10

20

25

30

CODON- OPTIM ZED HPV16 LI FOR SALMONELLA VACCI NE
STRAI' NS AGAI NST HUMAN PAPI LLOVAVI RUS TYPE 16 TECHNI CAL

wo-BsM3The present invention relates to a novePCTIEA0eS /1725

aci d sequence (HPV16 LI S) encoding antigenic HPV 16 LI
protein as provided in SEQID NO 1, wherein the said
S equUeODONI@BTEVIIZER TP} 16 LAFAR SN OdEIL A VWi COEYE STRAINS

stability of .r [ e NV

t ransf or ned W@@M@%@?ﬁﬁémﬁ or

[W1no) genicity of the resulting prokaryotic
ﬁéﬁﬁg&%&g The invention also relates to an

attenyat ed str.ajn.of kar ot ¢ ani s

t r ansfoF REEH T henﬁ%lr%l‘tg act Oé’(ﬁ]c%acﬁgl ?—lﬂvﬁ% ?{%{PVM L1S)
Rapodingosmigedic P ViG] O posis a:dpxpmdb@ firn SEQCIDENOI’ és sihagin the said

aP e ot Ao sBe aagted Pion B RGERGIRTHE Qe YRR plasmia

Rleets B HEH thas fotraddDin AR Bk By0otiL (imcxbhﬁgdnisﬁrﬁtoﬂﬁﬂﬁro@‘d immunogenicity
gzpi |1 orravi rus infection and associ ated ri sk

RGP PRATRI A ﬁEﬁEﬁEM&SWB&NP &g jattenuated
GRRIREST 4 Brokit9otRemsl ol BRGH NENSBHER With GAAIGIE ackEaichEing FIPV16
wonen wor |l dw de, and virtually aII of these tunors_are
AR RApIBPEAYIESS) FRISE CTRSH RPIEHR HSHBICSRRE B CHURARIING protein.
A8 Qﬂrhlhmwlﬁ\}éﬁﬁ& &1&%@3 a pRiceMak GRGINGLS vhRide V4B diﬂ?r&karyotlc
frequently (6, F fective vacci ne agai nst these
HigED-qreaTtien tfhie rf@f trreaém@@ ef prrélampvires Aefodtion andapgeqisted risk of
igpact on the incidence of this cancer and its
precursor lesions, as well as on the | ess common

RO UNH R %ﬁnlhﬁﬁﬁ Neggs. The |eading
ophy

canr ate is a pr tlcs -uni't HPV viruslike
parti @eﬁlléa}/w&cr @%' s@&mﬁ rleea}ﬁ g\eﬁge QY ce(n%ér)degt'ﬂg 1n( \%éﬂ'rén WgﬂdWIde,
pr oof principle efficacy trial showed that wonen
\aad (ynrmtl:edllwftthesermerswmttmﬁ@lm tqghifsetion otithc @ gdb-set of human
A RERLIA U528 1RO o B ) YRS i
fuaccuw agamsti thae\HR}ésewram iheiefrat belexpesterbto Ipopaldedniatin impdct on the

1 C (?ence Q. 15118 Can e SOf CC Sorﬁj S%(r)ld a\éa“?e nSeOSn ﬁess common tumors
%6 B i % APCURTF PROP G s

| anqabetmﬂa ttalﬂlle@dﬂ v1rif§m:s sThesleqnmg daaditi@e isya pmplgrlacnc tibeunit HPV virus-

é%gfﬁgﬁﬁf@cgre Y C LRI ———

cSarswar theGyvomEle Owdbrhtl@& REthATPETUHL P wEil g Ipkdecsddr aghinst genital
t ha E)rgeoﬂ%to{)/ EX gl%% gl%yet 4 Q)Vgg\lvévgr, P@%&q&?e?nnent 09 %\Htipllles %Fecﬁons
Fl‘@lt hogenesPriEt ahtciRidt @Gbi ypuRibl GRESe blde tHah@hose of childhood
nmucqgsal - associ ated | ynphoid tissues. Via this

vaccines may represent a substantial hurdle for widespread 1mplementat10n. This is
particularly true in the developing world, which accounts for more than three-quarters of the
worldwide cases of cervical cancer (6). Recombinant attenuated Salmonella strains that are
attenuated yet invasive have been widely used as mucosal vaccine vectors to deliver
pathogen-specific protective epitopes into the mucosal-associated lymphoid tissues. Via this
route, both mucosal and systemic immune responses against the carrier and the foreign

antigens may be obtained (reviewed in (11, 22, 36)). We have shown that nasal vaccination

of mice with Salmonella expressing the HPV 16 major capsid protein LI, that self-assembles
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route, both nmucosal and system c imrune responses
against the carrier and the foreign antigens may be

wobkioailzsze2 (reviewed in ( 11, 22, 36)). We havePGhmBm05/001725

t hat nasal vaccination of mce with Sal nonella
expressing the HPV 16 maj or capsid protein LI, that
St f VIS fidides ShiHHP Wb %nfotmﬁhﬁﬁsanaﬁkhtrdﬂﬁ\@ @ntibodies in serum and

conf or mat j onal nd neut ra nti bodi es i

%’?H“ag &5eratigps 1%?8}9 & o HERIY ‘w g”@?lﬁ é”’é‘flf‘%sﬁ’?tf‘é(f“re}ﬁi‘/? imtifium strains
ShisRned PRore pheonse (34 oaaarHJ\y@/ef muéﬂ w&hsﬁer &hgiﬁal PhoP° straln,
exhi bit the PhoPc phenotype (3,

vilopble ppsal mizEPn s FRIUEEY 19 lﬁduca %ﬁﬁeHﬁ‘éé%VLP anibody iters

| PN bR tintHAn¥Rfon! KA iife@thidn® BNJURE dbs@tatRBd iof HRV1Bvels of LI
VLP antibody titers while oral 'i munization was

i epreression tegpther with 2 Ivgle instabality0fi tha - Iopceding plagwids igfabpgnee of

%BBE)%I% Qfécﬁ &?J}Fgli Wg%&téﬁl tmtgalﬁhérncﬁé E‘pénjoteﬁry orocfle ih §ene could be
enco I Ng asm absence of biotic

gemeéq ﬂ@rbastpm)n“g@l the yirglglelsgend exliibits ehighlg unfanerable codon usage for

e
dmﬂmdm dd8 hewafta) preediigde thrsaimwﬂﬂe bi)tamzwbcqsﬂeas fn ¢@nslation
L estlpd herein a synthetic nucl eoti de sequence

errecf1 as LIS hereafter) encoding the LI protein
wi t h dpht HPivVzedciaedassd drosuch VAIPS laad cwrrentlp téSeekd im ndita trials have

The HPV, vac on ch VLP currentl
FaGietae b, Vel kolF el i Pl Rty 0 R it Plfyidhs development of
IO ereainested bérgiahlintravpliRgig Bidoplasia (WvialedEbyt (Schilley 2004 #1481] and

vel o \VV16-i nduced cervical intraepithelial
(rj[gBW 5?935) Etipi’é’&v%ythfﬁc%piﬂﬁsé"re VaoeA AN gﬂa intramuscular
[doSttte b@@f@&eﬂﬂa%a £inke mbQWEV&icallcBRBE RURENEVNRPUREEIRASS, such

require nmultiple intranuscul ar, doses to be ef%)l ci ent
afeeiEgs mpeeary8 tbeomagesssihie 4pr pevhlecenesdigg dhivm imestielf dt dpisRf ereat
qgl‘ﬂ&tte[ﬂc@% de%b'l%ﬁ o%h@{’: ﬁfa@e%?es@]@a@ﬁ@s‘e \’if&lcp\@ldb @ﬁ;ﬂﬁ:@ﬁﬁ’c}b L Refa@Enuated
peope needi ng t hem nost . I s thus of great
raeé{ﬁ eiéalmn@beb@ﬁ%?ytlm h@rgeg deliesysveisms st theyaare ablerte gxpress
?%“ igbi2hldl ot dicitl S 4LOURLEdy R iTIRRIE rési)'bﬁ'éeg]sagamst

ective antigen ivery systens, as.th
d@mlqggumprl@mwgwe pefigeanafieg ersd vanathation _@¢\ilw'v€td lm[ls;@séﬂl 1992
agﬁdVedﬂmgs 1934?4%@1 ]96\)1 o #lg%ﬁoﬂﬁﬁﬁ R Yave further optimized
honol ogous and hetero gous anti gens after or &l
vchez;ﬁ‘almanallafba(eldemoewea@amst HISChcdeahat itT0@R by Rstsd IIONDIIHEIS é)V e have

94 #466. levine,.1997 #1416

#ff?tt ﬁeé’fac%dptt Fri PR it STEK o rr%’éf‘%lier “osgésre}J ' \Paaé‘é‘ﬂ‘% é“aa“tﬁ?a%g? by a
HEWAmEEioretibtatice gene ohut ds herd eskptable forvuseEn. hu\fﬁn@%ﬁ its higher

R el eRRr A DACBE By 6 A AT P Uat Az e Ve have

ttb@éd the neWIRasafi€ ePtIREd SalfndhclldSehtdriva VaivREy yyphe Radcir® strains that
gher bi osaf ety r&gord (FDA a pr oved in, 199

[h&&?nbﬁ?nsihoﬁ'fll%ﬂ’e spéol Bupagp g yﬂ%ér{ emnr%vé%e%ltoéh the actual

tll’b@n@@%ﬂx’oﬁﬁ%o@mb Nast RER Qs FIROP NBbHRnRN Y &6 #3965 @h® \CADI0ShirA
T vacci ne strains that
[%’acket 1997 #643, two highly immunogenic typhoid candidate vaccines. Using a model

