exanple, the nucleic acid sequence can encode a

Pl asrodi um ant e noget b ehsain pentigpal gatigen prodycinrasd corspd inomwiceelipr ot ei n, a
Sporozoi te sur a8t ®hMitomk E&'r¥gﬁfcaﬁ§¥gaa@§n&ﬁgi' BEHrs AN z%ﬂli&élfurﬂi% rane

associ at ed prot ein, or a Merozoite surface protein. ter nati vely or in
addition, at |&hStPasnes, 4M30en encoded by the adenoviral 5vector is a

bacterial agti gen. g0 BOUA ARRGRN A0 AR SFLANN RAEALAL o' Ul no.

but not limted to, .Acti act er ol des
. Bdel | ovi bri o, a@%m/fobaﬁﬁ?ercan @tﬁuaﬁydxmpiﬂﬂiangmgummr}@aqmmlanmee@dost ridium

h Dei 0
Cytophag, a, hﬂ%@eﬁ&éﬁ%’ fgl gzﬁ%ﬁ!t&ﬁ ﬁdle_gi or%gea g%tme:a“ ggglérlggr O a&iﬁ/ﬁé@& asma,

Hyphom cr obi u ano crococcus

10Myxococcus" Meikgsieg biag uNumfmbmn@nrus @:ppxiumtmiy (}S%’bﬁmkfﬂxf@pe Pr ot eus,
Pseudononas, Phodosp Ri ckettsia | nonel | a, hi I la, 11 um

Spi rochaet a, SEHPhYI ‘(’)igug’ggiﬁm laggef %%‘togﬁ(%ﬁf&ﬁigﬁmg{)t?éﬁ(fﬁﬁgg, LIPS obus"

Ther nopl asivh, Wmtabieaci |1 us, and Treponema. In one enbodi nent, at |east one

antigen encoded by the nucl e d se s .a, Pseudompnas antigen or a
15Ff ri j obact er anti geR/*reome tl“slp’fw ipga a«gﬂﬁ? dgitgfg ng‘“\an?q‘é@‘?f‘?gre i nt act

viral or bact eeénaied@rewdabacdoﬁamwﬁte&makFé@@loﬁx@scﬁfmeff%aﬁme&tresponse
| ndeed, noDst a{r}jél genic epitopes are relatively small in size and

therefore, prot&ey B %gReht & 85 lpE3 aurfkd @E@ﬁ-‘k) thid parchegemayes fram e | mmune

system of the gmpmlb still Be AiiotdeRNate Tt BLONPERIGED ERN £APE Wgner at ed
bet ween two or npbre_ antigenic epitopes of one or nore antigens. For
regions is compdsed of at least one promoter and polyadenylation signal, which

encodes for multiple transcripts and proteins. All or portions of these regions can

be deleted from the viral genome. It is known in the art that RDNA has been

inserted or used to replace each of these regions. These regions can be modified

one at a time or in combination to yield an E1, E3 and E4 modified virus., This
25 further expands the flexibility and therefore the utility of the monkey virus.

The removal of the E1, E3 and E4 regions from the virus has additional
benefits for the use of monkey adenoviruses. These regions are known to encode
multiple regulatory proteins that can alter the host cell directly or stimulate the
expression of additional viral proteins. The E1 and E4 regions in particular are

30 known to encode oncogenes. In many applications it is preferred that the virus’s
genes are not expressed. Some of the benefits of less viral gene expression is

improved activity from the added hDNA such as gene expression, avoidance of
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exanple, all or part of H'V gpl20 or gpl60 can be fused to all or part of
the H'V pot protein to generate a nore conpl ete i mmune response agai nst the
H V pat hogerroticnspased to that generated by a single epi POpaIS20Del0pspery of
fusion proteins by an adenoviral vector to a nmanmal allows exposure of an

i mune 25systemto nultiple antigens and, accordingly, enables a single
vacci ne corrposﬂmm@n‘? %WV% P vber ﬁ%ﬁmm&ﬁiyd%mmmd trah eiipkiondatdiogehs. A

o or e SPHEREE ol DB A0 ORI AGNARE LEGD. adfnBRle | LM 00 10

a type of nucleic acid sequence or any par ular “or U&l ei ¢ aci d
sequence can béiﬂ“é*cgﬁﬂblrmhmomandﬁhe mingamnmmi ttmléfomamhmbﬁ thbﬁ:amimgd froma

SODNA i brary Qigrusp %h%@f&r%lda@%q\g%nb& Eﬂt On%?i%he us%fe%g%n g%er nt h? %tlncal 'y

generated. The nucleic ce’can resé

expressi on éas ﬁ@Nﬁe&he whu&:ftanadwntmc@iaalahgy ramwp mmfsi shenganetl de eirm nts
required for e ls%vent g Eﬁ I the nucleic acid sequence and
production of IR SEREst Pt‘i”é‘éﬁu 'Heal 1y, an antigen-encodi ng nucl ei c

aci d sequence is op@hadethnoldgnkiedribal irdi QFPbeY coanthefoPe JRERNYIREY ON
sequence as desgrlbed her ei n. Ff?rorm er .can, be sel ected for use in a

method of the PRUVSHTIEH BYTREICERT HHVF HE APV Aeeipasrtcorss I8t activity with

the 5desired padghftdty Rekihe VR theObseRXPHEITuAMR hddnbeinRBY 48 RIpiSkion FOT
exanpl e, q adenoviral vector can conprise two or nore nucleic acid
t

sequences tRat deReBadalen rfesed it hesgip ?@é?@‘cé‘?@ defisicpiper Bisi Eramplsk befow o

di fferent pronmatesfuwe Sk AY RthptinfhiaNsd oBXPIRBRSHON sl 6651 ke £Xanpl e, a
first pronoter is selected to nediate an initial peak of” antigen

producti on, t h&CEEY SN SERECYah il uays adavp sigsi Hstnd F4ORFE hwoded ant i gen.
A second pronDEQLmhis 35 ehRel&d, tk&egtrgkéﬁ@ e%'éa%@?'ﬁ%g%ggfﬁlgﬁ(a?%gtﬁmg i fferent

antigen such that expression peaks severa fter t & first
pronot er, theré%?’mﬂiﬁftyds}ii? #g nor-peentishin erosyisindha Bgednrest! livhe hamari gen.

Al ternati V@l;y, a@cn@% sls i%hlra ﬁ%&%ﬁeoﬁg%hg 0&%&%5&1%%& S?th\éﬁgBCh opbi nes the

desirabl e aspects o V hybrid
pr onot er 1500nﬁismnﬁf§>kt§®e\'@ﬂ@v0\p@'10rﬁtoﬁ Brdvar mmf:tmhatradswm{xsea&ﬁhwty with the

RSV pronot er’ Sdaét%%(s) 'r@a ?g%pﬁiuﬁl_liec\{% movfir af‘:gtm!i%g;l 618 or E%@%CL ally preferred

for use in many € e Thvent Ri¥ant i gens can
be toxic to eusmamjmgiymf@m ms;zpkﬁ{nmEbpm&dwam:agemnﬁﬂe mdigydéde

pronoter to degr ase g t| y g|}n Iiconpi ment | 8%‘% ; ng}as used to propagate
t he adenovi ral ?igcafq% 'ﬁﬁﬁ% e8Py BTG 8’3?5‘?1%?%8% ) ﬁ@?i fPrtett ate the
invention biut, cofdplanttiag growth of B4 deleted adenoviruses. Expression of both El and E4
from the same group C serotype has been shown to support growth of non-species
C adenoviruses with El-, E3-, E4- deletions (Tatsis et al., Gene Ther., 13(5): 421-9
{2006}}.
Adenovirus vectors derived from monkey adenoviruses are uscful for the
25 following applications: (1) vaccine vectors for infectious disease indications, (2)
vaccine vectors for anti-cancer applications, (3) transfer of transgenes encoding
therapeutic proteins for acute and chronic disease intervention.
Monkey adenovirus vectors can be used for inducing immune responses
{vaccination} in mammals. In this respect, widespread use of human adenoviral
30 vectors is hindered, at least in part, by the immunogenicity of the vector. A
majority of the U.S. population has been exposed to wild-type human adenovirus

and developed pre-existing immunity to human adenovirus-based gene transfer
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shoul d not be construed as in any way limting its scope. EXAMPLE 1

Thi s exanpl e denonstrates that nonkey adenovirus plaque formation is highly
ef fici entworror/isz¥8n cell |ine expressing human adenovi RC3/Useomods®At s El 25
and E4ORF6. Monkey adenoviruses are restricted fromreplicati on on human
cells and human adenovirus factors overcone the restriction.

