Vectors for multiple gene expression This invention
relates to a reconbi nant vector engi neered for
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of interest which are obtained fromthe sanme organi sm

or fromclosely related organisns. This invention

relates to the field of reconbi nant nucleic acid

technol ogy for expressing nultiple nucleotide

sequences exhi biting honol ogy with each other, in

various prokaryoti ge@drikm@dsipRUdenkk@prF&sion Vitro

systens or in an aninmal or human subject for

t herapeutic or prophylactic purposes The present

: mﬂgtlﬁg rlh\‘?’en arétpreega:’fl%ﬁ f fgefégf ﬁlna{l{] r\}facbtgr fenglngeerﬁ? fﬁr independently

p@@k@bﬁglrﬁ@tlFemrdorla@se@euses%fbﬁdterm e¢iidhoas cbigad §0m the same

such as papillomavirus and hepatitis virus,

FIEHHET neth fropN&laselyh rrérteﬁwrg%gsmed@hlﬁtmps%rﬁ@rlbreéat% to the field of
u [ S r

ﬁ’é?@ﬁ&iaﬁ{ gl{rlagltrc] gﬁ% 1%%1%6\/ g§ﬁ fb:ln aegﬁfleg#ﬁ&n Vﬁﬁ.glie&m% sequences

vextitotisg lmmeloge evithgaoie bt dn amblslmd)lmyﬁdlcfas rweal asauk extyytic in vitro

of purposes, including vaccina ene t her -
i ﬁiﬁ%ﬁ@t%é? éﬁ)ﬁngﬁﬁ Q%%bﬁ%é"é]sgf“gﬁcf E%Prctg?rf‘ Ué’& %é%r?@g’){acm purposes. The
\{ﬁ‘g&‘ﬂf $n6ibn 35 RARAGM ﬁseﬁﬁnﬁil H{%Xﬁblﬁad)f YREURBelpY eespemally for

advantage to acconmiodate a | arge cloning capacity,
vmrdzahlngalrepreveanltlng)fpadxthgwlmgdmm icpused riycinéatipde organisms such as
Fnces in @ gg range of host cells. Expression of
tipreHuet Bghe lences may be advant ageous in
order to i nprove_t he therapeutlc ef fi cacy provi ded
the en%?fé?@g’p HF VISR iterdgology ghasc gigF nit n@osr%@)ﬁ% ral e%n%%rss nucleotide
Cs%h{léﬁc@ér ir] BIHRES ¥dst B BEtn Ilaﬁg RELU @gvé}'alp l%rﬁid' BXA and viral
reconbi nant vectors engi neered separately
evqotoes shagacbeonf gbrlmeatdcésandedmpiumdofqrde SEGUe mfe;aurposes including

woul d be advapt ageous to produce, a srn le re

VECTBRt 1°%tgePeeﬁ’§fa o PRETSraRL At SHleS 8&“ §PE‘H§B 85@5 Vectors such

I R04HcAL ALY aBBPoRVIMI- vebRis BXRMAL AdviMtidt foefREMInddRte a large cloning

papi | | omavirus infections, it would be of interest of

e@@pa@ss iwidh poteniid 9 ﬁrprem@pwbml@l aycleotaln ssquencas in a wide range of
er to broa

Pheol%lh Felg(:e}(/fl)r(ﬁg&% og{' M{fo rﬁmll;]cleotlgg 68 ences gglafivantargeous in order to

Slbl)qu@sﬁ‘d thatthérhﬁé(ltlefefff@dc ifbadédbg eid ém:%ded? p@lypé‘ﬂﬁ’i&eige .g. combining
HPV- 18. However, e nucl eoti de sequences enco

str}ahpralnmrrﬁaéw enlﬁémysae%@ﬁhere@alap@dﬁrlg& |a3p lyyakiy] Oégménbmant vectors
b 0 1
e S T Bl T e R Y i B U ATRIBrial RERCE 1 would be
PﬂﬂVﬁhtﬂg@Ou@ftO Gasduat ¢ bimghusicembindet Vevrel at newerd faliléste production
co rticul ar [eglons of very hi ghhonol ogy

%g %ﬁﬁﬁwpﬁﬁ? j eopar di ze expression of HPV-16

and HPV-18 genes froma single vector.
For example, with respect to papillomavirus infections, it would be of interest of

expressing immunogenic polypeptides from several papillomavirus genotypes, in order to
broaden or reinforce the host’s immune response especially in subject at risk of multiple
infections, e¢.g. HPV-16 and HPV-18. However, the nucleotide sequences encoding such
immunogenic polypeptides are highly homologous between related HPV genotypes. For
example, the HPV-16 E6 and HPV-18 E6 sequences which show an overall homology of

63% at the nucleotide level, nevertheless comprise particular regions of very high



Mor eover, when expressing pol ypeptides of vira
ori gi n, honol ogous nucl eoti de sequences nay al so arise

wo ecawarsdses overal | organi zati on of virus genonePCT/EP1088/051031

10

15

20

25

30

rather frequent that a virus use the sane nucl eotide

sequence to encode two different proteins through

bh'mhaigigy: béyomd e ivbimb rsaic feopardizateapreadion pbhPVal 6 emd HPV-18 genes
itiation or reading frame shifting, i.e. the same

s AUEERIOIHNA i s translated in nore than one reading

frame. For exggp in the HPV-16 g ? , .the adj ?cent

Bl andMEEOyEn QEICE EPTeaHNS PRI PSR e Off il QEgINWHPERIOgPES nucleotide

t [ [ I I e

sAgalce} Fin) Baf' iy HER ATPRY ey ' AR CEenome, 1t is rather

wirtduetrhihaf a veus 5iSe theclaewt muztmtldé st(tten&Qtogewede mmdi/ﬁﬁemnt proteins

ttgg)élgggtgoelgg%ﬁlgfalg% ol Ogg@l eglrl]zf etianépi &1?’1615 t10n i01r reading frame

eshpeiak aild. Ylledsldﬁierhgqﬁéﬂl@e YEDNK 1sptfé?1‘§lé€etd| iAMctt @RS, onk @MY frame. For
to | 0Ss of gene sequences due to reconbination events

tdxampts cior theeHRYe o tdesomonmthicogdinecns elliemdeE? gings overlap over 59

R R e e o GO
mh@@ﬂesﬂ(ﬁ&ha\m @BnEObridp pathent fiadt Y nlilastided oh HFTt 0GdS
reconbi nation events and ultimately to | oss of the
sequenggfc ke Ml §&§e&%taveﬁamsiago@ s@idnEed MOADIRARUS expected to
sequences. Such undesired honol ogous reconbi nation
elmnmelﬂm}ﬂ@ng@tmt@bﬁlmtﬁ@nmebbp delsm thg vePgr pepdantdon steps, leading to
}_lﬂ fggqql]ense See R .c aton Gve g&‘&l C rh tw. homologous
43 fiqlbln %ﬁ 't 0d ﬁ%‘%&%ﬂ I\/ee P8 that GERT BANSEDITS, g
epesicald. | Thuk Oexprenshiy HPVNiC AN dndiEd geddd fahd §1ng%5ﬂﬁ:€dr,mvolves the
W02/ 16636 propose to insert in the reconbi nant vect
t FESSHEds] ogdmnrn%n@étﬂqnd@f sy uesleaddasnwiishosould potentlally lead to

SHLTL BRI GEREEE, Oy ARDENDAL A0 Ayt Oal B oo

stigtwéegytheas 1demdr iH2e thdniblegrnestquences t Bustacwidesited homologous
virus, vector and not for ot her reconb|nant vectors
SigePMbi8atiote SYSH UBYS 2 00Pedy evhen KEPISH T JUMEO gl HPV-18 gene

Of gﬁéicgﬁnofh'e QBB e 0B I Fhi RstaBlid l\f\@ﬁﬁ)bﬁ’&ﬁ' Shib & dBUSct@ stock unusable,
I'e pronoter Interference ahd construction

copsdialyy for hufhecknica taalneed in the art for generating

reconbi nant vectors capabl e of expressing in a host

cel | dn SidpsptcthivDeD16686 pRpuSNaesnsoht iai medretdsmmn‘aﬂitevector the

same or fromclosely related organi sns, whjc

MRNQJREUS Mg leptide s SRS HPRPISYS %‘?Péfl‘tb)é‘o‘ﬁ’éh &‘ép@qt @ﬁ §ach other so as

Ttlaquc% SRNikdIYENbE %oﬁgg{aﬁéﬁ Eventd WS 4 tl+1|§‘ [s(tgeft%yo\g%@@escrlbed in

a novel strategy designed to mnimse t
ocfonhbcmonewnhbranahlaomnﬁs\/emt@r atal ned fer othgr edcblmdmmaot vectors such as
éh af th honol ogous nucl eoti de segquences. usi n

BRERES ?rep}ﬁf‘g HAFAngeEy AN PPASIES O Flat{on 1s o %t aR)vays possible

| &RsHPBRiNE 9%&11&8@%&1%’?&6@ aﬁwgdﬁstrﬁatdn%nmlﬁte not
altering or not altering significantly t

There is a need in the art for generating recornblnant vectors capable of expressing
in a host cell or subject nucleotide sequences obtained from the same or from closely
related organisms, which, in the native context, contains highly homologous portions. The
present invention addresses this need in providing a novel strategy designed to minimise
the likelihood of the recombination events, by altering either or both of the homologous

nucleotide sequences using the degeneracy of the genectic code to make them less



encoded ami no acid sequence. The present invention
permts to circunvent the del eterious effect of
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honol ogous sequences, especiall]y during vector
production steps and lead to the | oss of nucleotide
sleguEoges thunbabraemodilﬁcw{ectwhﬁe npt alkamgheemwt fahelrittg $igaitﬁcantly the
the vector. of t resen i nvention is.sur S
PFRtEl yBtng i e BURE. EeaREoEs PSR IFb R TR Eifggnvent the
Wi @BriduR dffagt Mdﬂ&o%&@trgéﬂrntﬁﬁﬁfo% tRatERBY LHAFBEQEEH the homologous
portion of 59 nucleotides and surprisingly stable
digaienges, h?@p@ﬁeﬁib'odurmgommru padeatiepsstepstandadsadakas theblesmof nucleotide
f %ﬁggnctgsh gotnltgnq edf lglec ) ?Qr/eélolftéla )%(%éﬁlgfgigg haE@eeV%tgcloggf {hg ﬁ)resent invention
Olbtsaﬂpﬁeﬁgfyf di‘fﬁctl{?@mc‘dx@ﬁe@blﬁg Felaal @2 gabVonk&iras %eﬂdE\J(rhlclﬁn the native
genotypes. This technical problemis solved
ToBexs isBrreot 10R% Bemseldicaenpertion ofep? Hugl qoﬁd‘fshéndz ISuipFigingly stable
r AP
ﬁ}gﬁl rtgg giﬁ%tgf h{;}g&% ﬁgésl IIt l%a%agls%r ge:égﬁf{ag?(?gl%{?‘mez%‘?orod‘f the present
fmivdamwinng simlammgjylaffecm% ih exmm@ﬂ@mﬂr Ef/ eganed obtained from the
%}nggnf Ef ﬂ?e |nv ntion. These enbodi nents are
HEV, Tlgoge%‘in%ﬁJre Accordingly, in a

flrst aspect, the present invention provides a vector
conprising at least a first nucleic acid nolecul e
encoding a first polypeptide and a second nucleic acid
rml ecul'les &asboigilngroblegeis sntycp dlyytpe praveeombetheiombodanents as defined

rst .and second nucl eic acid nol ecul es are obtai ned

§€e@?$®%ly froma first and second native nucleic

aC|d ue ich exhibit a centa honol .0
of app @lﬂf ﬁ%{f M%W%? 6q,t1érg§ ép(? P%%qtagégg%@g present 1n\93/nt10n will be

PRphicAn i8fn 1 B[lo@ﬁfgedé%%tidﬁugpﬁle%ieﬁﬂﬁl ﬁ@t‘érre@%ﬂlbbdlments of the
said first nucleic acid nol ecule and/or” said second

noe¢rgion. Aledsd embbdiondnts aro gpyeh $&dhé¢ purphss ofaleschrsuies

nodi fied so as to reduce said percentage of honol ogy
to less than 75% As used herein throughout the entire
application, the terns "a" and "an" are used in the

sense A&T@‘iﬂlh@l@)’lﬂ% fifst aﬁ}iec’[ eﬁébre@ﬁﬁ invehéibn lp@Rsdesa vector comprising
first", "one or nore" urality"of the

radflerse Acuat ew% @ﬁl&sme}ecglﬁ eeagodl&& |aefér§t Pﬂ@p%ﬁﬁ @l a sccond nucleic

L ! e
e SR e% o S R e A
|t Es{ 3823 §%£ fir EHEE? ﬁ%%dé, %{'1%11818 BIE r\rlllgﬂec Sg grﬁg(ﬁtam?d reﬁglectlvely from a

ot her contisnaid @ieoed nithe el atia SEQUBRES! \eldlcbyexlslaitch percentage of
ternf. For exanple, "the first nucleic acid nolecule
and/ or t heomalegnel %RPé?’@ﬂ@t%b3Q%rﬂ§lgé€ﬁ§¢réhalh’%%ﬁso"?hé portion of 40 or

first more continuous nucleotides, and

- said first nucleic acid molecule and/or said second nucleic acid molecule
comprised in the vector is modified so as to reduce said percentage of

homology to less than 75%.

(13 ”

As used herein throughout the entire application, the terms and “an” are used

EE 1Y 2% e

in the sense that they mean “at least one”, “at least a first”, “one or more” or “a plurality”



nucl ei ¢ acid nol ecul e, or the second nucleic acid
nmol ecul e or both the first and the second nucleic acid
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herein neans within 5% prefeuably within 4% and nore
preferably within 2% of a given value or range. As
usfatie heferenced OMremuuM stapsdeflessehpemdiext tdstates otherwise. For example,

R BBkt 0 HECL RAP o OB OMBLSMIE SR MRS anc

nethods i nclyde the referenced conp or step Y e
but notheelRER aRHE ot harer uS%%e;P@tlpﬂageé %mqaallngﬁ fnd”, “or” and

shal dr 4 Hg%ﬁle%%yi%ﬁ&n ot fig rel&ﬁéﬁ%%%ﬁéc%ec%y stigRsmef F&Bkample, “the
essent | significance. Thus, a conposition consisting
effisentélaicl acidfmdlbaile eand/be dhe sﬂpodl enckiovact dnolgtule” means the first
exc ude trac contan1nants and, phar.nmac Etlcal

G gﬁllderne }1 epg the. éiﬁ‘?gﬁi é}tulch: a¢1d JRQ Fulﬁéﬁ lXoth the first and the

egégd,ﬂgjﬁd&gmml@dolp@metsrace el enents of other conponents
or steps. For exanple, a polypeptide "consists of an

am no Al @y eaLsre &r A’%)g Kif&eRP X RE Rt h Qinqﬂ&ﬁs W‘?{hgl 5%, preferably

contai n any am no aci ut the recited am no aci

setuerdés.and npot préphblgevithtn A% stasgiesserttd @l thygoof an

am no acid sequence when such an am no aci d sequence

is pr eﬁﬁmedﬂﬁm RettenWisé dhtooddfivie prddeidtspetahhdsnivak agdringthods, the term

acid residues, typically fromabout 1 to about 50 or

SGORREPNE owam%@l tgacan that Shg prodpsts.gempegitprs @ddmetheds include the
[ n G ;

B R O Rl o AR b R FCBAGR L cBentialy of

pehlal) pe@tni deludsyc bthar poﬂnp@tmntﬂ dlestepm ohawye csschigal significance. Thus, a

several . hundred additj. aci ds residues,, Such
o bioh Coahe et Seventi Bop b B ARST P RpbSkpREidy ot trelude trace

PInYRER S Sarldr @ﬁérhﬁkémau;t %béﬂt&tﬁ& ecamérype@sﬁs@s%mg of” shall mean
production or purification; prolong hal fe, anong

oﬁmbxdntgh rrrmgjs thaihéragarﬁem@ms ¢ cthe p@dpcﬁ@ntsnutls@cpsl ter example, a

PRSIV gt srUBEi el B o firpa 8 ot contin

faﬂysdmlaa dcigle aNthe Reilciatnins héld RBdREEY. €S pbI§péptiteStoms@dtd essentially
or subject. The vector may be extrachronosomal

e’ 98rE)ing pcidricagnae wign CRet ameminy adié SepsReR @da(rﬁs{wbtogether with
t&ﬁy hog tw 39&19 A T fig ac?cf@e%gﬁlgguﬂg%al?f%l g %{)&ﬂgl Q8 about 50 or so
e-'stranaed or

ow cop dou
sadaigioelalstersﬂlnelﬁdx p@l@bqﬂld@r“compnhax ad amihd a@ti hediuence when the amino
nmol ecul es vectors mpl exed with lip

or ,
p%ﬂl%?éhu%nqeds 1agleﬁ$t;i>érttqfém Bndl acning @ rsegucaaE H?g{@e polypeptide. Such a
p%%gggé can Pl W % Q@%Pa@ g\{ldh%h S ditibid L %ﬁ? IaCIdS residues. Such

in a viral p5|d vectors I mmo
ontd@tiomel |ad111pha81(€l mrdms: Inexy, pkayca JroleThmepalgpemidei waffioking, facilitate

the ter. tor" al so.enco es ors that have
SRR Pk ten af PEAP T ERepeRrEaa iR ofhsr Jines. The same
htHeCaﬁébﬁéd ﬁ?%ﬁcl@&ide seefue%@@sr acteristic feature of
targeted vectors is the presence at their surface of a

I gandag ysed herein, a "vector" may be any agent capable of delivering and expressing
at least the first and second nucleic acid molecules in a host cell or subject. The vector
may be extrachromosomal (e.g. episome) or integrating (for being incorporated into the
host chromosomes), autonomously replicating or not, multi or low copy, double-stranded
or single-stranded, naked or complexed with other molecules (e.g. vectors complexed

with lipids or polymers to form particulate structures such as liposomes, lipoplexes or



capabl e of recognizing and binding to a cellular and
surface-exposed conponent such as a cell-specific

woreookassefe. g. an HPV-infected cell), a tissue-BEEEPIN®051031
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marker or a tunorspecific marker. The |igand can be
genetically inserted into a pol ypeptide present on the
snmbparécle$, vduveory patloged en g viadecnpvidr ahd fvietters, inpeabibipgd onto solid

pl. X as describ i n 4/ 10323 and 2/9 939 or

e R R e Il ier SCAR SRR e e lpgpses vectors that
17k - bWt MhUifiete 16 ORI preferéhifal pﬁa%%ﬁﬁ% fon\ie phttRBlar LRGt cell. A
terns "nucleic acid" ‘nucl ei ¢ aci ecul e'

%@Wt@y@n@cﬂm@l@ O%tﬁdgﬂﬂhcﬂe@t@t& tteths copasanee at gheir gurfece of a ligand

| na{pffli ;grgll § g gnui Ig2t§ ta,acg fa{ miurfalcg ré)(pols 8rgpool{ent such as a

p@’lllysfpbhﬁﬁ ugheot (ed@SaI( R -infedted yties aOflssaéL);p@o@fﬁdJ infbaltdrodt a tumor-

thereof. The definition enconpasses sing

gwesifie _rgqr}(%{n deg hgim(h% begenstipally igperted 1nt0 a polypeptlde present on the

@EME@M %e%&ﬂf{) g%d‘@ﬁ Vw%g b&n bR gﬂ%‘é!d%?&ib@&%n W094/10323 and
reover, suc hucl'eot 1 des may ‘conpri se

NWO0246982 bt yacmmmpm pencmuedueobd dssritfed. ig EPnel 4ty 1 240 ed

nucl eoti des and nucl eoti de anal ogs such as those

descriWwadid the Untdxttho/dredent WS chAtionl the Bl AfuckRPac3®2 “nucleic acid

175@ as_well as chenica modi fi cati ons (e.g. see WO

8565, “nobymicipotide g Tyclentider sequenicac reagecd Hucichangeably and
Y S a e

disfochy Bplyctef B 4D 184 20, 8P p0RERSHclRlcotdes ONA) or
tﬁt&yﬂﬂﬁﬁmc&dﬁﬂl@C(RNAﬁ mbk.%:&l’es ommady f caabinatien n’ﬂ@tedsfe The definition

nparted before or fter yneri zat i The terns
PIRRET BB or SR alan il B B BTGV P AR Bg AT yntheti

| HIeheRaRgsa %&e&&brr ﬁfcﬁrpoﬁﬁm@%’oﬁ&'&rﬁa@fcoﬁ?lﬁpn@? hgurally occurring

resi dues which conprise 9 or nore amno a bonded
vile lqoaipes @es. bwﬁd&atedl' hm:lqmidysrmd mateobide hnalegy such paithobedescribed in

Ogg%xﬁglél I‘ldtg 4nﬂ$ 9%3 %ﬁ’eA g(iﬁ H;)Ll)s | g eatrgh gpgmedlﬁcatlons (e.g. see

sivey R0 IS £ 1 T8tk bRl Yo RefHSd thB%h {R6MabAity Bf the nucleic acid,
stereoi somers and may i ncl ude am no aci ds ot her”than

t¢phang the dﬁmrmﬁmemog drycdyse thrordlepganegirafo fmen the, hosmlhj cgt If present,
rnocil?‘lsa -O% %Qa e & gefnre or arfte{reotlhrlnor%art]%ns U| f OXI de
m No 5C|éé ? 31 Brie ol Hore aﬁpha an1no
alpha r box e,gha
mer hy e Ghy TooTiRs 3 Bty Gid By rBR SR e iErehangeably
| tbkl%fer% ﬁol?@@@r@ﬁ allnﬁf(i)l §ad 100 dudsf whidR RMpRe 3)3 lofl more amino acids
ymer i's nore than 50 am no acid

po .
rlwnddqij &) peptidle %gncbr éhepabymyer ccah be rh@dal“t braaghedl or cyclic. In the context
e e or.a \ cons
R RtiBar b o PR 0L 8 mg et iSRG 5 Py feregjsomens tne
afdtin@lpetdSrih@ fdren oF D sttidofkbReBARL &xdy iElull®8mino acids other than the
i nventi on, tide preferably conprises asel ected
r%Qg.ceﬁmaﬁn @aWa%lﬁ'r APPYLIBE cURINP nepidsor susht py dhetplrdering, omithine, or

CnSthichihe W‘?&e rHr anqu]ng tg#olaﬁ{e%og GRQt bAg aﬁ)’ﬂa amino, alpha-

epl t ope. fm "polypepti ef1 ned herei

enacloRyhssesideathhire @, Wl hpgaidagediof | @dncethyl, formyl, acetyl, glycosyl,
phosphoryl, and the like. As a general indication, if the amino acid polymer is long (e.g.
more than 50 amino acid residues), it is preferably referred to as a polypeptide or a

protein. By way of consequence, a "peptide” refers to a fragment of about 9 to about 50

amino acids in length. In the context of the invention, a peptide preferably comprises a



pol ypeptides. The term "native" as used herein refers
to a material recovered froma source in nature as
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altered by man in the | aborat oﬁ[jy. For exanple, a
native pol ypeptide is encoded by a gene that is
pseksmdtreginn bfie ngandlyscshirragupt thtivgpprotaigang. smimmunegénic fragment
B% Ft a nodi fied pol ypeptide is encoded by a
gt @ %?’r'}gﬁﬁleB M that has been nodified in the
Lgr’s;aty?qr%gg Qgg]%pélgyigl A% gé p{erg rgreélgg@.‘tnoi%%):ﬁl\s/s(eﬁs native as well as modified
Sﬂﬁggﬁe:q{lﬁés' %eotfeﬂﬂn%ame”n%r Eseﬁnﬂerllélnat% Ve\gs( %9 a0ha®AY recovered from a
conbi hati on of these possibilities en severa
rm)diro‘el ipatatonss @ﬂlncbﬁbmnqnhmleldamﬁheyy ceadifiahoenrkered by man in the
gsecutl e residues and/@ consegg{jtve reS|h%1 h
108% T&F RBP'E; €485 6nk ype@ £ ShigicqeetibY,g g that is present in the

PERS B tofl W B RO rERMsth &% Wk Hl. Bg cBhttRF at hedified pbR®eptide is encoded
bi ol ogi cal act|V|t¥ exhi bited by the native
e

plm ypeplmcop@ld melago atbatdmthﬁ;am mpdéfiagl intthe ddbofageryssogisvterdliffer from
act|

Trigths Pairial b¥ B Tnesfinrs ROkt POTbAh' dfoey s gore amino

aqst(ONer Sdalyl b@lﬁbinﬁtlérh%faﬂfes@%sﬁ@ﬁﬁbé yWdeh edverae rhb@ﬁcatmns are
type of mutation(s) that is able to reduce or abolish
SUPEERPIHEGI BgY can CRBEITYiCOPSCCRIIh ToTiSY BAOT BAR CeRYFoBdve residues.
b t C t
angJe %ég gf S1¥10 ;déﬂ}cﬂlg%) g&rp ﬂlldf‘eﬁ ﬁg éﬂe gﬁre%ntt ngénrtl%ﬁ &Qy result in
sgmtehfe)hlcff tlmjbllomgccaaacttdzmymxhﬁmﬂeé bgnh@datn@ Iidh@em)dh fAratho acids that

pol ypepti de by chem cal synthesis i mati se
parrs cauel fr @glvg%gle.lﬁﬂl% ¢t G0 &F |1%€§§?1ﬁé %gmtﬂlétm?fhods such as by
olthQRMMGHE %ﬁ&%ﬁal%a%@ﬁ Ghl %ﬁg skilled lH?th@ %ﬁ%ﬁ @gadﬁ?%nﬁme the type

section). term "obtai ned" as used herein refers
neft enitatlonf{athat gs fadml,mdo iedadcabedbopsir isucled, borlogieali a@dmty Such

from.a source.in r . "lsol ated’ nea removed fro
SRR o5 o meB IS by rquliRe Fi<Baia Gorbhdl SRacpied flhtagenesis.
ShRsh Ml onY nﬁafyeﬁnﬁtfa% dnth@RStucRiCaqd Rlecule encoding the modified
corrponent (s) with which it is naturally associ at ed.

@éme\péde e ndicascabneynplresisorie  preinftissdt prm:e@s) (ag. assembled from

d
'EP]?P $ t o rhc oq n%ﬁ?qqﬁﬁe irlSO% gcr(ﬂ%e@l 1@?1} S rpé)e ('f]‘ éilexarnple section).

i nsertj.on T ues of jsolati.on, purif.icati .

modi {1 ?%lﬂ 3 e h R R d s b FR, isolated

NRrElcdabr Héh\kéﬁ ehhal fRec(i8: thiurt! GWIRGIOMmeandHERLE from its natural

aci d nol ecul e can be performed froma source in nature

bf;nvugnmgntr e®urified’] denaderz Yhae it by Swmmwllbyfr@hémmat least one other
nt es

gFﬁltgﬁ))e‘Q’/_\ﬁ eﬁg@ E§S élaﬁlé?lg'eﬁsgﬁl egng‘b%gﬁ%ci" egenotes one or more

nmsdnﬁ@ﬁmcﬂl@s)sw Jemp&ed ttbathe r @itide NmateGhlv €A t8er afutations such as
identity each other over a portion of at |east 40

crmsidetiensy deigiions oindgs insertigns)a phseldnwst ef ylSQ!@UOUA spurification and
5190?1?53&10 esg ?(ﬁm&g %Iq (20t %8’0 /g’e'i)r e(}/ gl:? gﬂgﬁgﬁeﬁﬁr@ BE WhlaYfed (c.g. cloning

nucl eot | east
agior mdlerrahakiyﬁ@%mé car Bﬁpﬁlfoﬁﬁedrfrc&ﬁ)% soarcg.in anyre/By using restriction
beyond 80O ad Lageousl | east 85%

enzyrne by P emical syn GSIS)

As used herein the term “homology” is generally expressed as a percentage and
denotes nucleotide sequences that retain a given degree of identity each other over a
portion of at least 40 consecutive nucleotides (e.g. approximately 40, 45, 50, 55, 57, 58,

59, 60, 70 or even more consecutive nucleotides). “At least 80%” refers to approximately



desirably at |east 87% preferably at |east 90% nore
preferably at |least 95% still nore preferably at

wo e@sti3d9o up to 100% of sequence honol ogy). "PREBEP100&051031
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75% refers to any val ue bel ow 75, e.g. approximtely
74, 72, 70, 68, 65, 62, 60% or even |ess. The percent
h&ﬂ%low%rehert tee 8t%de |gu@hse(ylaludeb@'eqdlé%ﬁ&/esudivsntageously at least 85%,

PR Seran R PERRING ° kS SRE e b Ra R, sill more

ORferadly ahlcagesyot @phe 100Ys Qﬂ&h‘%lﬁgncfeq{on‘im&gﬂa'l@k ItRHHTREY, refers to
and the |l ength of each gap. Various conputer prograns

any vedehbelawi Cale @l aporaximatslyars Bvall &bl 5,163, % ar tven less. The
t oerge% %r %o?f@rpgétgfeen e Illsu%o ¥1dt Isg(iueggetg\é\%gﬂ 5@1?%118%%)&8&18 number of

EGUEhc8E™°s

h@@l&icaﬁbd’s@tﬁlﬁﬁ RharS¢ 8y ¢l S-Eq@éncéﬁka’kﬁ]@ infid @@i’oaﬁﬂ thdhghbérsof gaps which
publicly available at National Center

B?e@ﬂé%h% BitegycadrpbppindleH 2R qldémlea@@af ich@ueapn Various computer
%#PE&EE %ﬂ%%@@ﬁlﬁt&%& g%{ éo‘laltesmﬂlcﬂ%lgtm Qile aljtgtg Qi'ete‘}mlne percentage

a star
sidenté s et deg Muelebtibe toypeicet Becl by @C@Msamsmrpilckage and the Basic

nucl ei ¢ aci d _nol I pefore nodification may be. used .
okl et SEish T ooh dBbAS T bPTORSHTE U FORDIISH #iIEPIC at National

r@&ﬁe&%ﬂhﬁ&é’&%lo%y%ﬁ%ht‘?&?gﬁ@ﬁ) a%ﬁ%&rﬁ)eﬁ% 9ﬁﬂ€ea%ﬁbﬁéatlons (e.g.
honol ogy of 80% Of greater than 80% 1i.e

" Albsobubggalis 19390 tVMohn Bs)l. 215 463 4abY i cul ar enbodl ment ,

the codon usage pattern of the first nucleic acid

nol ecuAea etartingeode cosduane] abigomant tdtwehabefiest aid febiid nucleic acid
the firs | ecules is

£ and second nucleic acid
ndaicriledg eregln0<§§0%¢é)@éﬁ@f b b b opferihEvedldhn ORfsg@ore portions of
P& &6 Rhtih GRS thubRoSds Qhan QHHE %%%H;%nﬁgé bf R&(ﬁl)o gng 46% or greater

or nore (e.g. approxinmately 4
5han 80%, V.0 tbe “mmmﬂogmrsé)podmm(s)nhmjpamuldhleanbmihmelstotlascodon usage

tlgattrarend%%tﬁF &{?@tﬁ:ﬁtﬁ%f enoyci eo}e%ﬁﬂe?% gc%g %ul lglsésaé:t /1118],ec15116 or both the

eff®Nal ®ftdnd MELiE @&d'ﬁ?&l@&tﬁéﬁ it @n&ﬂﬁ‘ed (ngthQFH%g&%rescence of the codon
resi dues are each encoded by a uni que nuclerc acid

tusapt pattqrn), &, leesddonyid l@mqlwmomyfé@mrb@ows@cg tapprox1mately

f m no_ac ener a
gﬂ 291 §H égdﬁ J5§F§)‘5 %@X even mrﬁrg)zcoglgll g%us nug?eélt,]lg%s 59 C?.S &/reduce the
cpialensaga D hohmbo®is:to Nsamaﬁas%t@g QbpAKithSeHIMIOALATR S, 65, 62, 60%
codons GCA, GCC, GCG and GCU; cysteine (C or Cys) by
(oreforef eLK?E: and UQU, aspartic acid (D or Asp) by
codons GAC, and GAU; glutamc acid (E or G u)
codonsW@maS aamﬂh@m@e @deﬁyptgplampn@s@p:esopreph@}l gy:oded by a unique

cod ns quglﬁ%n%UUﬁP‘g%%&f?{Sn dglﬁs Eﬁ%%) B%e({ég %(i %e 18 other

%iﬂln%ﬁds i(8&lcastatyef {he %heﬂr&&od@)’ F&@Qﬁlﬁpl%%nnﬁ%adsadw encoded by
Ac%%djonsl %ss Ifonl(leov&SsK Aolzlmne (Ala or CA%dlcs) ne%coA@ﬁ b;l rc]odons%CA GCC, GCG, and
GCU; cysteine (C or Cys) by codons UGC, and UGU; aspartic acid (D or Asp) by
codons GAC, and GAU, glutamic acid (E or Glu) by codons GAA, and GAG;
phenylalanine (F or Phe) by codons UUC, and UUU; glycine (G or Gly) by codons GGA,
GGC, GGG, and GGU; histidine (H or His) by codons CAC, and CAU; isoleucine (I or
Ile) by codons AUA, AUC, and AUU; lysine (K or Lys) by codons AAA, and AAG;
leucine (L or Leu) by codons UUA, UUG, CUA, CUC, CUG, and CUU; methionine (M

or Met) by codon AUG; asparagine (N or Asn) by codons AAC, and AAU; proline (P or



| eucine (L or Leu) by codons UUA, UUG CUA, CUC, CUG
and CUU; nethionine (Mor Met) by codon AUG

waspanssgusre (N or Asn) by codons AAC, and AAU; PQT/BP100€051031
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(P orPro) by codons CCA, CCC, LCG, and CCU; gl utam ne
(Qor An) by codons CAA, and CAG arginine (R or Arg)
bBrog byl ondomA@CAAGGC, CGYj, a@GCCICGHtaana By Géle)rb)nead(oﬁs CAA, and

d AGC, AcU
DS aibe OGP AT dayo i Al T Bkl g serine (5
V@ $d¥8 b \boBbnsVALIC, IVGOOERNS GO8, 8, arfdUGCTRANRre6MYE (T or Thr) by
tryptophan (W or 'frp) by codon bGG and tyr03| ne (Y or

Tcqu)mwcéod&@, ARG, arahﬂCUAMahrRe(afu@tV@ihby)fwdqme GUA, GUC, GUG, and
fa in .t h r.Joor e o, us
S@pﬁ?g %ph ése%rt JTfPﬁyb Ogo{:ll JGO and fyiosin n(sp %rulgyvg?)é/ codons UAC,

agddUAUl ecul es can be achi eved by takl ng advant age of

t he degeneracy of the genetic code and nodifying the

codon pisRGEoPAt @eNpdrfedtdl® bF dndls) &l Ghednd 8P InesH! Bmologous
and/ or the second nucleic acid nol ecule. Mdification
olfortlm(S)cp@sfmt uB gl ﬁmt taed r$e¢cs1dt wysilgaakid melep@heﬁre:dn thg achieved by

gll acin agﬂto n e fotlil g% g %ner%cﬁeo frtE% lgg%egl&eé%%% oa]nd tr:ﬁoda tr}]llng Ele codon usage

Apa@@ﬁpmltm ﬁ‘f@“\nw@i@ Nacid tnfolbdige Ah@roeNEO GedtthdCikel€i00R molecule.
W Il reduce honology in 2 of 3 positions of the codon.