(m

of intranasal immunisation of mice [Galen, 1997 #661], the immune responses elicited by
these three strains against the homologous and heterologous antigens were compared. Our

data show that anti-HVP16 YLP humoral responses after either nasal or oral immunization
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have been shown to be safe in human, i.e. Ty2la
[ Germani er, 1975 #103], the actual |icensed typhoid

wo awsitpFs2 as wel | as Ty800 [ Hohnmann, 1996 #596PCHIBL005/001725

CvD908htr A [ Tacl cet, 1997 #643, two highly inmunogenic
typhoi d candi date vacci nes. Using a nodel of

ivﬁfhr eHRanaw réddiﬁibﬁiaﬁtabframlis_ W_ﬁaremclli(ggly[ fnateaded. LBQEstitigly.l khis was not
the j ne respons elicit.e these three strain

P e SRR G0 e B B iR AR OF dhe LIS-
GRpPIRDlastdd it ashRWitd) & adiidn; YR ¥iBt Wi kestricted to
responses after either, nasal or .oral immunjzationw th

FHEPh ey ThawBntithaiher seimonplla GRIFdCansegRy TyphipugyBstrams whose

0t RI B S is aROduttablb P Bup@Sudaot associated with an
increased LI expression, but with a remarkable _
HAWH DESCRIPTION bF 30EHPEPANYING BRAWINGsVi tro and in
vivo. In addition, immnogenicity was not restricted

tFeguirB @ RewsASodshopinivéd P PIITENS o2 (SEW D Ne: @1ithe hiidlébtide sequence

serovar Typhimurium strains whose attenuat)ons are o
sui t abl ef lSris fheavitdee muierogimsepgedmedpndgpodified nucleotides in
ACCOVPANNK4 NG DRAW NGS Fi gure 1 shows Codon-optim zed

HPV 16 LIS orf. (SEQ ID NO ) The nucl eotide sequence
dtigure & shaws HBWHOI cxpressia indbhel iLd darsooR sk Liigeamippag strains.
Fsira8dh iy lyeqt.i IUni09) Gy Fi gure 2 shows HPVI

6L$11 expré@ggloe{nmﬁ“ﬁ%?#g%gﬁﬁﬁhﬁjPigP_O LI S reconbi nant
Jliguae A shovisi Ani-BP 81 G VibRsystemic(Ad and Beiphld Bivintibedyeisérs aftey nasal and
in vitr i . . ti-HPV16 VLP systemc (A)

and vag?rﬁgﬁc%rgtlggﬁftﬁgg%L?lg'ters after nasal and oral

\Riguoe iSasho s Anti{HP VRISOACP fys®mid-Igglititershftsiumasl ofotal vidRirdhGon with

VLP sys{eqi G aft nasal , or .oral

vacci na("lg'o I\7\£§ﬁ4@§{;‘ggspﬂ’log, EL%@@OAI%%}SPMP" LI S and

Aiguhke l6l iSa chinpatisen 6f sesuna atGHPEN 6 AP antibeiyriiters afied ordlR¥ddination
VLP antibody titers after oral vaccination with PhoPc

| ean LI %ith BRefp kemhIS.PaoR kan By sndid g kand- 15k gure 7
T O PSP L P e ST s v
Fi gur e Sefogarcyppistieion of serum anti - HPV16 VLP

A5 1 P OB RS S, Ao D2A0 icn
conpar i smthl ’b;;Zlh—ll??ﬂ LB, Vi $00dad mgggéﬁgﬁosmﬁe@ﬁnks. CD4+
rolif.erati u S ,

.cel |, . 6\ * iferati
it > Bhtmar P RN TR LRRER g G gl pofferatons

- gaguH Hnschowa g Pl 6-s@tmBiihgasd ahtiHPOE 6NEER|ahtibodies in serum and

vacci nat sggil\{\gl tsel?:re-lc-'ogsfl 0 nln(i%en nalélall%} vaccinated with Ty21a kan L1S.

Figure 11 shows HPV16 neutralizing and anti-HPV16 VLP antibodies in serum and
vaginal secretions of mice nasally vaccinated with Ty21a kan L1S alone or

primed with purified VLPs.
DETAILS OF TABLES REFERRED IN THE SPECIFICATION

TABLE 1 & 1A refers to Salmonella strains used in this study
TABLE 2 refers to recovery of Salmonella PhoP° carring L1- or L1S-encoding plasmids
two weeks after nasal or oral immunization

TABLE 2A refers to recovery of Salmonella PhoP°® L1S-encoding plasmids carring the
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Figure 11 shows HPV 16 neutralizing and anti-HPV16 VLP
anti bodies in serum and vagi nal secretions of nce

wmamalibyzéryacci nated with Ty2la kan LIS al one opPCPIB20€&#001725

with purified VLPs. DETAILS OF TABLESREFERRED I N THE

SPECI FI CATION TABLE 1 & A refers to Sal nonel | a

strains gilin® bihithe StadshtychABLEsidaftebeles twd Neamyedffer oral
of Sal nonella PhoPO earring LI- or LIS-encoding

pl asmi dsMpILEeRks after nasal or oral inmmunization

TABIE 32 AR 8 k& ol @y bEGRNRNY Sihomdla IARSh 8erb@RYphi carrying kan
LI S-encodi ng plasm ds earring _theanpiciline or the
kananyci RES plagnigs anp wegk glier nagd i@eRsationt er or al

i mmuni zati on TABLE 3 refers to recovery of different
CRIEETS OB TEE EYVENIKYY ovar Typhi carrying kan LIS

pl asm ds one week after nasal i nmunization. OBJECTS OF
THE | KhvEwein oRjeqtiad thegprgsens jverttonds torpreyide gk nUClsiFeastd ssAuence
' H8yi BLnid ¥k CL R pidikis @9 YeRG&d({HRYEG D No: 1,
E?%?%e%é%%ﬁ%dglﬁw \élg%lnilg HPVgngL?h%rug? gi n a(gedplrlﬁl_ ovi ded .
wheigiEQtheDsaigD sequenegh base pttpast henesapdifisd gadanc Eorhepdingm stability of
QA Em ﬁtf hﬁgml?lo\deggr fva{enqpatnls Skl ]l};ljoya (%ic_ micrg-organism for
reconbl nant plasmd vector en transfor inthe
pnpregedyiotniunogénigity-of thyaesulimg porkaiyetie nnasetoigamismogeni ci ty

of t h nd grl‘” el 9o "th%kSJeXe% Ii%vemi&{ 9s 98 93PN ré%‘&%l?ﬁﬁt vectors
obj ect 0 t e present "1 nvention 1s to construct

pBS Dinbd HiZVit6 1l exdtl pF S14pbdBIRMISAARV 6 bhrbariok PEQSIAMNHPWherein the

LI S.har bor it | ; wher ei.n_t he f
ST g er I e rokat el € RSB g

sel ecYeonamotier kbject of glie ian@aitibe provbieean atdnubibé straiv @b ipaskaryotic

pr.ovi des, an atfenuated strain of a.pr i C . .
i o G ST T Ao AR d rrrRate L i saitigavies
HRYr cBpsid prorih didRkhrb@ma\hd dosespradlias pegsi d protein and
expressi ng the correspondi ng E}r oteln. One m)fr e%‘glg' ect )
of t hEnF MPERPPIEH of $he BVEIgHIHK ROPADR PEXeET Ofgy fig'aceine
Badba Al ﬁf@k&?&@dmféfb-&fgﬁjﬁﬁﬁ Y& ih6 tRth@&deRt 6f faliciihvired infétfion and
treatnment of papillomavirus infecti.on and associ at ed
epseRiaigd riglgpicapcer. SUMMARY: OFI NVENTI ON Accordi ngly, the
present invention provides a novel nucleic acid

H as provided in SEQ ID NO 1,

based on Human Papilloma Virus Type 16 (HPV 16)
Accordingly, the present invention provides a novel nucleic acid sequence (HPV16

L1S) as provided in SEQ ID NO: 1, based on Human Papilloma Virus Type 16 (HPV 16)
encoding antigenic HPV16 L1 protein, wherein the said sequence has atleast one modified
codon for optimum stability of recombinant plasmid vector when transformed in the
prokaryotic micro-organism for improved immunogenicity of the resulting prokaryotic
micro-organism, preferably the strains belonging to Salmonella species. The invention
further relates to constructing recombinant vectors pFS14nsdHPV16L1 and
pFS14nsdHPV16 kan L1S harboring SEQ ID NO: 1, wherein the former carries
Ampicillin and the latter, Kanamycin as a selection marker. The invention further provides
an attenuated strain belonging to Salmonella species transformed with pFS14nsdHPV16L1 -
or pFS14nsdHPV16 kan L1S harboring SEQ ID NO: 1. In addition the invention discloses

a process for producing a Salmonella based vaccine for the treatment of papillomavirus
.4
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transforned in the prokaryotic m cro-organi smfor

I mproved i nmmunogenicity of the resulting prokaryotic

nh2Eoneihg askosiated piklebfnadry the strains bel onging to

Sal nonel | a species. The invention further relates to

EFATILED DESORIRVION OF THE INVENTIPNS14nsdHPV16LI and

pFS14nsdHPV16 kan LIS harboring SEQ ID NGO 1, wherein

the f qmaredevelapxﬁér@lSofAﬁp&az'tzb;teWﬁtbmd trz]daemé adghiRkt, HP?/ mf?]ctlon and

Kana in.as a selectjon marker.. The jnvention further
BOPl s PR e EEel S 61 IEFHY EomelrRIASPR qvith the

&H@ﬁétﬁﬁ ddvaskab ﬁiﬁﬂcﬂoh@-ld@ﬁ%lﬁ@t’éﬁldp\tﬁ%coﬁaﬂ lmmumty with a single

pFS14nsdHPV16 kan LI S harborin

2Rl VRSCHIRLIPTh BLOPRVREACFRAE Vi S&%W%*stgf‘sfeas Pty@é §%chfaostrategy in mice (31),