denmonst r at ed h&PEPh&SEivuHt RV Y Vﬁﬁ@%ﬁ?ﬁ‘f‘%ﬁ“@%?ﬁ%?ﬁ“%‘%ed growt h

of nonkey adengyiifiafse ARpdHITRELAS rbicRY e JROSRALDAFHEQRLA pkhe entire E4
region, and superiority in 30propagat|ng nonkey adenovi ruses on human cells

conpared to théFrrdiztidpandigselesace Ofﬁﬁé%Vi%%de@@b%ﬁﬂmh@dﬁs gsowt h. Two
met hodol ogi es wWehRsdwel:d L rsied Lvék%megrgmma Fhag t | %’55@{?&:@@ n%‘&red to

determ ne grow h under conditions of very ow mu Icity o ection
(fv10i) and 5mﬁéiaweﬁaﬁﬂg@ﬁ@mqﬁm&%mh@y@qie By prodyeing edigtwic gmmsatze a

posi tive resul 1 € haméraPlrdQes rﬂeﬁxateg %rxﬁ@&kﬁthé%n%%?&@m IQ%%ﬁvaPédag ue

formation truly denonstrates contl nuous
i nfectious vir der@pacndrafgs mwr&emtmiatesmmghfemsmﬂnlsq aghiskd th@:mmgle:aeaa on of the

viral 1ife cyclenpfeiSralRhhtesh Rk Alaeli o Aia05kalbol) ag £l s by the

viral progeny an esse &rof
i nfectious vi r@tadprib@emthpamckutagﬁbuﬁ r:imrae,&:rmmgjf eummuménmfzrawdcairs #epl i cati on.

This method,i s bas chr.onous infection of essentia the cells
in the rmnqpaygme 6g“oim V%éqgﬁ {5 R pespicyy 8§Fﬁvicéf§'§’§@?§%#‘(¢émmp@at o all
the E4 fact orsdoditg, I\,’\Snuﬁe;ﬁﬁ)hﬁﬁdvaht@gbehefoei‘iﬁbckth%t tHRMBruing st hGient to

propagat e m)nke%{thadenow ruses on Unexpect ed]l y, the human cell

line i s superi 8F P& oAk &Y §éFP“1P|aﬁ§§H ﬁ'ﬁ“% [5’66#{3?@@ ‘H’é“”éﬁl"’le‘?tf“y of nonkey

adenovi ruses t @elivering B4 SHURE to Rosséampdar d WEt hod to measure virus grow h.
Two 15nonkey adenowlruses SV-11 and SV-38, which were isolated from Rhesus

and Vervet nonkeys, ?"e‘%@iﬁ’ﬁ%‘%‘m NEEE B’I‘ié@?}é’é sehies Rucpmgatigsmdier LG MK2
(MK2), Veraogs a@ﬂak@né‘eln&i@itéaﬁb éﬁéa 'exnaﬁﬂg iﬁwﬁﬁmgyg% HREE a8&lobirdd r}ﬁsd”‘ﬁ'ﬁ derived

from nonkeys. .BSC- 1 and MK- re the cell” Iines recommended by the
Ameri can Type ERTRIHENCSMYRRATHA W%WZ@FWH”BQ‘@S@@F&W@ cirpemvant ises on. A

serial diluti Oﬂahgﬂtx&)%&i %Q}Yle&)k’a?%a 13 s,ﬁl o%%} i?{a% AoviAClohl. glflxds'ntne whi ch

were 80% confluent in 60 nm cul ture eln ectlon condi ti ons were
500 ul of viru¥ilbypoesihigde bmtﬂh@dmévr@rsyst@@ agéinypetbogethe Thusuke was

subsequently r ﬁﬂﬂl\’%‘%d%@1rﬁ§¢éc§>ﬁ°§ﬂr‘3{;ﬂké’"{hg sihd &\E@@%’g‘g 055%%%9% \81‘&?

agarose. Fourteen days later plaques wefe counte S gave the
hi ghest pl agui neptaes Mitbdue oy shetavgiizass. | east ten tines better 25than any of

the other cells li "Si%e 4n?bodmgcn€ Tﬂge aden)mrus 0?%1' ?r%%hﬂ)(on comvg\)%gesr v Eret ed that

acid sequence encoding an antigen which is expressed in the mammal to induce an
immune response. An “antigen” is a molecule that triggers an immune response in
a mammal. An “immune response” can entail, for example, antibody production

25 and/or the activation of immune effector cells. An antigen in the context of the
invention can comprise any subunit of any proteinaceous molecule, including a
protein or peptide of viral, bacterial, parasitic, fungal, protozoan, prion, cellular, or
extracethular origin, which ideally provokes an immune response in a mammal,
preferably leading to protective immunity. The antigen also can be a self-antigen,

38 ie, an autologous protein which the body has mistakenly identified as a foreign

invader,

ek
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nonkey virus plagued on human cells that contain the entire E4 region from
human adenovirus 2 had a plague formation efficiency 40 tinmes | ower

conpar ed WO 2QM/572381 | s. Wth this invention there is a eCears2e00s$%id

| nprovenent in growth as nmeasured by plague form ng act|V|t?/ As |
denonstrated here, the invention has two 30 unexpected results: inprove
growth of nonkey ad Wl%@é@eﬁhtmﬁﬁgﬁ“&w%ﬁi@@@@“t Hbsuiral palfeca 69t B n t he

entire E4 regi Q@}zd@@ﬂ%zﬁu&eﬁhgrﬂh&ymgﬁbﬁm@p@gﬁéd i@fh PRAKRY: aRAERQVI ruses on
human cell's corrpar ed to their native host cel i nes recomended for their

growt h. Tabl e [Foliquapg viggl funilipy ylerarindse, f{WfﬁtfyﬁoqrszBmdawr@Se C1 Sv-11
CVI SV-11 2. 8%g 804 ul, BN e Sf){ﬁgalfzrzdge %aﬁmﬂﬁqgaev@&;%mmdae

3 Caliciviridae, Capillovirus, Carlavirus, Cadimovirus, Circoviridoe, Closterovirus,
Comoviridae, Coronaviridae (e.g., Coronavirus, such as severe acute respiratory
syndrome (SARS) virus}, Corticoviridae, Cystoviridae, Deliavirus, Dianthovirus,
Enamovirus, Filoviridae {e.g., Marburg virus and Ebola virus {e.g., Zaire, Reston,
fvory Coast, or Sudan strain)), Flaviviridee, (2.g., Hepatitis C virus, Dengue virus

16 1, Dengue virus 2, Dengue virus 3, and Dengue virus 4), Hepadnaviridae (e.g.,
Hepatitis B virus), Herpesviridoe (e.g., Human herpesvirus 1, 2, 3,4, §, and 6, and
Cytomegalovirus), Hypoviridae, Iridoviridae, Leviviridae, Lipothrixviridae,
Microviridae, Orthomyxoviridae (2.g., Influenzavirus A and B), Papovaviridae,
Paramyxoviridae (e.g., measles, murmps, and human respiratory syncytial virus),

15 Parvoviridae, Picornaviridae (.g., poliovirus, rhinovirus, hepatovirus, and
aphthovirus), Poxviridae (e.g., vaccinia virus), Reoviridae (e.g., rotavirus),
Rerroviridae (e.g., lentivirus, such as human immunodeficiency virus (HIV) | and
HIV 2), Rhabdoviridae, and Totiviridae. In one embodiment, an antigen of the
inventive method is a Respiratory Syncytial Virus (RSV) antigen. The antigen can

20 be, for example, an RSV strain A or strain B antigen, such as all or part of the F, G,
M, M1, M2, SH, or N81, or NS8Z proteins, or a fusion of all or part of more than
one of these proteins. An antigen encoded by the adenoviral vector alsocan be a
retroviral antigen. The retroviral antigen can be, for example, an HIV antigen,
such as all or part of the gag, env, or pol proteins. Any clade of HIV is appropriate

25 for antigen selection, including clades A, B, C, MN, and the like. In some
embodiments, at least one antigen encoded by the adenoviral vector is a Herpes
Simplex Virus 2 (HSV-2) antigen. Suitable SARS virus antigens for the inventive
method include, for example, all or part of the UL19, UL47, or gD proteins. The
antigenic peptides specifically recited herein are merely exemplary as any viral

30 protein can be used in the context of the invention.