Morilé"wﬁmn peibe sede Utage palindy Bpecatly IPcrfarmsreby tibpsing one or more
»h egy F gg e )

par ﬁ?%l 9{5@'0 %cvevﬁghngﬂll\/g t%gb )qudr Lfﬁfl t(iolﬁwle IQ{; %néent of the Arg

cadoding SEGL cpadit @ith tlmhrg;enmﬁfgdf@@ctodmewﬂl fteluemhd)melogy in2of3

nucleic acid | ecule or can be restricted to th

HRBE198Y 83@6;98501? Jh POt BressRy t%%ﬁfga%rawil efiaR EpdRS since homology

E&tﬁ'ﬂe%ﬁfﬂmeﬂtl tRcE %?ﬁhlﬂfreﬂlet&nieﬂy 8tk &Rr, modification of the codon

degenerescence 1s performed in the first nucleic acid

nkee paterangh bs perésted mivedthe @ntiteentvdmo had ausgecule or can be restricted

R5ahs FRbStizot ot shESo B oul iRt BROHT dhecgpatext of the

ainerftion S @dgeféredRBcAWIRFoRfédin! tBY flst nlelBic a‘é'ﬂietﬁo lebulb 9nd is restricted
possi bl e, each "native" codon is replaced with a codon

etﬁcfdaéuhvgnqlv@lgaméﬂm@hd’raf@ra@lﬁ dhe eadors wedge pattern is modified at the
S not nsI ate in.the encoded.

oY U sl Sy " Bpa R oo o RERCG el g when i i

C}ﬁUiQLBleU s@Me ‘nattvd efodoh $s fﬁpﬂﬂcéd @6k hi Nccidd Rndod@y thehaine amino acid so

honol ocgous portions between the first and second
nitiel aicd medificainnscda et Hpslatedn the praeded prlypsptideaMare preferably,

?\5{'%%1 gqyg&%ﬁ}lé Viffe B4 g]%ta%??%terﬁlqsv Pﬂﬁﬁ‘%p%h%/ho | e%gtﬁét homologous

nsecutive nu preferab
tfeatios lsowsectit ifire and ckewid detiandd mm:lmﬂ@raé e¢saidted to less than 9

to |ess than 5 consecutive nucl ot| Modj fi cation
g %thn&ngHﬁe lﬁlélﬁlﬁ%tl%ét fayant a(ggﬂu 3ﬁsér than Lc,9nsgcut1ve nucleotides,

ARSI 1P o YA ShAN8WHnE&Qutiho %ﬁcl%gt'ldels efdi Ehotr@ gr@éttably:c‘ W8 fess than 5
as site-directed nutagenesis (e.g. using t

Seubquor¢ mw)lemtrdem Modifiratiageh dei ®dsy sibagn wfteAneansbraggnerated by a
I'neusmblélr Iolf %vays khowR %d tho%:eskllled in the art, such as site-directed mutagenesis (e.g.
using the Sculptor™ in vitro mutagenesis system of Amersham, Les Ullis, France), PCR
mutagenesis, DNA shuffling and by chemical synthetic techniques (e.g. resulting in a

synthetic nucleic acid molecule).

When the vector according to the invention comprises more than two nucleic acid

molecules, then any nucleic acid molecule comprised in the vector and obtained from a



mut agenesi s, DNA shuffling and by chem cal synthetic
techniques (e.g. resulting in a synthetic nucleic acid

wordosasdeed . When the vector according to the | PUBERP100$1051031
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conprises nore than two nucl eic acid nol ecul es, then
any nucl eic acid nol ecul e conprised in the vector and
oot ixe madlefor omd aerpiehscewhigh | sexhibitat pekcsmegreniC Bomblogh of approximately

|, bit onDIo of appr.oxi mat e
o0 PP T FO08 5§ PPy o5 o ERp R et with at Least
C&ﬁt biRBOHS UL Q8L | ReS s¥ubhcc@trohf dicho Bt tRdrhflcldi@taciMemolecule is
nucl ei ¢ aci d sequence from which another nucleic acid
njtteioed. ean He c.mmdaﬁfrdesp actarredecertbel |pﬁﬁce@tag®0%lsom@10g§emjtﬁes than 75%,

tlple At Bﬁ[& tSIgolt ?gn? lloelgz? %01%){110&80#{)6?528 tpr}lasn%on,éﬁrlel geécgor fnay comprise a

t etivie6f 00 oMBiore Gcbﬁ?;éhﬁﬁfe aupRblid@rexBibithl) ®perd®itsge of identity greater

consecutive nucl eotides exhibiting a percentage of

i Bah??%y greater than 75% A sequence ali gnment

bet ween each (pair of) native sequences from which the

nucl ei & ssgiahcerpligomémisbetwecnogachi (neid Qﬁayatbe: me@nqeh from which the
[ Lo rey r{i.ons

it RGeS RRMsh o G iRt oY 85 RGRLAT B il Bistete Bne or more

Theflonst mlﬁaﬁglagg&c@ﬁag@r@f RmeBEe o@fsov/har Redatéf&han 80%. Then, the

sequences is nodified, in particular by degeneratlng

t78use ol 9oager mycasl the rmagiie escanNcperis epaiiedofin particular by

h t

CRERh B Ths AR e 4o B IR U LG i G3Pat tenst in he

clamwlogad pomdnls eo Wssthan 75heuh checandpno aaclaic rao'fdtmol&cmé comprised in

4 nor e 45, 50, 57, 58, 59, 6 or

e resitr Ouﬁdo%ew@.a\mrﬁm?é%ﬁ PrfBSreel -1t é&gﬁ 57,58, 59, 60, 70 or

p&feﬁ g S‘OIQECU!HQ’@ %bltebftl&rs %@Eﬁ)ﬁtl@@ﬂe%é{%%’lg éihldétﬁﬁy &Lt than 75%

nucl ei ¢ acid nmol ecul e conprisedin said ctor

metth poneticanoleas adithenopaiulpemiprded ensodiecttdy t he

nucl ei c acid nol ecul es conprised in the vector may or

not haxe nidneiosaimabaevs, nhe polypeptidieneecadyt the madi¢iveacid molecules

polypepé|de In particular, in addition. to tations

fAMIAISES AR B VRO MaY 05 dWh ha¥adie smeuaming aed)se@ience as the native

::[Efﬂ?ﬂe?ﬁ}{e gh glaﬁﬁﬁfar iR alifi@oh %'Hﬁ]%@ﬁsc'fo?g%gé&ﬂﬁl gfthe codon usage so as
c acid nolecules conprised in the vector, sa

ntoctodiice zhonﬂldgwl Hclﬁlaﬂsmc dwphomeld)goms lphﬂlousecnfomucﬂmgl acid molecules

al so conprise a nal . mut a ns resultin [

R ChfROHCHN: HHIG TR o b 0P ISR (41 Vectdt may also
d &ﬁitiﬁ%@ptrﬁlﬁﬁionln%sﬂﬁﬁé %/ 1§B‘t fhg ﬂl@d’lﬁéﬁtio‘ﬁnof the amino acid

enconpasses viral as well as non-viral (e.g. plasmd

DRayenge of heseneslgdipabipepidm viral vectors incl ude

pl asm ds such as pREP4, pCEP4 (Invitrogene), pC

(Promega), pCDMB (Seed, 1987, Nature 329, 840), pVAX

and pgWz (Gene Therapy SystemInc; H noudi et al,

2002, The védtdralf.thd tvedoiBbncbanihbdes vaxal ¥d hall as non-viral (e.g. plasmid

DNA) vectors. Suitable non viral vectors include plasmids such as pREP4, pCEP4
(Invitrogene), pCI (Promega), pCDMS (Seed, 1987, Nature 329, 840), pVAX and pgWiz
(Gene Therapy System Inc; Himoudi et al., 2002, J. Virol. 76, 12735-12746). A “viral

vector” is used herein according to its art-recognized meaning. It refers to any vector that
comprises at least one element of viral origin, including a complete viral genome, a
portion thereof or a modified viral genome as described below as well as viral particles

generated thereof (e.g. viral vector packaged into a viral capsid to produce infectious viral



vector" is used herein according to its art-recogni zed
nmeaning. It refers to any vector that conprises at

wo eastizssme el enent of viral origin, including BCT/EP2008/051031
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conplete viral genone, a portlgn thereof or a nodified

viral genone as descri bed belom1as well as vira

gmrti¢lcsl)e§7 i neercalrecbft Her eofentien ganvbe abplmﬁbmlcompetent or can be
packa oduce in

d.t
PERERIES, dilieded'so’ b R, pS SRR PR et hgirgd, The term

r'egplicaBéi-esmpasmet ent , yRl CRicike GRPRb G | Yeplice@il-&dbctive and
so as to be replication-defective or

respiitioasihoreplingaier edal Teetorserwhich equt i mﬁe@rﬁdc derpsplente better or
o g%e&%ivggheﬁﬁ)eelm icd chsp g&fs(ses tyk reaélfll Cﬁ‘s vsﬁ? %%]hl\ég be o%tamed from a

%e@e@ﬂcﬁﬁfeﬂeﬁt viepks, aal %sﬂ@:eiall? fro@i asﬁhegdlw@i ftotnfhe group consisting
speci fic host ceIIs (e.g. tunoral cells). Vira
\/éfcrtetwgmrﬁay? HOVEBY Adaertasspeiaicd W|(W)@P08‘flﬂ1’5eh@ﬁ?5 virus, measle

lﬁg%g,fém@ gspecially froma virus selected fromthe
oup consisting of retrovirus, adenovirus,

ﬁg Z 2 |o el%\sl S Eér?lé%tgmfeg n,@ (Ve?t\oll) of %g X \gnlﬁrgllljtz% Byt rrgga(—l;nov%rﬁls yector (for a

VIRGIAr 56 “AbénovivEnddtdIn foSg@Rt taeapPyiznel, Ned. Wur(d @hd 3. Douglas,
review, see "Adenoviral vectors for gene therapy"”
ofyermlemig Prgss)clirqas be lervad fromoy lagnawml&dpne\geys Any serotype

! ?Indc rgpcﬁl);)g ge[nl %g %dﬁﬁyygﬁf%y@g ﬁé@@ex‘? fof atﬂe r[g{ren‘rﬁgﬁ E 6%% rIHaSy cite more

Cpﬂﬂﬁ@ﬂirlwﬁuﬂgh&lpl AVent s@otyp&nE2, M8y aﬁd BB) B‘ifﬂjg@oup B (e g serotypes 3, 7,

b A ( 2,
S nerul ket S8 Seee W sl
%rot?%l% 85, 16 UBgIN8UR7 Cié (- 225?(5 szy FB%S 3b- 392’an§ 42?_4;73, subgroup E

group D (e.g. serotypes
1(9¢r02>@>§ PR atd suldzouBF, (s8BtFRs 4@nd1d421)417art1cswv@'rmuf¢rﬁd are human

SR HRG: o R 3 B R QULRE S ARY s s, sueh

SadefShAdus e bAdRble Adm R noricaRdypAddfthreanélic3fod AIBOL, Rockville,

Such adenovirus are available fromthe Anmerican Type
Qvidpugngl Tl besni g s(u}!ula@:t:of ROGIOV9US| eubIWIQHSadﬂﬁcmlave their sequence,
been su Lous p l.catj ons. descr|

g A BCARL Bl 1 DR Re BT hO RGBT T oo or
adxafln @S l6§13ar(1285ars 60l 18[BbYy Whe/46&s; fwo e&/@ms’m EAS 1016711;
6, 133,028; US 6,1 10, 735; WD 02/ 40665; WO 00/ 50573; EP

19agrctel, el sVisel 41, 826863713 . Virol . 77,

8263-8271). The adenOV|raI vector of the present
i nventTlonadenevisel vegho eftthomresentpirvention Remeicotpplication-competent.

eﬁlérrﬁ?rgig Iei?a];m%leg * ﬁlga(&?o&l(-:(? iengElld%?o%grglv{ferc??{g\égec%egfiy %Vallable to
f dbsceskaingd @ therarapetetor RAhtpeabangidea! Alcoc2BR @t alHmeo Human Gene
Gene Ther. 11, 2009-2024;: Nenunaitis et a

200
G, Thedd09g0244 Remaoaitiaice g0 Gane 1hEo0b’ 74Tk lemany o al.,
%@gl, Z\gg%o@%técﬁnolggﬁ 1§,2323-"99?,0/\x?66(9§440%§%595?&)8?ﬂ%, W099/25860,

US5,698,443, W0O00/46355, WO00/15820 and WO01/36650).

Alternatively, the adenoviral vector of the invention can be replication-defective
(see for example W094/28152). Preferred replication-defective adenoviral vectors are
El-defective (e.g. US 6,136,594 and US 6,013,638), with an E1 deletion extending from
approximately positions 459 to 3328 or from approximately positions 459 to 3510 (by

reference to the sequence of the human adenovirus type 5 disclosed in the GeneBank



US5, 698, 443, W0O00/ 46355, WO00/ 15820 and WO01/ 36650) .
Alternatively, the adenoviral vector of the invention

wa@208hssenepl i cati on-def ective (see for exanpl ePCT/EP2008/051031
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W04/ 28152). Preferred repli cat i on-defective
adenoviral vectors are El-defective (e.g. US 6, 136, 594
andletghe6300EBjcB3B)mbani M H/3200 Bhd de |(Gtrolmrzekx etealdi 1992 f Vool 186, 280-

' L it 459 t 328 f . "
S0, BASL SR 468 16 S880 B, Hfta p wvions
LAt h ' . di :
ARSI S SRl B i o

i gpsaitiebBadzetegmns as destobal inViusky ct al8699R80VirglsB), 203hd032).
cloning capacity and safety can further be inproved by
del et i Ay fidtand swahd pacltic eaidstho Bfuleh earable mdepandbntly inserted in any

PR onet Safdcapvied voier P ORLen dNerg i eyt o (1996,
evirdl. 70, 493&4819) andVind@penlntly2PeRicted ) senkB@ndlof 8htisRAS orientation

second nucleic acid nol ecul es can be independently
i iekeive do theynatnsal [teosarippiandf ditdedon @€ty ragadn geasetionf For example,

the invention,. a escribed i artier et al. (199 .
08y oY 8 00 in 8 T Rkl oRABLEN Gerifh o7 st ilughe one is
| iis&RASE répiabeMiendtiths BN s&ied atihthabihenin RpRtdiént o tHelTe3 region.
natural transcriptional direction of the region of

insertion. For exanple, they can be both inserted in
repl acenent of the El region or alternatively, the one

is i nslﬁrén%qler %n{bggmﬁmﬁ?hzgg[é%t)hﬁle_EﬂnVéIﬁ?)iIiloig ﬁgﬁtﬁ(gﬁrgﬁvector (see for

ot her in replacenent of regi on.

etdaoghlanéiolk, ctt hle iv €tMiarscofin tHemament | Dherapy”aEgpadx WIr &os, Carolina
vector .(see for exanple . Cox.et al. in "Viruyses in. . .
A B Jr gy D apraincd o gy’ meapey vhthe AoxtiBideg. in particular
Fea@88box I(E.g M. PECON akREHed 1o W a3/ 20808 foRipdxNE.g. TROVAC as
poxviridae, in particular canarypox (e.d. ALVAC as o
discnlbiaded FaolandesaR778O) Devoliqotapd. &, MROVAC oayaccinia virus, the

escribed ip Pgoletti, et al., 1995 Dev iol. Stand. .
glﬁfierlbfé‘lgl%rﬁ 6“6’?- %)&81&?'%? RGP Y (i l?eastetleﬁsedbfléqrﬂghe group consisting
Péfethe Coéhhaderbétidim e beP&cdl NI 990/ Vikis. TAN2DP266€bRES ETS63; Johnson
fromthe grouP consi sting of the Copenha%en strain
(Todbei9931 Vapl 190961-401 1.ohe Wygh sum, 268 VAKd (S7Wg93/15672 and

SPHRIR Sl o B2 A AN AR s v

109V A) \btiatl OByl 88,al. 21972 3R fccind 3,he-16).0bhgh atdt@tuaidethethods of
nodi fi.ed Ankara (MVA) strain (Mayr et al.

/ ., 1975, . :
| PR R ACFIcsgibed)in MYMAFOUpOCBMSN A igoGPIfol@shgman skilled in the art
r S r 166.c :
POOYaLn G Al 20BESeLhe ehd TS A95.499CHIBAL St al,, 1987, Methods of

t'o the man ed’in the art (e.g. Paul et
aEnzynd@sy, 1 CBandB563dne 4116813309 USAF,072848 ; BScE603,1 X ; US 5,100,587

ZJ}%Q%ggg”,&%éhige?ﬁ%sftgagg%%ﬁe{%ég?afldig%]e%%%s iIL1J Suse in the present
Sind & fc pRE ity InstASd B98honcib&ithi loets 8Nhe $BLPRE genome, in order

nucl eic acid nolecules in use in the present invention

athet fheefceorabingnti prsemue deaing viebie ese mfeetious olNasesséntiahgegions are
p190)§1\-/ci:ord%{g gl?ech)gﬁc richOrg)sr gre Emy gene for which inactivation or deletion does not
significantly impair viral growth, replication or infection. One may also envisage
insertion in an essential viral locus provided that the defective function is supplied in
trans during production of viral particles, for example by using an helper cell line
carrying the complementing sequences corresponding to those deleted in the poxviral

genome.



that the reconbi nant poxvirus remains viable and
i nfectious. Nonessential regions are non-codi ng

WO pdognsgsms ¢ regi ons or any gene for whi ch i nacP¢wBEP100$1051031
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or deletion does not significantly inpair vira
gromh, replication or infection. One may al so
envisd@hmﬁmﬁegﬂh@ﬁbpﬂﬂagmesaehﬁaahuynhahtk@ﬁd@stmuiﬁmondnudew

hat th fective fu n. lied |
i g p et o wied i hapiiE BERE e A (Hruby ot al,
eP@m‘FP@chatlFSA&ﬁ 881 heA Rer 3418L34151 DALY 198, ¥ Neirol. 46, 530-537).
conpl ementi ng sequences correspondlng to those del ete
i HOWh‘@rmth@n ingitigfesigmaraiemnpsimipte ke Tofhehbvagesiutinin gene (Guo et
S east firs and cond | ei
gbg% c:lﬂollj 63ar42§9p_r§‘(i—:‘?§gf g}b% KIL f&g 1% gene %ou et al., 1990, J.
t@yrm\dtdlﬂ K2ngse 1 gBre af this)lefl b‘lﬁd@ﬁ’th@bac&ﬂlma 1083 enBIhQCWhere a variety
Natl. Acad. Sci USA 80, 341 1-3415; Weir et a%
Jof qupt,agq:ous&g engmecrgd ﬁyletlpﬁ,\@\yérbee@lrmﬁed A der ﬁltgwture (Altenburger

Sétta?s %:?eA@%Iﬁ%sé\pip gg(gil %g &7 . éﬁgsgle't Q](Sébg ?egﬁ'g tgglll @5 Panicali

tehethlEl’.Sll dcusol. BR, Ld06- llﬂ)lgelPerk(uZhOml ¢98%l. VirdD 88, 3829.3836 ; Perkus

dacbifl oot adela darbdr et efolahobus

or engi neered deIetlons have been reported in the
litera nhf:e usingt MiYsurthe at dgasgfirst apdggeondy pyfleie sicidi mgjecules can be

186’ apegléerﬁlzr 1n§el}43§ $n g@é)%i 'of ﬁ%%gie}}ti]ﬁeld d\é!f%lghﬁ{)é)gwfg’%ﬂd?g&u“ed in the

PeiVidu gereimal AntdD8 8t all, 1998 Visblogh 344, F63BIBS 36wl Reirkths D4R locus,
et al, 1990, Virol 276- erkus et al, 1991, .

Jrt Gpertapol %g@l%ﬂé)an@%&% lsjgfﬁ%@ﬁm&'en@ﬁé . ol Cei. Virol 72,
Fid33t103Rd s%ﬁ&oaql npRlelGedsd th, TEbRGPAPS can be

i ndependéntly 1 nserted i n anyone of tHe identified

?,?-\lntetol %&é :umtng f}ﬂx/kpé)gfw R@i olﬁr flq %ﬁb%g/g?%g@)qu@%ﬁ kinase gene

asay etdoasiddid, e us, leeb;utﬁrstrwldrsteb@fd hiclelelaeid ﬁbldchles are preferably
{a,xirt]l?r/g ucele} |21|1 tli%@?errg%g% {reeg?%ﬁ%\{fbté?erdeheett\geaeln O@g%lang\;% gﬁeﬁ éor example EP

J§@4§%§%%d1ﬂ§9ﬂ808% n using fow pox virus, although

insertion wthin t e t hym di ne ki nase gene may be
considered, the at least first and second nucleic acid
nol ecul es are preferably introduced in the intergenic

p” 314380 1 AT ERr e RN S h BT e Gpuciec acid

tRglcbmyen nﬁde?@ndehﬁ? cdbodceaspolypcptitie 3BphbHE 6P N0 VIHBLEd Gherapeutic or
aci d nol ecul es |ndependent“§ﬁencode a pobépept|de

cRipEBlie @ﬁtlﬁtsovn di rigbigct lehidpiegt pe sysceptibleetst jcyleibit a pathological
aco},l]lld\f %yThQ te g&t’ a§ Cong{ %énq gefgll:lsﬁg %Sx%?tef)ﬂage Ealltlgltl],aﬂy a member

oIo I cal ubjec

asf ths e(hnheﬂejnrspé@émrsd tpedalVieddmbytiat implas fanﬁ Lalnaﬁdls/, sport animals,
menber of the mammalian speci es and especi
R tmECCivging humgng, Seh et dyPeppes i %rﬁfefeéabsselected from the group

consisting of immunogenic polypeptides and anti-tumor polypeptides.

An “immunogenic” polypeptide refers to a polypeptide able to induce, stimulate,
develop or boost an immune system in a subject into which it is expressed. Such immune
response can be humoral or cellular or both humoral and cellular. Humoral response
elicits antibody production against the polypeptide in question whereas cellular response

elicits T-helper cell and/or CTL response and/or stimulation of cytokine production.



and primates including humans. Such a pol ypeptide is
preferably selected fromthe group consisting of
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An "i munogeni c" pol ypepti de ﬁ§fers to a pol ypeptide

able to induce, stinmulate, devel op or boost an i mune
sgtieallyi theanmmubjogertic ipripertyioif @rpoilypepsdespr bssathiat@ugther in vitro or
i mune, res anse can be h nnrallgéﬁgellul r..or both

HlInBFaPY And e Fuisah’s YD) S b Rs8C &t (i g general description of

ARERDQARY aREIOMUCTS QRLALAHB DhsdthBd ReliVRRRALIIE® ilfhune response, see for
guestion whereas cellul ar response elicits T-hel per

cexlampimide datesCTLitoa 9 Siedigam piddl o CugieninRpiotacplsnn dfamunology; ed J Wiley
cyt oki oduct i.on.. Typi-Gal he i n ni.c . .
o oSl SRRl GRud¥ Rl et Sy aFlr SRRl b colorimerrc
Villidremefrici Br tadiBadiiveaandrsuihle Ot clas@ry Sinohide NEBISA, Western Blot,
standard in the art (for a general description of ) )
t IBERHNEYBRASHYA| A BMEUNg IS BItaHe E agshes- dhesstregyeat of cellular immunity

i ' ' r

et Sl b TG CPEPRRRE pr iR R AR PaleliStfoctor cll
| inotudmigo gyse edtrivedV freyt &DBenand NCD8NaTicohal (e lghsjuiahtifieation TFNg-
of Health For exanmpl e, detection can be. :
yPdsHRETlisdy 1ot eI PR AT PtV oty pf igppgne effector
t QEBNE QU ell b kiRt Bk 1290y s VoSt BRI 1] thymidine uptake), by assaying
radi ol munoassays and | mrunopr eci pi tati'on” assays.
Mpasutigemespecifft Ichiniphoaytes mrausensiyizedsuthert peg f opteda sipgific lysis in a
nmeasur enent of t.oki ne pr.ofiles secreted acti vat ed
CRROBKENY By T MRt Blartudy dau B sonkt 4 Be cvalusted
GRBsuithbRehdimal eadliclsUBRMITEHS atdtRihck-HhRr AekRidaAD t&BhlgBes or other
by ELIspot), by determ nation of the activation status ,
oftaridardi iechafquet tfor aelyss e cgl-mpdisgdd ippronity.eSyitalde immunogenic
assays.,: a classical t hym d ne. u ) 5. DY
IR e bRl froh! pordt 8 MESRURES) (e %, pres2 or presi-
sigcptideds gudiribed il EPU414pERL IBPe3GPETE br E@ 1985478);i iepatitis C virus
cytotoxicity assa%). The i nmmunogeni c property of a ,
p@ﬁi(“y\é)eﬁﬁ-g-o‘éoréd@,d glcsgclar exeapiaeisE L s ihe apn-streginighpolypeptide

| y | e - y i . . .
?@gﬁﬁﬁagb§§%?§£§§gﬁksténgaﬁ%ﬁggéﬂﬁgggbé%kgghéﬁ%?§§ﬁ§i$ﬂwy‘mus
c@lIMV) e gl gtled o ppiadi).tand pSpillbakbeud @miinsgeted Gereinafter).
pol ypepti des can be obtained fromhepatitis B virus
(HBV) Ae:‘ghti-Qmdd? pSZp&ptiderefStsno layotplptd: @se aesolidbeappression or
in EP 414 374; EP 304 578 or EP 198 474); hepatitis C )
vi Petgreduqaon ip dhoexpeptien pyumaritslle nlhel asbtumerarppetes ha polypeptide
Erlran'@édegérr&gt}]e@qg 2 I{Oﬁg%f[lg gﬁlntleﬁ g]!rléle(%% ; 1ﬂ ?}fcgl?&a’ted\{%% ec{\@é a decrease of
| thuo@aletimot eine yvari a prsiod I Ming, & gariegpd2@cthodgmbp B used to estimate
and papillomavirus, (as.illystrated hereinafter). An. .
"HROT -Y4fmitcluding yaliplorigemedods e HnYsI éh%m 2B Rgsiteen emission

t ' i to Q8 o heini "
Supigiie PARTLERS, S, iy IR URBE bt Oncolon.

pYlinkdepG. ded.p SpribeerdétrenNewdY prk, d9B6)opratiaids camlopihg conventional
ORI R TN TR
NBbAQIShaMBixtiRRlyUsRtcH Qo 8pédifi@kEnor markers) as well as ultrasound methods
(see, "Ultrasonic Differential Diagnosis of Tumors”, Kossoff and Fukuda, (eds.), Igaku-
Shoin, New York, 1984). Alternatively, the anti-tumor property of a polypeptide may be
determined based upon a decrease in the presence of a tumor marker. Examples include

PSA for the detection of prostate cancer and CEA for the detection of colorectal and



tunor size including radiologic nethods (e.g., single
phot on and positron em ssion conputerized tonography;
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Oncol ogy, " Wnkler, C. (ed.) $pringer-Verlag, New

York, 1986), nethods enpl oying conventional i maging

rm@mntbsea(se ognqerGthlitluﬂn 6lc cintirtatre) , propertsnalfogi polypeptide can be
t hods di ol ahel ed ,nonocl.onal. ant.