RERGMH CGriiebatks IO BE hhde RS RGor¥ ARCIMS fiRbaskd %&fn@ @51“@ BE safely
of papillomavirusinfection and associ ated ri sk

destrdein, wospsma| Thess dersbrkeimetydedthe TieguTeRAZEINGT mamﬁ@ar Salmonella
c0f2 @ L "

SRR 0T 0 AR AP AR

mu@eémfrxgmnabWrrtmnags ai ol enriba bsei@tionithdt thehél encodmg plasmid

tvbagot{n% a'b?ea*xrltﬁgﬁltaﬁtttl%g)%c s%}?cgglg&ﬁl |4Z rpa?ﬁ% e Ies?]sgcf %vﬁgﬂ Stabilized

mm:ru-laﬂl@é pmmtﬁemmt&tioo wstbnt (6. Heaswetretbqrtttyatmfos‘scnfalmsaproblems

aaedgglee%y I()jy B If‘t%r cogio 2) tinTigation altr%aéy:}go’o%ﬁe express1o U gﬁ‘ebIéIPVM LI

re nDne vaccline COU
sapsd )geﬂtce SHB1 611 Sytolfniﬂdfhd Thyosssiod r d\wha clyathéetive LUSig@nd ke stable in

uire rticul ar Sal.npnell a enqt ype .
Bl g xS R erE i RingR iR Bhes R RAN At tpotera
efrd dddivesd by eithBeitie Rashled bfadloui Ng anti body responses, as
wel | as the observatign that the LI-encodi ng pl asm

was URSPIEEIQR Qhinplis REPHATAHIUS FaRsideRenesdt [igHeq ]!na@?al’étl cells, but

RH@ FdsitiffpC RIER D8 HmWRBni st HP‘Z TN AVvhEiRs STl bk 861Radd by codon
onpl enent ati on sxstem . Here we report that nost

(gph{nﬁég@ (B9-FBI2B¢#2)al ke @ pqp@qjofkyyd%qsw qp the immunogenicity has been

n f
SRR EFLOL S SR St o
t

dretemt@gosly senes treselied B }géﬁé lm@u@tgalbﬁlé’ AR tlsaqomn@qagfaoah@t original
il llB %af)s Eéng I'l? I:cllsb qgﬂrt)gﬁtgglnf& 'tr£1¥31 WEE th g&lﬁz@;?é’llﬁ n&z!s ¥1ntlc eﬁated that

attenuate cteria vered el ther the
axpessain ofoa cedonmppmesdildf gehe N@tlldvemp‘apt hllgbfttaVLli’ lsvspressmn and

c i I | s t t
BRI fenflP Mo Ponh Tkl o TR, oo 1 bl Goris, the
dﬂgﬁedlnhaurrogbnlemed thydiffedotly dphuatedzlaits t@tﬁbrﬁlﬂﬁhn’c Sﬂmamedla does not
42 The,.i,nf.l uence ,of us on th ) ..
gt B SRES e ISR SRRE R b e Thfaas the opposie s
VA Ghd &Svel Amounds ofSEP AV ER) wereipidaeet i vieR ftheCIXISI R A A expressed

of the
(ranging from ca. 3pug/ 10'" CFU for the AroA LIS strain to 23ug/ 10" CFU for 4989 LIS) as

compared to the expression of the original LI sequence (VLP amounts between 20 and
60pg/ 10'" CFU, (4)). This is in contrast to the >10* increase in LI expression obtained in

mammalian cells with a human-optimized HPV16 LI gene (20). We should note

however, that we cannot exclude that the amounts of VLPs expressed in the bacteria may
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het er ol ogous genes resulted in higher inmmnogenicity.
As the codon usage of the original HPV 16 capsid gene

wo go0alismesubopti mal for translation in Sal nonePCHIB20&5/001725

anticipated that expression of a codon-optim zed LIS
gene would result in higher VLP expression and

Y SN B irlvAUNHE 26 S thsMue® hérb Ene'REBRE BdBieaints are
Sal’nonel l a. To our surprise, the hlgher I munogenj ci ty

Sitferors Wnioroenatelt |We ater Wbt Oameasger BB spisssinn i vivo, given the
$alc1ﬁ.03g%\lv Fuee %f PRlerit Rlobwtaal f0°Wot b @/o&gl%raag@ ﬁE%W S/LPfexpressmn

roduced 1 n these bacteria.
apowi (€ %’@Cfﬁlﬂft)e and | ower amounts of HPV16 VLPs wer e
produ r T .
%%g?%ﬁg&aﬁlggﬁé ag%%te '&1?25}% S ?esgloé] 0?21932 g&ioB O‘Bmmzed
/12[8 ]sec@léhteflo theoﬂ:@ﬁﬂed_st@)llltagf the i%expaessing plagmidip wegshd) e vivo in

e L

kadbﬁlbmaﬁtr&amdlmashi resuttp ireslongen pakistenca efithe N maam'r@ni camied by the

S RS E 2 T e § i

aﬂﬂwnﬁt&o@f—aswc%edelympﬁtﬁdi eiskubdis tal@y eechaisna thanyivflies Wecihmune

it AOBF e o A et G 430, WSl SAE e e
\daEREAGHNBARhY/ini e adbEht 6P @il gen tHat PREAS tenbR] BXiPhERisaR is the
in Vvivo, 9|ven the relatively | ow nunber of bacteria

BEEN) BPEH Iq IO E £TEEY dngaR) roaRmsesHE [QwDiffepent approaches have
DR BRE 11O nnﬁfétu uﬁﬁd(sfalbhﬁf Hﬁ@&féﬁalae)ameﬁne&xn@vednﬁt@bl %5)). They

feature associ a he expressi on

dedude- Bptuseroy eﬁvw sn@édt{he AEEotes Ph balﬁ?ﬁﬁﬂd‘?ﬁb@ @@sarwﬂstabylsatlon .
%stéxﬁke ﬂu{ % AP rkﬁé@feﬁ@z QAd"&?rB lelzgtldﬂ Bf ﬂet@%ﬂ)gbﬁb Xﬁﬁﬁ@n§ Yere not

senée of antibiotit selection. This may contribute
tpoeviduely mépgtied toiindwomplasemid etaltlkrzaben t h e reconbi nant

Sal mo E&Je&inglgéthe lgsﬁl% Etﬁ 11 ta%d tgéqgwer gﬂ’ségﬁllggﬁoqlew% associated

the V arried acter
exifl afaatet gmw]tls rate oﬁgreddﬁmxprewmgmztcltﬂmal idodtre.Hais assumed that the

l.on I, S .
REOEierBa 3o KERTR0 e 47 FREutR. b ovios e ity v of
tﬁaabnwﬁdlettﬂsnesdﬁdwed ﬂapmmrveleq@mowm betwaentt&«d dhferent tRNAs and

Sal.nonel | a vacci 34) an trast
SRHEFoISE GRS O CHECORRETPES T Eere EHGRNP 0 T 1B ARES of the
tHagkolfHOUSEL dne rdRbGaBHE tRNN’@b&I dﬂloﬁvin‘@&tﬂtﬁslat&nt dfenéddehdud dacterial

poi nt for |ndu0|ng efficient

DeptFiay GRted RHsFEsaRde v Bisclt e Aeiripsny. #BLIZ@@ ﬁm{%ﬁ?%} This

%h&@aséd thovl/tﬁ Ractenim Bambi %ﬁelﬁt@ewﬂevmdmbﬁas(ea&nvasmn and/or
i ncl ude the use of in vivo induci

me@rﬁéﬁp@q gfy e bpderignieera adrhgrefareatnle nak aaﬁplp@tg éhait &S expression

thd8uety BF PSUIEMIMVELER sEAHOFheARuRbERdi9 B BhoP® L1S in
hetero ogous antigens were not previously Tepoited to

imide) @erefﬂlyamm@eé erbpampazasi v, witthihatriaducpe gith purified HPV16 VLPs,
qi‘n@%gdﬂlgsgr%g%l t yrosl%chb Sub QU Mva¥lifie GERT &S ﬁ)'hgsg 1P chnical trials

assocCl a
(reviewed in (24)). A single nasal immunization with PhoP® L1S induced similar serum and

vaginal anti-HVP16 VLPs IgG titers than three sub-cutaneous injections with 1 pg purified
HPV16 VLPs, or three nasal/aerosol immunizations with Sug VLP doses together with the

mucosal adjuvant cholera toxin, including induction of specific IgA in vaginal washes for
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with a faster growh rate of the LIS expressing
bacteria in vitro. It is assuned that the investnent

WO pooshe3762 ansl ati on systemis optim zed to proRCTHEB2805/001725

maxi mal growth rate of bacteria and this is achieved
by an adequate bal ance between the different tRNAs and
tthe inucoad patiec otso M n29)( SAltholgh velimes viadwothat sasghegtination with

t hat .optim zi ng,the codon u e of .the heterol.ggous LI .
et Refie et DRl SRR 1 SRRy B fortcomitant
dmelp gefldniBatidac(2sy,i akrepiet &lin safetyetalaym Nfor @i N@ich e route of
rowmh rate to t detri nent %fsl_tJ/VPexga{nessio. )
iy zgtions mumap, Klgye e repedl thak thg isafprprairopie, ean bedisgdeas g single oral
Watdinafibn ith PRGS 4 Sivid asinaiogefie Afd thB@ihsthé VeRGEecic € are lower
bacteria in vivo and, therefore we do not antici

t
tthany fo]l_qvgn%%?lé@g}ugxﬁaq@aythg}f grg similata those glfiyceg plter t r%e r?asal/aerosol
i in. The inmunogenicity of PhoPO
%ﬁ%@nw%g%gxﬁgﬂrag]%ﬁ/&?npr oved and conpares well with
t hat iOndudfeitle whajdr lpmitatibh efor tdR\AEGanVHPY 16 tSadndneladbazgd vaccine in

r ot ot prophyl actj ¢. sup-unjt .vacci ne_now i n. .phase .
P ok o ooy el e ot o et ARtiongi shplaa ronting
| AN ZBhd @D (27)) BndIne Becebditf of tikisheabtfieTod RtuchRy dffidiédd dnti-VLP
vagi nal , anti-HVP16 VLPs IgGtiters than three
JERRORYGE BWEUS: Pnj ections with 1 mg purified HPV16 .