The antigen also can be a parasite antigen such as, but not limited to, a

Sporozoan antigen. For example, the nucleic acid sequence can encode a
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SV-11 1.94 x 108 293-CRF6 SV-11 6.36x 109 BSC-1 SV-38 1.27x 107 Cv-1
SV-38 4.09x 106 1.0 x 107 .1...LC MK2 SV-38 Vero SV-38 6.66 x 10" 2.26

X 1013 2980RAG57248 PCT/US2010/055991

Plasmodium antigen, such as all or part of a Circumsporozoite protein, a
Sporozoite surface protein, a Hver stage antigen, an apical membrane associated
prolein, or a Merozoite surface protein,
Alternatively or in addition, at least one antigen encoded by the adenoviral
3 vector is a bacterial antigen. The antigen can originate from any bacterium
including, but not Hmited to, Actinomyces, Anabaena, Bacillus, Bactercides,
Bdellovibrio, Caulobacter, Chlamydia, Chiorabium, Chromatium, Clostridium,
Cytophaga, Deinococeus, Escherichia, Halobacterium, Heliobacter,
Hyphomicrobium, Methanobacterium, Micrococcus, Myvobacterium, Mycoplasma,
10 Myxococcus, Neisseria, Nitrobacier, Oscillatoria, Prockioron, Proteus,
Pseudomonas, Phodospirillum, Rickettsia, Salmonella, Shigella, Spivillum,
Spirochaeta, Staphylococcus, Streptococcus, Streptomyces, Sulfolobus,
Thermaplasma, Thiobacillus, and Treporema. In one embodiment, at least one
antigen encoded by the nucleic acid sequence is a Pseudomonas antigen or a
Heliobacter antigen.
It will be appreciated that an entire, intact viral or bacterial protein is not
required to produce an immune response. Indeed, most antigenic epitopes are
relatively small in size and, therefore, protein fragments can be sufficient for
exposure o the immune systern of the mammal. In addition, a fusion protein can
20 be generated between two or more antigenic epitopes of one or more antigens. For
example, ali or part of HIV gpl120 or gp160 can be fused to all or part of the HIV
pol protein to generate a more complete immune response against the HIV
pathogen compared to that generated by a single epitope. Delivery of fusion
proteins by an adenoviral vector to a mammal allows exposure of an immune

25 system to multiple antigens and, accordingly, enables a single vaccine composition
to provide immunity against multiple pathogens.

A nueleic acid sequence, including one encoding an antigen, is not Hmited
to a type of nucleic acid sequence or any particular origin. The nucleic acid
sequence can be recombinant DNA, can be genomic DNA, can be obtained from a

30 DNA library of potential antigenic epitopes, or ¢an be synthetically generated. The
nucleic acid sequence can be present as part of an expression cassette, which

additionally comprises the genetic elements required for efficient expression of the
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Sv- 38 5*pl ague formng units EXAMPLE 2 This exanpl e denonstrates the
generation of high-titers of nonkey adenovirus viral progeny on a human
cel |l |inewai2ot/dsm¥8n adenovi rus species C factors. 10Si RGTArSRu0®ss99r owt h
experinments were perforned to determne if the conbination of human

adenovirus El 4 £xf S ficient.to overcone t estriction block
t o nonkey adeng}\%?ir& ﬁs&c%ﬁﬁ%\%%ngﬁ)??dﬁgtﬁﬂﬁnogﬁheggﬁdgg axﬁl{ﬁ%npd%%ﬂh’ g %I%g%ssi ng
ei ther no Ad5 feactdorgsuCkb4R)d sedbhicd54 GRIFghly AR4E1d a pobmoks#@RFS) , Ad5 El (293),

or Ad5 El and E40REG (293- ORFG re.plated in triplicate jin 6- 15well
plates at 1,5 ¥° ﬁ%mélg?ﬁf)%S%?““%\@%@”ﬁ%&-%im@eﬁ %mﬁiggf’ %’auefsf%?#(g?ﬂrr?‘t@an G een
Monkey that aren peremessmeimmlamwal ) @tcmﬁ@mmﬁm&r & @fﬂécti(gg}/ %ﬂéﬁcpgat ed at
1 x 105 cel l_.s per. Il. Al cells were t in A wi t 0 and grown
2t “37C. o0 80, Mot ke Sesby ¥ oL PreeSSigh 6 PhpuBER it Froewta g

gr adi ent - pur |) f iaemomggﬁmaﬁ@a@@ﬁbﬁmwggﬁ)@a}sﬁ: H%Fie_@%cigggq&ﬁcés Ma@@ncﬁ&é ?- 2tA) or
one (Fig. 2B) Fogus ormng Unit ; cell in pi per well for two
hour g 19 ol | owe e apfigesg ?‘@ﬁm’éﬁ?ﬁr@&’e’mkﬁ‘}ﬂ%iffﬁmﬁ PRemeSErs BIEIY ik €istisds FCS and

100 pM znd 2 t‘éx?@ismntprci}fﬂgy%ﬁ* efinfle, EHEFRGRR L ERRLRA 1 RehBd It AGD EAORFE
and 293-0R F6 cells, Cells were then i ncubated and harvested at 72 hours

post - i nf ect i onPeaK HTFBtgAPIUPERN. {isredy pemBgdiagintrensEesm 88435t tthr ee

freeze-thawycych&e£aRRtst ARGLoRE pRhicth RakieREd MR%$EC%%C&(91 oﬁ rﬂ?{e i€ ofnd 37° C
wat er bath. The nunber of progeny virions in the virus-ce ysates was

assessed usi ng dtffreentmiyicas supf tars suredsiod pRaks vareoil deys a8 th8207-2084 (2007) .
The generation Hf {CLLO g g4 . jruses on human cell
| i nes was hi ghgg{mdvi\né}itﬁ%&'g;%sl%g%cg%@g“&%%?@@%ﬁ%%{%ﬁd A549 cells
expressi ng AdS5 ARgrn@RFdy, @Rybrid prinoteBiani bearhyrucige méichtcomhined the desidablpr ogeny  at

an M3 of 1 Wagotis bERRhipREhILS! B eBlpR Rt RsG R b §3m3fh, t e monkey

15 combining the CMY promoter’s initial rush of activity with the RSY promoter’s
high maintenance level of activity is especially preferred for use in many
embodiments of the inventive method. In that antigens can be toxic to eukaryotic
cells, it may be advantageous to modify the promoter to decrease activity in
complementing cell lines used to propagate the adenoviral vector.

20 The following examples further iliustrate the invention but, of course,

should not be construed as in any way limiting its scope,

EXAMPLE 1

This example demonstrates that monkey adenovirus plaque formation is

highly efficient on a human cell line expressing human adenovirus components E1
25 and E4ORF6.

Monkey adenoviruses are restricted from replication on human cells and
human adenovirus factors overcome the restriction. As demonstrated here the
invention has two unexpected results: improved growth of monkey adenoviruses
on human cells over those that contain the entire B4 region, and superiority in

30 propagating monkey adenoviruses on human cells compared to their native host

cell lines recommended for their growth, Two methodologies were used to define
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10BSC-1 (Fig. 2B). In sone cases, between 10 to 1,000-fold nore viral
progeny were produced from 293-ORF6 cells as conpared to BSC-1 cells. In
cont r ast ,wouakiens7adenovi rus replication on 293 cel |l s wa®Clrasgo1efsi9ei ent
than on BSC-1 cells. Therefore, the presence of El and E4ORF6 overcane the

host replication bLogr in_human cells. This was further substantiated with
SV-1 whi ch yi el&§84 a@%ﬁ*i’?ﬁiﬁ’lﬂt"ﬁdé pEsd/ip AFtermine EPWIRUHOEES cORFIHH AkNEN grown on
293- ORF6 cel | s jodriia@ldivity SERREMH (M0hnd MR GInQMS 1RESERIW RN R93rRF6 cel |'s
isup to 1,0 O-fold higher, than on BSC-1 cells , i ndi cating that nonkey
adenovi rus gr oit BEERUPRERIVE 811K 16x piPBgYs ﬁghﬁEW laprpobyoREBYS. 9lagiigni fi cant | y
greater than o pend

adenovi rus rog\?ﬁﬁﬁﬁgigigk\eéﬁmg %%?ggg‘%di‘“%&g%ﬁ“g& g?m&tl oﬁgge%?{ %Fggw%and

si ngl e- bur s gPaiclss bt g siagle gplltfmboommistiop chthendwd irfgswéf: @t@mn@tiv‘mde t hat
nonkey adenovi g n | J; and t hat