eé‘mnéqﬂi gﬂ}g%ﬁ? jainal 1o etl[,ap Rel¥hs églc%wlectgg with a representative

Ut frf S €4 Bt déﬁtlﬁl@dﬁﬂélsﬁeﬁKpabléJhﬁﬁ&§ AN Cddelolp8d, @RE htde are injected with
Di agnosi s of Tunors" ssof f and Fukuda, (e s.),

| the k\@ctosmﬁ fhe iNeentigor knd I@@umonﬂ;pteér fmstrled@qeyl tupige growth rate and
a?ltg%ease Vpal S[Re IngYISIOlf a Garfly pl?lg\é{é‘% cr:neet X gat% eﬁ%s%rdmo predict in vivo
N e rlnhlﬁﬁﬁ)ﬂp | S%l&aH)IB Cdﬂﬁﬁﬁnd}%sﬁolfypépttdléﬁ ifehée Ttlluﬁdihrﬂefs sociated antigens
prostate cancer det ecti on_of

caVorScush aaMbert éwp%%/%%)é) ééiff‘éef‘rtsa POPEHE¥D- Reve Vaccines 4(4)),
t I

SRR CRLOBEIY Pl 3006/ CIREAI U520, Bt ooy 2.1

V2 H)hCarcinepmbs@nicadritigen (ErACaanyg er alg dl9|95 | Gore. TiAfrt 2r59-65), MAGE

PRV BB HE TR Pragh o a1 RiemE oSS TG ELEr 1. e 100

(‘B"akk&dé{fa@d 159471091 £GP OMEH] At &4y @) IPICA @S %éﬂrﬂégéa(ialso known as
I'n addition, a'variety of in vitro methods can be used

tNYpEeslilot SAGE\/ [ HAGiEu w0306 X, | @AGES(Roldbhe and Kawakami, 1996.

it T B R PR ot Rt Sp S s o ARl e S A) (Ferguson,
aét,a12Q©59 BB NEEVA cale&ei.nesA404) 3114BRGAJo8/ BREA- 8098/20117 and

(Pal ma et al., 2006, Critical Reviews in
ONENOA ANbasreielbiowiyel DRlypeptides fionCairases devibe yemeisinducing potential
a(gti gerthEA. nroy et al., 1995, Gene Ther; 2,
59:% 550" VRGE 9/ 40188; De Plaen et al., 1994,
| mmunogenetics 40, 360-369), MART-1, gp 100 (Bakker et
al ., 1994, J . Exp I\/bd 179, 1005-9), PRAME, BAGE,
Lage (al so knovvn 1) SACGE, HACE ( 9/ 53061
GAGE (IRgwsthss elalha g}?ﬁe invieghgn, the At least et #doiseondynucleic acid

I Iﬁmé@ﬁ%s ar8obRARdHm ﬁ{%dsaﬁ{e%?%aﬁﬁs‘?n §p§8fnfdl(?€e%1a93%rbr%anlsms
(PSA) (Ferguson, et al Proc

\L/J%O/ g&ﬁ. Xg?d'l- é‘ére\?%|t¥@‘§‘[‘%i2§ a%%ms%%{ecé% e %ﬁ%ﬁo]o\l; arnlljsrns preferably

higawvitpgpithiogenid petettialgngovehtd alghée egkaryagy. IThen@ih rdsi¢groorganism”
I n anot her. enbodi nent of the invention, the at | eaé
fdanetes Al SRactsiig: PoLZeR &g ¥jraseroReueicatitize exapplss pkyiruses include

& Rt hﬁll?&@lﬁﬁ 1334% S MAPTHIR %jnhﬁhﬁﬁ QJe%;peE Qflnﬂge%d(e g. HSV1 or HSV2),

or gani sns. use ereiln, term rgani sm
ecrmmmsksmsls riCoM B r Eymsiiirs rmrlprEﬁ:E (EBVY, epuaiitig viruses (e.g. hepatitis A

pat ho @m/)s ﬁ&&% ﬂt&%ﬂ‘@ﬁ%aﬁg%g a J?fadrgmgglég eé/ %ﬁlsow Fever Virus),

Wé?fc@ﬁ@?os@é’fd Vﬂrﬁ USegz7vReph5as &@,& hié@ exg 1‘& of 1
viruses include wi Fﬁou? |f)m t gtl on HI'V (ﬂﬁ &y Syncytla viruses,

Hravaigflyenzg Wunsdsenp@@ea/vlr@s adlucazavirsy andrpapﬂ;w!z)awruses (as defined
above). Representative examples of suitable bacteria include without limitation Neisseria
(e.g. N. gonorrhea and N. meningitidis); Bordetella (e.g. B. pertussis, B. parapertussis and
B. bronchiseptica), Mycobacteria (e.g. M. tuberculosis, M. bovis, M. leprae, M. avium,
M. paratuberculosis, M. smegmatis); Legionella (e.g. L. pneumophila); Escherichia (e.g.
enterotoxic E. coli, enterohemorragic E. coli, enteropathogenic E. coli); Shigella (e.g. S.

sonnei, S. dysenteriac, S. flexnerii); Salmonella (e.g. S. typhi, S. paratyphi, S.



cytonmegal ovirus (CW), Epstein Barr virus (EBV),
hepatitis viruses (e.g. hepatitis A virus (HAV), HBY,

waolasassgshepatitis E virus), flaviviruses (e.gpCiVeP100$051031
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Fever Virus), varicella-zoster virus (VZV),
par anyxovi ruses, respiratory syncytial viruses,
pczho&raﬁshiselfﬁz aeanritidiﬁes Listgas(eg. Ui rmosyocytibnmshzHelicobacter (e.g. H.

fined ab
R EE R ARPUBRE et ob. of Tt Y STBUBTEPTaS) Rbkuds aureus
VW ideowidib); 'Entt@ifbd:d%@ud\l% %SEr f@czﬂﬁs QE f%mﬂﬁﬁ%&lﬂ% and pl anthra01s)
meni ngi ti di s); Bordete

. ertussis, B.
p@\mapé:raptmyms (argd @ Cbphihcrhaeé,e poidc &Elammzo b@ez e atrachomatis, C.

I\Rnegrnio ber epq\/lsentatw%\rf?agmggvl kggﬁaé}%&l?du‘?e wﬁﬁ%ut limitation

LPlaﬁﬂ@iiiﬂi’ﬁF(B |g| B)falcﬁﬁl@'ﬂﬁ} ToRbpladRa (b.g. elntgaﬁ&ll)QLbﬂmﬁma (e g. L. major);
coli, enterohenorragi ¢ E. coli, enteropathogenic E
C]{-}}eiusnocgmsgéq g-aP( eagniil, angy rﬁq@ysostgna d{gsen® e Mpageoniys, Representative

f i dp) )
éx%ﬁ@?e dafefullﬁg%lag&eelg%t?%étﬁ%rg t% é:{rﬁl&la Qe%d @ %ﬁﬁé%@und Aspergillus.
nbinoltighagakastes kel prefoladbt manﬁmlsgnclhﬂdlngyﬂumans
Pseudononas (e.g. P. aeruginosa); Staphylococcus (e.qg.
S. au r"ﬂtbs‘fsaﬁﬁe oeglinﬂﬂi nddingy orgaiisek SRECHSgififte Gronfa common ancestor
faecalis, E. cium; Bacillus (e.g. B. anthracis);
&i%&qdﬁﬁ: ey evadutiof bﬁh‘i‘f@z‘f i Rgpyescafaly Cenaam)es iclude various
§olgtes Gf \;1 %‘rp sgmep&%’t f‘geno%q%elp%' b 135 rh\glle two isolates of
R} resent a ve ex es of pa
IHPFVt-Hi amnclﬁ’ds&'&ldoﬂid thin Ceegpry P leoadtlylrpatddm)rgaﬂi@mﬁp ldamm organisms
gondi_i ) Leshnanla : jor); . :
pﬁ@&hoeg}%w@ (fr@ng POTREPR nmofstoanlaﬂ SESS dﬁ‘f%&f‘éi (urigg evolution.
SReffRAAAMYY o8 SEALAL LSRR CHifREcrf 4By ol WrUieotypes. F
w thout 1i metXat?gn Candi d S(e ée ; e|ncans Yﬂe rU&%o ypes. For
Asperptd HPVsL6 atkdddPV ¢li$ere ellalmfﬁqdahems aategqmyef er abI y
mammal s i ncl udi ng humans. The "sanme organi snm' defines
organi sms whi ch originate froma commobn ancestor and
have foll owed the sane evol uti on pat hway.
Repr esignd pcfareedexrabali@ent] izl sideniviarfoP whidhSk ak @SasOfirst and second
vi ruses havi n&gt he sanme serotype or genot ype. For
e eadidomokshies egreofobtamed 15 ar pallemayifyse@nd ncadhi gncodes a
rel, "S
AP BRH s R BB R PaBoBhORRL SR e R 40L 9B BPbelongs 1o
diihy @algﬁdmdtmlhlnﬁl@ subfahily bedithiRepnh eaenthpdsboseandxapba®mavirus of non-
I h ff
gl l@nﬁ%acc l@%@élgg gjgglgé&(‘gﬁ%}qg p.‘[ps]dl ot 1g_rgpetgﬁ§%$.“%%/¥ po?éesggragblts sheep, dogs, non-

C@ﬁé@ drirgle] Jﬁﬁtraaémf»‘@stﬁapg h vﬁll RIS ore than 100 HPY

ment , e organi sm Kt he at easz irst
agﬁmog@esnhairerhmeh edantificd dt prebaat tihes(Van R apbt etiahe 9925 JaGen. Virol. 73,

R B e & TeagfT I OREDET b G B iHE PR S lapifiod in “Tow
VLR SarkiN Mg DANONGR | QrblfeD@fpchdiBTRA thtAARCSHAIAFbkiMial. LR HPV

d this termenconpassés ani nal papillomavitus of
r@nﬁﬂ&n@ﬂlgp@@ogg ipinfegted iswlyEaisiivhgrdes it i dears janhigh diskofor malignant

attl e, horses, rabbits, sheep, dogs, nonhuman
progressflon

For general guidance, papillomaviruses possess a double-stranded circular DNA
of about 7900 base pairs which is surrounded by a protein capsid (see for example Pfister,
1987, in The papovaviridae: The Papillomaviruses, Salzman and Howley edition, Plenum

Press, New York, p 1-38). Their genome consists of three functional regions, the early



primte, and rodents as well as human papill omavirus
(HPV). More than 100 HPV genot ypes have been

WO dmatidfoued at present tine (Van Ranst et al.,PaPBR2008051031
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. Gen. Virol. 73, 2653; De Villiers et al., 2004,
Virology 324, 17-27) which have been classified in

" (Egwthe (IatR)(Larehd"the déng cakrol (HRR) seviatsy Ehs Idﬁbemihing tltanscriptional
t hei r. oncogeni c @&%ent'ﬁh LR Hﬁv caus ? n t unmor des th
i SRS SEH O RETHR b%rgFLO Sh 6 FSKkEPB renCO cs the
NRcERANT 1 PO0? BR5HéiRE -redpRELNEBN Bedhaj@HhtBRGROr capsid proteins, whereas
papi | | omavi ruses possess a doubl e-stranded circul ar
DA carly adgaan enmd@s tsaslatopnproscinh(lEIhEV sfosnd peadeterpnbly ia the nucleus
ptthgtt ceolnlgrof: a%a%l repl a?lglﬁ,ftlo‘é{‘nﬁ?e )C(P 1”%I a%d cs h‘?laréa’rms%gr%l?a’tlﬁtc]j nMore specifically,

papovavir Vi‘Tus

HawlEy peebit o DT@AQﬁhdfhflpﬁﬁ@hoﬁi@)WmY aith, A"FFPJd:eﬁ&denﬂ_ hélicase activity
genome consists of three functional rgglons

ediasgiptey and Remcgat.el PPy Seraind Cenrsr Peg7.cbft14d) “(lLse;R)et al, 2002, Virus
r Q{008 273! BgOt PR &9 @t'eﬁlls‘is b '&xﬁﬁgﬁh&{?&ﬂaﬁ’ A B%%Hl%%h%%ﬁfhoprotem that

sequences” such as e ancers and pronoters.
rlegulafes @’[Iﬁbgi@ﬁ ttangcrijttiou cind rcahtréls [mm rb@icatiot €Berhtold et al., 2003, J.

RRE YRy Bl et shuas SR Bl st ket

(w6 ah@ &&spﬁ edRMiNaMNG| ndtiralibe TH@'fﬁH&lotnh?Jr E5 protein is still

contr ol V|ra replication, transcription and cellular
t comtrevgsiphtandnits Mxpeesspecisf ottal llyst durengElvinpl obtegmtios ia the host

DNA bi ndi h h t d | i )
o B ROPR PREP L Sty piofgh or BRUTPY b ER e involved
Bih@he ofcogd3si@tRtdforitichOsY ifecld, ccROPRandYidi UB, @%GJ 2irol. 62, 610-3;

275-290). The E2 protein is a nultifunctiona
bY pieiida cpRlosIA%8 pPoEedonc Rvat 3. b@uBaqleélset\ﬂls éPSbe‘néflrol 61, 3635-40),

&{r%@qsrrﬁ:e{bhg%tggughaggnd@%r)gf %168?9 [\)fll\%br e(R%l'}lg 34 | of]lg% Bglhné%r Jappressor gene

prroti@itd pB3ndad ardindblasttphs (R @Yol es n(rewk%@t inn Howley, 1996,
network and plays a rqgle in viral maturation.

flﬁﬁﬁ’éliqfﬁ%i"l%?s @5‘ thiprepligatios, B £041-2¢6ndn Mr%‘?léﬁa 1%% Knige and P.M.
fﬁg&vﬁgg@ Qgt}glgor%g dﬁsgsé@%lg&ég&g%ﬁ%%sé S9ALOR Y H  The amino

encoded gene
paotiti tis tdmeo fnvblR eHiRY tiye botlinges’ the ﬁaﬁIVB/HPVGﬂS Ea pbl}@eptlde to p53 have

oncog n|c &ﬁﬁggfornatl n of |nf g cel

tpeen Vromy frest s lé§60§ \% dyue élﬁ( apt Maeﬁ_g%sgdue or from
%&9@@5”?1 IR%SI 15%tarking ’froﬁ?ql%l ﬂrei%l;ab?;i used]s%ggnd Nlet re¥ldu@) ¢Crook et al.,

40), presunably through "bi ndi ng of these
v199ail Cpﬂo@eli%ﬂg -156) cell|thdssr invalved is uhp beslsy ofyéenative HPV-16 E7

r duc. 53. and re ma ~(Rb ectjve
iRl He B RopSds e Tosn AR iz, (TRBER b AfS i8sp, EMBO 1. 8
r EIY0LL1R51 HBck & aR0A220rR. Nhid. A, SEil BloAsy9, Bud-4k4d)pe
and P.M How ey (ed) Virol ogy, 3rd ed.

Li ppi ncott-Raven Press, New York, N.Y.). The am no
acid residues involved in the binding of the native

HPV- RO al G i

SRR PP SR8 PS8Ry mendnts
Mititained frdthea hfghfr[sdirpaplllomawrus selected from the group consisting of HPV-16,
HPV-18, HPV-30, HPV-31, HPV-33, HPV-35, HPV-39, HPV-45, HPV-51, HPV-52,
HPV-56, HPV-58, HPV-59, HPV-66, HPV-68, HPV-70 and HPV-85.

A “papillomavirus polypeptide” as used herein refers to an art-recognized
polypeptide encoded by a nucleic acid molecule obtained from a papillomavirus

genome/source. As defined above in connection with the term “polypeptide”, a



residues 111 to 115 starting fromthe preferably used
second Met residue) (Crook et al., 1991, Cell 67,

w®208556¥8 and t hose involved in the bindi ng of PCTEP2008/051031
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native HPV- 16 E7 pol ypepti de 4o Ro are | ocated from
residues 2 1 to 26 (Miunger et aI , 1989, EMBO J . 8,
4papHlehdsrudHpelpentidal encobgB8ses Rrvee, atified PapaldbmBaius polypeptides

L{g@oﬁ%twgg #liqrgo 43) Hrc%r) %&gﬁ%ﬁip tgn? ﬁlgctélbgastﬁ?{)p& l’lrnltaf’i 1on biological
?%g@éé}gﬁpg‘ gtgﬂlglglscgll: ﬁ%‘nlg?ss ﬁg\@/@ Bé&l@ﬁ%&lﬁ%@%’ %%b?lgéélegﬂd ti¥e cultures

HPlleged figpya3gbjepiPtiaBhas hepyy- esposemwmpﬂmmams) cultured cells (e.g.

52, . HPV- HPV- 59, HP
;EXSH_"S?}I%%V&I%E a't_| SLpi | rr%sv W 1& &8 E)eo 0 pepatnt Hle erla S dl]lall%b\{e 1 depositary

higst@uflodsefier @niferdnl abtaldg@eo @hi d?e@@lnml o et nlebeatafbcon&dnucleonde
by a nucleic acid nolecule obtained froma .
pEgreIcehal r nymbgepbpandeyurdals gegoyes pitbticmyve apid scquences of the

COIDE& lpgﬁrg\%ttl&st Hg\f o %e tl(%gér}/b%ﬂmﬂ qﬁe llteratur? a\llned’ are available in

a" papi Vi rus enconpasses na
mpdmﬁhmdl papi H)dndimitﬂgr Lﬁsenbaxhlgp]écpt gd&ﬁalamﬂorpmpbndéB)V 16 genome is

FSp Sl Sy R TS oA DA RO, v e

Sﬁﬁpb(ﬂ%sﬂahé %Oﬁﬁq{P\@ 1% unBE0RAY5E RAV FBRNAGAMEY D EBYIPV-35 under
cultures collected froma subject 'that has been

eXPos@ld20p HPYapi uhderaNG 18] 335 uHPYF4Ed wdbt sX74d78. HPV-51 under

RS SRy FBY P paost N OB, BPVISS il GREATE) MV -s8 under
COOWEINE IHPV Bat lRIUES W1688SEPVIEY uhBert RE7140E SRAIMYE258; HPV-70
The nucl eot i de sequences of a nunber of papi | | omavi rus

g@fﬁi@ﬁﬂgl%’ldaﬁﬁHPé(nig-ﬁ@n%M@é?@ences of the encoded

pol ypepti des have been described in the literature and
are avhid thplilhorha"vi]slp epoly@lepti®ds) catalcddnkthe festgand@ernhasdcond nucleic

R s P R a@L e 8 TG B St R EAR Papitiomavirus
FeBtidéPMcikde ¥ndep, NE 109 ¥3p/hdapd wheRAd hite bﬁypgﬂtldes can be L1 or
under J04353; HPV- 33’ under ML2732; HPV-35 undér

obaé@g nuefRetidoanherainoNCi DS UBaEes pbthesBriyngd rlat«pemqatldes of a vast

V t?e:llr' gndegorlr\ll%g%?sé%ls% HPV %SEBE&F ﬂﬁ@g élge l[ﬁ%éarva}tl%\{e ‘?0 the skilled

0&1@{315, HPV- 68 under X6716O and M73258; HPV-70 under
U21941; and HPV-85 under AF13 1950. The papill omavirus

pol ypeptdidpls) thenapdegkt bYirdthend i §&Bn@nﬁ£&&ct B8d safoddles encode
nucl eic acid nol ecul e(s) can be an early, a late or

ainglensodithysan @mlytméyr@pflde E‘éﬁrqtqfi vemith¢ grempicongsting of E1, E2, E6 and

yRent ides i.n E4, E5, E6
oL CRE RS et i Rl Eine g B el SIRTR 1. e2. o
adNdNB7 6iyPesiedty e e chfreipretivdy liy SEQAID a@: 1-4. However, the present
pol ypepti des of a vast nunber of papil |l onavirus

siavtippas nar Bméfed ¢o thesel cxamplagy sopicas- Updeodithe nagleetideoand amino
0% Sc‘éﬁ'ugtlw%g can vary between different papillomavirus isolates and this natural genetic

variation 1s included within the scope of the invention as well as non-natural
modification(s) such as those described below. Exemplary illustration of suitable
modified papillomavirus polypeptides are given hereinafter (e.g. in SEQ ID NO: 5-8 and
64-65), however, it is within the reach of the skilled person to adapt the modifications
described herein (e.g. to polypeptides originating from other papillomavirus genotypes by

sequence comparison).



person. Desirably, the at least first and second
nucl ei ¢ aci d nol ecul es encode i ndependently an early

w@eioppssees de sel ected fromthe group consi sti npcDEPHDS/051031
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E2, E6 and E7. For purpose of ,jllustration, the am no
aci d sequences of native HPV- 1 El, E2, E6 and E7
pol ypeptifabies papiﬁogiav'ems riels pedyricpetss ifor SEQ inD tINO; pr&sent invention

However, t he ent vent 0 not limted.to t e ...
P MBS R B8 o ER o i e T B R RS ability o
a&inﬂtl&@ HenepRicfen iy ahtystieeN %ﬁhﬁ%ﬁtfyﬂb%ﬁ than that of the corresponding
papi | | omavirus isol ates an is natural genetic
v@twatﬁlmlymptldm (ol é@lssvtmrhﬁr%t wamewst)tlesshtéan 50%, preferably less

ventj,on_as wel nat ur di |cat|o ( such
lPla]il hnld S/é aud motg e%regeé? Iy leﬁx 3@3 Pfor j:euee %%d e, the domain
Steboabibe: o2 chtibiuding agtall |rqﬂﬁ‘dﬂ1dhuﬁs PpohtyPepthdesmtal fortion of El (c.g.
iven hereinafter e.g. in SEQID NO 5-8 and 64-65),
wigs and jRomagogs § n%t“ﬁlélcr Bsidn Rep- 20 ne8kk2n Bgpyseenigpye examples
t(ﬂ“ I%gﬁpattlohhi%fégﬂ% fEflcﬁr;l#ge% 1dgse are! e@&%e'a%et:hé‘ h(tgtta‘glre b0ailable to the
eptides oOri romot | Tomavi
gtemmtsyﬁled ibyths eguercé Uamret&dm()l%ﬂ; 1. a‘tziir&l 71, 5942 51). A preferred
papi..| omavi rus El pol etldesfruselnthe en :
frisivin leﬁ%?ﬁ%@% OfliRahyertondrclises i pdetingel phihe Oy residue at
Sidsénadgong tNd H@IV I@Eh b6 BhkRMe with §notﬁmje§1d§@(ﬂré$ﬂébfyow1th an Asp

stinulate viral repl catiron is statistical
siiegidd)i (€ gnsdeySEQWRrN® haortthasubsfitutioa of drer @spordiangt position 489 of

Db YRabL BB RECA TR el ShR h BRI Midsen A sesidue (e, see

1pNOM®r e preferably |ess than 5% . For general
gui dance, the donain responsible for stinulating viral
repli CalilaBRr £ r#o%%@ﬁg sI for ttﬂ@ &Rt rlﬁ‘\LenBQﬁ te'n@@m%ﬁss Frhutants that are
(e.g. Hugues and "‘Romanos, 1993, Nucl el c Acids
5(83f5c-ti2/3)in tRepcriqﬁmmh]aad:ttAettleuemltpiloesrepiicatlon activities as cornpared to the

RSB EELL 8PS E R PRt TR s

at'hﬁn IQ)"/Q, ahd rf(&% Uﬁﬂef&&bl}'ﬁ' les{ A7 5%). FoV e‘ﬁl:ray Jsuidance, the domain
5942-51 A preferred nodification'in the context of

t igepansipéntor anscriptiemhd sctivddion aid tttmwlaiI@nOﬁfephMIOGI%/located in the N-

d 4 f 16 |
AP S | Rac B B dbRENalp 1T IRE PRIy ceat. 1991,
(B.\girols 68, 8EQ-1007NOoI5t 4lr, 1982, $ulast Biolt i93) 599 qobe I\GJBrlde et al.,
resi due at position 489 of HPV-18 El pol ypepti de w t
ahtPnh Brocy é@ﬁdﬁéact peefErAnd§ MOt 4aanddls Iieé%qt@t}eor(léclgof replication

Seﬁ% tﬁ%&ﬁﬁ oS EB ARt dsah %e g 1510(16%&“11%&%3?; s%ndﬂtscpmlefﬂods (see for

e I nve on enconpass mut an are ective
texangpbs Bgtai enal., EHO6] \TaVlroh 7and6e2-16%lp) Beiablodefective E2 mutants for

activities as_co ared t.h ive E2 pol ypepti de . .

(g0 RSN A raoy Sl b&éé@@%ﬂ Yterabus affﬁiﬂ%?es@o/ge man skilled in
pefaer &kl Mnllﬁéﬁergth@tnal]-@f@%amww %cﬁfseli%r 3Bl ¥71R8%84), Sakai et al.
than 59~ For general guidance, the domain

(1996, J. Virol. 70, 1602-1611), Brokaw et al. (1996, J. Virology 70, 23-29) and Ferguson

et al. (1996, J. Virology 70, 4193-4199). Preferred modifications in the context of the

invention include the substitution of the Glu residue at position 39 of HPV-16 E2
preferably with an Ala residue (E39A) and/or the substitution of the Ile residue at position
73 preferably with an Ala residue (I73A) (e.g. see SEQ ID NO: 7). For purposes of
illustration, the Glu and Ile residues at positions 39 and 73 of HPV-16 E2 correspond



responsi ble for transcriptional activation and
stinmul ation of replication is located in the Nterm nal

w@ooosilsssdof E2 (Seedorf et al., 1985, Virol ogyPCT/EP2008/051031
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145, 181-185; Kennedy et al., 1991, J . Virol. 65,
2093-2097; Cole et al., 1987 J . MIl.Biol. 193,
5¢9pestitely taviBrGldendthalle resmegat fessons faithd 7Ac8HPVSES E2 (e.g. see
L@@P“@gﬂ 5J0-514) and the reduction or |ack of
?oR-and transcri ptional E2 activities can be
easi |y determ ne usi ng standard t.hods, (see for
exanpl Qut glr?a%eﬁ éﬂ’e:P,tlgi%Gﬁ%r uge mn VFEO‘PV@“?‘G“ AEOPIPEE1 Non-oncogenic
Lhutantdi thabd€ @REGR invlﬁg gr{yttl?en&sﬂuia‘? rtullﬁ?? si réslé‘& gene product p53.

present 1 nvention are ribed in
aRagirtwmbtagve exarhglesrahnsikbhdagdnicrEd paypepttidee arg. delsmbed ¢.g. in Pim et

2‘??@ 9§57 Eﬁﬁlcog@gﬁ(glf)@ @%f l(a?_llg é“gégl% (ejts al\F;{e ]3)8'1 28§lb 67, 547-556). Preferred

%Q&ﬁ%@tion%)m 116 Qb ANk EincRde tlﬁelaél@blon] in HMVL Y 88 f t&siducs 118 to 122
23- and FergEson et al. (1996, J . Virolog

70,
4@@—%])9(9% sq@r S Q@ AP0 e dritbeadéletinn inrHR id 8dgfebresidogs 113 to 117

t@%entlon i nclude the substitution of the Au
[ at position 39 of HPV-16 E2 preferably with an

Ala re 39A) and/or. the substi.tution of the

oot dumiGh, BT, pan P Rern it iy B FHETAN o ey fan-oncogenic
(i@ the e d%Fe%thQEQ biRdNS to the cERNaPERRSEFprdsor gene product Rb.
illustration, the Gu and He residues at positions 39

aReprFRnEtivePRANECEOf worensepomd Eé ppboriptidsis wra deseileedGeg. in Munger

S THBEET R P8 B2 10008 e fpiitaas et usa v

f4xr42wa6) Bnd RRclpHVEAIt (1992 ENCARPASE 21aB-2aDTP Pedtt€ed modifications in
mutants that are defective in bindi ng. to the cellul ar

@Wn@ébwé@‘@éhe gl ptéonpinddRi¥ 1 6p5B0f Ré@p@%%htodz@ (RLYCYE) (e.g. sec
RN DY &g;%ﬁ%glpgfiw%gg&ﬁadggaztm (PLLCH)

1869- | . (1991, Cell 7- 556) .

Pr of eﬁ§'859° “krea ROITRREHESs R aaBiy i PoRAsIBEK fSded by the a

dlehset figh dnd/diP¥ecod® Iﬁféle@é dceb i Ho188u1dsL ndyo fiketier( &Eﬁﬂfée additional
see SEQID NO 64) or the deletion in HPV-18

%@gatméswlmls 2 baneficla\parhy pragghsing| séabiity and/or solublhty of the

ﬁeglﬁxgeﬁig % gfﬁgpct &4 Q%te sh?%rte?s?oaﬂr g\f O&Etéeng{il che%?%@)egﬁﬁeés)h supgressmn of

t el |g1y|ca$ylzitUﬂTDS'1te€S) Rdes poEsco@atien pr ﬂﬁt@tfa&b of the expressing cells.
Repr eseni ative exan‘pl es of non-oncogenic

plﬁﬂrﬁgé@p e e efyce qﬁe@@ypq@gée(sbc%? incly Wwéaé)rle gignalp for being anchored
(%ﬁﬁ%'th%a] meg%ran%%??he“'%@ssm?%@ﬁs $id ? an% heprewously shown

Proc Sci. USA"89 444
etﬂlatalmen(bI%ZpreﬂentaMnr ptrmiG6to 2@V AAAHC cF&seeramiémf MHC class 11
nmodi ficatio s context .include eti

@/sen%logyesgﬁlqgelg ah Sglganfel’ilelilt&f é%cogﬁuq&sp@)the( Eolsgs ilglgléling system (see
Si%@ek%ﬂ@W@@b/O@BS)t b’% Igi@lIV@tehl‘W phﬁlllbﬁyv&% Hrﬁptld% (El E2, E6 and
residues 24 to DLLCH). Moreover, the polypeptid

(BDgare paglear mn@msr(ahhmhy}@etwplcdle@)d@n dm@baatm signel a@uld be clearly
identified), it could be beneficial to address them at the plasma membrane, in order to
improve their immunogenic potential and thus their therapeutic efficacy in the host

subject.