VLPs, 1Rfe BIsB&w m%kdea@rm%urtmi@(gh%§ PHbI"Nand MoA) whose
VLP doses together with tThe nucosal adjuvant chol era

tafRausting metatienshgvd beaw éosted in Hhrld gad powa 1 hosaleintagian 444632030,
V3§ I"I%@Od 8'5} Wﬁﬂ%%trﬁp g@sc)%g krﬁuéezantl-&&P reﬁ!o:i_lm‘%ig lﬁgﬁliééleafter nasal

)
have "shown” t hat nasal v ination wth reco nant

Sataimptien.| Bediigrs brs, hogeney, arfirdiverardess of owgtidsieslowaxthan those
j ot lLyng. i.nfl i.an: ) .

SHAEH SR, G, L SR S B

| Whethérzagpression of HhamBhoQl4e(® mey ewhpuoet intnhabgenivay sdiftier new L1S

%gc?)#bbﬁg%ga@? %m\%gg Vo?l%éj}ﬁsﬁ%dg gx}]tlﬁcl&u%a lr%ejil ?rrng uné%a%g § I\évgg felssoel}ﬁcient than

\Aad] sipmonifation.tth¢ enmumigenitipvefrArb Adri Sfvadsl lessiaffgctevbsathe oral route.

R eSSt B GRS OB i
(RvDo0R &traf hidvie bEst evcold dfishfatyl 208 ihfindg@aicitn ¢h RiinddRWvidved in

nel | a-based vacci ne i n he .report ed
B Rtong TP Tt o rrnionpet CYEOIE AArEis Sif BBY sopesent the bes
Saitlfe afad eRbahidg Muieat inonhnedﬁha%ﬂeeéﬂo})th@?%phmxy of HPV16

necessity of this phenotype for inducing efficient
dpfestiops pidasopigisd £819Ph nice (3, 4). Here we show t hat

ot her TRe to¢RELHBA b M SbFIRAARE: (BARD agalRP RervRAd cAc@ that have a
whose attenuating nutations have been tested in

Sraridytide @nbcabﬂ’@mﬁ%tb@elb@lr%eﬂ@ aim sinepraAnY x4B3Herove 1gpgrt on final
F%g%%&ééé RN QARG T ?’Qﬁr)ongleba'séﬁj %@cnﬁn{é.: M-Beceptable
responses in mce after nasal vaccination. The titers
arlestidnonmkeand shatifinatiomef aowatterascinf stratg that willenovopeemit the testing

tol?asﬂcl]i Qo‘%%cine in women. The development of recombinant bacterial vaccine has

usually required the use of selectable markers. Unfortunately, our attempt to use the
aspartate -semialdehyde dehydrogenase balanced-lethal vector-host system [Curtiss, 1990
#59] to stabilize L1S expression in PhoP° has failed to induce any VLP-specific immune

response (data not shown). We have therefore selected an antibiotic selectable marker i.e.
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i nduced by the PhoPO strain, which is in agreenent
Wi th our previous findings (3, 4). Wuether expression

wotooshes7Pho@4 (3) may enhance i mmunogeni city PET/IBRE05/001725

new LIS reconbi nant strains remains to be tested.
Al t hough oral inmunization was |ess efficient than

Ikaseahycil)ARHD1 IhZ@ztﬂ é%ﬂibhsthla@ bioRaTe Qe Sid Whaak u&J%UeérSapmed by
Iess af fecte e oral route. This result is hig

dhcB ﬁaﬂgﬁqﬁgma'?wﬁel%‘*t#;léml Vhg kingmysin sgleptably éi‘i‘aﬂFP&r"ﬂHrnOt give
A%D ofi3hitink ORS leMPR0S1dRiddiAY &ﬁsﬁdé R ReshiohE e %19 heno e is

safety and i rfmunogenicity 1n human (reviewed in
Rligady” gwiye ubipniieusyin @alyrehi Rafket. povdesproad hqcsnst rr@ﬁlwnce to

Warﬁﬁfﬁe%@ Rhitk e RESSf tRid Qﬁjdbqi(QRQn ﬁﬁl‘ﬁ!ﬂ‘l ﬁlb(‘ﬁ&né/ Qlﬁpdlg agfl Qubstrate

test 1 n human volunteers for the prop e%/ axy of
ispdcélddityons thtcbnawso cvatesy thes abﬂqsce Phedeydppment | @fn resfstagce  or

h
gﬁtg\g%}#g%cg%&nsy &degﬁiaﬁ??\?&ﬁ tthecf éée/sn Clg!ereg%‘i r thte %Iesée:ﬂﬁéé g)f the
rkanwnma rr@stalﬂeer gene hase puther onprﬁquiathel srtq:hlhty ecrfeuht gL liSnexpressing

li]a%m man%lv Ofbu th%al e rés Olﬁ%e %ucfe% ora n%umzap on with

ccep e sel ee¢tion er an
Slaef ﬁlmeaa:mannaed; Sahionellat kvatmam stekovaoﬂ?ymanmnumtl’mebotmg tthexggan L1S

hava e devel o t . of
PlasBif et V2G5 RS prof OREE natrnd SHSE TBeB e aupmigiin L1
g mid Bz&ﬂ@xob&bléeqrar kers. Unf ort unately, our attenpt
to use. th artat b sem de de deh enase
bal an SO e EREPIGDET BE SABRmOLy iR oot betass: By stain
tikht Sv&a@bédtédzz% 4 kevoR¥RARSEEARe inhdd@HA\nalskd| éaamb@ctob@ #1194), the
i nduce any VLP-specific i mmune response ata not

SHBuEFla-hesef yeesien éfee%f@fw%de&é@%alaéﬂﬁteaﬁ% PP iTgphi strains that
SRE€ Grat bﬁeﬁ/el'é’g&k Q8 viac@nds APAMUC typhofinRYerh @%wé‘sﬂed in [Levine, 2001

est abl i shed |osafet¥ record and whose use has been

Ay v p i tthee codidafeatypheifl stapergsody8ado ﬁziomaag,zw%m%%] and
qu{tﬂ\ Fl%t:@é%t 1@517 @645 Iilgl%E)l‘ Wehhatidnl lngthé/ %éﬁe[i%’éhways (PhoPQ and

organi sns any sel ectabl'e advant age out si
Iaab aesaecsively hithen thsi Typhivemismpageins PhaPr aslddroguiand were selected here

gféhttlaq uzﬁcén{é cgtﬂ]ielf iy Hi”@ \ﬂfft 'In Eﬁlﬁu Q@%Q&e‘efl te§tﬁd the licensed
Irmted e use

?terlal resistance to Lana Cl he as
ohcditi ByZdat Inbiitoe pwalysis dfuhathrermduummmnaslmmmv&ailegm similar VLP
Seg]g %eags(ﬁ:ogltle\ge?g:cg Ie elle{:flvgﬁ agm ?gasb%&grggqg\g%rgsg m( élf: 8 an LlS glasmld is
Agaistable mﬂd:é?yphantanrbltbm ic 1st1h] dte&[mphﬁnurium @rafis blrtgﬂ 1y jmore stable

t he r esen {f{ tpﬁ]le anc .

Py e PP AlsrmiLn TR CPagrons ¢ EP ety atBRGnoBdmpy: butnot
fh aByphiinurfunPheRCals® dbsatded bmentehﬁ ulrdm RAcIIBBPPRSBR] was used
induced by or @ri ni zatio he three attenuated
é‘éf‘%l%‘ﬁ@l’? %% 36 #lgg}ﬁséﬁm?gﬁ%ﬁlﬁﬁ‘mﬁﬂcﬁ &rOGF Lrﬁ@hltl?féanasauy
lamididtsred bEBIZh dodE e n¥deMBHcAlan lapra) RO HBMORS RkpRSesirhilar to those
the bacteria harboring the ang)l cilin LIS plasnid

[og%r\fpd QOMulgqqgg]ven the attenuated strains orally (reviewed in [Pasetti, 2003
#1404]). This supports the use of this small animal model to pre-clinically evaluate the
immunogenicity and efficacy of live Salmonella vaccine candidates. We first used this
model to investigate the in vivo stability of the kan L1S plasmid. Relatively high numbers
of bacteria were recovered from the lung one week after immunization reflecting the

superior lung targeting achieved with nasal vaccination under deep anesthesia [Balmelli,
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Wth the exception of the Salnonella enterica serovar
Typhi muri um PhoP- strain that was tested as a