t he conbi ned e>E<) ?Eggcstgg%fg% %bg%lg’ﬁ&éa %%\%Vﬁ%gﬁrg éﬁ‘gé‘ﬁﬁgg’ gkj@%ﬁand E40RF6)
over cones the metad apsspics tbatnumhsrbﬁ@Iﬁkctmﬁamtahemgmvezmdme@hwas stghonst r at ed
wi th eight non [ resen of the

gr oup. EXAWLE%@%d%?Q#ﬁWMﬁ%% TF?iF g&%%t@%g;nbsa%(} X egmt opons iﬁxge ﬂ};rﬁ on and
propagation of essontkedly 2H drenoils mube meciines knswihadHinglebhetiggngthon a human cel |
line with qugssgsdsenOV| ni s conponents. 30Seven different nonkey

adenovi ruses fFomthree different speci es (Vervet, Cynonol gus, and Rhesus
macaque) had their erateagumrfam@p,l;a@eeknmtrm@nm;exmewiscmumﬁeetde The
nonkey adenoviruses use SV-18, SV-38,

h , SV-1, V-1
o . 36T e ARE e kel GO R ey o imangr . dTgpdels b e e PR (o E 1

promoter, plX proORBLEFior 8Thakeabd! i&@ﬁmﬂiﬁ?;&ﬁuﬁg@tﬁé abiBtyldteohkght | TR of the
wld type Vi ruses were determ ned. The El del etions were designed to

5i nactivate t h&%EPVIESH} GiFepladisy apfaofdpdmeting MhurFasiisrain BoRE - pIve vi r al

pronoter, ViralmopREMABdVuss Al | antsenk %Eﬂci‘?&m‘é% ét&aﬁdrgﬁhesgpﬁﬁ dentity of
these sequencesg, was det er m ned by their honol ogy to known adenovi rus

genomes, and c¥ATBETPHEHT FEPEEvE Hye pustdessy @féb Bébtlelboare, for
exanpl e, as th%i{*‘*?%ﬁb eadebe; Bac kel; %Mﬁ!%%lﬁ?@ﬁfé@ei e%@dsﬁ’k d fFGh: Nat | onal

Center for Biotechnol og‘tx 10I nf ormat1 on and Expert oteln ySis System
I n general, theopkeygePettiomdiMi s Gedcell Hieh mcmma&@ bydha AfbplanTypof t he

El a pronot er T@uﬁﬁe pox c@xgg(?gﬁj@te)%@ept&%tg&g VRQ%e?on gaérha%dﬁutmn oh% ter. These

are only exanpl es of ere etions ca el etions
can be charedvidspentt yvgd wrinfehiccadpplliiivat wideh whret8its oohiladnt ine@trom.  For

crarmle e L IBlebaD, 1 ol S R R B! L e
required i n oreery tjomemtmt Fuctinarwaadéneyieniiisres@eddoind cells overlaid with

EMEM + 2% FBS and 0.9% agarose. Fourteen days later plagues were counted.

293-ORF6 cells gave the highest plaquing efficiency being at least ten times better

25 than any of the other cells lines tested (Table 1). Previcusly it was reported that

monkey virus plaqued on human cells that contain the entire E4 region from

human adenovirus 2 had a plaque formation efficiency 40 times lower compared to

CV-1 cells. With this invention there is a clear 400-fold improvement in growth as

measured by plaque forming activity. As demonstrated here, the invention has two

3¢ unexpected results: improved growth of monkey adenoviruses on human cells over

those that contain the entire E4 region, and superiority in propagating monkey
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Al t hough there are nultiple ways to construct such viruses, it essentially
i nvol ves two steps. The desired viral vector genone is generated in

bact eri a,wbabliwsedsby transfecting the genone into 293- GRFAISCEI0SSWD nmake
viral particles. 20The general procedure to make the viral vector genomes
in bacteria is outlined in Fig. 3, or mnor variants of it. Using standard
mol ecul ar bi ol @éwib’%ﬂ@ﬁpmb@gaiwe\mmmﬁtdﬁe thefrnative itatet!isepleasminchdes
constructed mh@&qh&p§8(h§es the viral cm (stippled boxes), packaging signal
(P), an expression cassette that replaces the El region, and plX sequences,
which are followed by the viral right 25 I TR The expression cassette in
this exanpl e |%7g§qpr|sed of the CW pronoter (arrow), open reading frane
(ort) and Sv40 po yadenylatlon signal (SV). The orientation and conposition
of the expression cassigtihe is illustravirege and npt i migpdexveihe Tilnm ting.
The plasm d prieferably contains a | ow copy nunber bacterial origin of
replication, such asppkb; altholigh otheg.jeriginsjof rep]gtatgon 30Can al so
be used. Inclysion ofcejgene that provi@es resistance Toggpgnti bl otic such
as kananycin (Ran Tj;chagsexanple, 13 y@qEU| rosetect iggxqgmterra"that
har bor the pl asmid: |9m%0n51ruc tthe rectot pgalﬁﬁ&

remai nder of thewvi h@t;l GHERomE f > () he

Sf—r-

-azr

1SE-or-red-—w bot h
.i§§§4%%Meen t he
able to
bf the
Mer ous

t a1
nia rh'\n:J|kj
H-eReoH

-y =

~t o
acit i
ncrn' d
SHTO
“

!' T W

shuttl e pl asmid-by HFomo ogous—t
reconbi nat i on -cenpeten

nh e |

bl Ll §

pl X and right (& a?ATMﬂ . iral-genone
have at | east 50 bp Eﬂg M}S%I ogy. :-\r‘h l‘&\\f“\?ﬂ%pn the plLX and:-%pg
met hods known Lin_ t h&%PEFé0 idehtity tHe3bacterih with d-Hex éoned
adenovi rus §ecfﬁﬁ®§éﬁ@ﬁéﬁumﬁcludlng restriction digest, polynerase chain
exanpl e can 10be used to further conkixadhesidentity of the adenovirus.
Honol ogy to the foll ow ng hexon sequences was used to further confirmthe

\.aUIIIJUL
-50 ng of the E¢§' S
100 of--pu
bp e
shuttl e pl asmid..and wY§ra npnnm f or. retéfhinat i pn (X) 6.5fe (b are.n
reaction (PCR), and DNA sequenci ng. Sequencing of the viral hexon gene for
identities of

SV-7 (SEQ I D NO, 23).

I D NO 26); SV-

vector genome hag.Peen 15identified,
bacteri al

Reel '
and purifi éd.

t he aﬁﬁ@@;&é&ti’f’@&%ﬂﬁ&g&t&hﬁé ésngr@ﬁeﬁr}/&{}ﬁ%ﬁeﬁers%Ym%nl(@@EQ I D NG 22) ;

Sv-1

I'D NO 25); SV-18 (SEQ

g np SR Vit mm)ﬁm agyoayegtiSEOWih Ingap 8916110@11@65?@% i ral

the plastnid is used to transform a
strain such as DH1OB fromwhich the plasmd is anplified

Sipgixhurst grevdecsondngtieper pioroed wedagdrome(if éscue) of

infectious vir Hﬁngﬂﬁﬁmﬁpges%srhgi%&uﬁ 233 g':(f’?é! %&%9&%%%%}%39 el t&i

Genom ¢ plasm ds were W th PEFE¢E%e bot h
fi Rs fromthe pbaishdbipdok bomésy mm‘«ﬁnuedfpaﬁmm phiemelrcetid. dluoforeiisi soanyl

al cohol extractonand. &t BAAAL LRSI ABALILRUORRE (as40+Ads B4ORFS),
AdS E1¢293), or AdS ET and E4ORF6 (293-ORF8) were plated in triplicate in 6-

15 well plates at 1.5 x 16° cells per well. BSC-1 cells derived from African Green
Monkey that are permissive for monkey adenovirus replication were plated at 1 x
10° cells per well. All cells were kept in DMEM with 10% FCS and grown at
37°C, 3% COy. The next day, cells were infected with CsCh gradient-purified
24} or one (Fig. 2B) Focus
Forming Unit (FFUyeell in 300 pl per well for two hours, followed by aspiration
and overlay with 3 mi of DMEM with 5% FCS and 100 pM ZnCl to permit

induction of E4ORFS expression in AS49+AdS B4ORF6 and 293-0ORF6 cells.