Efficient membrane presentation of a polypeptide at the surface of the expressing

host cell can be achieved by fusing the polypeptide to a signal peptide and a membrane-



| east first and/or second nucleic acid nol ecul es may
further conprise additional nodifications which are

whemnefidssiaal to the processing, stability and/ oPCT/EP2008/051031
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solubility of the encoded pol ypeptides, e.g.
suppressi on of potential cleavage site(s), suppression
oetncp«mi@] peptideg|Spch sgdpa'titrso ares kn@(s )in ghd/aot. Brighentgtal geptides are

B R0 S ETBELA T BT HET S S i Apr E1e8 polypeptides and
Sinfined ﬂleﬁpbad@@g@mt@nﬁ@%eypmrﬁlelIeu&hﬁmp{m@warm%@}ﬂ@e 15 to 35
of the expressing cells. Indeed, it has been

efmt@llsllvdmbmhc tahatlo el raneh pmefélemtr@momﬁi beeripeeific g2R-located
R
r EEPeRtfES i ga

hlﬁghlyshyldfﬂﬁhﬁﬁlciﬁ 3121@111’@ fiseseri®to ﬁi@ﬂﬁp{h% Q&&&h thé8ell membrane
natlve earlﬁhgaplllonHV|rus 8olypept| es (El, E2, E6
alner @)exame ender anst beeaenddQaite Aritshiction {g/ Bratein Structure p. 202-

R Cali; TR S%%Hﬁéﬁﬁ?%éﬁaﬁb Gh@hloforing peptides which can

tlliEEuSﬂdaﬁﬂﬂlel’rmmrtﬁ thie npregede linvteatiomms cwa tIfhey rmay be independently

SR aﬁglge n§01¥phég|$dér: lel\?:lsmhrape Rhé So%%tg %teei)P &s are usually

ogeni c otenti | and thus their th tic
ARGy 2hRSHGSE QL BIBLFNCEnFIRFS MO PR e colluler or vira
PrpRptiald) QRctPfs tﬁe Péﬂlé’s@%dpg&elﬁt tHeNENS Wi 8GR e Bbe %E)%oprotem or the
expressi ng host can’ be achi eved by fusing t

plmbqgstmptmudd? protean sr gmalbep;gptthle‘de Hrecpraferred site of insertion of the signal

menr,ane orin t des.are

1 BeRtds §s tﬁ%ﬁhtgfrpgp S gpgﬂgeaﬁbﬁtﬁ% 8(2 flgr ﬁléthaé}pglql% aﬂﬁatlon and that of
Pthe $RMibratte-4dtBod HEpHidB USthefC-tmiuaN@r PX 8588 ifthe@ately upstream of
secreted pol ypeptides and initiate their passage into

tthe stapcesigioas I@Ciﬂsé{lfl}’c@lllmﬂ?ﬁ( FRyide 'Ph@)bed’@ﬁfb fq sennget the sgmal peptide
es Sd? I a%lle%g h%g .2 oll%lg %ﬁgﬁnaent% iy encoggg] p%oclw L8t hen

ane specl ocated en ase to glve

TR e e e —

aRGHE HhesPRI HPeRinEES afd“gﬂ?v&? i SEQ I]Ze'NU aﬁ@ie&”ﬁﬁ% theHPV-16 SS-
exangle Branden and Tooze, 1991, in Introduction to

FEGEMR selynentidedllystrapgan theiexamyie @ztlplaml)d m‘SHEéQ IhOIQed (defining

' | r ane-ancho
e T LT R BORE B0 BRRRGH TP dRER RS kb g Regresentaiive
V@c&h}ple'ﬁftﬁym&ﬁbrahe-ahﬂdﬁ!&ﬁElﬁiﬁﬁéﬂeytl‘éﬂoEalmegJef)tﬁ&Hm Sityble for use in the
secreted or nenbrane-anchored pol ypep

caveniioararg givenrig| SEYMDPEG i7 ddshiniag ¢ H%?Vrhé Slsg%?f *eEMR polypeptide
| *
9.;111}5&9&&&’% @ex&{l@ E%%{}o‘é{) 1§ n?@ﬁgafjj’ggﬂs% ﬁ%ﬁéﬁg?h@ﬁﬂ?% SS-E2*-

e neasl es viru eln or
preRe roggeptide ibistiategeirt ither extmiple ssit@ndl Reprebémaives examples of

t he t er m nus, doywnst r eam of e on for initiatio )
Wemy%é1a8%h%w anhnpapCagenic ﬁ%ﬁ%?mpgﬁewr juifgble for use in the

PEPLtRS drS fgldaﬁ & E&EJ@M‘HﬁSEQQD Reapn! aeﬁﬂmg%aﬂpwm SS-E6*-TMF

upstream of the stop codon. “I'f necessary, a |inker
pepypapde dhistreted sethetesamplesedion) hed si GrQIIDEePt 6T alcfining the HPV-

gﬂﬁfjéggag PRSP Ga MG REBYnSe iibhe encoded

In a particularly preferred embodiment, the at least first nucleic acid molecule and
the second nucleic acid molecule encode two different papillomavirus polypeptides

obtained from the same HPV serotype.



Represent ati ve exanpl es of nenbrane-anchored and
defective El pol ypeptides suitable for use in the

WO pwensdees are given in SEQ ID NO 5 (defini ngpe¢trer2008/051031
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HPV- 16 SSE1*- TMR polypeptide [ lustrated in the
exanpl e section) and in SEQ |6 NO 6 (defining the
HPV- 18 aSﬁTeEIrr“ed afpet pbthipembodiencnt, Ithis firsatnedcicractchmolecule encodes

exappl e, sect resent at.i ve ex

TBE AR PER o MR Bl SRRy Spftdsaen E2 polypeptide or
SHbd abke DAirabl§etheE T Rl Eﬂ%ﬁwdhrgwn@dl@c dtaRo lebul&F&2e loBtained from
NO. 7 (defining the HPV-16 SS-EZ*-TMR pol ypeptide

i HPMsktr ar etfoinn HMe 18x Engfbeablye cth ofiyst mlq1¢1 SEQM@Peuty encodes a
Iﬁ)q(ldef rlg gmtp?l%]tnggv %%ﬁ,ﬁ%lll%iéOtl{Slsm 0 Ré 5%%%‘%“& of the amino acid

€963 031ce Sshofvn NBNYEQNED NT@hersed hedebeit andegeridc n’@@eo@m encodes a
E7 pol¥pept|des suitable for use in the invention are
grahenepide seprivieryor AssSR@lyDeqeistisg qfder icansiginghef the amino acid

'_Lpg éq%e %tS?oevgt? Inb -Srf?ﬁalﬁf\lbo ep 891?16{1 S%é ﬁ%%}:lﬁ}cﬁ&ﬁ% ﬁlolecule encodes

HPVelyibépt%- dotriprichdg 010bgspﬁpﬁl]ydﬁ)msistlﬂgtolfacbredons[stlhg] &f the amino acid
eferr.ed

exa ection tic r
pwh lﬁeSFab i P&}dcn%é?la a5l galgeyle encodes a
ﬂelﬂﬁdec‘ %Gﬁi%glsﬁgc&e bé%efi’t@dlg/ E@Jsﬁﬁﬁ%eofe B¢ Qg351§tw%f of the amino acid

I fTerent papil | omavirus pol ypeptides obtai ned Trom
t fequgmpshdRVinsQUPIO1 $ a preferred aspect of this
enbodi nment, the first nucleic acid nol ecul e encodes an
El polypkphatie: aontext feg sthe G1RV - ITGQ)IrQHW-aSigénmb)emd ¥ portion of the

encodes an E2 pol ypeptide or, vice ver Desi rably
URE B1codidg Eauaie StYoHEP 1 51 BOrden PlriBF dapisedidgescauence over 59

ORfploRass. fTH%nbll'elEéﬁcel@f Besd rl@mﬁ"ﬁéﬁml@)gouspg@f&&%@[ﬂes fsh&pected to

first nucleic acid nol ecul e encodes eptid
crmgplnvdy ngﬂwncee‘éls stabilay by a vocter @tpreﬂgmgfbotloEl camh £Qselmcorgng nucleic

he ankpoﬁe ? sequenﬁﬁ shown in t an "
tar?é oRleH QPQ{AEOLE F HORPIELGN 2B r?&&lﬁf ¢ ‘é{e%‘o *%eem@alen portions
Céifdlnéécﬁﬂoriﬁe Rks 68Hhenhégbdds s%@l!ib‘iﬂc&t ddﬂ&br@f:d b&veEPMehSt i ng
of the am no acid sequence shown in SEQ ID NO 7.

Al 't er ngt hé’c%lr&éncé Rt ithSThrufd §lventsi, dth@Di(ﬁf%” l?on?d'lgg’)d &Rtween the

a pol ypeptide conprising or essentially consisting
asveclopising pongnaff 50 macleotiidos pam:sedt Issdopeenaxtfisdtionnn iEd aﬁE(Ez -encoding

| D ) 6,an e se ond nu | ej c aci equl e e
ISR, B R o P rlpeBe o lesu i doTy e OB TG Hgreodon usage
Oﬁatt‘éﬁﬂﬁi §hd BE 1R nddi&c aBldNRoREHIEs. Sﬁqgﬁ’eé‘e@ltﬁﬂ@%aﬁl@les@%egenerated
In the native context éwhlh t he HPV- or
Q

mvuermes ?gsegwme)n SEReIBNGy0? i orhi elogy in drcBHEAgverlapping 59

% oLl fgs 1§V g{iuc%gs‘[ﬂt@g/%z%s Ort%atél)cﬂgl Ellgtélgee %)E%n ?%t?%lglgrgd vector of the

11@98(@‘[1@)@@'0@@@ #5816 Uzl &0t EX gﬁlylpéptﬁié@éb@ﬁ@ﬁsésothe nucleotide sequence
negati vel | uence the stability of a vector
eSIePasi8| BQt NOeP. dhe sepe sHatsay ﬁgn R @pelied to the overlapping portion

present in HPV-18 E1 and E2-encoding sequences. Such degenerated sequences can be
introduced in the El-encoding first nucleic acid molecule in replacement of the native

overlapping 59 nucleotides (e.g. SEQ ID NO: 10 and 11, respectively).

Accordingly, a preferred vector of the invention comprises a first nucleic acid
molecule comprising or essentially consisting of, or consisting of the nucleotide sequence
shown in SEQ ID NO: 10 (which encodes the HPV-16 E1 polypeptide of SEQ ID NO: 5)

and a second nucleic acid molecule comprising, or essentially consisting of, or consisting



aci d nol ecul es. Honol ogous reconbi nati on can occur
bet ween t hese common portions and |lead to the | oss of

wo bmsnssskeot | de sequences conpri sed bet ween t heOT/EP2008/051031
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accordance with the present igyention, the 100%
honol ogy between the overl apping portion of 59
nefcthe otcldesdprapemnte defar @ HHQi D dax: ildn(WhiclEIencaJdds the HPV-16 E2

E2- ' [ | d I I b dt

AP o) ST Y5 NS AL rATTHS RETed dBHoUehgE PR igpncomprises o

| firsPRGclBE dcllembuehiRi Condftisthe® &Gt tRSly cﬁn§1§tﬁ’1{§§?ﬁﬁ%hé4§cmg of the
exanpl e of degenerated sequences is given in SEQ

N@le@tldﬁ wqu@me hsimnogly SEQt H lﬁ@l =2 &Wélchaptmwlgs 5196 HPV-18 EIl
l eeo]ﬁ %]55, ' } n 9% il II‘l IC e%ct raglt ed e le comprisin or
rg Q an %.pre ?e& VEctS P %flk PRVen 8% prising,
%S@@tﬂiang cbilig\/stmgfi)f,Ed)r @ﬁ@mﬁa’g poihy nﬁblebﬁ@@ssqqamfelsﬁe@ntuh SEQ ID NO:
nucl eot 1 de sequence shown

L ol oo odipy s A BTG o @rﬂsdwm N Gome e preferably. the
PEEREINE ﬂllenlgb%> Niohds & M@’deé%go % qgkt Zlgélfcﬁﬂg)ﬁn;ucﬁ%" &8d molecule is

degener ated Sequences can be’intr o
pim@ddmnd@r fther sdnnra)m olf ehe vaaida moidie (plud)rﬁotieﬂ ané plheﬁ@@b”edh t(E2 encoding)

of he n t|ve verlap ing 5 ucl eot i de e.
clefagiqnal geuly @%ﬁ‘é&? g‘ilt%? of A asmﬂ%i%ﬁgi grog;oéqrea,npetge first and

Vs%%rﬁf n&ieﬂ D84 i &lds AR E&H'ﬁ)t{s'eﬁ@ds1nadeflétfoﬁtIIIer%!nﬁ'MV%C\l’e‘étor
nmol ecul e Conpr|S|ng or essenti al y ConSIStlng Of (0]

r
B S B DU LB ULy 555 B

SEQodibg N@HW largl polggepoidel, Mseebed audeic deidohelzolle encoding an HPV-
or essentjally consisting,.of

oHnki 'gg’ﬂyggt%ﬂet bRt 3 MU W B0 i FPY - 5EB) pplypeptide and
'\pfowxﬂ't% I(lMEl& hcig '}ﬁ&g&ﬁe th&diHR c% Vanl BIPRZ 1 § G0, e?gﬁe Qf hePER said first,

. Anot her preferred vector of t vent i on
cxﬂtnqmd $1esd md‘ fousth mualelcedard awilatutes |decnt eomprrm a pprignarf 40 or more

es&? E{S‘%q%ld]lél @Férﬁ‘;‘ 1b§t%2ﬁ,\ﬁ~, b?rﬁérgé%n? g%h@qg@llof(iég(e QF, greater than 75%.
epyeRefsty t Hied H@“(/‘ i8 H p(ﬂ éb@l@@tcb%rl@és BEQmkikb Neld &quéd shown in

a second nucleic acid ecul e conprising, or
esEQ@ADbi MO: . whéiPéf ﬂ@@2molymtlé®ﬁ@hemseﬁ dghogmingeacid sequence shown

2 g g%]ggt qu E\Ie()c' (gergﬁlﬂ qgn];/ g’BS’%g%tl(ggf C“@%%ﬁ%ﬁ(tﬁ%anggo acid sequence

Mhio&npih eSTED abl NO b hadree shiarHRV - 18NE2 haolypeftidertontprise MHA amino acid
vector, the first (El -encoding) nuclelc acid nolecul e

i Sqpnge slowinHePEQAR N@n8r ol of the vaccinia 7.5K

pronoter and the second (E2-encodi ng) nucleic acid

mol ec Lﬂmeth@n@PéWetmt%nHPyl-lﬁ)fand ﬁ@Vé@cEiﬁeacqm sequences comprise

promoier and t irst _and second C,.a

n%?F%ré‘u|p8’§1°£Fe fgg? 1O it ¢ RUTR T gl &ies hlag 8%‘1“35 g percentage of

l\ﬁé%om@t of 80%Ner piRYRN thaANE SThPirh@liNFut Gvich ye@pédo rto HPV-16 and
ggr|5|ng a first nucleic acid nol ecul e encoding a

18 EP-cpendigespapences. Merenerd theurdiasert BEpad ﬁére@éwh@g sequences
aCI glgfgrg dibi oﬂ%p%lﬁg{e&?&%g%tld@s ftpﬁf’g' daﬁeldqﬂrl]%V-IS genomes.

e encoding an pol ypept |
In this context it is advisable to modify the HPV-18 E1 and E2-encoding nucleic acid

molecules sequences so as to reduce homology with their HPV-16 counterparts to less
than 75% especially in the homologous portions shared by the both serotypes. For this
purpose, nucleotide sequences of HPV-16 and HPV-18 E1 and E2 genes can be aligned
and modifications can be designed at the nucleotide level so as to reduce homology to less

than 8, 7, 6 or preferably 5 consecutive nucleotides. Moreover, HPV-18 E1 sequence can



a fourth nucleic acid nol ecul e encoding an HPV- 18 E2
pol ypepti de, wherein said first, second, third and

wo cnostibsemicl ei ¢ aci d nol ecul es do not conpri SePEI/EP2008/051031
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portion of 40 or nore continugus nucleotides
exhi biting a percentage of hofbl ogy of 75% or greater
tll’farﬁurﬁ&% muiéte rtabtegyces aonholdlg‘y’ 6 ldsb thal ypeptwithe the portion of 59

5nu egtl gﬁ?@%ﬁ@ﬁf%ﬂ?ﬁ%ﬁﬁ 3() Iﬂ}g fﬁqﬁ% E]g"a\/n,gg%%geqﬁﬁrgc%a R]qu?%r'\ﬁy, the codon

agsafle KeMUEIMRE LU ealifidatiS U RoNGhnslate 98t diR¥o k8idHevel, except for
pol ypepti de conprises the am no acid sequence shown in

SEQelabnIOmogifigaddor as adefinevhere®, E2e paesyfiengt iltledefective  enzymatic

gf%n?tqolnfs ehpet%e erlntl 28%’%‘%1;& es g ed%%eengl‘?’ageoﬂ;@b %%1- IHOHPV-IS E2-

- @R60IdE MY cBeGUERYacN RO IR L8 bS SWEILR) ufdrdsithidg add fékfttofiucleic acid
nore continuous, nucl eotides that exhibit a percentage

oholsess aigyeiven BOBEQ N@atlérartdh%%Qé@o/NOTHé wapgectively. A preferred
t t P

AR PR P g e
Sc&msnenm@sbfomecbmtmgemf ﬂlepnntle@rdeoﬁecppmreoxlimmt éh YSEQ ID NO: 10
diitbie el IR T BB Woar) SHBTPPILS: fiscsand nuclec acid

Edo RESIO %H@nﬁﬂg | & e%séﬁﬁhl@y MS?S@IH% ©f oP ESHRNAE B B ﬁ%le%ﬁde sequence
reduce honology with thelir HPV-16 counterparts to | ess

t thamn7s BHEES P <N (a| 12/(e|nnochh@ theddV olgolii pplyperitoieshewarie EQ ID NO:

by the both .serat For t.his nucl.
Db LRI B B R PpotiThE ot S RGTEYy BURLERk gt Sp gonsisting of
afhi 9{1@1@0@&%&@&1& kWA ANSEQaD We: deadndbdidg @te MPY-18 E1 polypeptide
nucl eotide | evel so as to reduce honDIoP to Il ess than

ce

gshown ig HQ pPEN@r Abkyd 8 fews sedleir veidnelceweicgawrising, or essentially

Mor eover, -H seguence e further, nmodi.fi t
SR ooy e R N e AR ool g, SR mo: 13
5(%nwdi¢rhgé‘thb IHIBS-18\B2r fodafeiptide Stivavibin SHQ IDINO ). PRYerd8y FBe vector is
sequence. Preferably, the codon usage .is nodified but

n%M\fr?r FaEtPH e Bt netondy tird|aad dowth rtnrféerraﬁerﬁ dnodequies are introduced in
| c?e\feqlo’n I?ngietﬁl% l\fig Aityr! ﬁlte'fﬁe ’ ecdﬂhfrh QEE 'eﬁébcdu?% Rl N&Yd molecules

her el n, res ting In tive enzynmat
faro (placechm olﬁ@pneeﬁmtaion\/ eachxanipt ¢e amhtrdkjﬁ”gha enafiga'h7.5K promoter
HPV- 18 El - PV- El enco |n nucl.eoti de sequence
£ 1 the spcand rérﬂ S Bhgigaegaodé%gt Cledr adid mYerHer HEdlased in opposite

a&ﬁe‘ﬁtaﬂﬁhe@a‘éh &A@ tBe Snt®N of ﬁle%ﬁ@ll‘ll@p% prémdfd SEQ 1D
13, respectlvely A preferred vector of the

|nvent|on conprises a first nucleic acid nolecul e
conprising, or essentially consisting of or consisting

of the nucleotid yence sho Q

Cencodmnia g b SRR ERTSRapRdnSouh oh Teah iy nucteie acid
NGblebule aAdSBE BEbnAURICRIE adi€li o ldBikIe Grb&lcCOBamS! pilypetide obtained
essentially consisting of or consisting of the

riiieInede sede relaigt crstighvving | AloskQrelpeldiPYosqretipesdsysg as HPV-16,
HasVERYVIR 52 .ROLYRBRL e shown in SEQ I D NO

In a first aspect of this embodiment, the same polypeptide obtained from closely
related organisms is preferably an E2 polypeptide. The encoded E2 polypeptides are
preferably modified so as to be membrane-anchored and defective for viral replication, as
defined herein. In the native context, E2-encoding sequences of various genotypes exhibit
a high degree of homology at the nucleotide level, especially in the most conserved

portions. The presence of these homologous sequences is expected to negatively influence



7), a third nucleic acid nol ecul e conprising, or
essentially consisting of or consisting of the

womBastcegsle sequence shown in SEQ ID NO 11 (emcDEPI0g8/051031
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the HPV-18 El pol ypeptide shogy in SEQID NO 6) and a
fourth nucleic acid nol ecul e Conprising, or
eths etabiliay bf a verter si-exygesingamwocmnsorst(e.gg3.0f ot énen more) E2 genes, for

nucl eotide sequenc i n, SE i e i,ng

ey Ef s 5T TR ATEY wftbh 1thTk M NG 1853 %nd Hpv-s2.

RHEhE103BLY rechhBindB6h Qan ictcd@ DARMEEHRE hotB® bl Sbne sequences and

second, third and fourth nucleic acid nol ecul es are

i lned sutheddss of delracicondd baquetces rempkiscd/byveen thelye and thus to gene

f&kﬁ&rand third (El -encoding) nucleic acid nol ecul es

are pp%ced in opposite orientation, each under the

contr of the vaccinia f7 5Kg$ro ter and the sec nd dine £2

and f o RO HELHICHI T AL BT Maflod Yrtie Relf 8 Igules encoding

PPAGRPtHE QRPN 8n Fd SO dOMe iBRGNONRER be G BN bY Al gencrating

of the vaccinia pHS5R pronoter. In another particularly

pthe feodere dsagebiadicrese s tthecditce | mamtlogyi tosteshthaine Yo aspepially in the
| ecul e and the second nucleic acid nmolecul.e encod . .

TRk hEmBBEo bt SeRGESo RS Fvd S BRI HEr TR nuctcic acia

OhgRBII8TBncoRig EL|ppspbitids! a¢ i chiRY SI) ADyREs 1SU66, 68 68 and 69.

HPV- 16, HPV-18, HPV-33 and/or HPV-52. In a first o

e sresificays SEikbdBi MGt 13 tameodeant menbigappregented and replication

S50 P P T S, RSy Wl s
prcefier Athyloppdiith éd ED-casodiny beurterpbitane-lesscthai e oarvd consecutive
SRS LA P oo s v 2
m%&&@ (ﬁ‘lxig' f*ﬂllrthetanf%hﬁpan?ﬁgés%ﬁteﬁt]inhml AYNE! 6Y egzhich nucleotide

tide level, especia in the nost conser
pequémens hafhécpr deggied ©f at e salubo tohotpeyswikdbendes E2-encoding

Is expected to .negatively influencet S ility of_a

RSP Bolehr HBE DT Vo or s g Bogies SEy [ QRS tnd 69 both
NHcBde FlcpliRRESH-ddedtiveamplse E2p8 idb (PM fRhEPMcRibehe-presented
as HPV-16, HPV-18, HPV-33 and HPV-52. annlggous

riacOPRi IhiNQnoDatihisk owclcpbdpsetienerssiava divsh gigsigaedyemeas to reduce
eo WS nceswi n el gﬁldr t%z-tlpce {nosso %fce tallqr? P o el g"%émd % r 7 consecutive
seque(ﬁ%yes conpr | sed e?vvggngt%e BRE us° 1o gen8

Sl c@deit 60 Howevag ¢led F@m iehtod Renqriasient tol thyRnixiedplary sequences
the nucleic acid nol ecul es encodi ng E2 pal ypepti des )
coMpralisEgtive vesiopscobr degenerséed; npsiig ofcid afadecules  encoding  E2

RIS pORIEAIE L eI EpEAAO USRI B hraRy R

hi ghl y, honpl ogous_ porti.ons. resent.ative.exanpl es of
degend St o) 18 ok 15 iRl GaPRNE DU SEBuEteR a8 molecule
P&alcydaptah dasy d6ﬂ§29[5()lﬁ5b{p'tiﬂe SER Adod Mekeid &. g Ghe neAbr&-presented and
and 69. More specifically, SEQ ID NO 13 encodes a )
n@ﬁ%@aélﬁ@-_d@fﬁ@g‘é%ﬁgd)ogip@pqa%‘p(pqr@gtsp%the amino acid sequence shown in SEQ

ID NO: 7), a second nucleic acid molecule encoding an HPV-18 E2 polypeptide as
defined herein (e.g. the membrane-presented and replication-defective E2 polypeptide
comprising the amino acid sequence shown in SEQ ID NO: 8), a third nucleic acid
molecule encoding an HPV-33 E2 polypeptide as defined herein (e.g. the membrane-
presented and replication-defective E2 polypeptide comprising the amino acid sequence
shown in SEQ ID NO: 70), and a fourth nucleic acid molecule encoding an HPV-52 E2

polypeptide as defined herein (e.g. the membrane-presented and replication-defective E2



defective HPV-18 E2 pol ypepti de whi ch nucl eotide
sequence has been designed so as to reduce honol ogy

WORM0R/138688 E2- encodi ng counterparts to | ess t hanCBEP00§051031
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consecutive nucl eotides. SEQ NO 66 and 67 both

encode a replication-defective HPV-33 E2 pol ypepti de

(Ibdlype@tiﬂcl rct)hrprisinngnha aaneinp sk nteenca sSBEQ 1D MY 167 NO: 71). More

h nucle qyences havF been .desi gned S%Vas tot f th

Attt b{fy WL A BESOERE S g CEONAPAPRYSS of the

tiucl@%ide ts'é@t‘ibn%e Qiiho%ncﬁ’lnSEQU‘IlDVFIU‘ ucl; e@ti $86nd AEReIcDacid molecule

NO. 68 and 69 both encode repllcat|on def ecti ve

H}mmlg@eggr pstsplygélmqoaj@st@qf t]ilq-,ntﬂqj¢qt1qig rsequence shown in SEQ ID NO: 13;.
nbr a esent ed |n EQ 1 D .NO h nucl eot

TR RCARTT SRIE T Gl SR ES ol Pl BRSO nucteorice

V‘det]ﬁ\eticb @h@ifﬂﬂﬁf SEQ-IenN0dibn@nd/ot fHeefopali hecltio abﬁlslﬁolebﬂﬁ cSrnprises or

or 7 consecutive nucl eotides. However, the present

i svanillpncansisiof |ther nusleofide tsR@acace bRpIaly Sy UEnES: 69. More

%?fe?&lbtl rtﬂ@(léc\f o\ﬁﬁﬁé&f@ﬁ‘tm flls %%e{f&'i&dﬂnﬁLEﬁé Rt E'%Qéngodlng nucleic
ecul€8s enco onavi r us ypeptides as

dafid mettcakeur maenrtelden de&tlgm #d. Bventrhore meﬁembl}p Itl&: ﬁn@t and the second

S L SR I ) SR SRS e ad plce i

PRV YRRIPS HRatidn Gk IoARE IREGK Mhd il addBourth nucleic acid molecules are

nmenbr ane- presented and replication-defective E2

poldgpdptdodeokaintbe ive¢anga pf e Kapionwtacind dagd em cevesthdwnentation each

“ﬁ SEQ ID NGO 7), a second nucleic acid nolecule

e Bﬂdlng an HPV-18 E2 pol ypepti de as defined herein

(e.g. the nmenbrane-presented and replication-defective

E2 polypeptide conprising the am no aci d sequence

shown in SEQ 8), a third nucleic acid nol ecul e

encodi Iﬁ@ﬂﬁW@Wﬁg@fE@s ﬁa}bpélérmt dbe ganeipelyprivida epwsined from closely

( I [

E]%lagedl 6%&@% ﬁeg&rbﬁz &h %%%10%%%58@ agg%b@g%eﬂ;g{gg go‘r bth E6 and E7

SMyp’bptlﬂesSE@ an BNCQran /) expmdecﬁmﬂqwhﬂéntl}u@i @&l £ fidincholypeptide. The
an HPV-52 E2 p s defined

g e&fﬁf eée%l% qulhggrﬁgﬁmﬁgﬁ%espﬁrgs]gﬁ? ept Idd Se(? so as to be membrane-

fﬁhb&&%h@ﬁo@%ﬁ&%%hl\é%ﬁE@ﬁ&édm%?é?ﬁ' de CO"TJ“ sing the
am no acid sequernce shown in SEQ ID NO 71). More

pref erl%b'{ : al}alttlog cohlest Hﬁg:lg Itaﬁdaﬁf"g 11%P a%ﬁrlgl Eo %g(gg%ésseﬁave 63% of

or essen y consists e nucleo sequ
slvaitalo g atSEQnuEledide 1k2¢] WingesatRVI crand| 1P e- 1@Cnadlve E7 sequences are
nol ecul e conprises or essentially consists of

nUCP S8PIONREOSE Gadhe s HiRMEYch I8ehgth Brede ¢ iéiPthﬁeanfirﬁ-W 18 native
h&icgs 9 i%lrzﬁf}%llngot i ﬁ@&ecﬁfde?%ﬁ SRk )éXhlblt 80% or greater

SIStS O e sequence shown In
N@an BE%’JIDﬂhomotdgg (hauFigura Qg | Biccpsinde ro| teesal Imrnologous portions is

conprl es or e ially c ists of the nucl eot

SHBSHEE aRBURTY il isegss the ReP R0 AT O RePOreIIty 4o and HPV-
VF@EG’ Emd?f)r En %eﬂe@ Vﬁ&tnb %ohs%e@o%ﬁaﬂ&%&f 0R0EIbdthEed BEe homologous
E2- encodi ng nucleic acid nolecules are inserted in

drtraensosnd| letd tEthenlosroe ethgrmaickeotdd yequeness foomprisechbetigen them, and

SEES {]o gene silencing.

In accordance with the present invention, the nucleic acid molecules encoding
HPV-16 and/or HPV-18 E6 and E7 polypeptides can be modified by degenerating the
codon usage pattern so as to reduce homology to less than 75% especially in the

homologous portions. A representative example of a degenerated nucleic acid molecule
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nucl eic acid nol ecul es are un? r the control of the
vacci nia p7.5K pronoter and placed in inverted
ogniceding tanddP ¥aldhE6 tpebmpeptide asngitvérern §EQedd ND: t4hiasd a representative

CORaPLTED SRt B B AR IS BRRRL SE v- 5 7
golmwa@m giden 8 SPOtID K6: B d1&é splitiegRt SEeSID K©:aathnd SEQ ID

can be expressed independently or as a fusion

pNOy pé havel beerTiksigand sded tEGedune homogypwitly Fi@thIPMelsé @m@terparts to
plr Gl abg I { Ipceigger Eﬁ anseﬁutWisegg{l%%o 1(%(§:holril‘1:3 <f‘0d1rt1g HPV-18

onco Ive con

HHMnﬁ\ﬁma-raﬁclde’é& 48d nah-loveo CFEﬁlcSE@ UaH aes pblgpept Rid%o Hf)wever alternative
honol ogy at the nucl eoti | evel whereas HPV-16 and
Hepiars phfdesractedsugien ded raﬁl@cw?s'/@mﬁiﬂ}goé@ y8d@adiy papillomavirus

o SRS A B oSl Ayl P
nuclqulde ' 8OW or. greater fhan., .o
5056 of *HENBT ol Cifed i, fﬁfélp{al?%ss% TSt Jprclejfedgid molecule

f@ﬁ@&h@g QHHIPOI biBINSo Iy fepEdP 8L Thell heRQY AL ¢. \dribrane-anchored and non
i nfluence the stability of a vector co-expressin

HPOg@UG A dHPRLcon g nE@elar?&;domowu@eﬁiv@@dmmﬁr&ﬂ%ﬁd@gE6 polypeptide as
h
pcge(rf?lgg rlllgf"egtlh g@%g En ?Igo‘%%m é%%%é\fgﬁg}oﬁl cﬁ&gﬁ {52 %gelﬂr? the second nucleic

seiilmobeslcaomprissed d3adntiey coiimintg ofthd nuhastldeosegmm shown in SEQ
sjlencin I n. accordance with_ the present inventi

t1he NRic 1 i Anafbeig PRBTERIL Y &oTeplc Bigi MyCHISP- SEMBIREP o irst nucleic acid
HﬁM’e&%e E&c@ﬂ‘fﬁg Efn WVH%DEV dﬁ&lgﬁéﬂi’ld@ CagdTREfAd e ﬂel@lfn (e. & membrane-

degenerating the codon usage pattern so as to reduc
howbbodyant mohmogdmar) anBo% espet hadlély acid mhkechle rmbtoxgmgjsn HPV-18

tlons e tative e a le of, a ner at ed

PEL bl BSide 4 R PB P TReRebengoaRTa5) Buitbenis), wherein
' tﬁe He¥&l hiklSEQAP i Rculd camprises GPERSAH ?t EOBisBX@MEnucleotide
of a degenerated nodified nucleic acid nolecul e

esegediica g%hawn HIP\SES IE7NQOI1§pé/bIY¢ @éefﬁl@b]g’b \vlmnw‘rqﬁprsabhp Dnvention is a
k@’\/ﬁ% gecﬁcgr the %gsn ngcé %cgar%:le(}/dmsogecg 1ts é)'fal(ggg ]Jlfl:"lgea n% Qr?/l of the vaccinia

W 5K prbfotdP\ind Ghe Qebdhe rmpadleicsadi® nhalssuld hﬂdbr&he ContfolQdf the vaccinia
preferably 5 consecutive nucl eotides while encodi ng

Hﬁ@RJMOWé raethaninbred saprndnBicloR st malcmbesatg @ﬂl inserted in
1&{{6%&11'512%(1 Nioveygt,, al ternative versions of

degenerated nuclelc aci d nol ecul es encodi ng E6 and/ or
des! anlls BretiarsSuPPrAREPle € RRaPErRRPLAR adToY FudF g motccul
| ¢hedihi ANfuSIOARITIaB 3P - 16l ES bo P&t Rie Gwi@le bl HPON-@6 H7epolypeptide and a
second nucleic acid molecule encoding a fusion of an HPV-18 E6 polypeptide with an
HPV-18 E7 polypeptide wherein said first and second nucleic acid molecules do not
comprise a portion of 40 or more continuous nucleotides exhibiting a percentage of

homology of approximately 75% or greater than 75%.