WO e@siikd7emnt vacci ne i n human [ Angel akopoul os, PCD0E2005/001725

#1194], the Sal nonel | a- based vacci nes are attenuated
Sal nonel l a enterica serovar Typhi strains that were
f1998#930¢cLendopedreitn, 2602GHIARE], aid siatost yopbheotedia frewerecovered from

r evi e evi ne, 2001 428]1). Two. of_the

SRR ATk b e R s ot Yl Bot e ohan sl S g0 e Lee,
aoEh A¥BO.08 it éodoﬁacpkzqt AltHd&@lﬁ théQAn 1B pidmid \a/as found in all Ty21a
attepuations in the sane t S n
PaliggRIpsayered) it APl H@S%Eﬁ‘?%@? i ré@??%%@\ 1@%&00 baggpria. To
B4:080 o WRPpSHaHER IR thchBbiBa TyROS Bthé AdsaM@aG§idBodel were not
carrier tor HPVI. 6VLP. In addition we have al so tested

preasionsly eisBetpdy A0 nidastyio siebilith WastRrevigshy phsesveds ing brth Ty2la
l@éﬁ%&h&ﬁcml @@ﬁl] sddaci®o0e vViaad eqioﬁdo?bmﬂcﬁé M2 #1526]. The

xpression level and a relative asm d |nstab|I|ty in

pirsicelaninetabilipt of kan ki 11E§Dﬁp%§lﬁ%dm|ax be dinked iy Bieeprpsgnce of a
E%tl&lppiﬁgﬁ{o{& 'n{]éurt;}'lﬁﬂud 'ins’cegil gf‘tth%] H‘PVI;[?{' RRL AL 'n?‘l@ Sp naoter which

strains nmore st a an the anp
Rlao ngnt[rﬂéudsedzooeﬁhmtb@@qlbm@lt dSYIPR08 hisfagsialnist Wang, 2001 #1533;

ng&nb fg‘gl a %0% I #‘l SIX p Rhf?’%%elé ”126\@23 #ggflin 5 e? q{%}{ e]Sil %%&blhty in

urease énc opou
mmo# 0 4hd uAtIty&@ﬁJ atagdel%al tmlhe ldva imntuapgeneity axfdtiese bacteria

Bt V6 3R SO ot bl Xl o By ooy PR UG 115 is

abis & indded ligly aitUHPEe6 VI giavtbodidsand MLerspedifid CBiH-Al ¢ell responses

31 el PEHES 8 oF o S oy DAY Wk S akpoq Beed vigher -

EDJPS a6l |aﬂﬂ1-F?Jg131}in Qﬁﬂioidﬁk &asltv}?lﬁl dsrﬂﬂgﬂﬁﬁ-@ﬁdcﬁgd %D&D dells responses (for
ficacy o ive Sal mpnel | a vacci.ne candi dat es.
fTWOéP g dar2th s g 1t 1§ agirgmsht g drREc s sfugiey pgee CVDI08 hird
sh@bi Tysoy afd TINE Weddlcdahpardd!iR BRinshrinRahal ins@d YWahg 001 #1533 or
nunbers of bacteria were recovered fromthe |ung one
@fter i mmunization reflecting the superior |ung

targehh %b@&lmeﬁtvadthwp;elgenﬂ %@Jmox afa%m; sRhedb g Box@ﬁ ﬁwew acid
anesthesia [Balnel I'1,1998 #930; Londono-Arcila

HABOGES baml DleHgNr(b@tnan é’almls\@m@ Vilgs)eleas HBWér HBVﬂISoi’ﬁ 31 etc.,
%B o?% dfé lé/alfl%la g‘%heﬂo 0'8{%8' r Legfnh O%fl(}he recombinant

#maﬁ@ v@ntmkwhcm t200@med 1ih5 Ge. pmkmtymg hnmt@eorkmsnu fer improved

SABRI 80 U0 EAR BABLEM A TR gl i

bﬁgahrsms are pTefembly seleotall édoen, grewpemisistuy of Swtdnella sps, Escherichia

[ Ty.800 i . ' del
SR OTEAAR Pl il BB, PR 0 Samonc

RhL Fuahis| Aéte ehamaie ﬁtrdliﬂ of)&ﬂﬁig—léyla Ips i @.ﬁéﬁtéﬂ:ﬂ”ﬁﬁﬂ a g2dipLonsisting of
#1531], and CVD908 A. [ Lon Il a 002 #1526
g Periegreor et DEET Sapitels 6P SRR R iuriam or

BBYnoRelld ipimd AdeitibhalyP e SBNS&mohelR sﬁﬁﬁﬁislﬂréﬂeﬂaldl@ selected from a
pronoter  in our plasmgd, instead of the in viv

iZFY0 C FoNSistipg r o pﬁgm@a Vi#feEiga serovar Typhimurium PhoP (CS022),

Salmonella enterica serovar Typhimurium PhoP(CS015), Salmonella enterica serovar

Typhimurium x*%

Typhi, Ty21a, CVD908 htrA, Ty800.

(Acya Acrp-cdt andAaroA (SL7207)), Salmonella enterica serovar
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was generally used in other reconbi nant CVD908 htrA
strains [ Wang, 2001 #1533; Londono-Arcila, 2002 #1526;

woeR0BAPEsEeZz, 2002 #1532]. The kan LI S inst abi | PCIB2005/001725

CVC908 htrA and in Ty800 may relate to the | ow
i mmunogeni city of these bacteria against HVP 16 VLPs.

Qur d?&taan‘é{h%%rh%dﬁﬂéh\tvof habrefik YrvEhiRn 818 NARhod 12 kdproving
kan LI'S 1s able to induce_ high anti-HPV16 VLP

mlmpa@uawfwm@wété? poiGEo-eysanisy aggipst Humandisgillgmpyirus Type
t In contrast both CvD908 htrA
IQSHI_?,@'P% ﬁggélﬂ ggl%l gher anti- LPS and anti-Flagellin

ant i b@duswyhesazsngmemveh@cfewga gsishevepiacPEQ ED YOI Tt epepding
respons ing is in

agr eem&*%1 tlé\ﬁfn?{ngygésl?% Dis st U ﬁéd;@jv\l}eréghén&da 8 htrA '

and/ ob. Wsﬂmcmmeffqnﬂblwlmlfsé%@ﬁ?é(ﬂébﬁ vectdidarporingyEQ ID No:
nasal el I?IH{B?

enbodi neq:(yrgél\/%ﬂ%the géﬁlﬁ%ﬁ%ﬁ F%eﬂinr éns}@to%cm

synt hes|;ﬁ?S®4nanPEﬂ6Iriuulpé‘Sb4nadﬂENkfelqméd6es based on HPV

(Human P u HPV 16, HP
cr . O BHOER led BB OB KSR tha o e
for opt mﬁum&@absnhtdquﬁatehanbmmwhom pl asm d

vector \ggen transfor N okaryotl c
mi crodo ﬁ‘llﬁlﬁtﬁ‘i“i‘g(ﬂecq %‘é‘a"‘i] 188&ni city of the

resul WnB@ePeRkadisheht EeldtbsC iOaplGRaMiasd stiie q@wm@bﬁc micro-

m croorgani sns are preferably el ected f r
OBEIEIsEY qﬁgs fopmeda vingpdon gyodifieEsRcg Al i ngg R (uman

%bﬂ@hhﬂr%?ﬁﬁ*d?'cﬁ%sld—%t&bm éﬂpkb%smé\/}ﬂé%ﬁéilﬁhﬂlﬂg ﬁ)ﬁftem, wherein

Lysteria, pre eraly Sal nonel [ la sps.. Further,
atleash org exdontis ajodifise Tag BN envigr gﬁﬁld.@m@@ lééFléﬁe‘? frgpy 3 group

QBQ%&#% QRSisY 1189HPY 1 §eﬁm Be lcnllcﬂHPVtég rﬁré‘i@ra@@/rm 16 L1. The above

rium Sal nonel typhi, Sal nonel t yphi muri um
csmdsuamﬂm@msat I@MﬁlmuﬁlewAQ@SNUGW&IS]%Q IR} N@ ihe Sal nonel | a

strai @(e{ Fn ﬁ{b@@lh‘)éntsgﬁ ﬁlgg)?ééerft 1%30@&@5{& t%odqﬁév%t hi¥eic acid

of Sal nbne aen erica serovar Typhi muri um PhoP
(H2802 Big orSaburumetifical ced@rerf"mc@tlmmvd:nht}’;@ﬁ recambingmhpiiseial vector

e e

eméfelrablgzal G3esud wA 606TyEmal cd'@oﬁﬁ_have(bV@QﬂﬁngﬁtdriAtheﬂ;IB‘@tﬁ esequence
t her errbod1 ment of the present invention relates to

dn tpﬁ‘%?antf"bvren "®brovi ng the i munogenicity of a
pr OkafYSéDhﬂcﬁhdMe:ﬁ'ﬂ)Odlﬁfegt&m thapragat mséntio I}mm/ldes a recombinant plasmid

Papi | | omavirus. Type 16 HPVI Z} n ps, of.: .
bl PRSI T ORI icThal® ot QTS nt Fipelitythe soid
r&ol}mna;ht Sagadi Ivagoram&ﬂﬂ@ewsq 4HiRMITP 814111 sp@qﬂ:snmhyvm kan L1S.

fying codon_ usage, b. constructi g reconbi natn g

pFSl4ﬁé’8 BT e ma%%fowwgorss%ﬁ ppoNpimode of administration
of the Salmonella based vaccine against HPV16 wh19h may be selected from group
consisting of oral, intra-nasal, vaginal or rectal.

One more embodiment of the invention provides the use of attenuated strain of a
prokaryotic microorganism in the preparation of a medicament for the prophylactic or
therapeutic treatment of papillomavirus infection and associated risk of cancer.