monkey adenovirus stocks at an MOI of three (Fig.
20
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resuspended in 10 ntvl Tris, 1 nM EDTA, pH 8.0. The 293-ORF6 cell Iine,
-1.5 x 106 cells per 60 mmplate, were then transfected with 5 ug of the

di gest ed whasmi$7248t h Pol yf ect reagent (Q agen). Five d&¢3/US2010/055991
post-transfection the cells were harvested, subjected to three freeze-thaw
cycles, and the cel sate was passaged 25onto fresh cells. Cell-virus

| ysate was ser &l *E‘fﬁ@ég@éﬁcqbﬁ@@ Arkhaeiné pt Bthopmmed-inGciany ¥irdageriivieser val s
until full cyt QRA!Bicse@loRElenl By Br& NecNBSaRRS ALV sistPilair bk enovi rus
stocks were gener at edm r(?m |en e‘%tg ceg saas ﬁessﬁ"criﬂ%ngOk %gﬁl?\g\]a et al.
Rescue and pr odkraskghioghy ﬁﬁﬁ@@ﬁi ﬁFCa’V‘ﬁﬁﬁrtbhfér Hyauniter eideogsel vulsnyadhor s

expressi ng i nhi bt oy, Liansgene. (; 263- (2007),
PUbNed PM D: | 3015650750 R Brr o @%“%tggfg%gge s"“{/‘\i@r% lg’)“’c”‘? ctad and 1he
cul ture medfum?Bi4se8s4dem”)The cel I's were | ysed in 25 rnM Tr| S pH 7.5, 75 nM
NaCl, 5 nmM MyCl2 buffe zel Lhaw.cycles and freated w th
Benzonase( r) at 100{}&{‘ etﬂl Qx%rr{xp&egfe&m%ﬁyiﬂga@/ \?léhomO?l%sﬁ'Sg?‘lgF (e "ftﬁ%?%m

chl ori de i sopyec#ll Enegmadhightst egh83- ﬁR@éEei&nemﬁd&thm Aamp dept al particle

unit titer was_determ,n o t 260 rima scribed in
Mttereder, N ZHF™%F Ad%%v’%x R}% &06%9%? ?H‘g‘a@%&@%‘ﬁﬁ@é‘ﬂ%&ﬁg@ﬁ%ﬂem #f8tivity of
adenovi r us vef:l\mhmﬁiowasgelaasttghﬁﬁazwandzi}’i«‘@mlceiicl?& om%mﬁﬁ&?cé ILBR6) . T?e )
active partjc iters r etermned in uorescent focus unit (FF1l1
assay Wt htj{}hegﬁé 8%%*?15*88@*@%&@%&% eaeg‘qﬁrfo ’P‘F"’eﬁ’@% PERESBY . Rescue
and product i onwefe pf@m@emﬁmaad%ﬁm&pmblcﬁmga%@\mr@$ MBCURESBXPT essi ng

i nhi bi tory t ransgenes t echnol 263-73 (2007), PubMed PM D
17652790.; and ”ﬁgﬂfﬁ‘ﬁd@‘ﬁ‘r“%ﬁp%aﬂm R Cﬁﬁﬁ@%\??*ﬁ’éﬁ“‘%é}@ﬁ 78 Bf&ct ells: based on

the enteri c-tr QRir6foRe Rt YREnch br £10MACHIRE; @éﬁ&&e%ﬁ%ﬂ)g% (L%Q(Qa@ﬂmkl;ff?Ub 2006
Nov 28. PubMed PM D:. 17250935, PubMed Central I\EZZ . The viral

prepar at i ons apanasreets ghhigwa fuﬁbﬁwwﬁiﬁn&ﬁwé%@é&i Wét(«hdifﬁéﬁ@dﬁﬁ,@%@ particles
to infectious panl sgcﬁﬁ%ft@xfpﬁgicitéen v%l%ﬂ%?bv@m Lyt el W th up to

37,000 particles per cell ‘post-purification he identity o“f' each virus was
confirmed by pegneragpn M@@W@ﬁ@ﬁmomﬁﬂ QR Bgenls i up 3PER oM hightuhat i onal ity

of the expr esswﬁ@mﬁé &rﬁilwﬁ%&g&abmg@%&vm&&pﬁ Rl 208LYSi S.

The identity o e viral sequénces use MRS E S hut t1 e pl asm
i ds descri bed #wprasiing Bhdnd BAPRER isJigaifeaslyquuntdy ehanwn 1 datisepseoddles are gi ven

inleft to right oLl of the standard yiral genone. In the standard
viral genone t %%Icog\glr géédg%rwgnkgﬁ aijﬁlémlnésfgir H&nd end of the viral genone.

The sequenék conpnisii(agtogétéerl. ﬁﬁél;uekfamdmbﬂ' E{ﬁci&a@kagisn@ eshugfiglovt devoi d of
the conplete El a er s c Left hand,sequence,"” The sequence used
f or honol ogous® ,@Q%(’j‘*,ﬁg%}%{{l?%(ﬁy ia%“?ﬁglsfﬁ mi”&ﬁf%‘?’nm'f‘tﬁ Y BHFPOHFIReS@Ri on
sequence. " Thesfiequbnesiidatah 2050000 ElIss &Ml Bt tRAImbAfed tRGredsi@E hbaliy that s

used for honol ogous reconbi nat s called "Ri ght 25sequence.” Al
sequences are Yroeisd ﬁm’E‘ﬂ’f’é‘ﬁ@Fé‘%‘gﬁQﬁ}da@ E4GRES) oygreqmesithsrhuman replicatign - | ef ¢

hand sequence: biGREQukE:rMOkd, Miis Qés)ﬁe?r@sﬂét&&d%ﬁ#ﬁﬁ}ﬁ%onf(@;ﬁeﬁ@wﬁ@s?& Ri ght
sequence: qéﬁgEQ | D.NO 3) SV-7: Left hand sequerice: (SEQ 1D NO 4): pl X

regi on se cségmf(i%’EﬁﬁP‘BS%“B? of f giPsequence: (SEQ ID NO 6). 30SV-11:
Left hand sequence: (SEQ ID NO 7); plX region sequence: (SEQ ID NQ 8);
Ri ght sequence: (SEQ ID NG 9). EXAMPLE 3

This example demonstrates the construction and propagation of monkey
adenovirus vectors with E1 deletions on a human cell line with human adenovirus
components.

30 Seven different monkey adenoviruses from three different species (Vervet,

Cynomolgus, and Rhesus macaque) had their EI region replaced with an
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SV-16: Left hand sequence: (SEQ ID NO 0); plX region sequence: (SEQ ID NO
11); R ght sequence: (SEQ ID NO 12). SV-18: Left hand sequence: (SEQ
| D NO 13)wopbM/oseg8on sequence: (SEQ ID NO 14); Ri ght sequamseev/o$8gQ | D

NO 15). SV-38: Left hand sequence: (SEQ ID NO 16); pl X region
sequence: (SEQ ID NO 17); Right sequence: (SEQ ID NO 18). SV- 39:
Left hand sequex@essiofi SEQ:tcDTNONdSRcy apdndvinesgs ord daqueriel, FEEEVDING 20) ;

R ght sequenceg( A 121) . LOEXAVPLE 4. .. . This exanple nonst r at es
t hat nonkey adggol\%’E% sigs %ﬁgt%hgndi e$e%ﬁmg$€ % ed 93?1&%{8 gtéeﬁg:g@"@%@e
repl i cati on- defdfidifl@nt E1Eprodeke! pllnsoneee@og imiceqetedsik tb e righnkey

adenovi ruses S 11, .and 5AV as .descrjbed.in Exapple 3. The
El - del eti ons wett é&’é@i\(ﬁq’?ggui%t‘xt?rer ‘%ﬁ? leﬁ‘hgg%ﬁtg’g?iws Wfrcéggﬁ?@dttﬁe entirety
of the El AScoéiatigvateatit By proheteEhid Pr ooRine but (et thk BRI proatodi:Nvilaonol og

coding region, and . the majority of the 5 end of the El B 55K honol og coding
regi on. Additi BHER§S st nﬁlé%{)‘i”é%%f’%’ﬁpiﬁﬁ%tﬁ@,‘deég‘té"d’gé%?ﬁ‘? FEHETCRS Wanpl e 3 and

Gall JG et al deteRRSRUS tBALHIMASHCD kRPWwPideM&GRk Benald dnpesaReut i c
adenovirus vectors_expressing inhibi torg transgenes. Mol . 20 Biotechnol.