The invention also pertains to a vector comprising a first nucleic acid molecule
encoding an HPV-16 E6 polypeptide, a second nucleic acid molecule encoding an HPV-
18 E6 polypeptide, a third nucleic acid molecule encoding an HPV-16 E7 polypeptide and

a fourth nucleic acid molecule encoding an HPV-18 E7 polypeptide wherein said first,



encodi ng an HPV-16 E6 pol ypeptide as defined herein
(e.g. nenbrane-anchored and non oncogenic) and a

waemensBemticl ei ¢ aci d nol ecul e encodi ng an HPV- B@I/EB2008/051031
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pol ypepti de as defined herein,(e.g. a

menbr ane- anchored non oncogenic), wherein the second

nagcomed, ¢hiadt amtl fuurthauulckiocanﬁcp niodeslesrdoess enpekd y portion of 40 or more
consi sts of Ieotlde se uen shown |

RO A5t Jesp BB APy SaH ey PR ohF gherceter than 75%
Clﬂ@i%'iéb‘!%&h@sd‘cbﬁ@ hud1bie la8idcméteble @'@ﬂnﬁﬁé@s%s@&ﬁﬁﬂy REngdts in or consists
HPV- 16 pepti de as defi ned her ei n (e.q.

rﬁ@rﬂﬁ%ﬂééﬁg ad/qiribe fronthowelsigesvidnodasulcaosweiserd cssentially consists

nucl ei ¢ . ncodi n HP)

iy SRS T SERUEF NOEASHERE: A% e Mrdlat s dmspn s # Mva
andtorOthe qmacage Reddohd noblRfceicid indeecaRe anchlididlif lu@veat@d @rientation each
mol ecul e conprises or essentially consists of th

nidice dhe epnts, @@ dbe dacey Y - 35 ng‘Q)tpDathhelgurdw}defourth nucleic acid
pﬁl&fegﬁl@? 1nx%ﬁ§ d BREHQ orpgacﬁlhﬁléiepﬁfenéd P31 o? tlﬁ'%] M‘éAgna H5R promoter
vector st nuc el c acl ecul e I's ace

umdeahe ﬁm, scomtdc dlirdofndtfhertly acadein |aad7fn(51&1ﬂemeﬁr&ert@md1 deletion III of
t he sg;ond nucl ei ¢ acid nol ecul e under the control of

t13& YR VRS H5R promoter and the first and second

nucl eic acid nolecules are both inserted in deletion

Il of said MVA vector. The invention also pertains to

a vector conprising a first nucleic acid nol ecul e

encodi Imgarwtlﬁan sasomtotheapresimr/ imBeIEf@np@iISQ/ mm@\tidfdiea wiubstargrally isolated

en el c aci.d. .
e aRdeRe g Rt Sr PR Y S B8 et hgnuctcotiae
Vet fierB shiivh Barfy SHO Y peptd, de, whaneid) 182i 3] 661 6B t68dRE9.
second nucl eic aci d nol ecul’es do not conprise a
portion of 40 or nore continuous nucl eoti des
exhi biting a percentage of honol ogy of approxinately
75% ory,0f 8al.f %mtbgtfﬁﬂlezﬁ gt t%hﬁvéﬂ%ﬁnfhe%s@e{ﬂo eg&f cfff present third
to a vector conprising iTst nucleic acld cul e
ammdﬁungnadeHRMuﬂﬁmEﬁubmbymppkﬂdethav&mmaﬁthMNGMMM1meinaibnn

aC| | ecul e enc an HPY- 18 E6 pal tide
R AR Or S B8 0d s e bR BER g P SpAR by e, which means

pt‘Rh‘ry %ptdrg%le?&@g dEO WL E‘orﬂfb‘?lo? |t 364 1dat0R) %‘Akﬁ‘ces necessary to their
encodi hg an HPV-18 E7 pol ypeptide erei'n said

féxpsassisecond, third and fourth nucleic acid nol ecul es

do not conprise a portion of 40 or nore conti nuous

nucl eoAs desd dxtii the rtgrrm p@mz&nﬁyag@luefﬁceh’o nmefeoxgyo ahy &bftience that
or. greater. than 75% ferab%¥ cond. nuclelc

At |oF SneLERHES FaRp 4 %t the gxpigsl ‘P%\PF %/HE fis peiddnglgeyle in a given host
CQNs in%hﬁilﬁg"reﬁﬁgtfog Wllc;ﬁb@%ﬁ% tiBR, dpBbmEher A Bh Cstability and/or

acid nol ecul e conpri ses, essentlally consists I n or
ctoarspat of the iBERId ®1<N01 oriof ivpdarivptied BreabiRNA} iné¢o thedtost cell. In the

et St of B BrenT dbtirBenae TEFURly peitppira i GoPer Y Hled” to the
Ofujc®i¢ atidanoRaab t& rﬂﬂeerxpwﬁ%dCQEt el ¢ r[]ﬂatd@d Vi@ CfiyRétddnal relationship

7.5K pronoter and the third and fourth nucleic acid
which allows for expression in a host cell or subject. Such regulatory sequences are well

known in the art (see for example Goeddel, 1990, Gene Expression Technology: Methods
in Enzymology 185, Academic Press, San Diego). It will be appreciated by those skilled
in the art that the choice of the regulatory sequences can depend on factors such as the

vector type, the host cell, the level of expression desired, etc.



nol ecul es in inverted orientation each under the
control of the vaccinia H5R pronoter and the first,

wae@mdnskeds hi rd and fourth nucl ei c aci d nol ecul BET/EP®08/051031
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inserted in deletion Il of sg,d MVA vector. In
anot her aspect, the present invention also provides a
subst aTitei @oinptdr sob Asmeediah unptu’tamcraalil@l thegirescut mvention encornpasses the

f lf%gp 3 n%}"}lgf‘zggo%%lﬁl\%hlglﬁ Cstt flf,{ir]@])g Of or gonSI Sltcba{]cgci @olecules in
IhanylBpesldf hobfeclband Bbse WhicHO@r @k eﬁﬁessldh AP &rtain host cells (e.g.,

enbodi nent of the invention, the first and second and
i isspe-spasHic régufadorangb i enees hon die | response el spestife @Ivergs or exogenous

c ri ed |n he yeector, Lnvention are |
ﬁ%g c. gf é)reléaS%re r]gen% hagidgln Yo oarn% )’06 e%t er 11 an(!?. Suitable

rbﬁ‘fétenﬁ ﬁirbo@iﬁt@t&&] @;@fesmm i€ Bultiegii dykains tllﬁtﬂlydea‘flﬁl promoters, such
pl aced under the control of the regul atory sequences
n?éc%%%ppom%er, K¢ eytersedesien(CMY) uwaredinéG efrly piameoter or enhancer
t |a q s r y..Seaquen
e B O P A% 0o ] Sleh G ifRYe LR promoters, the
othymidine kiziage EEE:K):I pmmhc&etubﬁhd:rpesammp\llﬁnvﬂnm(HS:‘é) I ,and retroviral long-

SImER e Grss MeHBhY SEHAR i oHaiBr (RS UhLpBRt bopell as collular
U8 nidte! 8l QsCJLHEl ﬁfosﬁ{b%l}%ferd kﬁla&egP(}ng} ?%@n&tép ﬁiltz%mﬁ)et al., 1983,

i'nto the host he cont ex present
| Sugrti2on, 62(hé25 Egldfaattcﬂy IQ&YL]L@@IE@ &6 €74).opetahlsl promoters useful to
I&nke "ta th nucl ei c

(0 ey P I s R mP RS s por SebE s S BR AT Be 7.5, HsR,

VK ChR & Ipl P86 KF10F prBMBE@S S Pdtcinih Arnkk0MltehiRtibel9 rorfeujﬁhﬁﬁie a synthetic
Such regulatory sequences are well known in the art

(RyeBOfas rsugly amﬂr@e dssatibsfl in (Golrabagnet #x (,}9@§5 Bagicchniques 23, 1094-
T th 5
BRI ond BP0 d. ERERIRE Mg oo 1 ERS PR T kG and Boyie

theo@r virblagy 170e 16hasgradfwellng élﬁgmhatlﬁbmo&mbaaees early and late

can depend on factors such as the vector type, the

H@§Wﬁéﬁwpnmﬁﬁ% | evel of expression desired, etc. The

pronoter is of special inportance and the present

i nventlrnduplblncm@pa%@esar@ hegwsiedoby caagenonslyi suplied compounds, and

o PRGLR oG ARSI E B bt M ELSofifIR ove vor e

dilr, epdg 7eXyibesGéIDBiON! Y, BER-84%) ahs de@sicieidng (Mex@-inducible mouse

tissue- specific r | at ory sequences) or in response

tl@a@a@a fipore iyt § ﬁMT\Q( oEESHs thadt/opalyperage pygmoter system (WO
MR oihgr

I | gané%)% l{% %dgg dif 1pr on@%qrotstéforo éc?:ggst I't Ut?{oc MO Acad. Sei. USA 23,

e3q6ex3Sil prih¢ tetrauj@rny—mépressﬁﬂspmten’(ﬂdsm atiat.al 992, Proc. Natl. Acad.

0 h : .
R SRriRe ST 85 B By (rBHO T nici bR AT (S Hefle 1895 1. Virol.
869 238855756k R‘U48651%&uc'§§19)pmrh&%ré\ﬁ Migll USoaNY B’ﬁl&@ch 15, 239-

| at'e pronoters, the thym dine kinase (TK)~ pronDter of
h43pesl Biampletel.yvil9Us CEdﬂS\Zjhet Hrith 2r 41D, 0thie rapamycin-inducible promoter

' QLS 02 1997, 5. Clin. Tnvest. 100, 2865-2872) and the lac, TRP, and TAC

promoters from E. coli.

The regulatory sequences in use in the context of the present invention can also be
tissue-specific to drive expression of the nucleic acid molecules in specific tissues where
therapeutic benefit is desired. Suitable promoters can be taken from genes that are

preferentially expressed in tumor cells. Such genes can be identified for example by



repeats (e.g. MoMILV and Rous sarcoma virus (RSV)
LTRs) as well as cellular pronoters such as the

w@bwspbsogd ycer o ki nase (PGK) pronoter (H tzenaPCEEPADS/)51031

10

15

20

25

30

1983, Science 219, 620-625 ; ,%jra et al., 1987, GCene
60, 65-74). Suitable pronoterS useful to drive
ediprrl@s sind ncomipardtye ngenbeiic hybridizanxne Cigk efor i axamplpokiBi 6 459,776 and
v$21(£%%§'r)ncl ude the 7.5K, H5R, TK, p28, p | | or KL
s of vaccinia virus. Alternatively, one may

use a synt he pronDter such as those descrihed in

Chakr ab¥s¢ sk lilfiéf 4} the etgif appresiade Higt gﬁégg goryjggments controlling the
|

é%(%@lsilo_ Ui @‘fiuﬂglcai%dr ﬁlzjgn ZIBGS &orerlp{l%ég(g 61091\6/(:\%'8 og/g)gnﬂéj ﬁl’ventlon may

1nithds@®mpase waditioss etimemss fioc pmpelrmtteltlsnhegw!@m gardrytermination of

L N
Iﬁfé'leldg%ca%zltﬂ)‘ﬂuﬁl%ﬁdl rﬁ'e& pltoﬁgssﬁign(‘eg 'E?H@l'n?ls?gnals stability (c.g.

met al | ot hi onei n ([ M) prormter (M I'vo
NptronsCahfl Bine¢oding 5838d 83 8yequeinss ea@n@tahﬁ@tme (c.g. tripartite leader

psreg}lr%n[ca r%hoﬁ%mﬁi"?%g%f%/%a gg %m%rd x%atnéor .qygrtlce%nM\{g%)mto the host cell or

#0088), the ecdysone insect pronoter (No et al.
1996 Proc. Natl. Acad. Sci. USA 93, 3346-3351), t he
tetracycline-repressi ble pronoter (Gossen et al.,
1992, Proc. Natl. Acad. Sci. USA 89, 5547-5551), the

tetracyc ,
Virol. e gh&gg%g%gtmkh% {B F]eggguff%]§£| ndt}ﬁ' B%IP%S 6?%%0%& Yiral particles
danglsetg Eﬂe aboiz@-@l%scriﬂad veBioot Nohatteixﬁgts 2BYesc2d8 iandktail the various
t e Ther 432-441)
rHERAS AR oihlici Bt & PRIHBR e {NERyPT G yordcl oyl by made here
ﬂ‘r:d?calllymé@csrf Vlrg-lolgartlglgﬁﬁfezﬁy&ihc&mytah?rdc@s% cobfftisi@the steps of (a)
TAC pronoters fromE. coli. The regul atory sequences
iintrg@@mgwtlteh‘erai outtextin of apht@ppatesceﬂtlmen(}@rﬂultonngahﬁ cell line under
be t| sue- dpecn‘l C)élgres o)
e

f. th ) .
PR RS RRES ) By Sid” BE radeiBh o3 520, MO viral partite,

tRResapiaptthe phanedd infeGiodssikepartidi fr@hltBe RUBWRIATRICAN line, and
be taken fromgenes that are preferentially expressed

i eptionaiy PeEling saldueepvgedasfestionsoeral getielef i ed for

exanpl e bydi splay and conparative genomc '

hybr i diVhen thervifad @ectbiors d@ﬁeatrpfb ehmf@@a@pweleam usually produced in
skilled.in th r.ecia

76,.683). .Th
ChaTmpRESPen 00 i ot st BFesinet hyo AR SUgBHEs in rans the

e RSNl Glfralt%ﬁesn V6t Slagn A& isditdBK QLIRS f6OEaMpISRENtiny E1-deleted
the vector of the invention nay further conprise

atfignevieh gpctersen@lmi@ theo?93peadls éﬁraham ptaali, dﬂ97,rJe §enaViteh 36, 59-72),
f
atﬂg/rl])g(ﬁ:{r &8 s“&‘a e°[ at1§ (ﬁ)gék; g—gdﬁlga&]ll:@&s (ﬁir%&ﬁ?béﬁ%l@ gnd the HER96

(ellg. Ceu§Ia@pfoplna&afdrzp\ﬂop@gatﬁggpmdwm@qstbemm&e aV1an cells, and most

processing (e.qg,.splicing signals), stabili ta/
preferably primary chicken embryo fibfoblasts’ (CEF) prepare frorn chlcken embryos

obtained from fertilized eggs. The producer cells can be cultured in conventional
fermentation bioreactors, flasks and Petri plates under appropriate temperature, pH and

oxygen content conditions.

The infectious viral particles may be recovered from the culture supernatant or
from the cells after lysis. They can be further purified according to standard techniques
(chromatography, ultracentrifugation as described for example in WQ096/27677,



i ntrons and non-coding 5 and 3' sequences), and
translation (e.g. tripartite | eader sequences,

WO 2dweassses bi ndi ng sites, Shine-Dal ganb sequencBST/ER1008/)51031
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into the host cell or subject ol N anot her aspect, the

present invention provides i nféctious viral particles
CHIEPISII5A4, t & CBR2688les WO R 6048t orWORE/4870BmptEP1006700  and
dg@gﬁ%ﬁﬁ jn detail the various methods known for the

p éM-of infectious viral particles will be nade

here. Typically, such viral particles are produced by

a process conprising the steps of (a) introducing the

viral vector in an appropriate cell line, (b o

cul t urlinrigothgeaspsrt, the prescuhoeentiqn pravides ey ¢rply enspravng the above-
ac?es%r?o %l Ilugf%ct abs?d %?e%ﬂ{‘el%f' V%@tO?%orSi é:gtl&gf\%?ﬁ g@ﬂ&lexlfﬁ%l term "host cell"
particle, recovering e produced i ntectiodus Vira

pearistd hlerlefnr d.‘elfinb%l enycedlt \Ul_iigh @hn Ba bﬂhadsdzfde? Ithon@cipgond of thle vector or the
optionally purifying.said recovered infectjous vira
pafactigysevirahparicidaf 8%1% mveRtiomy d preger el @?I?St- Héis term should be
[ {Qu Ll I ed, |

B BroBh S aF oy RO, IARE RIS Ruy of sl as well as
vpartisylanwhigehizatipp bif eslls,ne.pr ansissureononganurterch orells can be primary,
virak enes. Foniﬁggnple, suitable cell lines for

cEmsfosefoF AYtugsd cdlsi et ed adenoviral vectors include

the 293 cells (Gahamet al, 1997, J . Gen. Virol. 36,

59- 72)Host heelBER dBe ceanfext (gfaithednveition inclugggprokpyptis cells (e.g.
Cﬁr}%er_ﬂ)ﬁ& - col A is%&ﬁn&gﬂéteﬁeg,d IB@/@r %@@oﬁgl ESts S&id Sas yeast (e.g.
appropri ate For propagat i ng’ poxvirus vectors are avi an
ckicchgroamdesnmostevpicef eSabharopwcavappmbbi ok ePickidbpyaoris), and other

fi brobl.ast F) prepared from chicken enbryos : .
SBARER o et I Det BgBlett i MGHGREFY S fellseath a special
efefinct” R MANEARYENEJIRNE o T BHMEBNTGH hBRAhRAh &P Representative
flasks and Petri plates under appropriate tenperature,
phiagpiEsofypyigable bott eplls wohde biroars noThited feeBHKobeby hambter kidney)

Cer STy ORpBRTAEY ElpinE REbedof el Capig ety (gl feline

fliahdyedel INite),fCed @tleoAdidag rhénkel athal dell ¢iaby) icmsege.%., COS-7) cells,
(chromat ography, ultracentrifugati on as described Tor
estangst Bampeno6y (707 cloB100eBD /3 dsslle Hsie cells and Vero cells. The

/“ggs(t)égﬂ” %{\%g,) Q{Clﬁlgl%g ) %ﬁ%&z&%&a&ﬂs %%{egpggcg%&nk&ting at least

anot her aspe résent’ rnventi on provi

calel defeivpriusdtiog dffierephioitpdaresctibededticdbfihe iavdntion (e.g. adenoviral
nol ecul es, vectors or infectious viral particles. The

£ ECHAD $isB s Eose citedsabg¥ed herein defines any cel | which

can be or has been the recipient of the vector or the '

i nf ectil@tiscells can bgapserdcfos nseduckigs by noeombingnt gpepns the polypeptides

p S .cel. This t b .

LSS SR T 5 SEFELSEPLL RS ATEELRRY it o
ctht liyendidn WBLdh &®hniques are well known in the art (see for example Ausubel,
Current Protocols in Molecular Biology, John Wiley, 1987-2002; and the latest edition of
Sambrook et al., Molecular Cloning, A Laboratory Manual, Cold Spring Harbor

Laboratory Press).

In another aspect, the present invention provides a composition comprising the
above-described nucleic acid molecules, vector, infectious viral particle, or host cell (also

referred herein to the "active agent") or any combination thercof. Advantageously, the



particul ar organi zation of cells, e.g. in tissue or
organ. Such cells can be primary, transfornmed or

weaoBusssds cel |s. Host cells in the context of PCEEP2008/051031
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i nvention include prokaryotic Pells (e.g. Escherichia

coli, Bacillus, Listeria), | over eukaryotic cells such
asmmﬁmsmnOEa@hmﬁa&@hambaymﬁsnunwwhmhwam@HSaadhampayweﬁyeﬂ&cﬁve
ponbe oF Pi ch torl and ot.her eukar, otlclcells
ST 8T (R EEYe rRY S AT i CRTALLY Y

cells, with a eC|aI preference for mral i an ce
(e.g. MmO HemasRufis YC#FRID eR@&f%@ eft aﬁffi;@erem is intended to

i n
SYEOOL 5y T3 L5 B ooy P gy Bpon mod
(ddadngs, 'liwteciahaimdeankuﬁdrmyageats alhd uts))rptlﬁﬂlﬁlélageigl agents, and the like,

(Cran | f.eline kidne
(%‘nmaglgle %ﬁ]k égi}awa&ﬁlé a& e?f rmp]is n C% Wgﬁg L,erew herapeutlcally
catdcsive GRIJIBBEIshATREE fsuficiiny fﬁlc'ﬂ@ afi@lihtfon BPYHE or more symptoms
NI H 3T3 cells, HeLa cells and Vero cells. The term

"ol essotiawdsthethe prabeis] mdplmn@atrﬁm@ twelr¢aged or prevented in a
capab f conpl.enenting at | east. defecti
FORRE SR EPRURTR ke PO ien BBy 30GL BERR L b Fpucient to prevent
| siveNddlaNtHeCestablisklanavafr alpathebla) csttditiordsn hhabRcC iR Gxample, a
above. Host cells can be used for producing by

riBesnpitically cifsetie ameunorauid bei thak apgeyddgt E)%/S‘ﬂﬁﬁélent to induce or
n

R SRSy AL SE Syt DRl i o
apetliane| dmddiooars) dtabilifee ravetse( sleer <f)10diel£§X&IﬂﬁregvésI§mbef the pathological
Current Progﬁcols i n. Mol ecul ar Bi ol Qgy ﬁgn Wle

[eilon do. oY ee piaE ESKICHRR P IRIOTOANb IO Qg thnor in a subject
MR acidhdk « AMiRGriofid ADRRRLLS wphfual . Cold Spring

Har bor Laboratory Press). In ano r aspect, the

prese nIBeslnre%@g {He.o gl\{loﬁ oF tﬁeagl?%p@o%] ctolnﬁiﬁlsgsp OR! blts ﬁlpge carrier and/or

t he above Cri nuc , vecC
i difueat n@uﬁax‘!/d fitethe ﬁiasdgb Giné ,coacenfratiéon eeploytal S.Qhrcaf‘ﬁr ra@d/or diluent
or any. co inatio

P f}e{égé%ﬁrag gqqfegé%ﬁgh%%%ﬁ%é’oqu nioraulate comp051t10ns in either
plﬂﬁf &B%ﬁ%é’&' ﬁﬁit ?dr%?st@fﬁﬁ&& SR RBSinfRtration. A suitable carrier

erapeuti ca effective anount of the active
a@er’tte(asgolwnd aailmezsmmedmnnwlntaymag,cfepemhpée wedterg bthanol, polyol (for

PP PR GRORHCTA YRY 6T By HAnS E canepy BRAIRES % vogerable

s&l ¥EBhifabl MRS $her€FCITRE ANhdnt 1@9&&&@“}!&50@!11@}’@@%‘[&{‘0 or weakly
nmedi a, coatings, antibacterial and antifungal ents

ah»@eqo@@ rthhaﬁ adlelaéwlbfglo‘azg@mc‘sstreagﬁn Rieproperiesive exarnples of suitable
af i b dmni.s

FETBRG Rl Bl PRI P Py TAMSA LR Moum Su2ES. Ringers

Sdoftion gm&oieo ltrehztlesead)ﬂ @‘étlﬂird)sférhoﬁftloﬁﬂ eH&lk $Tes18tiGy, At @Mer aqueous

nornally associated with the athologlcal condi ti on

deusiodagieadly pealanced tsalf @‘lutmnév(geﬁ dor p¥pmzple the most current edition of

Remington : The Science and Practice of Pharmacy, A. Gennaro, Lippincott,
Williams&Wilkins). The pH of the composition of the invention is suitably adjusted and
buffered in order to be appropriate for use in humans or animals, preferably at a
physiological or slightly basic pH (between approximately pH 7.5 to approximately pH 9,
with a special preference for a pH of approximately 8 or 8.5). Suitable buffers include

phosphate buffer (e.g. PBS), bicarbonate buffer and/or Tris buffer.



subj ect. When prophylactic use is concerned, this term
nmeans a dose sufficient to prevent or to delay the

we@sdoahsseshment of a pat hol ogi cal condition in BCT/EP2008/051031
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subj ect. For exanple, a therag;utically effective

amount could be that anmpbunt that is sufficient to

i nducé€ller coamrarioe «rthé mvantgor emplonsevarous hientsy egt &dzen, solid (e.g.
subj ect, ar that . unt that.is, sufficien 0 .. .

v ioalere X ary Pnlea ookt job@ e igiREn) b g pomposition of the
deskigy a&&ﬁ pisOaesRlitRMaPlcsiRe iRatnehtpiGalbe Rdhdd #8m a previously
(e.g. for instance size reduction or regression of a '
| serileiligredasotufipr thergof swhubitted to veawar divang afd Fesderdaying. It can, if
infection in an infected subject)..Desirably, the y
c&(;er%%&si 8 g0 ™ e ifly ear%‘%l?%l? iy s deCapRution Ry tpe addition of a
calitableveriod/ fordiukdient non-toxi ¢ at the dosage and
concentration enployed. Such carrier and/or dil uent

are prgferafliyy pkaetes cbhpRitineI8spesiay | Wh@MHO¥&H et &ent is an
formul ate conpositions in either unit dosage or

naflchovitid yectborisrdronlatgdsineliVl saegharpge,oldfl mM NaCl, 1mM MgCl, 54 mg/l

mni st rati .Asuitabl e carrier, can he. a.sglve a
POt S A7 it 8t A B, b iR S R iihea 10 ey
ethh@iiel,, | Pg/yIoHSAf 20 neMani| pH T2, @arish . mmreayl. 8Géh formulations are
glycol, liquid polyethylene glycol, and the like), a .
vRegaeaEhe sgtad for reeserdng étaﬂ?ilgt’ wiehe cpmpegtion pighe invention over a
' ' r [ i Cq ot i 3 K -
i SEs l el GoRhaRhY s OB Ging WP AR - RECRRMY or rofigerated
Repy. d3entcaberairexanpl es of suitable diluents include
sterile water, physiological saline (e.g. sodium

chl oriTg) colpoi@iedn naSOhMb i @htaif)| HeO0SE mdré eimalhsRu@tally acceptable
saccharose solutions, Hank's solution, and other

RFGHBES Ry shrevigyige dlesijabln rhataareyiasal  gloInhefrepredyrgasec properties,
f. ) ~GULT .edi ti 0 i . : . .
0 R AL PR A BTG scons. s
Léqpirnet@titity, \Btdblilitgmeatddbt lor ndporptibie ipthl @f tHehBuman or animal subject.
conposition of the inv qt Lon is suitably ad] Stxﬁ)d and .
bRFFEICBEY RIS 06 Sﬁgl Ko epponeatst igelude @ofygorbaieatfly L-arginine,
i . Rnef i i Lobg I Whi
?ol%hgg}r\-(?%hd?ﬁl@, GERNsY, Al r@tbgﬁ%/ﬁ Sﬁlélf;%sﬂt?%etﬁ’ﬁm% £1988 1 Which may be

asic et ween appr oxi
appd ox dtainaleyirgit Propaitich o salpleibiyaltaprley, eand mek-l1ffofDavipkt al., 1978,

appr oxi mat 8, 5). Suit e buf s igcl ude
ot Bafie ot fost P Tttt 37 B hondt d- pmpeP Ry gy 210-219)
TVisSodyfchRincif}eaeRIRAGIAd i c4rBExyRMBNEL RITose 2ddrBi€oli dhd dextran.
various forns, e.g. frozen, solid (e.g.” dry powdered '
ofhd gaappprisitioneganfadrorgontage splistpmices Kovgn inaihe @guie)promote penetration or

solid conposition qf the active nt plus.an >
b bord RO G iRt bt ey By U patiord hampts grgomposition
AsuREE YorOMging] sdriihistetiod tdnt &lepiaBPlnghidednt BER®ES absorption enhancers
submtted to vacuum.dryi ng and freeze-drying. It can,

i yseib &Q Insrpasqidic Porsrees fthamyeesa] membmpsti e ready for
reconstitution by the addition of a suitable vehicle

bef or elnugdditign,pthet cembesitign mfether mydntdempoasi tcoomwrise one or more

(ae(ﬁlPV%%j[(gbl lintMee qfo% hs%st%r%‘ici, or L gonstal '@Anfiflistration in humans. The term
"adjuvant" denotes a compound having the ability to enhance the immune response to a
particular antigen. The adjuvant can be delivered at or near the site of antigen.
Enhancement of humoral immunity is typically manifested by a significant increase
(usually greater than 10 fold) in the titer of antibody raised to the antigen. Enhancement

of cellular immunity can be measured for example by a positive skin test, cytotoxic T-cell



adenoviral vector) is fornulated in I M saccharose, 150
mMINaCl, ImMMMdC , 54 ng/1 Tween 80, 10 mMM Tris pH

W@®@2@8/138sa% her preferred conposition is fornul apedEPWOLE51031
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ng/mM mannitol, 1 ng/m HSA 20 nmM Tris, pH 7.2, and
150 mM NaCl . Such fornul ationsS are particularly suited
f sayp Eddenov nssgy SoralbiNg ¢ryllel?. Rrblerabbyplosadjinomt af uschie the invention is