Preferred embodiments of the present invention are now described by way of example

and not limitation with reference to the accompanying drawings. Embodiments of the invention

10



10

15

20

25

30

1 by replacing the original HPV16LI gene in the
pl asm d vector pFSl4nsdHPV16LI or pFS14nsdHPV16 kan

wQk®5/123762 nt r oduci ng the reconbi nant plasm d vECT/B2005/001725

fromstep (b) into attenuated m cro-organismto obtain
a reconbi nant i noculum d. adm nistering reconbi nant
ExaoMPLURES i n m ce Anot her enbodi nent relates to an
attenuated strain of a prokaryotic mcro- organi sm
transfornmed with codon nodxamgtk Inucl ei ¢ aci d encodi ng
HPV (Human Papil |l omavirus) major capsid protein and
l’mﬁﬁﬁ&in@@udtﬁﬁs ST BRsdpbstraigs yedt ei n, wherein atl east

one ¢ s nodified Th HPV .maj o [ i.n

o e RS 2t et B ¥Rt SRR, S BBl 1he open
FRYind fandthadB¥nIdE 1ﬁf£fvﬁﬂﬂb|MboHEédtribﬁoﬂ.|s1te 'ﬂildé uabDW&!th a Hindlll
said strain harbors a n gra nucl ei ¢ aC| @uen{:?1 21 111
FETROPN 3. 0t TSGR R SaERER B neHes i Be I the orina
INRYEA A0 fragﬂl@& @5 tht Pla8mAPYEY 1 4RECHRV €6-BE I(sil)hm{é féﬁulﬁﬂ@plasmld
or nore nodified codons for_ optinmm stabili

PEE btnsd nIéBYléyLéS, nives vidEadgeed rl?ysépﬁm%natl%p §%7r)a}nﬁs thep pttenuated
SEIoRYIRA el 9&8% Cr{phiririvhl estrﬁlﬁ§ WhbpNqCcSebi00e))! 8nd PhoP"

strain. Preferably, 163 out of 506 or|g| nal codons

KaS@l Heh bokan gmﬂ giff frove JolmMekalpposs BgtiemdéSAnX V¥ {Acya Acrp,
&hHNERh ﬁﬁ&lﬁl Corthesy-

B O (b e g Bt A8 reno Corthesy

Vbetlar LasmngiGH.ng DNA sequences as shown in SEQ I D NO

1 wherein the said reconbinant plasmd vector is

HRViSrLIpRg MidsahaliRis1 611 S or pFSnsd- HPV16 kan LI S.

Anot her enbodi ment of the present invention relates to

a nDdEmeSSMnbﬁlilétlnaﬁlmnn bheatsa e riaplyzedo iy eWestern blot as

C
%%%ou d%&?f'b 2 a}—q? 81 %g Qnt }“VE’@ LP %A% @%{/ﬁ@ rln(‘IQﬁM Data

onsi's nasal , vagi nal rect
@reee mmhmdbm tliengententoin tatterid wvremurcmbspﬂio\ﬂll@ﬁ of ithe quleres. The

?—ﬁ?\a% \‘?fr‘)k“ﬁ%x} e%&ﬁ&ar aleasured dllgyca rr%nﬁ r%lhoﬁitﬁ{{nag Qle{%s%?Qcﬁé&ﬁ&d @)

(msmg heb aﬁ@uizloﬁalt c’ﬁﬁﬁbdhiemthaofreopgmzé bmfaxmartma] mmmies on HPV16

HhenBIRE ikl 0,98 82 aQ?Saoirﬁéiiifﬂeﬁ”ﬁid‘m”?”éf
ixa . e .and, not wth referen

o R e e o f B herEnst S et ) B aphimaria

Ibg\é? gt %%E@@Lﬁgaﬁxgggh}% mlceI ﬁ‘o mlgfa C&Qg& rPL%grgcle Qe alllséjd in all

“experiments. Tewnty JLLI of bacterial inoculum were administered orally (108 CFU) or

intranasally (105 CFU) under anesthesia as previously described (17, 31). Sampling of
blood and vaginal washes as well as determination of anti-HPV16 VLP antibody titers by
ELISA were performed as reported earlier (17, 31). Recovery of Salmonella enterica
serovar Typhimurium was determined in organs from euthanized mice as previously

described (31).

Design of an HPV16 LI nucleotide sequence with codons optimized for translation

in Salmonella.

The codons used for translation of major endogenous proteins in Salmonella

enterica serovar. Typhimurium (7, 14) were considered to design an optimized LI open

11
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The LIS gene was synt hesized by M crosynth, Buchs,
Switzerland. The open reading frame was flanked in 5'

wowrdk/12870col restriction site and in 3' w th arp¢i/mboddoo1725

restriction site. The LIS Ncol-H ndlll fragnment was
inserted in place of the original LI Ncol-H ndl H

. fdadl d [brhherol 8808 daksakAoTsiie HRMAG-HHY (631D segﬁéiﬁe (HPV16

resulti nq asm d, pFSl4nsd HPV16-L1S was, i ntrgﬁ%c&g .
biARI(EDL ¢ %wp@tmqérﬁeémodpm Botteeanrtlynset wdeamrednere fie 1-
§E§eﬁj 90: PETRNAhCIIIRAITRY EddBhSéf @k BRgitN QM GequbfesWdich are rarely
27)) and ‘PhoP" (CSOlS(Z%g both a ki nd glq‘t from

Tovnd InBabaprefle §136Benstsome (WJER) ok tho deys fragupatlnased codops) The LI orf

( r.n- , K ) < 1
L e
pESHBsd-HP M6l LIA. Phenest plesreid Psep fiess itioduasfl ir the pitenuated Salmonella

SPATROSL i, AP B E09 P JERAAL Dbl s

. nAlked RDARK/LES here#ftcawByur obkeersLiferesombinamtl dteeehiedbSalivenella strains

tent in bacter] d 0DBOO. of . -
G s B e 3 o 5P, o s

aahubbdicotatiblsluSAl iathigumelyi soul y described (4) using two
nmonocl onal anti bodi es that recognize confornati onal
EPVIGIdana VIHRMprd&sish.Ps, H1I6E70 and H 6 V5, (9). 20

| muni zation of mce, analysis of the inmune response

and r Ehoseregsiof ofShe LY poieiniini theriySiates wledpondntialf aaitarde of PhoP° LI

B .mece fromlfTa do,, France re used.in all.
et S PR SR ok PR P R i fgson of LI
ackme Biuﬁegﬁr @fureyveds nyt ilnpOe®wbirtle neTv Ultsmam abd rythérldd6réased by
CFU), under._anest hesi a as evi. ous escrib 17, .
St 2R gt b U PHaR DACHOES HeVHEs prodgged in th
eed edchinBRhdt Waiaé war tontfaMélGoyViandaizh iRIQSIVA (deb &g ATy, A striking
ELI SA were perfornmed as reported ear

! 3 éfjae{l (17, 31(? . )
REEsnes i Bt eoahBival e BREErNT F2SEHhLY Wé%ﬁ%.t Tefh mid-log
VWRse ARLeHdELRRSh diB0RT OB RGthfasiRleRUuloRRWhd @khpaice GadBhours for PhoP®
pr evi ous 31 Desi gn of an HPV16 LI

I descrlbeqaﬁ . V]
RS lrebed. él%h@é@qf% RbeP* kil Ahis g sesesptthatitheeptimized codon usage of LI
tv&ﬁfﬁ”r%%p%&ﬂ Bhd RorabsRg! do3natd RENLO ARREibICHe fe®wih rate without a
translati on of maj or endogenous proteins in Sal nonella
eoncomitery insegaspin 1S Tynshbionr i um (7, 14) were consi dered
to design an optinmized LI openreading frane (orf).
Stahility lob thed.d Scoensing plasmid & wirp ghéhdl vilgPv16 LI sequence
(HPV16 114/B (18)), 163 were nodified in codons nost .
f r equiryeityr hps edeviqusiBasneged thakthe osigmgl Id_—engodmg plasmid was rapidly

lost by plasmid segregation in Salmonella in the absence of antibiotic selection in vivo (4, 31).
The stability of the L1S- and LI- encoding plasmids was first compared in vitro. For this
purpose the percentage of bacteria still harboring the LI- or L1S- encoding plasmids was
compared during four successive O/N cultures in the absence of antibiotic selection (see
Fig 3). As expected, the Ll-encoding plasmid was rapidly lost. In contrast, the LIS-
encoding plasmid was recovered in most of the bacteria after ca. 50 generation times in
absence of antibiotic selection. The stability of the LIS-encoding plasmid was further
examined in vivo after nasal and oral immunization of mice (see Table 2). In contrast to the

original Ll-encoding plasmid (4), the L1S encoding plasmid was completely stable for at
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SEQID NO 1). This included all the codons of the
original LI sequence which are rarely found in

w@alognessbt a (136) and some (27/72) of the | essSPCT/IB2005/001725

frequently used codons. The LI orf was then repl aced

in plasm d pFSl4nsd-HPV16 LI (31) by the new LIS orf,
Yeagtltalo ngelsmStht 4rpads ¢idvIto e kiteS of Ttﬁ@tima{wtm Sané uistelzikity of the LIS
first introduced in the at at dS a enter

olab BB e ot A BBt RGeS Bl e of
fRGabhtinaste Sillmatboriogibedd SRRidbit iSné e/eeacfeteered hetboing the LI

her s conbi n t att.enuat a.str
RBPES T SBerIEARY o BBt o T BiFhid P SRS apjistence
bf &Y MIBMbbBsnd bretetlh, fdbgite Ble fHdidr @rdvEn@euPacy vt EekeabdcRES observed
used in this study. HPV16 LI and VLP expression. The
éxfressi on of the LI protein in the |y sates of

exponentl al_cultures of PhoPO L] and PhoP0O §
EthHP Y6 KLRgestanis agdgpuqosaleantfipd y?ﬁ))d“‘élﬂ”pd“ BY"H’&I lylsal or
exAnasdhfdnHicthPhoprLidle bacterial cutures was not

inproved with the new LI S sequence but rather

decr eagehad¥ind w-th ktvicfieBexp2dddion Jﬂ'théHPVWLIEJgéﬁ@Szould improve
confirnmed when the anmpunts of VLPs g}aeﬁced in the two

thecwrmyneasricity of ths HBV ifeY kP ensigginda/meyelloaiisire s ypaimurium.
WPe@ekio n?ngmzeé‘ ofdupd & fla1d BIAT B ERES viahd ARa1DE O Foute with the

rate of the two Strains was noticed when the tine to
Phelt i1 fisdain.oheghayd-Pantikadytirst mpastiied i erunsapd vagalgeemgtions of