ng .
35(3): 263- 73 ( He0ied usps Eb ipNY pyailtbiesutbvoer, fycnppiie: athab fresd adhr ot ei n

product was i ngeftRd DrétbohilNGerbRE QR 1@kichdI € efier eBRIEARL0 determ ne if
the renoval of these sequences changed the replication of tftie viruses,

nonkey cel 14 weiermagpeetdderpait €roteindnolyria Sesterant geheal the &dtdelstien vi r al
progeny were npasiieta: 0L Lebhi W fsi%)% e LANe] sdsed, and
were 25 recommended for1 pro%a Léiglgﬂgﬂgo(f t %a%%@%g gﬁg\é?%’%ﬂs%{ggfidjt he
vendor (ATCC) . toTHé€ bpISCoNKe pBepiomiolene These are loilyreaymplenel Wieonthe Hestisis macaque
(filacaca mull , . Bl C¢ |4 j idney line fromAfrican
green nonkey (%gngt%ﬁrr%p?’?sﬁ%gg}équgftié?so*’%é;b? C%ﬁ%@r%ﬁ%‘%ﬁﬁ (fnu%(%%ppéif mfgﬁé’icell

i nes, plated &t vBalvediob Krelkksnpethew|deletbn Br tieldV-pd dirbsd vavssrecthinédct ed
with 100 pasticles.per.,cel|l of each of 30the El-deleted . and wild type
adenovi r usggs. A gﬁgaaﬁr}iadi‘1gg}%’gﬁr‘%mﬁgﬁa{‘?%gﬁtﬁgF‘é’#te(rﬁﬁ’l“)‘fﬁOf ﬁ’@(}‘c&él I's and nedi um
wer e col | ect edpramdics ishjoecyeited io otder @eotyabems deéndvir@ezdeng. and t hawi ng
(frozen on dry ice -h_lo En‘i nutes, thawed in a 370C water bath -- 10

mnutes) to |yse tHEOUR Gereprpinuiliple Ways i astyst WeB ¥EsFe & SHP#NE ect i ous
virus in the fiugneseeRicpé OTusIcHRidtviaRrdor %@ﬁa@u\é ifgerdRBQNA BRGN Gall JG et
al . Rescue and_production_of vgcci ne and therapeutic adenovirus vectors
expressi ng i nhiBPYet Yy Fanafksiatas zenope e SPLOREB colisds e vigd particle2007)

PubMed PMLEh 1765279Q genddPrik@iit & Saife th&lirdbeotorNONGhesaH8RQHaNYS vacci ne
vectors based on the enteric-tropic
outlined in Fig. 3, or minor variants of it. Using standard molecular biclogy

techniques known in the art, a shuttle plasmid is constructed which comprises the
viral ITR (stippled boxes), packaging signal {'¥), an expression cassette that
replaces the E1 region, and pIX sequences, which are followed by the viral right
25 ITR. The expression cassetie in this example is comprised of the CMV promoter
{(arrow), open reading frame {orf) and SV40 polyadenylation signal (SV}. The
orientation and composition of the expression casseite is illustrative and not
intended to be limiting. The plasmid preferably contains a low copy number
bacterial origin of replication, such as plS5, although other origins of replication
30 can also be used. Inclusion of a gene that provides resistance to an antibiotic such
as kanamycein (Kan r), for example, is useful to select for bacteria that harbor the

plasmid. To construct the adenovirus vector genome, the remainder of the viral
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serotype 41. Vaccine 25(11):2074-84 (2007), Epub 2006 Nov 28. PubMecl PM D:
17250935, Publvied Central PMCID:. PMC2584667. There were high titers of
viral progoenyias7i4Be | ysates generated from cel |l s i nf ecP€e/isael/osiver wil d
type viruses (Table 2); thus the cell cultures were perm ssive to the

si m an adenoviruses. 10inportantly, there were no progeny virions detected
i n the |ysat es géram frdve pBetal right RHfeis clededuntohthe ftesttiel piaieiicébﬁhbmdi@g'eam

adenovi r uses, cgab%at:é’hs Si%yac&qggﬂ sh& af‘E Ir?(%:gm %f%‘ti%n %%Tmé)f% 395‘8‘}9”% gic 3 FFU M

(m ni num of 5 per- i crosc Bulture
wel |, and undi Bﬁi‘@d alwam&%}muﬁmfpmm Srﬁihﬁg effthd dhetivptdspidnetiited sithahi eved

vm'theachserot e of wild type Mirus.to e nti | limt shows

15r educed repl F%@PF@%ﬁSvﬁ\%@t@ﬁ\W%ﬁﬁ%@%r@g&ﬁ%ﬂfdgﬁﬁ 3f Q%)?”r H.f%gé'ﬁég ESBIMSAVI | by
at | east a Bactds peferdtle R66ve ANchsiaD bﬁ&v&&nw%ﬁéach easikeritht @gstr;] mdhrﬁghltS 133. In
addi tion, ther 0 Q in we ected wth the |ysates
fromthe null &&éﬁg?ﬁ?‘g@“té%mgmf Yifah ggno %W?ﬁ’&"‘r}t“ﬁ‘é‘“& hyiPEiS#t to the
limt of detecChidoubmbihblls/knbiva in thOMTRAGEERNMHE badehie: mﬂh@uﬁhéd ters achieved
wi th each serotype of wild type virus 20to.the detectlon limt establishes

reduced replic ‘WBYF Usyregor %P@F ipfludngregirigiipn digpsh pRlymegrase Ay roas§ox 107 f or
SAV7, SAV1l, apeCiBAMKHON E\Q%h%ﬁ&hg’ edie)’;ucnlﬁ%'b?ﬁl@ Ktal ge@@n ?én@f@@:}@rgﬁg Oy ruses

with the El-deletions were replication-deficient. Gener at1 on of

viral progéfly Pemer fnfurthyr confggeshe identityiof the adermvimgs f%nﬁﬁﬁiy- @hehpi 96 hpi
following hexon sequences was used to further confirm the identities of the
adenoviruses and their derivatives: SV-1 (SEQ ID NO:22); SV-7 (SEQ 1D NO:23);
SV-11 (SEQ ID NO:24); SV-16 (SEQ ID NO:25); 8V-18 (SEQ ID NQ:26); SV-38
{SEQ ID NO:27); SV-39 (SEQ ID NO:28). Once the viral vector genome has been
15 identified, the plasmid is used to transform a Rec™ bacterial strain such as DH10B
from which the plasmid is amplified and purified.

Next, the second step, the conversion {rescue) of infectious virus from the
genomic plasmids, was conducted as follows., Genomic plasmids were digested
with a restriction enzyme to release both ITRs from the plasmid backbone, purified

23 by phenol:chloroform:isoamy! alcohol extraction and ethanol precipitation, and
resuspended in 10 mM Tris, | mM EDTA, pH 8.0. The 293-0ORF6 cell line, ~1.5x
105 cells per 60 mm plate, were then transfected with 5 ug of the digested plasmid
with Polyfect reagent (Qiagen). Five days post-transfection the cells were
harvested, subjected to three freeze-thaw cycles, and the cell lysate was passaged

25  ooto fresh cells. Cell~virus lysate was serial passaged in this manner at three to
five day intervals until full cytopathic effect (c.p.e.) was chserved. Purified
adenovirus stocks were generated from infected cells as described in Gall JG, et al.
Rescue and production of vaccine and therapeutic adenovirus vectors expressing
inhibitory transgenes. Mol Biotechnol 35(3):263-73 (2007), PubMed PMID:

30 17652790, In brief, infected cells were collected and the culture medium
discarded. The cells were lysed in 25 mM Tris pH 7.5, 75 mM NaCl, 5 mM MgCl

buffer by three freeze/thaw cycles and treated with Benzonase® at 100 units/mL
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SAV7 null 0000 SAN | | null 00 O O SAV16 null 0 0 0 O SAV7 W 2. 5E+08

3. 7E+08 2. 7TE+07 4. 9E+08
WO 2011/057248 PCT/US2010/055991

10

15

20

25

30

overnight at room temperature. Cesium chloride isopyenic gradient centrifugation
was performed and total particle unit titer was determined by absorbance at 260 nm
as described in Mittereder, N, et al., Evaluation of the concentration and
bicactivity of adenovirus vectors for gene therapy. J. Virol 70:7498-7509 (1996).
The active particle titers were determined in the fluorescent focus unit (FFU) assay
with the Ad2 hexon antibody as described in Gall JG, et al. Rescue and production
of vaccine and therapeutic adenovirus vectors expressing inhibitory transgenes.
Mol Biotechnol. 35(3):263-73 (2007), PubMed PMID: 17652790.; and Lemiale F,
et al., Novel adenovirus vaccine vectors based on the enteric-tropic serotype 41.
Vaccine 25(11):2074-84 (2007}, Epub 2006 Nov 28. PubMed PMID: 17250935,
PubMed Central PMCID: PMC2584667. The viral preparations are of high
quality with an average ratio of total particles to infectious particles 0f 49 +/- 23
{n=6) and high yields, with up to 37,000 particles per cell post-purification. The
identity of each virus was confirmed by partial DNA sequencing and diagnostic
PCR. The functionality of the expression cassette was confirmed by Western blot
analysis.