Ie?r]a%/)e@te Io? ?télgﬁfﬁag rgr%é{n 5? %%&%tctlxlzf‘g%sé%t AL @y tEﬁough toll-like receptors
r @i’ﬂ)?@lcﬁta%dﬂ_([@—w TLRQ ah® TRRLGL REReschAbyE 0XmRsEd bPseful adjuvants

so contain one or nore pharmaceutically
al@@leé@ avithouetisijstientadurho miperely pidi angplties ispelblag Freunds complete and

phar ut | or nam.c .propert

S?m Iﬁeg #PSA?B el)l(pOﬁ;EPyéac arl(? orllrg aoggrl IHF a{hﬁfe’r?g EPhlgl pt, al.,, 1986,
OISqu‘[’ﬁutﬁﬂd)g}y and/ mﬁmbpham@&@wg;t ¥f BaolcOillr En@dteilhb i IPM,lurn Publ Corp.,
stabili tﬁ% rel ease or absor{)tl on into an

alﬂan@H ) SEPONIRe B s@n@&? VRUIBaNgs| s 18985& XBP 722| |4§31 -9; WO

é} 1&1&&8{1&&&1&% gllcﬁoa's 151 @I ?ﬂoa'(gﬁade OOO J Am Acad
yV|n I'pyrrol'i done re a 0
plbbrylelt(kiyhﬁrﬂ% §1 e oH-infidd (may CDJQulusled-ét-ﬁmmlet(hnnatlve (AldaraTM) and

desirable p erties .of il abi
Haled iepEPpYRE (Smafiox 2@3 enen%?fe % 134 %/Zﬁegwwgle phosphate
%Iaﬂbﬁﬁ% Sﬁ%ﬁ 'eoxynllgf%énde%%clﬁas chs @hu%’hélf r@9951J Exp. Med. 186: 1623;

scosity enhanci ng agents I n¢l ude’ ‘sodi um
cﬁmtbbn‘yaia,t 203cdl Imhwsel. 1§dr BB 3%L54ArmhddentiongnpepTides such as 1C-31

SR b8 pEnERe ERR AN, TR EIERR TR . 25 0.
Z“Egﬁ%"esb?l{lé'ﬁl%éaﬁ?é TGSl PR BEFAH o CEMoSon of the

elYl@éHtH)ﬁl bah 'b@clld-fgﬁls@é?@d Q)gr gD{;;%e@}bSd? r RbEQN o8 %ﬂﬁﬁfrﬁlon including

useful to increase the e size of the mucosal
nsefmnacnesplczilrandddudasaimdmﬂmtraimm Sgttimanadphinistration can be performed

i.nvention nmay conpyi se .one or not dj uyant (s .
B T PR s§2r oh o SR oty AR R Hs el intravenous
hlﬁﬂﬁlsle‘iltoﬁ@aﬁ Hiftfalhscafl UNadartcHEIN Ghjestich. CRIIRPBAY HAVibBI made with

the ability to enhance t he |mTune response to a
peonyedipnak Syamges end anhiéGSad]* gnpapthc appropriaje dpviegseayagable in the art.

f
%sa[ a(tll’nlnl I'asillglé gclaP olxrngE @aa(%'g na atl 1n];r Eracrﬁ%%l 1ntrapulrn0nary,

VAR e LR AR

|1ﬁﬁ‘ﬁﬁfg$rﬁ'il (@tsuﬂtlrd Yecgil ERfued. Tb@@alledﬁlﬁhﬁﬁanbﬁ tdie Hel pefformed using
of anti body raised to the anti Enhancenent of

ctéﬁmsmra}a MnRmctsy Petah b thed ks qé"tﬂaff%%cu]@i ahpibsuigyequs administration
51ttfc Br@?t%gﬁ&?&qtt(%&%?wfrg an @?ech?ﬁszﬁa)ﬁéclg‘eissagﬁye agent.

efera ] uvant
use i n.t he ti i S cap stinmula
| mmnﬁ%f o PHENE Bl n§ERAR Bsingfle Mo kb factors such as the
tsHakmhdddondrBc @BLAERriktIds R thémﬁcﬁ& abkiRe dgenlldgeShaalH, and weight of
TLR-9. Representative exanples of useful adjuvants

|tﬁélsu@é0twﬂt%ba&lt10113glﬁ@1t ofBieng) denbefiqatadanatyrq arhenteitaf symptoms,
Sﬁiﬁ& 0?§ofcru%ﬁfj§e e A %Suﬁrc]? olf%gﬁﬁgn ttﬁe %é:d“%% B)reventlon or therapy

|1 popol'ysacchar vative t er eo
adnd/or1R8&ffect desired. The dosage will also be calculated dependent upon the particular

route of administration selected. Further refinement of the calculations necessary to
determine the appropriate dosage for treatment is routinely made by a practitioner, in the
light of the relevant circumstances. For general guidance, suitable dosage for adenovirus
particles varies from about 10° to about 10" iu (infectious units), desirably from about

107 to about 10'* iu and preferably from about 10° to about 10'" iu. Suitable dosage for



I mmunol ogy and | mmunophar macol ogy of Bacteri al
Endot oxi ns, Pl enum Publ. Corp., NY, p407-19), saponins

WG mR/138548521 (Sum no et al ., 1998, J.Virol. 72CT/EP2008/051031
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4931-9; WO 98/56415), i m dazogyinoline conpounds such
as | m qui nod (Suader, 2000, J Am Acad Der matol . 43,
SGic8hialyius| pertiateschazios fdm Sbon) 1@{‘mora¢>bmm104 pivi (plaque-forming particle),

d tive ra d re und 8
(Bt ot S8 ok, b 3P phSarth SSRF IR HOR byur 44" to about 5x10
Pﬁ‘fﬁsmaétbﬁ pga!dﬁiﬁu%sédheb@hdhﬁﬁﬂﬁ&w HﬁlQib%t OSSwWEHE M) 3% S0 mg, and
(Chu et al. Exp. Med. 186: 1623; Tritel et
aprefer@n@obetwgenlo(}mmmmml 2358-2547) and cationic

peptides such as 1C31 (Kritsch et al., 2005, J .

Chr onﬁw*grer,ﬁthaladmﬁésﬂmioh Baytakd pladeeinSe isix@l&?dosﬁé&ﬁ AdYrnatively, in

e e Bl S L R B o P bl eral hours,

aday8ah&bY webksTRARSowRE, BEBHMInSdtFa8ibh @ bé Bg lodRisection or continuous
system c, topical and nucosal admi nistration. Systemc

aidfrisiins Epatexmplc,atrhe mebJpetr foay Fvsdre!@;zdawgth @t dpast, tve, (£.8.dyom 2 to 10)
SU cut neous intr

H}lglﬁ ?rl,thng ié%\{e r%&?& l?:eﬁil Iéurc'[m? ﬁ?lg Jno F%IP? a\fec%ior, T ous particle

lcb’ﬁ &sthpdition! fﬂ’ré'féﬂab@n% R0 s&rees "B ndinisiraGOMVR Ndan@dtRbut sequentially
syringes and needl es, or any other approprl ate devi ces
aVeiin Aopesiof pftinee earying Nisew &y dasp i weaka o bawedihy paccond series of

p Hﬁlg{s thIBy e. a(lne &aﬁx‘% adﬁlptlgtﬁttmﬂ%:)h@a%ed ou w1th11} one to 6 months
rap nmona , |ntrava or In ecta route.
Tﬁ)ﬂb@&ig thel hatest sﬁm&tmtﬂmmﬁa)lﬁ tixefigesdrizs MEitk pesiode f time between each of

transder.mal. means (e.g., patch and_the_like)
| tRE ALRIPESLEAtQRS 8F ﬂ?uﬂ%%da%?é‘s%a Q?Tffﬁmsﬁef’va%% i fhgweeks. In a preferred

p&ﬁﬁd(ﬁﬁ‘lbﬁr {h¢ fﬁﬁtes ﬁEsr @Fjad{’ﬁlhﬁtrwl(ﬁ%lcoﬁ?ﬁ%&rtﬁre%%g uential adrmmstratlons
infectious particles as active agen he app opriate
ok inteyval andythd epemdisagesuponprisnoume ddwihoistiguwithamst to 6 months

t har am.c characteristics of the p [ cul ar
DB B VG B C AP . LRt W GHTecor TG VDb, Sidor, preferred
tgniRREMR P EAls &BBEthRdRANMEIL b Aokeot MERA §flrtidIat é8iprised between
and extent of synptons, kind of concurrent treatnent,

ffeduénty pbd. treatnent, the need for prevention or

t herapy and/or the effect desired. The dosage w ||

al so be cal cul ated dependent upon the particular route

of administration selected. Further refinenent of the

cal cul'Bitd mricinecessaeulé, ovedet, anfectieust fretieptiospedlabecomposition of

sage for treatnent is routlnel made by a
ptﬁadqumleﬁemay ibf PHedycedrHp ?bfsul?Jﬁ‘?é foélté*?@&ﬁ% or preventing a variety of
n r d e

B R e s SR PR AR RCand acquired

abisaatesl Tht Ppresen( imfceton alse pentatns)to e sise alfl the fauolvic acid molecule,

about .1% to abaut th % u and ref r abl fro(r?a out . ¢

1681 LGRS Atgleqhqst cellon ‘iOéIEHOé QINEY é‘%@ PYFRFREIPRing preparation o

Vd il 1ﬁﬁhﬁé&fcﬁ§re\éﬁﬁg 512 plferv&ﬁh%bsQME pl%lotg%aﬁ@&&tﬁtl@tﬁ KOs particularly

pfu (pl aque-form ng particle), desirably from about

1@@rqm1aaﬁbcﬁm trwglgpbu pmnpmgﬂ@ﬁeatmws dmmsalﬁ@glt virgigandjor bacterial
Vect or asn dm‘nl stered

IIH?G&%%%S?, %a‘nc &a%g éHlHllBle 8],?80}2 ISﬁ%SGS errn cancer” as used herein

encompasses any cancerous condition which results from unwanted cell proliferation
including diffuse or localized tumors, metastasis, cancerous polyps and prencoplastic

lesions (e.g. neoplasia).



preferably between 100 ng and 2 ng. Further, the
adm nistration may take place in a single dose or,

w@bdosnssaus vel y, in rmultiple doses accordi ng t oPGL/BPINAS/A51031
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protocol s, dosages and regine?i over several hours,

days and/ or weeks. Mbreover, e adm nistration can be

by bolm&ctinjlsecdﬁs'ems owh@bn@@ncmﬂsmlblatfedsimme Eontext of the invention
the s th at, | east

exa t wo
@cgglpﬁsoqﬂyzc tlfé}) aséaﬂgtﬁg SV{(I& Sﬁ?n\g’?y h%athogenlc microorganism as
3&&&1%6@%6% beghctdGlitie a@%oﬂteﬂﬁﬂleﬁ@dj {rehe \6BRIeRH of the invention include
i nfectious particle or conposition. Preferably, a
f withqut disrifagion glio bldsto i stareamiap rlirselzi@n@amaas@dyt@ma, carcinoma as well as
er as nctalnaelrmé V\slltathI n caerp? st)cu arOf ar{cl [e \%1%5 % fI‘r %quignelyrlal cancer
i ERSs ST owe SEESNd”SErT §70Y" ’

%Bﬂ‘lflﬁalséalhaéﬂ (iﬂspa(rtﬁ:ugar e %sdc‘ﬁ@e(ﬁd\fﬂhna FapAon@RE)s infection), lung

carried out within one to 6 nonths follow ng the

| et (Catmnpliudingatarasncelt sl celhssquamppegnd ﬁdén?r@arcwm%) renal

oéanEérnﬁlaQ(?etr \@gﬁ&r qR’%P %fcelt G?‘Oﬁq‘gﬁ&k satnﬁlaé lIlQQ‘S ?R'ICI'%H,BS cancer, stomach
econd series can be £ etk

pcraﬁf:ﬁ[ pexiroéitbxdaemicer, tchiecet iof stie Slett Icﬂ?\ﬁtyoﬂarynx cancer, brain and CNS

adm ni s{(r ations conprl ses thr(ge sequent i

2GR Hi SKIaFINSRE (&8 MDA &R4) APnRganod s@&?ﬁdcaé]é?li glymphomas,

Cl@ﬂiperrﬂnﬁ e@SpQH%l}aﬁ%@y fhvAGLRDY tih 's{)‘hcflniags EpdRNEddRer, retinoblastoma
low ng the first” series. As a gener al gU| dance,

vmtdhhwm saactror, preferred administration route is

subcut aneous with a dose of MA particles conprised

bet wedn ﬂ.@ﬁeférﬁecﬁ&rﬁb&&mﬁﬁw theThﬁfeﬁlﬁtﬁi Qi uiseacfbﬂ theoprecetite or curative

vect or, fectjous parti nmpasi ti on
otFeat“'H%nt ‘?ﬁf"e?ﬂqd&f‘ﬁ)nnaa?o%@e‘i? mlfho élan B{ aapgqylgqrg%\ﬂr%cgpspemally a HR

tlrlp@? | 16 Of ?égﬁgt%ﬂtt i 8ctfonY $ré- %a‘ﬁgﬁ&nt PN HUPGh&R! lesions. “Persistent

condi tions, cl udi ng genetic di Seases, congenit al
dinfretiswsredu tathg usyeptodiatie pb&ss. olehfepqmilﬁHemiruis nyfectianoin an infected

al so r ns to the I e

PubfisP Bl Rioget Shis™ s Flcecitibar 15uRhie AS clnBaLT Ehpie observed.
Of:x dnk}fcd SWHBIhAENhAT 1cdibfs fﬁﬁﬁlﬁ@r\xﬁiﬂoﬁf‘hﬁitaﬁoﬂjfnﬁgepnhehal neoplasia of
i ntended foor treating or preventing such patholo

clcml qugme ol high grqda ithat camn be dyteetes i prricus élsmms such as CIN (cervical

&716&3 h%lée(lc:itr egorp? sia ;vaglgit :r 21{1]1 Sr?eplt%ulﬁ%lgréo% aﬁgls (g ﬁ anall n raeplthehal
dﬁopﬁusl@n@ﬂw)l S@@ﬂeslntﬁb}ﬁtﬁeﬁﬁlmneﬁﬁlﬁﬁr(PIN$ U@ dvaAR@ia€i iRtracpithelial
enconpasses any cancerous condition which results from
ursRRissied(\cdN)- émﬂlplﬁ%e 04t NYFLIRAL lagignA nelpde gthogt limitation cervical

| O¢ahd & darfat! Wcﬁlonﬁetv@%l élséa%ﬁeerggﬁ%gé %h%flp?ﬁ&’ Bl ¥fker. The nucleic

preneopl’asti c 1'esi ohs ect’| ous
dicie asesculdyi edrtaar enfeaiius njpdradledhog ctemleor:@ntnpmltlmf ofhthe invention

i nvention enco ss any condition . a s ci.a
i frceding pap m&% %} @GMSCQ%’%@@% GHfi gLF ggstfﬁap%are malignant,

a&ﬁé’ﬁall@mﬁg %SMHSC& R BN SRS, %El%éla'll eR8caF R B¥ma. In another

the ‘i nvention include w thout I'imtation
gﬁtmlm:binasmtotm 1ngfantloo nr:al;l alye|benoed forrths peyyntoreagr curative treatment of a
& %itl%%na?ssomat\/\g withnfection by a hepatitis virus (e.g. HBV or HCV) such as

persistent infection, chronic or fulgurant hepatitis and liver cancer.

The active agent can be used alone or, if desired, in conjunction with conventional
therapeutic modalities (e.g. radiation, chemotherapy and/or surgery). The conventional
therapeutic modalities are delivered in the animal or human subject according to standard

protocols using standard agents, dosages and regimens and such modalities may be



breast cancer, prostate cancer, testicular cancer,
ovari an cancer, endonetrial cancer, cervical cancer

W@ eovspasss cul ar, those associated with a papi | POTEPI0081651031
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infection), lung cancer (e.g.,jncluding |arge cell,

smal | cell, squanous and adeno-carci nomas), renal

crantemed hiefrotd eturiograpdror dfiev ehe edmasstrationl enthcaantier ,agent(s) of the
anal cancer, pancreatic cancer,.stomach.cancer, : :
AL 85 PP oG 4P T FOUIERS PR il Gy infection, the
| REHBE of ARCES the BhidinfoR MIp PR AEBEiatcdih th €3NERYcak® irfthibitors (c.g.
mel anoma and non-nel anoma), bl ood cancer (|ynphomas, '

| sstike miretcasgsipbiitary yudhf ag Ye$PSRage Vgeor), ¢rpses gihildtors, helicase

na bone,.cancer, retingbl ast,oma thyroid ca . .
S er a7y RRERh oAl FIeREC: ARUBRD T, MR B RREPL: antiense
t d1optiEvstides,V enteH O aatibyded, rigmiuRNnodhlators; ohehiapé @it vaccines and
associated with infection by a papillonavirus )
(BEHERA| pgenS HROPWoRAllyh Esdpeipsi B erfreaimendct 9fonHCV-associated

- ' d ' n ' M Persist :
P FallBchRARL G MRubf0R e 2 BRLANE: of AELELHF Hpjodol and sponecl
paspilly edmainistersd byptckigiibanbalisaton innthe dtedicsatepycA pahtadularly suitable
has not.achi eved viral eradication. Typically. no

cTATHIRA oS NGHEI S a%@érw@a_.pegxlaw& Eﬁ-ef &E_Neéy%apr dRlirtZb) and/or
| S5vRIS ,p'ré}&laHglefoi‘\Qﬁ BPuE webirg Be@bre Qi MbitARR! Jf el d@ve agent(s) of the
neopl asia of I'ow, noderate or high grade that can be
devetioedFomraaging oosditiossasescigert ith pagiliNmagens/infeation, the method or

intraepithelial neoplasia), . vulvar, intraepithel.i al

B P hahs EYPRgor SRAI BF SR 1Rl afbHEGH PRERA R jych as  loop
PasittRugital @emidhathcahctREPH! @Siadcdrfindlto tREvMABLRSA also be carried
intraepithelial neoplasia (ValN). Exanples of

et iy pepiendties ivaisimmeiogdaulgiartso sechl dsreytodincs fe.gdiv?.dbt 7, IL-15, IL-
c | nal carci nonma. ., vagi na ncefr eni | .
BRI G s R AP P R g SRR g REG T s v-1 described
viaa@tiso dtrfl.eC9930 Psodd Aatli akegd. ROUSL OD] 7004-28 ATAS/ tdedtibed in WO
of the invention encoding papillomavirus pol ypeptides

i D/ 8D eyesiqr(p) aé@?!isrf@oﬁuﬁg pokypen{ideli pre- mal i gnant ,
especially CIN2/3 | esions, or malignant |esions, '
especilal pyothar ginbedimeat, cthaomathof norames (9érthe mpsenitipanis, carried out
tallqe idﬂ}/ent i oh &8 agsoost bﬁlelfjafc’%dtig oh tabhet Prsht ntive fdes  sequential
U At e ?reat%en? f% cond i on gsogié¥e wr ThP q

| aingigistraoBY 0@ phaRatdonsiioh dnd. BoostdB\Veodipdsieddh(s§Udhpically, the
as_persistent infection, chronic or ful gurant. )
hEpametand tha Goestipe coarazitens Fsedifetent schigenhichrropwrise or encode

used, gl ﬁpgnt?é’en'ci o f8s! fnegom.gﬂfl.c Gk %%ﬁlb&) rbr\/\ﬁsghof the invention may
conventional®therapeutic nodalities (e.g. radiation,
clvamppishemapy tanadrimissiatigey §f the Theniag rempbsido@lfollowed by one to ten
t her.apeuti c dalJities are delivered.in the ani mal, or

HfHA S%Wé&ﬁ%ﬁcllmsa% 60RO (e ige iy JRISE B Nty Hgy are a matter of

s&RNE&Y do 39RRLS mo ﬁl%ags@?é@f@l%& GROIERS iRANISURee or four sequential
nodal ities nmay beperfornmed before during and/or after

t ddeniadtratorstof hd prmer intlérenderttlyvsepagtedthys) pasfodidfgime varying from 3
i nvent i for treattin con

REOREVR aé’g 28 g",:\f(l) {\AF?%W]:O%]EQ (]f)tyi Yi§ TR mlmsgiattloin%}sof the booster one to

several weeks after the latest primer administration. Moreover, the priming and boosting
compositions can be administered at the same site or at alternative sites by the same route
or by different routes of administration. For example, compositions based on polypeptide
can be administered by a mucosal route whereas compositions based on vectors are

preferably injected, e.g. subcutancous injection for a MVA vector, intramuscular injection



met hod or use of the invention is preferably
associated with e.g. protease inhibitors (e.g. serine

w@e@Ba3sses | nhi bi tors such as VX950 of Vert ex), PCT/EP2008/051031
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pol ynerase inhibitors, helica? i nhi bitors,
antifibrotics, nucleoside analogs, TLR agoni sts,
sﬁoRMADI\h%thMﬁdeamil fogoerruadi@mwlr@llesepct(anﬂl“hel—mtor infectious particle or

anti bodi es, nodul at or er apeuti c vacci

RN CioR e TRUBID Ceb o St hrS Hger FapeTREbot prime and boost

t freR AR rePonbiOM- tBS HeAtALRFeNEARIINE %ﬁib@dlﬂ%aé)rﬁlﬁng is performed with

adrianycin or a mxture of adriamnmycin I|p|o

sfpplﬁgfeid ‘m@tm loff headwgniiogtaad ddogiingonitng vesanohk iveas indertions particle of
tﬂﬁ*&,&% o n grrlott r%’e)néboté}ngegr{t;;gcr{luﬂn%q% ﬁerpog’%gnie B tl{gl A a’g@ovn'us infectious
(pdriitla2dA the uhx%NtlalZ hd edbiig Kiithay ivatdinia prigfseihddetiyud Pérticle of the

24 to. 48 weeks before adm nistration of the actijve

AgEentics) Infstitlhanqthere pmpeHmepto rpripiggt S njfrEBREH t Wighgt vaccinia virus

alﬁ?e%ﬁb@ Oﬁﬂtlﬁ% to!? t&%ﬁb&dd&%&’lh rbldtcfstingf \91(1315 519 g%entogﬁ’ﬁﬂﬁltf&?faus particle of

or use the invention can be a ted wt

abhahhnanprocedures, such as | oop electrosurgica

exci sion. The nmethod or use according to the invention

can also be carried out in conjunction with

i mmunosti nmul ator(s) such as cytokines (e.g. IL-2,

IL-7, Tie lrﬁﬁenﬂlé-ﬁ hh8 bebh-RleridcENG) aRrillgtaGhvEemBBRE and it is to be
products (e. the thymi di ne ki nase of HSV-1 descri bed

i yndesstaeslothet the|termiogagy Rrhach, harﬂahden udedith. in8eided WShe 90 the nature of

5028 a5l SREGLI60 L URTRA” SR B Rhdbhcatons and

tViiafiBhN 0 Y ptéSentOfvé@ni H¥EisiBR InSligdr 6ff 84 &Wdke teachings. It is
accordlng to a prinme boost therapeutic nodality which

clhagsfare da @é@@éﬁﬁtqowthﬁdwﬂhmsthe aeconsnel be appendsd clalrns the invention
frﬁg@’gé P%ac{?&ﬁ%?l ﬁlﬁer?@% frof QIRE R 323 ?ﬁésﬁ ly des d&é&%ﬁ%&é{n

ting conp

an ant b8k OGNS 0 SRR s e

tsltpemﬁemgnﬁﬂc@@of%d &R by SefetdMe irPtheRRnALY 1Y thE kahé eXtent as if each
the primng conposition followed by one to ten

awﬁhmdswdwhp@mt PELki¢REion 66 ShiNY cEsoppesicalivoind individually indicated to

n intervals are a matter of one day
m@%éékﬁb t%ﬁ§&% preferred nodality includes three

or four sequential adm nistrations of the prinmer
i ndependent |y separated by a period of time varying

froms3 to%Oq}xer?g .g. a week) followed by one or two
adnmi ni 58843 Yre f the booster one to several meeks

after the |l atest prinmer adm nistration. Mreover,

pri mi njewisd hessatesihe senvsnes alicgmentih h?éweeaﬁhﬁﬁgpmle@rldes present
It
A PR RATOrIAS Fufle 18y Al ELNARLNG: Rl 35) 2oind BELERNE of the naive

el BWpleE2 cequeasdst indn®) iesegtnahe 36 nupkptiddepresent (B at the end of the
grgg]]é(g IFﬁ)tr}?-\r],g%tl gl?eéltcrrgscgrsg Ither ‘t?eugtn(li\nn\{\g gf t %Snaﬁsgpl?’% ié ]Q:S sequences and
(b) SEQ ID NO: 9.

Figure 2 illustrates the sequence alignment (A) between HPV-16 and HPV-18 E6-
encoding sequences and (B) between HPV-16 E6-encoding sequences and SEQ ID NO:
14.



preferably injected, e.g. subcutaneous injection for a
MVA vector, intramuscular injectionfor a DNA plasmd

wapmsfisse4;,an adenoviral vector. The vector, i nfBCI/EP2088/051031
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particle or conposition of the,invention can be used

to either prinme or boost or bo%h prime and boost an

i mmune The $povaeg Exanles tereatbedustaly tbe presémt toveation.

enbodi ment, primng is perforned with a plasm d vector

of the invention and boosting with a vaccinia virus

I nf ect ipxusMiPargy cl e of the invention. In another

enbodi nent, primng is performed with an adenovirus

i nfectious particle of the invention and boosting with

a vaccihia virus. i nfectio article of . the invention

' st i I b RTiobhsts iR oMY gt SUF eaRiiRb Ry fhe ecneral
a g¥RERl digthevted UmdimdRellhoeIsnparttdiai@icoldetalied inwemidtiaret al. (1989,
and boosting with an adenovirus_ infectious particle of

t Aaboraipey Mamal, fiodd SpuesHagher Haboriay PaesscEplidedpring Herbor NY) or
il K i i i r . .

¢ AR O SRR e R b ol MO BB i et PR
i amiphé catahueehnddueparcdsmovin tdesepérpdn gkillgdainhiee ait ko fof example PCR
limtation. vi ousl ny nodif.i cat.i

, ,ma S d :
varItegqlons gpide He Iﬁ?té%snﬁn ADRIHRFRRT 81|9§8’p6@155?‘19 by fnnis, Gelfand,

| g sk P hind Whit& bRV EaPRENIFhe HeohDidaRBPREAIR daByRE the ampicillin
understood that wthin the scope of the appended

cIreviist@nce tehee amreveplidatmd inele becqr 6600 (Shtagena), B F & @hanahan, 1983,

y.fr [ cifj descri bed herein. All  of .
¢ AoMelofieloftse a3 BB i, RBL % p i o BBl Pt Hhented with
ango g has ent@iibtid. EPhALBnFRBEO S 68Ithy rbdbp@iRaft abREinia viruses are
herein by reference in their entirety to the sane

evedprmegsaceerdingcte thaeonvcndenal thehnolpay anthe fisldin hatdpgrments above
OLitflbhy HEARREG %1'. ‘E?é%zy FRod N{&g' X'céjoHaéc'i.yU'E_Rd'7§,aI7f1%-7419) and
t 0 beI'hcorporated Dy ‘reference. Legénds of Figures

FiMgaukett bt bl [ USBYH AL 66ird 49, SSqUEHAs.eTHd scliefiBAtgchd)pr (xanthine guanine
bet ween t he 59 nucleotidesﬂgresent (a) at the end of

t RBOsPAPTIRRsY Hapsterse) ofshe (figdifEakngingnd Mpssatl 9phd. Virol. 62, 1849-1854)
beai npi i - e (B)

oo et el B BRELYP o ERY e AP SRRAF RS o0

the native HPV-16 El sequences or at the begi nning of

the native HPV-16 E2 sequences and (b) SEQ ID NO 9.

Fi gur eExarhpleustCaistsiction ofesgDEVaevaltol exprebsing)HPV-16 E1 and E2
bet ween HPV-16 and HPV-18 E6- encodi ng sequences and

(Pnep EYINVERGLPI01 6 E6- encodi ng sequences and SEQ I D
NO. 14.The foll owi ng exanples serve to illustrate the
preser®) Cavssiciion of EXANRESNThe M¥BAs vediet icoemsling HPV-16 E2 gene

d rg?ﬁ, | ow are carried out according to the
JSREAII740
Cloning of HPV16 E2 gene

The nucleotide sequences encoding HPV-16 E2 were cloned from the genomic
DNA isolated from CaSki cells (ATCC CRL-1550). E2 gene was amplified using
primers OTG16809 (SEQ ID NO: 16) and OTG16810 (SEQ ID NO: 17). The resulting
fragment was digested by BamHI and EcoRI and inserted in pGEX2T (Amersham
Biosciences) restricted by the same enzymes, giving rise to pTG17239. Sequencing of
the cloned E2 gene showed five mutations comparing to HPV16 E2 prototype sequence

(described in Genbank NC-01526). Two mutations were silent and the three non-silent



geneti c engi neered and nol ecul ar cl oni ng techni ques
detailed in Maniatis et al. (1989, Laboratory Manual,

w@elod/ 188 ng Har bor Laboratory Press, Col d SprP@OEP2008/051031
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Har bor NY) or according to the, manufacturer's

recommendati ons when a comrercial kit is used. PCR

ampltations T2 HH, S2EHMIKHUET) arce dormstedtwintghibe ganddrhange Site Directed
illed i.nt rt (see.for. exa PCR protocols - A

oD et et apine Fiss PO 72550, " publ | shed by

nni s, \@kf it oBile k. /aBIWIb ppridcadent ¢ Press). The

reconb|nant plasm ds carrying the anpicillin
r esi st dhe &2grurdeadide seeysincesatnearporetechm FIGEGI68 we@0omodified by site

g @%mg ests] Sl%ﬁi%gérz ogggl?e%t 198&?\/‘]16 glybvaélanjt %39A and 173A),

and aga

Sld@ﬁglﬁft@ht@* wWiibfe IspXonidaltl,, alic T Ir@plmm@n fih&ion was abohshed by
constructions of the reconbi nant vacci nia viruses ar

péevbssEuing the &8y dpsidyictis nopisiop v witk pp e apd élpmtsﬁlbsgytlvaiﬁlon function
;?9a%db§1!(n%8gg thgq(l)eg Q&Kg}%mns /R? g&? g?: W%S%p ﬂl‘an T%C%%gﬁl{mg plasmid

7416:17310goramibcMiickaddified saendes ERRMingIHPVMIGER*. 49,

857-864) . The _sel ection ge (xant hi ne guani ne

phos phéfl%lé Vit v drisher oy B A at s Y 45TEN Mg @ poptide signal
MaS§ at :988erminus M d RkmbBAc-ah8ink8RlerlcsSs #$RAd Edm the glycoprotein

facilitate the selection of the reconbi nant vaccini a
viof thegsbicExiamP& strairCéisbanicayi00A0B) sa aMAdivet pesentation of HPV-16

essi.ng HPV-16 El and E enes NNAT 7410
AR T sProv e Pt athls dln MR (RO Ao SUNTRRg- The nucleotide
HRMubfRcds 4 eD(WIATS) T4 fﬂeoﬂﬂeﬂlgraﬁg priReMed & Edefective variant,

gene The nucl eoti de sequences encodi ng HPV-16 E2 were
c |d9$1g@at¢dr ombZiel Y Bn oier crempyamibiasl kat wipld Poh wsiskthe dellgwging primers:

ORI (SE PR s RE FNER LI B St 1 R T 1o wo

The), r@s@nsmquQa@mm Z\A@SDHGQWG(SEQ/I[BNG-szaﬁdd Bawil7505 (SEQ
and inserted in (Amer sham Bi osci ences)

r 82t NQt 8d)-byhe h@a%sawbleélnfmgce g¥asi mgpertedeiny @ pBS-derived vector
n’Et at fg% e), S %C ﬁ}@tl 2%—(?[3\/91{% lt@eglo’ﬁgd gang SRANE dnVRr plasmid

ns”’conpari hg prototype sequence
( desastrdaed thenp KR IpasrkoNC( Rostb 26y, 1986, hvial.i @) st36erdd) resulting in
si&gﬂh @gd the three non-silentnutations (T210I,
10T) were corrected using the QuickChange

Site Dhe %ﬁger%ﬁﬁﬂlﬁr@ déortelitto b%ﬁl@hﬁ%@ﬁ)@f tIQ:' ﬁ'ﬂc%tlde sequence to
rise to pTG 1 fication of the HPV-

pdvb ypegeirdd b Her l@nwiugdwmecmbm@mmabéetmndﬁr (pfdhaﬂ\éMA genome. It
B RSP, B MRS VR 57 S, e .7, 14057
V@{tb aphick EARA ddvbd1lthdMlanking sequences (BRG3 and BRD3) surrounding the
MVA deletion III, which sequences were obtained by PCR from MVATGN33.1 DNA
(Sutter and Moss, 1992, Proc. Natl. Acad. Sci. USA 89, 10847-51). The transfer plasmid
also contains a fusion between the Aequorea victoria enhanced Green Fluorescent
protein (eGFP gene, isolated from pEGP-C1, Clontech) and the Escherichia coli
xanthine-guanine phosphoribosyltransferase gene (gpt gene) under the control of the
carly late vaccinia virus synthetic promoter p11K7.5 (kindly provided by R. Wittek,
University of Lausanne). Synthesis of xanthine-guanine phosphoribosyltransferase
enables GPT' recombinant MVA to form plaques in a selective medium containing

mycophenolic acid, xanthine, and hypoxanthine (Falkner et a/, 1988, J. Virol. 62, 1849-



designated E2*. Mre specifically, the E2 replication
function was abolished by substituting the G u residue

WO 20opassets on 39 with an Ala and the transacti vetT/BP2008/051031
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function by substituting the L residue in position 73

with an Ala. The resulting plasmd pTGL7318 conpri ses

t bd) andliefGiFét elwdmeﬂhc séswhsabidhmf HdRYNbhBNtERIVA HifdGued. 6The selection
fusion at its N-termnus.