‘ﬁr %hfa&g é%% goé %gﬁ’ %ﬂ‘@@el{g i ‘ﬁ&pé nﬁslunzzalﬁeﬁj b sh@m i%hlflE Q. A single

ours hi s may sugges
tnbmt vztohma@cpt inducze dinghcmitd dongla@e;g ehtiHP VAot WL Epaitets ngerum, as

%ﬁg@q&@ 19 gge?{"lﬂl%aEMasH@sx "Ims% ec)ﬁtélgcj?ﬁ tﬁér?yl\felllmllar to

& con I ncreasé
thoae] sidad:dd@:ﬁter Sli@idid riatal vafeinatien witlShe magxdal PhoRSI1d striin, buha major
tro and

ih vivo. |nv ntor has pre I

th%er?nh bsrtF%tit N arE ne eﬁco orders Pg n%&%%g grhele Elglﬁ tth%?e ar.%hleved
lithpd gisgle dasab gacepationowith meSﬁiIgnthiolP%lLI strafrh@, al)shmmtn@y, oral
antibioticg, s ¢tiqn in viva (4, 31 The |ty
PRI WiaPheE® oo o e i aeehfy BhOtEh o nesel
|vac|M'llaﬁ(|5qr9 V\QEEF e\feﬂlasd&ﬂb[epﬁﬁE V&dlaiélaﬁkﬁf Gﬁlgttﬂ@ Gbngﬁlalbaﬁdilérsmm was
st arboring the LI- or LIS encodi S
dsiiyidF d3 HuAdREristEgPn of E¥QBsrl & B ‘?%?Se%s %gﬂ?gt LS Caata ot
3RS) AR Rf indBsk RleGhintnsBipBhidet.ON (see Fig 3). As
expected, the Ll-encoding plasmd was rapidly lost. In

Qseﬂi‘-ﬁﬁvﬁﬁ Vhe byseahe omiibedisy aﬁmvﬂngna&sﬂeslo\b@medadcmamn with

nmost of the bacteria after ca. 'E@neratlontlrres in
e pratly %fenameﬂ Srlgtonellaapeice |S%¥ﬁ"a‘T higpyipm; sfryi‘“’é expugsing the
/S g plasmd was further examned in vivo

after nasa and oral immunization of mce (see Table
2) . | feRBt hARE pbfodshie shown that nasal vaccination of mice with differently

attenuated Salmonella enterica serovar Typhimurium strains expressing the original LI
encoding plasmid induced only low or no anti-HPV16 VLPs antibodies (4). Given the high
immunogenicity observed with the PhoP° strain expressing the LIS encoding plasmid, we
further introduced this plasmid in different strains including %4989, #4990, PhoP" and
AroA (see Table 1 for precise attenuations, abbreviations and references). The anti-HVP16

VLP IgG titers measured in mice 7 weeks after a single nasal or oral vaccination with
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original Ll-encoding plasmd (4), the LIS encoding
plasm d was conpletely stable for atleast two weeks in

w0 b@soeygens cl ose to the sites of infection/ enPCyIB2BoIN®1725

instability of the LIS plasm d was, however, observed
in nore distant organs such as the spleen, where ca.

a{}seﬁ’rfé@v RS nBARLE srAinYeihe stbwh | inhBigh oy i ngc&hﬁstL{oSour previous
pl asm d but none were detected harboring t

pbssevation, allshasheyy regorabiaait SRS induged constsien; %nthléP‘éW YER bgmoral
gg?&s&h Rfter! VRS9I VIRRASHcARAtRE BRLENGR Borst 18 dbbs one order of

boring bactéria, despite t he faster

gy 100t s s aE BT B oo Rforn LIS (s (seo Fig. 4). As
Aﬂ; teﬁlpégapv%élcﬁaﬁéﬁs@vgmegs RAuABEAs, asl‘llt@me' &8&¥ion of the AroA LIS

duct T on ow ng nasal or oral vaccination with
E‘?lhmﬁ’c Iwtgh ifidvsed $1mi11r aniiAPNAS VLB 5@ siters it bpil routes of vaccination.
expression of the HPV16 L e,woul d i nprove the
I mmunogenicity of the HP\/ﬁga%@& %ntl gen in Sal nonel |l a
enteb_ca serovar %ﬁghl myrium We therefore inmunized

Slasupd cogpstrustigns aphpasteriahsraing used e nasal or oral

OV S IREE 2 T AV B

Rb&ifg fedubn. wk Bpleked by e RIEM@Eih @EsistarSt BOiRg sequence as follow. A
i muni zation are shown in Fig. 4. A_single nasal

vadEhak fgamenidening Jhe é‘ﬁ’éanllyﬁﬂb cpdiag Isﬁ%ueﬁ?ﬁ pOqypyergoter Was
!El%rz{tgcﬁo}‘ Ptﬁru%lrfg%Wa%ﬁov@g%ny\ﬁlbémﬁﬁ)ﬁ& Q§ kdnptaté. Oe Pighers used

QA titers in vagi nal washes. These antlbo titers
aveee 8i2yitherrlogagec brb secleatiderc wrptragm dprmy theofifst é Ragfdranamycin and

VBGGLARL I on i th Khey ori g&e@ LushoPe Lie Strapfderiida)a 5°-

maj or ’nprovenent 1s that ey are one to two orders

ﬁGG@@ﬁQQ@T@Gﬂ%BﬁAAEME%ée apd Ri28vey canteining asXbeg restriction
nasal vaccinati tra -
B3GR S MBI LORACRIOR LS, Bhter s
Xb3I g frdgnaeenh lcghduymg ﬂhﬂj@r@lngF $4ngd HRY U@ 18 edasmichsequence, but

asa cci nat e_even | . ' :
R0 RLEF B Rt g P oo Pp B e with Bxpand High
ir@iify ECRNER R Moldaiur rBistheatidabh vath theofoliesml pwimerdirae@8-mer

raI ses_of. . PhoPc L at ot. sho di

el e KU dshire Poty (A TC A TSR 6™ P Elinp & gl st
§m§dfehﬂlaa)els sf-oldcoeeUca a$"aGTAGA®|U€(EG@AA<AIHP€G—Bpn amlt fn  28-mer

i fferent attenuat e a_en ca,serovar
BRI PUNPAL P eI, STde ST ISURE. Bf SHn (bold) 5™
|YEDEPAGRECE TN AVTCUSABASTANG Bhat henﬁ&ﬁSac\IBXBdI NdgnRAts were

of mce wth differently attenuated Sal

Sisaie e et oo peneroRy PATTHA o SHSURAE (P CLDE B SHR gretlasmid was

' digonsuead mby[hé Q%rﬁlﬁt BOSalmonell
gﬁlﬂtr(?fuﬁ%ivllj% e\llélz_évgg19(%érllttﬂ%illbod?2(2Sl (14990 9%3 e]n t he orBanmonera

entmizogeiui [pHansEIy Stein Pho RS iley APSD #181]) and PhoP
e(%s%ﬁ‘?l%fll?eg d%@ #!'1178?]) arwp (ﬁ?@éﬂﬁ(blse\ﬁ?’ 1981 #123]), as well as into
the attenuated Salmonella “enterica serovar Typhi Ty800 [Hohmann, 1996 #596]
CVD908htrA [Tacket, 1997 #643], and Ty21a ([Germanier, 1975 #103], Berna biotech,

Switzerland).
HPV16 L1 and VLP analysis

Expression of L1 in Salmonella lysates was analyzed by Western blot as
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further introduced this plasmd in different strains
i ncl udi ng %1989, L4990, PhoP" and AroA (see Table 1

wo 000502362 se attenuati ons, abbreviati ons and PCT/IB2005/001725

references). The anti-HVP16 VLP IgGtiters nmeasured in
mce 7 weeks after a single nasal or oral vaccination
pir¢viduislys desogbedr Bﬁmdd@liimafhﬂgersﬂ@a’v r542) esish ol anir BPVI6 5L mAb,

ot SRR R o e A SO

kon®htakas mﬁasm’eaet@ dahéwich Hﬂ&@ lag pm&?bly\tﬁgcﬁib%[lk@lyzcoub, 1999
Uhtetlter ut .one order o rTHnitue
P g, N GRS RR CTERORES (1 HedBh GnforatiinplpRtopes on

(EsB\el 6FVIOPs, Al 6E ASor@KIBeA taedl H16 V3| [Chaicehdda) 1996 #1653 ].| ess

I mmunogenic, wth the exception of the AroA LIS
ThinRkdizatibii Gih niiét UGN sis | oT1 Ari-HRV6 - VEW! aibWliies 1286 recovery of
titers after both routes of vaccination. Exanple 2
Fﬂ“ﬂ%‘meg“const ructions and bact er| al strains used In

pl asm rEs PV1 004 #142%4 , the

anpi ciSPﬁ Veekr lé éi“ﬁ C%Aggd;l wy eIﬁ% A Franeares Lﬁfld in all
@x sC'TréwB%'SfJISBﬁB&?eriﬁpmoBﬂulﬁe\g&@ rbgﬁmﬂ&nfe@lolrfﬁ%' (16° CFU) or
Sacl | - Xbal fragment containing the kananycin codin

Seitanesaly (807d Cﬁi?lb)nmdelr anmhesgpezrsepra‘tlewsbgies%ﬂddﬁop@ns 1995 #381;
AELaat L2 R0 BRI, B8 B Sua PRI St s
fcbl’erminhlmx)rf ofr siti- H!PI\GGOVLR amﬂmplyz titeraby ELIHA averel Moﬁneﬁaaaslrhported

e oA o A Shignfifiehing? Too 7R RPE Fiohery oftimonetia

leR &t e @érbﬁiﬂ T@phlmuflumdﬁ‘l’ﬂypm&de)s determfded @gf@lé@l“ﬂom euthanized mice
T cl | Xba ar ge
25 B’&N’é’ﬁf‘ygg%‘fﬁﬁ%%ds eflihaciligh; %9556?—‘2’34nsd HPV 16-LI S