The identity of the viral sequences used to make the rescue shuttle plasmids
described herein and in Fig. 3 are shown below, All sequences are given in left to
right orientation of the standard viral genome. In the standard viral genome the Bl
region is on the left hand end of the viral genome. The sequence comprising the
left hand ITR, packaging signal but devoid of the complete Ela promoter is called
“Left hand sequence.” The sequence used for homologous recombination in the
pIX region is called “pIX region sequence.” The sequence that is comprised of
part of the right ITR that is used for homologous recombination is called “Right
sequence.” All sequences are given in the standard 5° to 3 direction.

SV-1: Left hand sequence: (SEQ 1D NO:1); pIX region sequence: (SEQ ID
NQO:2); Right sequence: (SEQ ID NG:3).

SY-7: Left hand sequence: (SEQ ID NO:4); pIX region sequence: (SEQ
ID NO:5}; Right sequence: (SEQ ID NO:6).

S5¥-11: Left hand sequence: (SEQ ID NG:7); pIX region sequence: (SEQ
1D NO:8); Right sequence: (SEQ ID NG:9).
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SAV11 WI 2. 6E+08 n.d.* 1.9E+08 n.d. SAV16 WI 5. 7E+06 1. 3E+08 2. OE+06

5.0E+06 * n.d. - not done. 43
WO 2011/057248 PCT/US2010/055991

SV-16: Left hand sequence: (SEQ ID NOG:10); pIX region sequence: (SEQ
ID NO:11); Right sequence: (SEQ ID NG:12).
SV-18: Left hand sequence: (SEQ ID NO:13); pIX region sequence: (SEQ
D NO:14); Right sequence: (SEQ ID NOG:13).
5 SV-38: Left hand sequence: (SEQ ID NO:16); pIX region sequence: (SEQ
ID NO:17); Right sequence: (SEQ ID NG:18).
S5V-39: Left hand sequence: (SEQ I NO:19); pIX region sequence: (SEQ
ID NO:203; Right sequence: (SEQ D NO:21).

10 EXAMPLE 4
This example demonstrates that monkey adenoviruses with deletion of Bl
region sequences are replication-deficient.
El-deletions were engineered into the monkey adenoviruses SAV7,

SAVI1I, and SAV16, as described in Example 3. The El-deletions were designed

15 toremove the promoter of E14, the entirety of the E1A coding region, the E1B
promoter, the E1B 21K protein homolog coding region, and the majority of the 5’
end of the E1B 33K homolog coding region. Additionally, an expression cassette,
as described in Example 3 and Gall JG, et al., Rescue and production of vaccine
and therapeutic adenovirus vectors expressing inhibitory transgenes. Mol

20 Biotechnol 35(3):263-73 (2007), PubMed PMID: 17652790, without an encoded
protein product was inserted into the location of the E1 deletion. To determine if
the removal of these sequences changed the replication of the viruses, monkey
cells were infected with the viruses and the infectious viral progeny were
measured. Two cell lines both of monkey origin were used, and were

25 recommended for progagation of the monkey adenoviruses by the vendor (ATCC).
The LLC-MK2 cell line is a kidney line from rhesus macaque (Macaca mullata),
and the BSC-1 cell line is a kidney line from African green monkey
{Cercopithecus aethiops). Adherent cultures of the cell lines, plated at 3 x 10°
cells per well of 6-well plates, were infected with 100 particles per cell of each of

30 the El-deleted and wild type adenoviruses. At 72 and 96 hours post-infection
(hpi}, the cells and medium were collected and subjected to three cycles of freezing

and thawing (frozen on dry ice ~ 10 minutes, thawed in a 37° C water bath ~ 10
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Al'l references, including publications, patent applications, and patents,

cited herein are hereby incorporated by reference to the sane extent as if
each ref evoros/068248 | ndi vi dual ly and specifically indi cRCEQSe@0/085991

i ncorporated by 5reference and were set thrth in its entirety herein. The
use of the terns "a" and "an" and "the" and simlar referents in the

cont ext of deseorimbbishey tyieaht calienThorli(lespe eical dsyaybdfcr hdewiont Exts tofhet he

foll owi ng clai are to be. st rued t.o cover b t he.singul ar and the
bural ont eas RRER Ll RN PN SR caR 0, D KB by
context. The t erodsctib'of enpink ahditherapdibaviagyitus VetiotsusthReksiie i@Rdidrgont ai ni ng”

are to be construed as, open- ended.ter | . E. an.ng. "I in but not
linited to,") ﬁiFsgij‘fs’d‘f{WgEW%gng?é}éiﬁggé&Oﬁ ¥ 8}%%?(?#@%@39&%3#%\9}% s herein
are nerely §nteadnet I, e: seie:ladeviRortiiandciRd hael @f e ehieidirfige
individually to each sgpar at e e_ran unl ess

i ,_V%| §e falling within th ge,
ot herwi se i ndi Eﬁftéﬁe‘ﬁie i ShH %g%@ﬁg?)a}tg@}vé)ﬁﬁ@@%zgipﬁ@' ?ﬁgfﬁ‘/gpéd into
the 15specifi catisomagubiied Lol BMOND! Phattdkdas 7! eakt edrdasiekds ofl | et hods
descri bed herein can be perfornmed in any suitable order unless otherw se

i ndi cat ed her eV¥plrosstnirihs Yeakes seagniyd Epmcebuintoried Wi thowierps Vises use of

any and all exagmples, m@ th@é&f%llﬁ{&’wjeé%ﬂﬁgﬁve(ﬁi& simiaf Yedho@Susks, Pr OVi ded
herein, is intended nerely to better illumnate the I1nvention and does not

pose a |i il at inenprigntly, Merseepac ofosemevidoismipened ontbabisdssion Heralise cl ai ned,
No | anguage i Nl SRBCHE E?—@EE@QP S?’%%i}}&gnﬁ%&£ N3k %&fgfﬁfsqda&ﬂ%&ﬁtﬂnﬁg any

non-cl ai med el enent as essentia e practice eI nvention.
Preferred enbodi#eid5s38fS Fhl'd nilnieininivonoldy cides pridripedpin&eldi Hi13ifiskks udi ng t he
best node knowp, t ' for Y t inventiop. Variations
of 25t hose pr ‘é‘@gg?ﬁé& g‘ﬁ%‘%ﬁ?%@ﬁ[‘@‘%&? E%’%%%ﬁ%&g%%géngﬁ? %t@c‘)"n T %%ﬂé%% * ordi nary
skill in the asthiarpdwith eadismgtyiphef fdd agoivings td@scriapdhbm. inTihghobavent or s

expect skilled grti.sans to eq such varjati 1S .appropriate, and the

i nventors :lilht end" Srrﬁaiiﬁgkﬁnﬁ}\%gg’tl@é%ﬁ a?%a%é’ Ao ?@3%?8? ﬁgg\}\}) E%&ﬁﬁ‘ﬁhd as

speci fically deserbeddseselafSAALE O dl BEE ¥ factddios 51 MY @nbdddibn, meteudes al |

modi fications and equi.val ents of the subject matter recited in 30the clains
appended heret%erf;{é‘og%‘:ri el 1%?“%51%?&5%34‘%ﬂf@ﬁﬁia“eﬁ/gﬁo%g%??i?‘ﬁﬁ&? conbi nati on
of the above- desetibBetnabaoRatg thdasddl M@ eshbliginvanddbansrtiheneof is

enconpassed by_the jnvention unless otherw se indicated herein or othenvise
clearly contr a(a?reyaéamb?/tt HmEEgum titers achieved with each serotype of wild type virus

20 1o the detection limit establishes reduced replication by a factor of 9.8 x 107, 52 x
107, and 2.6 x 10 for SAV7, SAVLI, and SAV16, respectively. Therefore, the

simian adenoviruses with the El-deletions were replication-deficient.