E2* t d
o SepUPREORT giamiagh BT T PPl gunel Sin the same

m%[‘i@ﬁt@ﬁ&[ anaRAr ihBIclsfAUSNELDn RN hotg&lcH! @B kBi8ction marker is casily
gcoproteln of the rabies virus (PG strain; Genbank

09607 by Gerarak pasdiges ovithmue seleetaan atowsing Hby.graetheof cGPP-GPT
|n th ing host cells at the plasma nenbrane
suf g%gmngkﬁiﬁucleotlde sequences (SEQ ID NO 12)
encodi WBnideiorPnLbembiRseMIedelpiedpicaid HPY- MASS-BOTMR gene
desi gnated SS-E2*-TMR were reassenbl ed by trlple PCR
usi ng CISBCIRERN oWl ngMb/ﬁT@ 08 oTdirs 0Be§ SESfPmedo by g)homologous

orQ TR PR 3R > ek R JERNB N CEE) - intpe wie

OMX AFONIISEQt laDMNDof D) pﬁJ7IEhH) aehssefidvteidy e el éOS/\&&cording to
B N T IR (R
pltlﬁ%@rQurQPW?Iaqﬁ@'ﬂuhh@atMﬁBB BeopRike (ORos %le&fve%edlum containing
986, J Viro 36-449) resulting in pTGL7408. The
t maywsplEmopt awnd, dxdnshinke sind negokmtiiee mAs mnlstmﬁedoabocvé the selection
the ucl eot | de uen to be transferre
Sk o hEE SHTHEET oy et ol BT Rlestilp ey Absence of

g%aﬁaﬁmahbngplpgfemq &8V ARQEVRASIHH PORGE E (described in
Braun et al., 2000, Gene Ther. 7,” 1447-57) into which

wer e clhorbaistafd2sf qX@fﬁéSlﬁg V@ém@éfﬁﬁé@i PBRG3teamtloBRERY were infected at
S et whi ch seguences
HOPAREAY HRE MR ' D) B R Wesom o

190ysiProgs pbimedAaBihg Seinmekd®d 8dnodlOSA 7 a1 )E2 Iﬂitﬂaody TVG271
transferE§Ia3n1d al so contains a fusion between t

PEPYPT &T Enbraiée &vidy e APIF U6 reelegHer w%hte PSS kDA was
Eggflgteg Site ﬂh@@Jeﬂéa?gn 1EQM4r @tgf E2TNIRGS I oK. WRE: treatment of

erichia co xant hi ne- guani

plecl$ phtmatdmﬁhlehd@gcfoey@e Fgemeducgph of ﬁ@zmm rédoenbinant protein
contr of the early | at [.ni vir nt h

w@ﬁﬂgéqrv?si UGyt Qﬁﬁﬁ %a%@‘*"@ﬁ%nﬂ) 659 %@S@?ﬁ{om MVATGI17408
Ui N&J1 %] c@f Lausanne). Synthesis of xant hi ne- guani ne
phosp or o

syltransferase enables GPT+ reconbi nant WA
Aecanly 210 ¢ aif Vhil@El gene degenerated

Lhe i %‘ R el eIty %&P e Y——
henRkPEIUBHNGE ANEOEEERIM S50F MBFEspecifically, the E1 gene was amplified in
two parts Ela (nt 1 — 1102) and E1b (nt 1001 to 1950). Primers OTG16811 (SEQ ID
NO: 24) and OTG 16814 (SEQ ID NO: 25) were used to amplify Ela fragment, which
was digested by BamHI and EcoRI and inserted in pGEX2T restricted by the same
enzymes, giving rise to pTG17240. E1b fragment was generated using OTG16813 (SEQ
ID NO: 26) and OTG16812 (SEQ ID NO: 27) and digested by BamHI and EcoRI before
being inserted in pGEX2T, resulting in pTG17241. Sequencing showed 4 mutations
comparing to HPV-16 E1 prototype sequence (described in Genbank NC-01526). One



orientation. Wien the clonal selection is achieved,
the selection marker is easily elimnated by several
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eGPP- G Z reconbi nant MVA. Construction of a
reconbi nant WA expressing the HPV-16 SS-E2*- TMR gene
Gemeatatni was sifenViidd Ghel tha@B8noni-silest waisatioes porspmdnbyla (K130Q, N185T

B BB g B SRR EN I T SCRPTGY Ryeene was then
OfcdlschEHDE BlohingaRE chir@nst BEd Seuiérdtin PTG 7%%%@&% by BsrGI and

(according to the standard cal ci umghosphat e
preoRpilthatresoi)ng plasnaill vesneaetl o GAd83%er f or med by t hree

round of ..pl purificati.gn iLn the. presen of a . .
sel ect 1Y LRI IRBAPE T A Ty Qunlit PEOG ydene bre identical to the

x 30t fivisn @uelbstidey RIXABIED Renc. As ¢raet tooaesidafeviem bhénstability during
sel ection marker was then elimnated by passage in a

noredElien sicpe oheaifunindabseneding MYt isoRathioporbgn of El-encoding
p@&ﬁf@h@és WAALWBTT Y Y édc@g @X%g%difﬁg I%Séos%?%& &&rease the sequence
rnmed by ot . wer e

expression was perf stern-
i hbmoloay with M ED-c@codfinghsMATEL THO Scgmdraadd exuade (SEQ ID NO: 9)

hours, cel wer e. har.vest ed. stern-bl ot anal ysis was .
pé\faﬁoqbﬁaéae@vr@ﬂ@kth%% g0£|tﬂ?réxw o‘?gﬁ?a%?’?? -Seatgepeidird primers
TR 7408RSBHND ﬁ@pﬁ%ﬂm@f%@9qspt)qu: b8) 8 amplified fragment

apparent nol ecul ar wei ght of 55 KDA was det ect ed,

whwal edigtseak byi Mel and| Bg/lll and veseghd iof pEA172BORrcsictk®. By the same
kDa. Afte.r.treattrrelfgl?i cell extracts with

eMBogt Pe B VEdEs '§P Hiction of the size of the

r econbirRaMippL I Qefendpsedige g&@@nce@ UGERS hisOImhARl biissite-directed
E2* TMR pol ypepti de expressed from WATGL7408 is

Nmgyitggenesys sdordel toGehedish et icohcason fundworaii thagacodh E1 polypeptide,

encodi n HPV-~,16 El gene dege a i,n t rtio .
ISP Al 1 o B e RE TR IR A D g08F LS Ao resicue
NYGHED;i i &sipuetad Gsrc@nE Do regulbibyin ABGEI3 730! ypept i de

were cloned from CaSki cell DNA (ATCC CRL-1550). More )
speci f TeaHRV-16 kd deg™ gramencrn sveagplee masifigdaso giofoghijegisexpression of

ofk ebod pelBtlgeR ISl b hE 15 Rl VT Sinal and ihe
2p)enieraec-arsbdrin® paprples fdgritdda fibmagweglycoprdiciahofiias rabies virus (ERA
R et Pee s Ton SyHas)- di: py L fas-THR sequence (SEQ ID
X8 ey A i o RSB GIr
dilgeN©ed0h W Eahiio | dRHQEED KO:bdf) 00 Gl ébeiy (S dbt8Q: BR), OTG17563

ﬁﬁ@ﬁﬁ&;@?%)ﬁ 1% 17368 (24 1A No: SHAEWHESsHIUED i No: 35). The

resulting fragment was inserted in a pBS-derived vector (Stratagene), giving pTG17404.
The SS-Eldeg*-TMR sequence was then cloned in the vaccinia transfer plasmid
downstream of the p7.5K promoter (Cochran et a/, 1985, J. Virol. 54, 30-7) giving rise to
pTG17409.

Generation of MVATG17409 viruses was performed in CEF by homologous
recombination as described above.

¢) Construction of a recombinant MVA encoding HPV-16 E1 and E2 genes
(MVATG17410)

The SS-Eldeg*-TMR sequenced controlled by the p7.5K promoter was isolated
from pTG17409 and inserted in pTG17408, giving rise to pTG17410.




conparing to HPV- 16 El prototype sequence (described
i n Genbank NC-0 1526). Onenutation was silent and the

wo booga3ssas- si |l ent nutations present in Ela (KIBOQEP2008/051031
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N185T and T220S) were corrected by site-directed
mut agenesi s. The conplete El gene was then reassenbl ed
by cl okiengratitre of AVIVECE@T 480 avifusesg mem tpeifiormpddGin TEFL by homologous

ed b a EcoBl. The resulting plasm d was
%@Hltb \9/% escPh“f%@"ﬁPV— 16 genone, the 59 |ast
nucl eoti des of the El gene are identical to the 59

first nucleotides of the E2 gene. In order to avoid
pr obl elaxashples Comistrinctjortiof 2 NV prvedior ehooding EV-d8 FEdmand E2 genes

E@ﬂggg,(ggsgg odi ng MVA vector, this portion of El

- encodi guences was nodi fied by codon usage

T LT E e £ 08 % R SRS SRl s and
S%ﬁ?&ﬁfé&oﬁ@&@vét@ N8 s9B$ (iPR RIIN&IHRHeARRlabE bE OBy between

end of El "gene using degenerated priners
Ofi@LFaroglogSEQparfoNOshap®) byt GICE74BY- (6SEQ HBVNG s@ipnces to less

0 e ons ISl PR TE R g 1" B e aigned and

eRLYSREIcoBtly Rerd H&epred 90 T4s163AQucel h@mbﬂ%‘gy t3>6less than 5 consecutive
degenerated El sequences were al so nutat ed

smtl@lﬁqmdeé}: {8 tonyedigenknelogy, torlgey thag bl le‘éWe@Ih ghe portion of 59
st Ejsleg eF %?esef{f'tﬂl%tfb%] tl%f3’t d SMEe %ggvéth@o 4%9? %%d\%&ﬁ QXd in the 5’

st ue 1 n position
1@ndElofviht I’HD‘VI 18sB2 rsfequedme 2(1164(812[1() mtrsmdéeﬁllegﬂnataﬁdns abohshlng the

herein El*), resuyltin 3. e HP

s SHEHEsfulions af s TR IF Pﬁdﬁ@o‘i?a%eqed)r%#%él 5D E43a and
ex fpy@)sm on of the encoded pol ypeptide at the plasma

cell 'surface, by fusion with the signal and the

menbr af\ahg ld@gEff"gsq&mpmed‘Gss depnstidged byrassdmebling 50 oligonucleotides

detTPRBRY M ol il R pase pOHRE Sahg hiuguencs s then fused to
S QUG REARLI b@eWon@QTro%eé%%%'F gl‘o@éiln ES’S N BEPd@*-TMF) by a
PCR uSing the follow n E)rlrrers OrGL75 | D NO

3tyiple BEBLrgBY P{isED P 1843EQ BrGi0589). ()%@78@1 KEEQ ID NO: 37),

oGNP M e T EERO.SE g M4 sma o o

f oy RN O TS SBHESEQED NO:24 1BBhd essuitiag ﬁ/%@ﬁem (SEQ ID NO: 11) was
(Stratagene gi ving pTGl7404. The SS-E | de - TVR
sélpnehdd VAh@WS&roY?@abru wdepdhe, sertradi of pr- gﬁspr@moten to generate
p q@rlrg ownstream of the p7.5K pronoter (Cochran et
}p, g%fj . Virol. 54, 30-7) giving rise to
pTGl74(BH’V (I%miegEI’ﬁ saquoficeMVAST fdcordtdded by usesnbling 26 oligonucleotides
erfo F by honol ogous Tr(?%o i nation as

d@g@p OB% ma%B Vector giving rise to p . The fusion with the signal and the
membrane-anchoring peptides of the glycoprotein of the rabies virus (ERA strain;
Genbank n°® M38452) was performed by triple PCR using primers OTG17875 (SEQ ID
NO: 42), OTG17876 (SEQ ID NO: 43), OTG17877 (SEQ ID NO: 44), OTG17878 (SEQ
ID NO: 45), OTG17879 (SEQ ID NO: 46) and OTG17880 (SEQ ID NO: 47). The SS-
18E2*-TMR cassette was inserted in the MVA transfer plasmid downstream the pH5R
promoter, giving rise to pTG17552. Finally, the p7.5K-SS-Eldeg*-TMF cassette was

isolated from pTG17521 and inserted in pTG17552, giving rise to pTG17582.



c) Construction of a reconbi nant MVA encodi ng HPV- 16
El and E2 genes (MATG 174 10) The SS-E | deg* -TMR

weemsassserl controlled by the p7.5K pronoter WaBCT/EP2008/051031
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i solated fronmpTGL7409 and |nsg§ted in pTGL7408, giving

rise to pTGL7410. Generati on of " WATA 74 10 viruses

was peﬁ‘euemﬂdn oh rBmtnyant MM@G&I eOOT G EES58 randSMVATG17582
descri $§%3 | e : Construction of a MWA

v 80s PR RO A5 SV TP and B2 genes. (MWATGL7582)

HPV-18 El and E2 genes were reconstituted as synthetic

genes and the oligonucl eotides were designed so as (i)
to reddxampled: feonstnuctige offa moritivalgyt BEY Aeesetathexpressing HPV-16

BOPHEYSE R Ay %eﬂ%2W$€ﬁl%9?ééhﬁin?§¥' of V- 16
ol 1 gom b aBriSS WETAFEENneh e 48 TS Mlthios-18E2"TMR cassete

honsd agodubed ﬁﬁﬁTG@M(ﬁ(c@ﬁﬁ%ﬁﬁgmﬂeV§7 BK@SE‘PGEPH%%} “TVR) cassette and
to reduce honol ogy to | ess than 75% bet ween t

pohe PdAR oBSSDER(IcINMBY itk shepresleing tm@sﬂqr phsmhiew:as namdd pTG17583.
of the nat El se enc e 5 end of
C s BBOOT B ¥ AT e oG S p SRR ne

mut at i ons abol i shing the enzymatl c functions of the

HPV-18 EIl and E2 gene product (El: (489D, E2 : E43A

and | 7@mpledV- d8ndetddon 9E%H SHERIVIRAL r.%@&%iﬂawtﬁiiué%xpressmg
assenbllng 50 ol i gonucl eotides and cloned in a pBS

vHEVd6 agid\ HRY18 EeandEDTemeF473. The El sequence was

then fused to the signalling sequences clones from

neas| eVATWE3E7ps atresomi{iSHt MYFAdags- ckivkessiby neenbbragd enchored and

(SRR AR e PoRo IO KoM &R PolbTeHsaihe E6 and E7
(1§Fe@o|ti@e ueﬁc%)s wdl Fl£8d i S {oDethnat‘éq}lelﬁ BQC%@@%@%@}?&"{&S (E6*

(S . The resulting fragnent
1@)(1 Eaé) ehd rveedel fused KVAcqueansst encodergt eppmpnd@ﬁ digretl and membrane

con rol of 5 ener at. TGL

ripohdidne, cspBdess TERERTE Gty MR R ey RS S i Tngres fuscd
%@spﬂctlgay uelte Bt iade €-Rpding IV&QMG Isfgnal Qﬁ&n&ﬁﬁiaﬁéqan@io‘ﬂn@Qpeptldes of
rise to pTGL7498. The fusion with the signal and t

niaeht gliecrapie ot the mpapleiviieis vdrereapdiRy 16 oH}’ané)fEﬁ* tad HPV-18

P Ry TR SRR ARBEER B rcqt gy s
h@ccﬁﬁbtem@lﬁﬁk@c&%ﬁ HSEQSI D b6d EZ duclebildalsedenceSEQd Rrther modified

NO 44), OrGL7878 (SEQ
by codon usage rnoc? ﬁcatlon so as to decrease homology with their HPV16 counterparts.

For this purpose, sequences of native HPV16 and HPV18 genes were aligned and codon
degeneration was performed to reduce homology to less than 5 consecutive nucleotides.
In the vector, the HPV-16 and HPV-18 E6 sequences are both placed under the control of
the p7.5K promoter in opposite orientation each other whereas the HPV-16 and HPV-18
E7 sequences are driven by the HSR promoter and all expression cassettes are inserted

into the region of excision III of the MVA genome.

a) Construction of the HPV-16 E7*tm expression cassette

The HPV-16 E7 gene was isolated from Caski cells and modified so as to encode a
non-oncogenic and membrane-presented E7 polypeptide (16E7*tmR) as described in

W099/03885. Non-oncogenic mutations were performed by deletion of amino acid



ID NO 45), OrGL7879 (SEQ ID NO 46) and OTrGL7880 ( SEQ
ID NO 47). The SS- 18E2*-TMR cassette was inserted in

wo bwskes4s r ansfer plasm d downstream t he pHS5R pPCDRP106$/051031
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giving rise to pTGL7552. Final}y, the

p7.5K- SS- El deg*- TMF cassette was isolated from

pEGEdTS221-a0 dADM@YE}jaﬂdﬁnﬁmﬂﬁaﬁ¢segtavibn g>yr fus'mntocf the E7* mutated
pTGL7582. Gen tion.of_,recongbi ngnt MVATGL

DOATEE S AR KAATES 7565 s Dar 1181 HAUCTEES qbadinghe signal and

3By Bran X ACRIrR g 3 ept AN Slbhte tﬁ'oﬁﬂ t&f ra%ldMﬁdSV%g&IHrotMﬁH ERA Strain;

vector expressing HPV-16 and HPV-18 El and genes

(Gwoimal z583yioTheurplr SM38E2)8 Hlhd ergsuling seausee tveasagldned under the

the 8 cass tt r n d

p 11?5@ Ceg%i tht Ipﬂ\ﬁ rorn o§ e?baél fd%%%* 'fflg’_ﬁﬁ %O 436-9) and the
C@s&etbtv@samb@bai 0l S $&ve116uE2fbr , Bhg aiveltot fIBG 16161.

resulting transfer plasm d was naned pTGL7583.

Gener a)i@bnialk oMMRATGLF 8683 NRSHPE!L fROr¢Meeh &pred@sk bilgeks
above. Exanple 4 : Construction of a multivalent

reco Y
genes l\]/{l;AﬁTH(DBvlfG%g g?‘?‘&%@%@%ﬁﬁgﬁoﬂA \EAP %%@ @0 énbif-oncogenic
eaqar @ssibragepessontad E apalpeptide andlicsaibed na d\{s{ ©9D®3885. Non-oncogenic

vari ants of HPVY-16. and, K HPV-18. E6. and t
AR Gl e e 30 el sl roise Wi eRReL RERY PR TRCPEEK) and
O E@brah® pedskithiié By R o OME AFL 0 GtaRUAREINLE SespERTVeRNH its 5° end
E7*) and vvere fused to sequences encodi ng appropri ate

s¥’ g‘smlds taasequenseh peqedingribh exgnalgpndeperilblesc- @E@btlng pEi?t’fcteﬁr)derlved from

N&% [r%bé seﬂclrufg acéll)%/oé?lﬁf()ﬁ_ﬁjs\/&aﬁ Ge\ﬁ@anglfaéﬁ%gloéﬁ% ¢r ay0%|9397) This was

r%ﬂme@ -BnalReftindgthpepsi-drtatef stdiRnfc @l WCORItE! ebmtaidfng the signal

t he neasl e virus whereas HPV-16 E6*, HPV-16 E7* and

HEptidg apgx thg; mﬁﬂ@ra@ﬁﬁmfmﬁﬂlgnﬁ%ﬂﬁn@qaﬁ&ﬁoﬁpﬁ@tqﬁe pY i &idpmHI site,
%5&1}{ IHW?OSG of the rabies virus glycoprotein.

reo 8 E6 and E7 nucl eotide sequences were

decr Eiég R Byl FR BhutRe MBo s alsfier BT TR pfionucteotdes

t(bir@}l@lmoegm% Hseqmezr&)e@mﬁsmas (YEQHBW®6 49)1d)1°dﬁ’1/5 1¥8 (SEQ ID NO:
enes were I%rajed and codon deg/eneratl on

it BTeld 17 (S UBNRob, sl S HISER A 5 52), 0TGIS179 (SEQ ID
0 T BB B AD gl ST AKECORGASI T (SE Hp BPF 599, mhe

odlidoheclpoti ek wetodaighed sé am@pﬁ&bd@e deiceioh af t@toneatdvding amino acid
ot her whereas the HPV-16 and HPV-18 E7 sequgnces are

dicrifast by~ He(nasrngegsnis @rtalar AYRARK hpR& & gepencrate codon usage in
C td & h ol MO HME 15886 ORngf Rt . Th
o?arafélﬁed N?/%&%endrﬂ&%%%@ns?r ufct:"\?l gn gfébtnge(d% V-el6éHé7Sé(idr%nce) ©
excpuless lsymhﬁas sefutece was then fused respectively at its 5” and 3’ end with the

sequences encoding signal and membrane-anchoring peptides derived from the rabies
virus glycoprotein gene, to provide the sequence shown in SEQ ID NO: 14, leading to
pTG16160. The HPV-16 E6*tmR and HPV-18 degE6*tmR sequences were inserted in
opposite orientation, each under the control of the p7.5K promoter. The cassettes were

then introduced in pTG16161 to generate pTG16215.

¢) Cloning of HPV-18 E7*tmF expression cassette

A synthetic HPV-18 E7 sequence was generated by assembling oligonucleotides
OTG14773 (SEQ ID NO: 56), OTG14774 (SEQ ID NO: 57), OTG14775 (SEQ ID NO:



The HPV-16 E7 gene was isolated from Caski cells and
nodi fied so as to encode a non-oncogeni ¢ and

woreoubn z8ses pr esent ed E7 pol ypeptide (16E7*tnR) BSI/EP2008/051031
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descri bed in W09/ 03885. Non-qgncogeni ¢ nmutati ons were
performed by deletion of am no aci dresi dues 21-26
(DDLYTERY 720 SR HDrsOe 5P), €XEmt4(77 ¢REQyILY NQ eﬁﬁ) aﬁd OA&14778 (SEQ

%ﬁt&fggghse g@lrhéﬁg{-}gﬁs pgfglitel (iee#aqa: 59 aé?ﬁ%{ 1ntroduce :éeletlon of codons

NEHYBiAR eadeh QEidN GRS | R3S C{IABhchEIN thftatiéhi BSLLCH) and to
rotein (ERA Strain; Genbank accession

virus gl y&ng
ndagoeqratvBguion) usafghelnr lefrttpngedy%d@ﬁwéog/}agvlﬁi oreeddPV-16 E7 gene

(gggernle}ratgeed é:el%ﬂélg_cgg e Jresu agr%helélgts% 1%‘61 \x}%g ﬁéed atits 5" and 3’
caﬁis e¢spectivesy with ﬂ&dctwﬁ@ Seﬁu@c@ﬁﬁrd%ﬁlhhlﬁﬁl Meabhe- anchorlng peptides

giving rise to pTGL6161. ba? C.oning of HPV- 16 E6*t
aflenadpiyom1lg prcgein geag of aaeasish vius §@%Sﬁe§edmeEBw9&05212§) EEhe resulting

gs%ﬁﬁen\@ZSEﬁqﬁN l%@a@@n&l ﬁﬁjde?th@‘g 1@%1%@?&3@5?} cE)éorgostelr and the

onc nbr ane- present e
dcmsmttebm 1htro MESDINC3ERS deMd aooo gegineranep 8Gil 6NsS. wer e
performed by deletion of am no acid residues 118-122
( DCPEEK)ConRu sty anasfor gisanidaiTi@isiky fusi on of the
E6*- nut at ed sequence respectively at its 5 end 3

ends tPhSRAYRAGEIMENSPALOD (dR&rBbdnAExARFle 2 of W099/03885) contains
menbr ane- anchor| ng pepti des derived fromthe rabies

viianoghussoprentesi ffank @ Mividadeletiaelb dnkasmedifisd emfollow. A synthetic

Bl Rl B! SR REbTER, BE S B TR A 62) and

POPGI 84 1(8EQ e NBNY) anes mfeBedcdng prephi 9l digtstad 80 @R HI and Sacl,
separ at ed b;éga BamHl site, |eading to pTG 16097. A

SYIHEEETSE &0 P 160 . é@S@é @]hﬁf@gm\gg C@]@tﬁ]@r@ the emressmn cassette coding

0 AR SR B 0 AR ot

QTG BABF (dSE@bD iNExabiple 20BGERL 7846 SBR) landN@ro&R)kd in pTG16007

O[GL5179 (SEQ ID NO 53), OTGL5180 ( SE 4) an
CSTessdRrs 10Y SEE DENGRE 553¢  ThePoPI 8@18&%68%3 O%Eeénthme -guanine

gﬁ?o i nﬁ)o§3qtr§1§sférgse' %hﬁtﬁg&(‘(ﬁ)ﬁlrgédr@&nﬁt SAEONS, form Cplaques in a

g amno acid residues 113-1 17 (non-oncogeni
netcativo meDNBAEK)taiamg mpcapbgerieraid xeniior, ashiygpdxanthine (Falkner et

?%Sééﬁ%"é&eé%*céaﬂiﬁ%d-%y e’ Faelfri sy PR aPiced between owo

sWBguchB&Mn ks Qehd QxRAGELL VRihgn atfe dl$1§al ele@h iS'achieved, the
end VVI h the sequences encodi ng signal and

nistastiom encalkas Ho ehnly Piapinitde dydererelephstagsmytitheut sdieation allowing the
Viru rot to provide the sequence shomn
i%"%@f‘{%ﬁ ebm?‘gi\@@ng to pTGL6160. The HPV-

E6*t nR E6*t nR. se J rted

B BT R IR MR TP i i cusere

Pyl asoio B TRINE PTG THEL %ﬁﬁttrécﬁl%e(‘l\’ﬁf FTG16093 digested by the same enzymes,
giving rise to pTG16105. On the other hand, pTG16215 was digested by Sa/l and EcoRI,

treated by T4 DNa polymerase, and the resulting fragment containing HPV-16 E7*tmR,
HPV-16 E6*tmR and HPV-18 degE6*TMR expression cassettes was introduced in
pTG16105 digested by Smal, leading to pTG16327 (Figure 2).

e) Generation of MVATG16327




then introduced in pTGL6161 to generate pTG 16215. c)
Cl oni ng of HPV- 18 E7*tnF expression cassette A
waegshateue HPV- 18 E7 sequence was gener at ed bBCT/EP2008/051031
assenbl i ng ol i gonucl eoti des §g4773 (SEQ I D NO 56),
OTGl4774 (SEQ ID NO 57), 4775 (SEQ I D NO 58),
OTGL4 TG &etBieQ cbﬂ_)MﬂCATth)}waﬁHm@ﬁE@ ﬂl@nN@goG@)recand)ination in

T RS SbRieS oo e A0 Ep PR Bt Rsubfe! ¢ vas tansfocted

eReOMind tA MeNQadfakd chRRint PaSs pAdte2BNA PRecR@ABE Binfo CEF previously
mut ati on DDLLCH) and to degenerate codon usage in

oingrstedtwith Y6 € GGdol @igwM@Ith @ heﬁ#@% Vigl pdegjiomewas performed by
5 steg%gﬂogléaf/\%efgpfaﬂ ﬁenﬁs aatlozg%nréﬁgl egetngzgtolfc a selective medium

r espgtihs visicypidnb hic héie, )Cdﬁdilﬁkgatﬁﬁqkpaﬁmﬁmé OFheSdeB0dibn BAtker was then

menbr ane- anc%orl ng peptl des cl oned fromF Pr otei n gene

oflimipated &y RAsFags Ipdwscselosiye Mmedmm. o8sponyt caaminafion by parental

l1gnlﬁeR(SEQ I D NO 15) was cl oned under

12[ con?ror?@of the pH5R prormter and the cassette was

introd ed- vee

16015 SR RER BRI 1 KB b AORRERTE RS ppre nfected w

10 Th©It g.2nsie Mphasmed2p bl QR Cdepsurs,bedlsi \nerEmmzﬂsedZ Western-blot
of W099/03885) contains honol ogous sequences f1 anki ng
Mpalygis was priformed upingyakbitpelyelpad ansibedips agginsh HPV-16 and HPV-18

S AR P D AR i v

Narreo8y expassed Aoy ENG 1682 TG6019 di gest ed by BanJl
and Sad, giving rise to pTG 16007. A Sacl - Sacl

f r agnefySneRifaeiitiRGtdbngy @ MessGon3Tasset te codi ng for
E.coli gpt placed under the control of the early-late

15 pH5R PriQEBhER é@@@fmmﬁ@hzhrme%@é%%wqlee%ataeqnu\nm of 107
Exanpl e 2 of %P 1 146 125) and introduced in pTG
dpfg@skl eud by 'Batell gGmeng stabgity tves pTdilaaDEN I@era‘ieim@s wblated from

Irg%s anaﬂf I%ﬁf hor I 1? ﬁ%l ¢ r%ﬁé e}%g%egsgae?bﬁgrnphﬁcatlon to

f’@ﬂérﬁﬁih@ €3t @huthuRg ofiED @f}ﬁ@@idtﬁca’%@étﬁés aqenaﬂtig@ﬁs dafdtion by Western
%ﬁ)oxanthl ne (Fal kner et al, 1988. J.Virol.
1

0- Bagults Tofe thee Pe&t ﬂ@ﬂYﬁ&rSﬂaewe@hratu 29 p%a@%dhfbéme ipontained  the
s e 0 ORo
20 SRR, AR, SHUROSES Lo bBERATR ORI L0 e clones
| &peasdd e @hirnintigdng dHPY - Keatel laPV plass@gasinMB7han polypeptides.
selection allowing the growth of GPT reconbi nant MA.

A H ndifdse SRBllysdst @@NRALtheON R 6¥ fendsh@erlRY-frd MVATG16327 were
degE7* TMF expressi on cassette was isolated from

PPCIBOEY afAulivhpassregs dadiraingRERoPE0B et Fehikit@ fithis porstruct.
same enzymes, giving rise to pTGL6105. On the other

hand, pTGL6215 was di gested by Sail and EcoRl ,
25 Example S: Construction of a multivalent MVA vector expressing HPV-16, HPV-
18, HPV-33 and HPV-52 E2 genes.

A synthetic gene encoding HPV-33 E2 polypeptide was synthetized by Geneart
(Regensburg, Germany). The synthetic sequence was designed so as (i) to reduce the
percentage of homology to less than 75 % with E2 genes from HPV-16, HPV-18 and HPV-

30 52 (if possible homologous portions are reduced to less than 6 consecutive nucleotides) and
(i) to introduce the mutations abolishing the enzymatic functions of the HPV-33 gene
product (E39A and 173A).



treated by T4 DNa pol ynerase, and the resulting

fragnment containing HPV- 16 E7*tnR, HPV- 16 E6*tnR and
woiRMs/1388481egEG* TMR expr essi on cassettes was i nPCDHPIOE051031

in pTGL6105 di gested by Smal, geadlng to pTGL6327

(Figure 2). e Generation of MVATGL6327Gener at i on of

WATGLBBY 7 3wieg EB & st qremed why tHvorfobwigwitls nnecatirsi sequdnen encoding the

st B e mlortbtaessnenGABE Pt BEBEe BB A thedhi bies Virus (ERA
st RGEbENIE At A5 PN AR RLE QMH‘@:HQ?A ﬁ?I@PCRmsﬁg Isfnfoﬁ’s: 0TG18962

reV|oust infected with

(S@QJIQ Q- 729[ PEG 1 8A13SEQID NEY T3 e MRPAFES IhNSs 74) OTG18965

S RV 8, PP L B RO S B Ag9Y8 6. 7).

re&ﬂﬁh@lﬂ‘hgn@ﬁﬂ (SIE/(QODEM(DTI 6PB. cndogingethe c39-83dJFBL kaMResolypeptide was
t hen eI|n1nate asswge in non-sel ective nmedi um
cloppdeinca VoY dmﬁ%wﬁ%wi srdayhe sonsral af MK Repmeters iand edrus particles

W%g@ate@qg?¥§@gpgbog,gne expression was perfornmed by

were infected at 10 MO 0.2 with
MVATGL6327 and after 24 hours, cells were harvested.

Vst er n- bl ot ana Si S rformed u g rabbi
10 pol4ycVYBHSHC 8P b %gmﬁﬁ el Eﬁpvolymp%gdwﬁo\?ya@e%d by Geneart
(R%ggnsl%r r@érﬁiaﬁ?) TiRS RafLdiie Eéﬁueﬂ—&e\xfﬁ%kfgﬁeds I@QV\ést G?tto reduce the

pep tides were correctl Yy expresse
pdmm@t@ﬂ@moﬂog)y tStlesdyhaunf 7g%neith E2sgeabs frotyHBY- 16 HPV-18 and HPV-

3%@1}[} (?gg)glg é)é'sg)gl:lls \éﬁe S e?- uﬁG%%ﬁl}%@%% §rf\§gsf|_e‘gutq\96 nuc?eotldes) and

(i PbUhEBlilce RNAhIaGoSS alillshing WaSerRyRhU@tigcttdAs Je@Qhe HPV-52 gene
viral clones isolated fromthe 5th passage of the

15 proguecs 4F T QlthUl%A)Tvvo met hods were used: PCR
anpf‘hl fé GRHHPO. ﬁeﬁfid'ﬂ %gseegt rhece sv%su%leurfe e(a wit nucleotlde sequences

expressi on cassettes, I gens ec 1on

endbging rthc Blgatl aresul ﬁlSmeanEJaﬁclﬁﬁBgWh&@ &f &EQMI&S hatus F protein
99 % of the clones contained the 20 expression

(gpdRg &Pt XE25deg-hMED dwt 2 trinlenli R vene ofimsEs 9HEUE808 Kk Q 1D NO: 78),
o%‘é(%gﬁg\;@ %W%ﬁ@’g@it 2k @*@p é%tkl{odg;(bs Qﬁ@?sw’iﬁ‘é}:@)@m NO: 81),

20 omasme@mmm.tgmnnawmﬁ?m cﬁrf}slmm 88yl from
G163 i
&?%lﬁ@%%%%%%éﬁéﬁﬁﬂ“@t éé@'rqnp('e n%ﬁ* Sﬁsﬁagf@%*ﬁigg Ok polypeptide

Wgssm@??e@ﬁh Q I\QVAQ‘PJ}%F& %Hshf?d[‘ A n@redtl the yals Oﬁoﬁ%ﬁr V&RhRtus particles
expressing HPV-1 18, HPV-33 and HP

Wgerwseraﬁdgydtst@eb@ctatgn’ne encodi ng HPV-33 E2 pol ypepti de
was synthetized by Geneart (Regensburg, Germany). The
synt heti ¢ sequence was designed so as (i) to reduce

25 therhe pHS5R-SS-18E2*-TMR cassette encoding the membrane-presented and
enzymatically defective HPV-18 E2 polypeptide (isolated from pTG17552), the p7.5K-SS-
33degE2*-TMR cassette encoding the membrane-presented and enzymatically defective
HPV-33 E2 polypeptide and the p7.5K-SS-52degE2*-TMF cassette encoding the
membrane-presented and enzymatically defective HPV-52 E2 polypeptide were introduced

30 in pTG17408 (containing the pHSR-SS-16E2*-TMR cassette), and virus particles were

generated as described above.



per cent age of honology to less than 75 %w th E2 genes
fromHPV-16, HPV-18 and HPV- 30 52 (if possible

wheoslissgaris portions are reduced to | ess than BCT/EP2008/051031
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consecutive nucleotides) and (i) to introduce the

nmut ati ons abolishing the enzymatic functions of the

HPV- 33 gene product (E39A and 1¢®AmsThe HPV- 33 degE2*
sequence was then fused with nucl eoti de sequence

encodi ng the signal and the merbrane-anchoring

pept | des vettol RBPriNnEPAOLe8EtNa KHirst REcIElCadi@Rh&ScME réﬁ@odlng a first
(ERA strain, Genbank n M38452). This was perfornmed g

tripl e pPEReRtiderandpr pepend naiclc BibmolSER ¢rofiae a7srond polypeptide
OTGﬂSQgéwESEQ ID NO 73), OrGl8964 (SEQ ID NG 74),

OrGlL89 QID NG 75), Ord 8966 (SEQ ID NO 76)

and OTGL89%id fiSEd JocdK nukldic adibh ﬁldl&ﬁlléstair@@btﬁlﬁl@@ Bpéctively from a
(SEQ I D NO_ 67) encoding the SS-33degE2*-T

pol ypept i dErsha’d sqcondaative micligedd saierges wéléqhoerxhtm%percentage of
the contro rdnjo £l

wer e gener oy 29/oBL of SpRoR Rk AL oL B Wehls? uRRHdonF 68 a portion of 40
encodi ng HHMmBﬂuEﬂnpmhmpﬁphodﬁmmﬂm,synthetlzed by

Geneart (Reg bur g The nthetic sequyence,

was desi gn%ad‘? Eﬁsta@c fsi9 ety rp%%ﬂ&%ap e 5@5&@&? nggRucdgic acid molecule
horol ogy tg, ﬂ'}gﬁ%dtlﬂaﬂﬂez%c%r%trﬁocgﬁe(g%aea% for RILEPVaid Gercentage of
HPV- 18 and V- 33 (honol ogous portions are
preferablyhmmdhggﬁ)hssﬂ@s§5%han 6 consecutive

nucl eotides) and (ii) to introduce the mutations

abol i shing the enzymatic functions of the HPV-52 gene

pr odaictrne ER8Mr abebrHifdAb- cldife 1 SWAERSE ke FA¥nIBaELpARIN of the first

sequence was then fused with nucl eoti de sequences

encodi mycletsencd gwéﬂcu@rm thheconadrglvec agie melpgige or both the first and
ggptslzgggcgglé I]Eﬁ%ﬁsc aﬁldS mo eculer HS %&EUSI nlégsrt) &19 Lty %&L&)gous portion(s)

8968 ( SEQ) bPnived c&ﬁﬂmo@ﬁﬁb&%ﬁaes(s%@tb e dNeE tlYegf)ercentage of homology
OTGI8970, (SEQ LD NO_80), OTGI8971 (SEQ 1D NG 81).

orad 8¢rksyBEn’fth. No 82) and OT@ 8973 (SEQ I D NO

83). The resulting fragnent (SEQ ID NO 69) encodlng

the SS-52E2*deg- TMF pol ypeptide was inserted in a WA

t r ankf dhe pileelsrriad:odﬁmglm clamm2t vaceih i dodemmotage pagard is modified at

\F/’ I|_|r5 lé_s S%{aeg};;ig tlawge e nerat ‘ﬁgﬁ%isoﬁlg gfezséllegteeg[ tﬁaebgr}lll%o acl J&elevel

menbr ane- present ed and enzynatlcally defective HPV-18
E2 pol ypeptide (isolated frompTGl7552), the p7.5K-SS- '
33defEdhe TMRocasertingtoataod o, twierere thyr aiden psags gatted is modified

and enz mat i cal | ef ecti ve HPV- 2 eptide an .
the o7 MRt S b BusSies S ol belreBarn BT f S8Rt mucteic acid
Menbr aRgsyfRSQRE RArRAM t6MAY ki sC@inkdcutled BEdléotRIcsIPV- 52
E2 pol ypepti de were introduced

5. The vector according to claim 4, wherein the codon usage pattern is modified in

such a way that homologous portions between the first and second nucleic acid

molecules are restricted to less than 5 consecutive nucleotides.

6. The vector according to anyone of claims 1 to 5, wherein said vector is an

adenoviral vector



in pTGL7408 (containing the pHSR- SS- 16E2*- TMR
cassette), and virus particles were generated as

waoelemsnsdserl above. Clains 1. A vector conpri si ngPElt/EP®ag051031
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a first nucleic acid nol ecul e, encoding a first

pol ypepti de and a second nucl eic acid nol ecul e

encodi Afeacsoc @pcbroiok ytpeptiinde wheeei aid adesaidalf vacgir is replication-
and segp&d.nucleic aci d nol ecul es are obt ai ned

respectf Ve froma first and second native nucleic

aci d sequences which exhibit a percentage of honol ogy

of approximately 80% or greater than 80% over a

por t§.od hefvedor arcordingtocmyenneiotisimsuctiode wihgesn saghuector is a poxviral
said figggrnucleic acid nol ecul e and/ or said second
nucl ei ¢ 4di'd nol ecul e conprised in the vector is

nodi fied so as to reduce said percentage of honol ogy

to less than 75% 2. The vector according.to claim]l,

wher 2i Fhe yectebacsardisg ieclam £ ewhergh saibpexvitat veater isobtained from a
acid > . n [ ' r -

bot h 1 ez e gt sl BEANthoElf ol glog (Tahe e tpBhileon stain, the
nodi f i édyah straastyY VG andithb dighll p groansiated tioddfivdsAniaia NIV A) strain.
or nore continuous nucl eotides so as to reduce the

per cent age of honology to I ess than 75% 3. The vector

accofflimng viftof laBldRiide tm%?&{éqoit Hgink0dan MSAGRiIPAd BFP and second
is nodified at the ntcl eo d

i de | evel and sa

nodi f i catlcensidmelsdulesnindepent s lyamigvole aec pdlybeptele. seliected from the
The vect or accordi to claim?2 or 3, whereip the )

codon GLUBSORt g o MIASERTT BAYPEP!lss A ARis miop gplypeptides.
honol ogous portions between the first and second

nucleic acid nolecules are restricted to | ess than 8
consecutive nucleotides. 5. The vector accordin

/ ) to
cl ai hh-Ahewisetpe perordiag do avyengseicdaipiat b tor H.ivshaiga thg Gept and second
I n Suc'ﬁu eifBY:id le&xl?&pérggoootﬂégn&? Frtohlop% ?a%e"%? n{s e01tr fré)rn closely
first and second nucl ei ¢ acli d nolecules are restricte
t o | essclhtbaprdanansecuti ve nucl eotides. 6. The vector
according to anyone of clains 1 to 5, wherein said

vector is an adenoviral vector7. The vector according
to claim®6, wherein said adenoviral vector is

repl { cathk QRasf &btdEs tPelaihl €1, UREEAR sFRACREAIRE id £ papillomavirus and
0

anyone of clainms 1to 5, wherein said vecfor is a ' '
poxvi r g&hchy et ther firsg and becondcwiciaacidr wiolegules cota@icmagpapillomavirus
wher ei n Paiqkpoxviral vector is obtained froma

polypeptide.

13. The vector according to claim 12, wherein the first and second nucleic acid
molecules are independently obtained from a high risk papillomavirus selected
from the group consisting of HPV-16, HPV-18, HPV-30, HPV-31, HPV-33,
HPV-35, HPV-39, HPV-45, HPV-51, HPV-52, HPV-56, HPV-58, HPV-59,
HPV-66, HPV-68, HPV-70 and HPV-85.

14. The vector according to claim 12 or 13, wherein the first and second nucleic acid
molecules encode independently an early papillomavirus polypeptide selected

from the group consisting of E1, E2, E6 and E7.



vaccinia virus selected fromthe group consisting of
t he Copenhagen strain, the Weth strain, NYVAC and the
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The vector according to anyon 0of claims 1 to 9,

wherein the first and second nucl eic acid nol ecul es

i ndependently encode a pol ypeptide selected fromthe

group consi sting of i mmunogenic pol ypepti des and

ant i 13. e vegor yqentinglesanylohe ofbRined? o 140atmrelh g fidt nucleic acid
erein the first econd

anyone of cl ai 1 to 10, i nd i

AUl of EolESHF ABL élm%c@ngr%w £t 45 SO KPR PRdG Adeast o differcnt
or gani g, [ARBlde Hrdth GROLABEPV erofIR.

vect or%a lcgrr][1 Fﬁ%g‘@oﬁ%?é%{%%l, é\j\(ﬂfé%i %n%al fo?égﬁ)?gw IS

a papillomavirus and each of the first and second

nucl ei ¢ aci d nol ecul es encodes a papill omavirus

et B A negct feepre OSBRI B9 Pyl e tecute encodes

are i ndgpendgdlipaptiabt aidnest fseqmdanhdlgp 4digkmolecule encodes an E2
papi |l l omavi rus sel ected fromthe group consisting of

HPV- 1@olypPnide18, HPV-30, HPV-31, HPV-33, HPV- 35,

HPV- 39, HPV-45, HPV-51, HPV-52, HPV-56, HPV-58,

HPV- 59, HPV-66, HPV-68, HPV-70 and HPV-85. 14. The

vector according to claim12 or 13, wherein the first

and Bedbndettochebrligciodldinl B whescietheddst ruckbépeatidianidcyle encodes

an early papil.l omavirus pol ypeptide sel ected fro h
group EdWHREPHGCRFPEINE ,a_nﬁe 410 Seieres s vlegf?érl% NO: 5 and
accor dig0sdeBn@RYceRER nfll@ulBededlLa ELbdnpiing the amino

first nucfelc acli d nol ecul e and the séégw nucfelc

aci d metidcodenensiota iatSHQRH3INQ:\WWo di f f er ent

papi | | omavi rus pol ypepti des obtained fromthe same HPV
serotype. 16. The vector according to claim 15,
wherein the first nucleic acid nol ecul e encodes an El

pol yeathk dectdnsbcbin S©C4Ieh IBleHRIG ael fifstilcREéUAd®d molecule encodes
encodes an E2 pol ypeptide 17. The vector according t

. o . . o
cl ai m 2@olxpeeiids eompresifg theranyne peid seawgnge savet il REQ ID NO: 6 and

encodes, a j de.. | Sl e ' i .. .
sequenty Sl REAMLAEE B RLB%AOTH BBUIZRE hruprising the amino
aci d matidceienensodasing HPIY pERtY. de conpri sing the
am no acid sequence shown in SEQID NO 7. 18. The

vector according to claim 16, wherein the first
nucl ei ¢ acid nol ecul e encodes a pol ypepti de conpri si ng

the e Reicd REHURRCR SPWRe iof PHRMs! B MOto G8aRMherein said vector

comprises the nucleotide sequence shown in SEQ ID NO: 9.

20. The vector according to claim 17 or 19, wherein the first nucleic acid molecule
comprises the nucleotide sequence shown in SEQ ID NO: 10 and wherein the
second nucleic acid molecule comprises the nucleotide sequence shown in SEQ

ID NO: 12.

21. The vector according to claim 18, wherein the first nucleic acid molecule

comprises the nucleotide sequence shown in SEQ ID NO: 11 and wherein the



the second nucleic acid nol ecul e encodes a pol ypepti de
conprising the am no acid sequence shown in SEQ I D NO

W®@200893864he vector according to any one of cl aPOBEPOLE1031
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to 18, wherein said vector conprises the nucleotide

sequence shown in SEQ ID NO 9. 20. The vector

accor disemntl owucleai anid hodeculkO¢omapreseeithe nundedtide sequencd gicovn in SEQ
acid bgﬁ@(ﬁsconprises t he nucl eoti de sequence shown

in SEQ 10 and wherein the second nucleic acid

nol ecul e conprises the nucl eoti de sequence shown in

SEQ ID NGO 12. 21. The vector according to claim 18,

wherein the first nucleic acid nol ecul e conprises the

nuc| #otlihg&ceegisatdng tooskrin ) gEZ;l Mbergn said vaeter iwedYIdiAnvector, the
thesec?f?sg Iﬂié?élce'a&da&oﬁecﬁ}%' %Cbﬁg%acﬁ:g&’e{{@g ‘nl}glz of fhe vaccinia 7.5K

nucl eot'i'de sequence s
vect or pasmetedhmptht GeendinicRY: avid Ziblecotenticn tlﬁ:&lo(ﬂtrol of the vaccinia
vector is a MVA vector, the first nuclelc aci d

mol ecultPR Brogloseretnd thei dirst iand seesmdricleit aqif gnajequigs irg both inserted
7.5K p Pﬁyﬁgg ucleic acid nolecul e
under ? gﬂ%%%%§Q§k&1 t he 8§gé?n|a H5R pronoter and the

first and second nucleic acid nol ecul es are both
inserted in deletion Ill of said MVA vector. 23. The

Conpr- 286 SGePT pekorfing iEieBlrachoy TG Gl Yefiob rmgises a fist nucleic
HPV- 16 afly ﬁ@haea%p%h@iﬁim%a aS ePands NECRilgpepaid Mcesid @ucleic acid
encodi ng a HPV-16 E2 po

B¥'E$tlde a third nucleic aci

mol eculnoleqyéo gnengling aHid EP pivpepeige. dehidugleic acid molecule

fourth cl-eic d u .
ool ypep{wo ng an dﬁ%]elrgé?ng&gi)%ufd% AR aqglé%g% ?13\{% %(gd g:r%é%caﬂe encoding

fourt h apnugPei I8 &2i gblpmdpeide| e dﬁexﬁfmt s N, S&cénd, third and fourth
portion of 40 or nore contlnuous nucl eot.i des
exhi bi HFl§iCaaGHd MppgwHgre d %fn%&ﬁmpélgﬁy agportign,afy 4Gy P 4pE continuous

than AR 164 cfieﬁggﬁg%fﬁga%er gE g!fggm% fg) ﬁ% 0?'75%%% reater than 75%.

wher ei n sal pti rises
aci d sequence shown in SEQ ID NO 5, said HPV-16 E2
pol ypepti de conprises the am no acid sequence shown in

b ALE e HOEER ol TSR0y PR ATl b O] drolypepride

HPV-18 ¢ ﬁs)ésytﬁ@@hilﬁﬁa&@@@'\%ie%@ shdien ASRO ASIND: 5, said HPV-16 E2
sequence shown in SE 25. The vector

accor dipatypersids] caqnnpr@as thﬁh@n@pracghs@luv@c@t showgoinprEQdD NO: 7, said
first %-%ECEI polypeptide comprises the amino acid sequence shown in SEQ ID

NO: 6 and/or said HPV-18 E2 polypeptide comprises the amino acid sequence
shown in SEQ ID NO: &.

25. The vector according to claim 24, wherein said vector comprises a first nucleic
acid molecule comprising the nucleotide sequence shown in SEQ ID NO: 10, a
second nucleic acid molecule comprising the nucleotide sequence shown in SEQ
ID NO: 12, a third nucleic acid molecule comprising the nucleotide sequence
shown in SEQ ID NO: 11 and a fourth nucleic acid molecule comprising the

nucleotide sequence shown in SEQ ID NO: 13.



acid nol ecul e conprising the nucl eoti de sequence shown
in SEQID NO 10, a second nucleic acid nolecule

wa@eopndssisg t he nucl eoti de sequence shown in SECQ/EB20bEDS1031
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12, a third nucleic acid nolecule conprising the
nucl eoti de sequence shown in QID NGO 11 and a
f our26 Thacleeioc aacirdingub eyl @ccenplringd A to RO, mhetegotaidevector is a

ocor R Sedony Bnae Serind ik g BRI RGP cidymplecules are

vect or jhtfodacddVhh MeEtion Itdretht ivista ve@609NKRe firdli 4nd @ANE nucleic acid
fourth nucleic acid nolecules are introduced in

del et i apl¢quicsofret placadvm wepessle, ondndationy sackamaderhthedcontrol of the
nucl ei ¢_agi.d cule are aced

or Tent SRS TR SHiriRe b Melffohd TP RARE' dicis apig molecules are
p7. 5K [&B@tlﬁrop?ﬁﬁtet B8 &) ctaai dinfie tHehcdh®l &ifcthaciadcinia pHSR
nol ecul es are aced in opp05|te ori entation, each

under Pﬁ§m§6htrol of the vaccinia pHSR pronoter. 27.

The vector according to any one of clains 12 to 14,

wherein said first nucleic acid nol ecule and sai d

second nucl ei ¢ acid nol ecul e encode at | east the sane

pol y¥k fdihe dectobhedanedidg fto anmy cino sdl ofaims| 18t ©dl 4R¥herein said first nucleic

serotype 2 The ,vect or accor.din | aj m
wher ei HC@ IB%@FQ}G A0f i ys gg?lglpfggj[smgﬁeé:uhpe{mfge at least the same

HPV- 18 0 %‘pt?d% PRANK fréi ¥iordly réiBted HXBY \&6HPEs. accor di ng

to cla|n1 , Wherein said safme pol ypeptide obtained

fromclosely related organisns is an E2 pol ypepti de.

30. The vector according to claim29, wherein said

vect t cI i d

enco%gly r;[glgar(ﬁeché\?%i%d%ﬁ T (flgl%n ot avhgl%m gfég%lx ar% rallgeéi] HPV serotypes are

aci d nmﬂanteHEvm@degfamaﬁ&%éHEVEQ pol ypepti de, a

third nucleic acid nol ecul e encodi ng an HPV-33 E2

pol ypepti de, and a fourth nucleic acid nol ecul e

encodi ng an HPV-52 E2 pol ypeptide. 31. The vector

accojglitig ar%QtoP B@do%l?ig to WARH 8RNy RAkLH HiVsabe g@ly tide obtained from

pol ypeptide conprises the amho acid sequen BHown 'n

SEQ | Dcheely FslasdiodzddiRvisli8 a2 polypppetpdd. de conpri ses the

am no acid sequence shown in SEQ ID NO 8, said HPV-33

E2 pol ypeptide conprises the am no acid sequence shown

in SEQ 1D NG 70 and said HPV-52 E2 pol ypepti de

CoONp3(. 988 viebidr adordin@Gd d1HAMICRARSNONA VieBoPEbInpIAMNQ first nucleic

7 1.32. The vector according to claim30 or 31,

wher ei Bcidamgleciles enaedingepr HRY d mbRepelypentidapai sseend mucleic acid

gggloﬁgiﬁlhogg u?eegﬁlceolaﬁl% glb% R ﬁgoiﬁey%e ]a hlraatlu%lelc acid molecule
encoding an HPV-33 E2 polypeptide, and a fourth nucleic acid molecule

encoding an HPV-52 E2 polypeptide.

31. The vector according to claim 30, wherein said HPV-16 E2 polypeptide
comprises the amino acid sequence shown in SEQ ID NO: 7, said HPV-18 E2
polypeptide comprises the amino acid sequence shown in SEQ ID NO: 8, said
HPV-33 E2 polypeptide comprises the amino acid sequence shown in SEQ ID
NO: 70 and said HPV-52 E2 polypeptide comprises the amino acid sequence
shown in SEQ ID NO: 71.



acid nol ecul e conprises the nucl eoti de sequence shown
in SEQID NO 13; said third nucleic acid nol ecul e

w@eovpnssses t he nucl eoti de sequence shown i n SEETT/EPNGEE/051031
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67 and said fourth nucleic aciid nol ecul e conprises the

nucl eoti de sequence shown in QI D NGO 69. 33. The

vector according to claim27 or 28, wherein said sane

pol ypepti de obtained fromclosely related organisns is

an ER.[gbkwpept acterdiag teEdapoBypept | daeein daid ArsEauanid dcid molecule
pol ypepti des. 34. The vector according to claim 33 i
wher ei FOPRBSH;thSPuGRdidg SequspsshoBinde HEE EhEXds: sd second nucleic
HPV- 16 5§ rﬁ@llséc/}ﬁ@ RS Gk £iRGeRE QB RLEL WS AEED 1D NO: 13; said
nol ecul e encodes an HPV-18 E6 pol ypepti de, erein the

second tnutheilac acid dnmotde vbepowspnd sededtide seqpuechenshioda in SEQ ID

sequenge. s in SEQ I D NO 14, 35. The vector :

ccor ANy CoAE o B eteH! PRIkl SmtGE) G guslspde sequence
ol eculsgo @GOG IBINGIRYS. 16 E7 pol ypeptide and the

second nucl ei c acid nol ecul e encodes an HPV-18 E7

pol ypepti de, wherein the second nucleic acid nolecul e
conprises the nucl eotide sequence shown in SEQ I D NO:

15. h . ordi t | aj 4 . .
aner oA SE EhPERE SRR 58 28 PheaR] vl pafigeprige obtained
aci d mtoac dlogely Sclplcd @eghnivmakets dnhie6 polypemidepin Bepolypeptide or both
vaccinia 7.5K pronoter and the second nucleic acid

mol eculf® apdderPAHePtesst r ol of the vaccinia H5R

pronoter and the first and second nucleic acid

nol ecul es are both inserted in deletion Il of said

MVA vector. 37. The vector according to claim 33,

wher ¥. A'hs akcdonaccecting tocdarpr 3% ediceeit thedirstmuclead acidigiotkcule encodes

ol 2% 5698, B8 PRoEF P R SRR o SE520R cncodes an
pol ypepiriviegs B8 gopeftidd! GhRldn afel desfdl ReiCa 8N aRM AL @Mprises the
HPV- 16 E7 pol ypeptide and a fourth nucleic acid

mol ecuheclepfedsaicaernga shgmn mMSHQ IBNGpkbt | de wher ei n

said first, second, third and fourth nucleic acid

nol ecul es do not conprise a portion of 40 or nore

conti nuous nucl eoti des exhibiting a percentage of

honol 0 d%e atctdbocordigy wadlam 3 arher@d¥heIBst ficleic acid molecule encodes

substantially isolated nuclejc acid nol ecul e,
conpri PdPYHE RldesdeEp Igg thenessoath dRleichacidhynadesylg pncodes an

NO 9, 18F7 rpl]oérpr?éﬁ%i% év‘hr?re?;? the@@corﬁigpuc@&c chiﬁi g%'lec%@e coélprises the

host cell conp ucl el c acid nol ecu
accor dinngedtadeciequamnc8 Shavn inMEQ ¢ tND: Eccording to
anyone of clains 1 to 37.

36. The vector according to claim 34 or 35, wherein said vector is a MV A vector, the
first nucleic acid molecule is placed under the control of the vaccinia 7.5K
promoter and the second nucleic acid molecule under the control of the vaccinia
H5R promoter and the first and second nucleic acid molecules are both inserted

in deletion 11 of said MV A vector.

37. The vector according to claim 33, wherein said a vector comprises a first nucleic

acid molecule encoding an HPV-16 E6 polypeptide, a second nucleic acid



40. A pharnmaceutical conposition conprising a
therapeutically effective anobunt of the nucleic acid

wordoeasdeas according to claim 38, the vector aceor/EPINg8/051031
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to anyone of clainms 1 to 37 or,the host cell according
to claim39 and a pharmaceuti cally acceptabl e vehicle.
41. Thenghérateranedingcan FRVI8sEG ipolypeftidel ai tmrdOgucleic acid molecule

\ngzsgﬁp%@}g%{ﬂoﬁg ?j’eé ]F‘ggolgzé)gﬁlréih]%gd ggg?fﬁ{:lalgcgﬁfri?e acid molecule encoding
adm ni $hrEEvag ENpb fde WhRerethn@id st "Re6id, 1thRd and fourth nucleic
conposition of clai 1, wherein said adjuvant is an

i m dazegudimelctules donpoeanaprise3 passien of 40 ns mere|cenignusess ducleotides
nol ecul e _.accordi n 0_cl.ai m 38 vect o cC I ng
B Rl e PR of PR e BT g

to any i oSt accor
to claim 39 or the conposition according to anyone of

claims 40 to 42, for the preparation of a drug

intended for treating or preventing infectious. . i
di se¥sés,s %Fﬁ%‘&i]é’ &qutm?%f%d enelpcp seprapdsing the nucleotide
The us ' : [ . Qr et ihveqor,

oot SRR 0 3y SRR 0117, P SYEN [SEy867. s

infection by a papillomavirus such as persistent
i nfection, pre-malignant and malignant |esions. 45.

The ccording to.claim43.or .44, wherein said use
T ol A BTG SR My R auSat Sidtedfl do thin 38 or te
nmodal i f¥ctanstchhiRiionn§ehdofv@sihRI tgr37conposition is
used to either prine or boost or both prinme and boost
an i nmune response in a subject.
40. A pharmaceutical composition comprising a therapeutically effective amount of
the nucleic acid molecule according to claim 38, the vector according to anyone

of claims 1 to 37 or the host cell according to claim 39 and a pharmaceutically

acceptable vehicle.

41. The pharmaceutical composition of claim 40, wherein said composition comprise
one or more adjuvant(s) suitable for systemic or mucosal administration in

humans.

42. The pharmaceutical composition of claim 41, wherein said adjuvant is an

imidazoquinoline compound.

43. Use of the nucleic acid molecule according to claim 38, the vector according to
anyone of claims 1 to 37, the host cell according to claim 39 or the composition
according to anyone of claims 40 to 42, for the preparation of a drug intended for

treating or preventing infectious diseases, cancers or immune deficiency diseases.
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44. The use according to claim 43 for the preventive or curative treatment of a

45.

condition associated with infection by a papillomavirus such as persistent

infection, pre-malignant and malignant lesions.

The use according to claim 43 or 44, wherein said use is carried out according to
a prime boost therapeutic modality and wherein said vector or composition is
used to either prime or boost or both prime and boost an immune response in a

subject.