Table 2. Generation of viral progeny (FFU/mL).

BSC-1 LLC-ME2
Virus 72 hpi 96 hpi 72 hpi 96 hpi
SAVT null ¢ { 0 ¢
SAVIE null 0 0 0 0
SAVIG nuil 0 0 0 0
SAVT WT 2.5E+08 3.7E+H08 2. 78+07 4.9E+08
SAVII WT 2.6E+08 n.d.¥ 1.9E+08 n.d.
SAVIS WT 57806 1.3E+08 2.0E+06 5.0E+06

* n.d. = not done.
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VE CLAI M 1. A nethod of propagating a nonkey adenovirus, which

nmet hod conpri ses contacting a cell with the nonkey adenovirus, wherein the
cell exprwo=es/&738ne product encoded by one or both of PCHAISENA08#g]I on and
the E1B 5region, and a gene product encoded by a portion of the E4 region
consisting essentially of E4 ORF6, of a human adenovirus, whereby the
nonkey adenovirus is propagated in the cell. 2. The nethod of claim

1, wherein the hunagjageRAdsr uH@lucﬁaﬁ &aﬁt@ﬁ%ﬁ§%a&x%ﬂ%ﬂ@&’&ewﬁaﬁéﬁ% 103. The
met hod of claim?2, wherein t Eflono he region is E4 012176.

4. The nethod sfeddiesingrs hemhﬁernéﬁarﬁmtaﬁ:é bzzéﬁrfﬁreﬁ@ t@tﬁﬁljﬁlﬁﬁﬁﬁ@ﬂlds if each 5. The
met hod of cl ai pedendtheke] n@w?&ﬁ%ii}p%ldlspééﬁﬁi PRIGARS (G B tnc ‘%emé’%%c 6 cell.

156. The nmet hod of any one o el n t enovirus is
repl i cati ons defdfereragtand Wemkset et Froies cofircts leirein.6, wher el n the monkey

adenovi rus requi resT]%O{gglog{ﬂg%ﬁ% ?%éiggdg%ﬁda{he ngr{d Hgtiartﬁ]};}gregts i tli}ggl on, the

ElIB region, and the E4 region o enovi r al propagati on.
208. The et hodcotfext badaserhingvhe invemticniespoosikyay ﬂ&d;emaxndfwﬁﬁa folbowping Ses a

et crency . 11yl SRl RS S SRSkl bR RaRL Lo 11
monkey adenovi Dﬂh@rﬂawmsﬁ}e&ammn bsesarly cdetddbiteitgycobRxd, @ek@meegi on of the
?‘rg,? Eg\él ral igengu%?npn%igé,g “ﬁ\avm mci&Lr@ ( Or%qggzgt!ugga g@arg?c? E{te omg'tgu?e %}.{ !:rprelgf whi ch
ended terms (i.e., meaning “including, but not limited to0,”) unless otherwise noted.
Recitation of ranges of values herein are merely intended to serve as a shorthand
method of referring individually to each separate value falling within the range,
uniess otherwise indicated herein, and each separate value is incorporated into the
15 specification as if it were individually recited herein. All methods described herein
can be performed in any suitable order uniess otherwise indicated herein or
otherwise clearly contradicted by context. The use of any and all examples, or
exemplary language (¢.g., “such as”) provided herein, is intended merely to better
illuminate the invention and does not pose a limitation on the scope of the
26 invention unless otherwise claimed. No language in the specification should be
construed as indicating any non-claimed clement as essential to the practice of the
invention.
Preferred embodiments of this invention are described herein, including the
best mode known to the inventors for carrying out the invention. Variations of
25 those preferred embodiments may become apparent to those of ordinary skill in the
art upon reading the foregoing description. The inventors expect skilled artisans to
employ such variations as appropriate, and the inventors intend for the invention to
be practiced otherwise than as specifically described herein. Accordingly, this
invention includes all modifications and equivalents of the subject matter recited in
30 the claims appended hereto as permitted by applicable law. Moreover, any

combination of the above-described elements in all possible variations thereof is
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conprises contacting a cell with the nonkey adenovirus, wherein the nonkey
46 adenovirus conprises a nucleic acid sequence encodi ng one or nore gene
product s WD 2a113m#” adenovi rus, wherein the one or norePGEAS2p008i901 S
conprise a gene product encoded by a portion of the E4 region responsible
for alleviating or overcom ng host replication block in human cells, which
portion consi stscegssent balhk ymwefitibdnGRiFGheraid inddexeliyreither atismkiy adenovi rus
i s propagated i@mﬁh&>?%ﬁ&%ﬂ;w@n 1. The nethod of claim 10, wherein the
nonkey adenovi?us3bo§6r|sgs BRI ei ¢ acid sequence encodi ng a species C
human adenovirus gene product. 12. The method of claim 11, wherein
the one or nore gene products 10 conprise a gene product encoded by one or
both of the E I A region and the EIB region of a human adenovi rus. 13.
The met hod of claim 12, wherein the portion of the E4 region is E4 ORF6.

14. The method of claim 13, wherein the cell is a human cell. 1515. The

met hod of claim 14, wherein the cell is a HEK-293 cell or a PerC. 6 cell
16. The method of any one of clains 10-15, wherein the nonkey adenovirus is
replication-deficient. 17. The method of claim 16, wherein the

nonkey adenovirus requires 10 conpl enentation of one or nore of the El A
region, the E1B region, and the E4 region of the adenoviral genone for

pr opagati on. 18. The method of claim 17, wherein the nonkey
adenovirus conprises a deficiency in the El region and a deficiency in at

| east a portion of the E4 region of the adenoviral genone. 2519. The net hod
of claim 18, wherein the nonkey adenovirus further conprises a deficiency
in the E3 region of the adenoviral genone.
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WE CLAIM:

i A method of propagating a monkey adenovirus, which method
comprises contacting a cell with the monkey adenovirus, wherein the ceil
expresses a gene product encoded by one or both of the E1A region and the E1B
region, and a gene product encoded by a portion of the B4 region consisting
essentially of E4 ORF$, of a human adenovirus, whereby the monkey adenovirus

is propagated in the cell.

2. The method of claim 1, wherein the human adenovirus is a species

C human adenovirus.

3. The method of claim 2, wherein the portion of the E4 region is E4
ORFs.

4. The method of claim 3, wherein the cell is a human cell.

3. The method of claim 4, wherein the cell is a HEK-293 celior a
Per(C.6 cell.

6. The method of any one of claims 1-5, wherein the monkey

adenovirus is replication-deficient.

7. The method of claim 6, wherein the monkey adenovirus requires
complementation of one or more of the E1A region, the E1B region, and the E4

region of the adenoviral genome for propagation.

&. The method of claim 7, wherein the monkey adenovirus comprises a
deficiency in the El region and a deficiency in at least a portion of the E4 region of

the adenoviral genome,

9. The method of claim §, wherein the monkey adenovirus further

comprises a deficiency in the E3 region of the adenoviral genome.

10. A method of propagating a monkey adenovirus, which method
comprises contacting a cell with the monkey adenovirus, wherein the monkey
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adenovirus comprises a nucleic acid sequence encoding one or more gene products
of a human adenovirus, wherein the one or more gene products comprise a gene
product encoded by a portion of the E4 region responsible for alleviating or
overcoming host replication block in human cells, which portion consists

essentially of E4 ORFS6, and whereby the monkey adenovirus is propagated in the

L

cell.

11. The method of claim 10, wherein the monkey adenovirus comprises

a nucleic acid sequence encoding a species C human adenovirus gene product.

12, The method of claim 11, wherein the one or more gene products
10 comprise a gene product encoded by one or both of the E1A region and the E1B

region of a human adenovirus.

13, The method of claim 12, wherein the portion of the E4 region is E4
ORF6.

14. The method of claim 13, wherein the cell is a human cell.

15 5. The method of claim 14, wherein the cell isa HEK-293 cellora

Per(C.6 cell.

16.  The method of any one of claims 10-13, wherein the monkey

adenovirus is replication-deficient.

17.  The method of claim 16, wherein the monkey adenovirus requires
20 complementation of one or more of the E1A region, the EIB region, and the E4

region of the adenoviral genome for propagation.

18.  The method of claim 17, wherein the monkey adenovirus comprises
a deficiency in the E1 region and a deficiency in at least a portion of the E4 region

of the adenoviral genome.

25 19.  The method of claim 18§, wherein the monkey adenovirus further

comprises a deficiency in the E3 region of the adenoviral genome.