H\%ﬁ”‘g‘kd sequence, but devoid of the anpicillin
frafizaf t"é‘ e, was generat ed by inverse PCR with
Expan

h Fi del i t ecu
Bi och }th}oqhafs'z}y e ﬁbglffﬁ)rawﬁ %tli%e?rﬁlgp g{ka]én%glomatase (SEAP)
|}M6€Fsle920vﬁu§dse&t iédesbed Pifit de@AIMr [TSrddaeDXT G0®f #1429]. Briefly,

ami ci in and contal ni n Sac| | S|te underlined) 5
oDk RIS AT B K e A At ted 2000gold e m-ﬂubatgd on ice for

QW h mcngﬂ@sa%ﬁéenﬁﬁ aﬂsut{oup Q84 tHe %@%oﬁ%-aﬁﬁﬁo@tﬂﬁm%% used
of anpicillin (bold)

T@@fM@?@’CA@SCf@AA@aw The Sﬁﬁ@ conigniSacliOul dbelhrifiedagghsnpesnatant

d .t oget her sm d FS14
Feoratr S e Ao B Er B P ticieg AT 5D Ehreom)
Nea&hmzaﬁar(rj aitero m/efeSdé’ﬁﬂxd@las tHeD Bdtprotan af tﬂenlnglrl]dsh gerum dilution that
attenuat e rlcas I.uri um
BTl SR TRl AT e g R RpbiBprom 50 o
(106R1dbve[livhd ngk). 1989 #178]) and Dar oA (SL7207
[ Hoi seth, 1981 #123]), as well as into

Proliferation assays.

Splenocytes were isolated by mechanical dissociation as previously described
[Balmelli, 2002 #1357]. CD4" T cells were purified by magnetic antibody cell sorting
(MACS) with anti-CD4"-coated microbeads (Miltenyi Biotec, Galdbach, Germany)
according to manufacturer’s instructions. CD4™ T cells form naive or immunized mice

were incubated for three days with medium alone or Concavalin A (2.5pg/ml, ) as negative
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the attenuated Sal nonella enterica serovar Typhi Ty800
[ Hohmann, 1996 #596] CVvDI908htr A [ Tacket, 1997 #643],
wae@sTyPén ([ Ger mani er, 1975 #103], Berna bi ot BCTB2005/001725

vai tzerland). HPV16 LI and VLP anal ysis Expression of

in Salnonella | ysates was anal yzed by Wstern bl ot

Pr SO URhioides Chdibas vihardehé IVI@P@f dzp , GM® BropddhBdn) and
u5| g the anti-HPV16 LI mAb, CAWI R Anavva) Dat a
FiegetlinQ0 i@,z eifitd frbinéF}@dmttb@It 0. 5pCLbaclféH thimidine wapyddgd over
VLP content was mneasur eg a sandw ch ELI SA as
HEhANG (RSPPOFHER VAHBEASHIES HR/ ub 1999 #1050] using two
nonocl onal _anti bod| es t panize ¢ nf or mat i on
Epreisgs ob BINOT48\ s blosrpisk SBHRY o RRhAVEHA ¢ 3iant PhoP
{tFfRRi stensen, 1996 #1053]. | rmunl zation of mce,
anal ysis of anti-HPV16 VLP anti bodi es and recovery of

Sal mog efdnamytix - 16iHnt0 bAnfi® rmbﬁssﬁiwmfm ces f wamcbdsfracted by

Credo, France_were used in a e

wsplapiag tthsr pBPiCilbb Easistint dReen HglggﬁﬁS@Yﬁ%%@“ 2004

29| B a kb 9&%%@1%&%1& %%ﬁ% An Givedse POREHraRPE ShH B 0 Asplify the

preV|oust déscrib kins, 1995 #381,

puiirel elaismlldatbi#lkmg dhe armgglﬁuwmnt eeATERIPERge 3rd flegeyitingdragment

%ﬁ%ilgﬁé %@zs &ng\’?els staﬂ@e Qﬁbﬁﬁg‘kéﬂﬂéﬁc@ r(s&fmﬁ&ﬁdl 2htPMetldd for
t1 body t |

ers A were perfornmed a
dep).t B sarliing pla[smﬂobwmlem%% pF9gyd-kan L1S and clectroporated in
H?rlﬂ etl ! I1qu%|oi"gl?an.ﬁ.1§ﬁ§e% ”Faﬁlez]lA) Rﬁcﬂ%f‘JVYatBﬁs = E@%ﬁde@‘ of the
erica serovar Imurium of Typhi was determ ned _
stmlm;ng;ach @ ﬂlrsmuucb'mmmmpz@dd i (w@ Oaﬁsipwﬁmn oULPV 16 ¥EEs irhthés new

rdeIIJh efI
;\E’J‘f raf P44 Hﬁws acglseam%a%\%?g afr%l%ﬂﬁlé él&%&s‘?g%}ie lggyils (ca
ablatiipeR 0 B romp hataas eZ(ﬁ(ﬁBﬁﬂBﬂ)iPSﬂmﬁr ps@utl anies uges ale observed
described in detail in [Pastrana DV, 2004 #142(’?%}
Betivedl Ghe topStrainte B ADPY TehpusEiapeaapyaid-Tps Bifso ¢7Y plawyid stability
waL l\'f%:rgqgglp Q@ﬂlfzﬁllngstvﬁb% bimdatesh om h%oﬁ@ the plasid After four

sertal serumdilutions, and t
psrsa@d;w \soug-raghtl dbisps i sebsgness Of/v@?t@Klﬁ@e a he slabilipeef the kan LIS

?131;9' wa% c%e ] m?(/lsQ)aXSS‘cm ﬁﬂ%dv? g ﬁ'ilﬁm;labrﬁldl withil @fe vacteria
AR super’nat a rm ned using the

Gurbaitig EFJSC[‘AE’EISE)ARHIBHIM Imaehsradist enab nrRyizatisa §Ht de pll organs
Neut. r (lﬁ a#%?erh iters were defined as the reciprocal
SFAE Fii% ¥arum di | ution that caused at |east a

rAgl?% 60 l§ R}ﬁ 5%{}?(%‘5@63%% egltall“tglé Q#QQWU%HMYH i’lioPc, PhoP-

and AroA carrying the kan L1S encoding plasmid

-

The kan L18 plasmid was further introduced in two attenuated Salmonella enterica
serovar Typhimurium strains, PhoP” and AroA (see Table 1A), whose attenuating
mutations in Salmonella enterica serovar Typhi vaccine strains have already been shown
to be safe in human. Three groups of 5 to 10 mice were immunized once by the oral route
with the three recombinant Salmonella enterica serovar Typhimurium strains and the
HPV16 VLPs specific antibody responses in serum and vaginal washes are compared at 6
weeks post-immunization (see Fig. 6). Interestingly, the anti-VLP antibody titers induced
by the AroA kan L1S strain appear as high as those induced by PhoP*® kan L1S and by the -
former PhoP® L1S strain [Baud, 2004 #1439]. These antibody titers were stable for at least
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Proliferation assays. Splenocytes were isol ated by
nmechani cal di ssociation as previously described

wQ Babsmed7br , 2002 #1357]. CD4+ T cells were purPET/@Ro@3001725
magnetic anti body cell sorting (MACS) with
anti - CD4+- coated m crobeads (M Itenyi Biotec,
foat dbatb (da@ﬁcﬁ&]ﬁk}@n)ahlwnﬁiism thetanti+WlIRsfaatibady eitérs induced by PhoP’

t cD4+ T s f
LIEh LTS e PP DY s enudr il ey v
VLPGpartemvai aﬁhd A &eamédﬁhduc)sd asvaatghdeciedambipigsinick amunized

controls as w th HPVI 6 VLPs

pitB phpaang ﬁ\)roaalf?al 1R BB PePe(YERET %%”?F@e o i These dat
JM%%@& ihh@p RodkCuiode afingHbrhhiiminthiRg&ionasuggesethap \tedombinant
ni ght and incorporation was neasured in cpm

@d{we@i@ aprerish sHPVAGLYPBI haborizalaie delstiensimast Y JRregimmunogenic
a n resi t Pc.strain. A kananycin

é‘é %}nglﬁﬁia@% (ggg?tf?él 'HPV16 LIS was const ruct ed

by repl acing the anﬁl cillin reS| st ant gene in

Exprsiipn ansnlineyitha Kan Lt § Rssnia in Doeasainessis Wrsfa serovar

lf?ﬁﬁl’mgélﬂeﬁﬁ.‘h%t abl e gene. An inverse PCR strategy was
uSed to anplify the entire plasnm.d flanking the

anpi Ciflelihfbodu€& e RN LIS PRsBRGHBNERe 8iWhohIR: &S5 itatskidgar Typhi
fragment was |ligated to a kananyci ne resistance

errcdi strging edupélnwere(@eléabﬂmt%% af- BP0 fAPheftipaq), [Hohmann, 1996

g%&dé&%wﬁ@ﬁa 18 egé}a?%% %ﬁféﬁiﬁq‘ﬁi' %ba]t%% §1l gpd Ty2la

r BakenikaNd73 iiﬁ%? Tiabhgedséd Wmcﬁ%&ﬁﬂé alrhif n;&e@nﬂable 1A for

eferendes of the strains used in this stud
elXpredatisns amdwretqrfmewebamtéswmsm OHﬂA’S wapréar ip thefheee strains

@p oi%qu :\ﬂ“ﬁr@(& gF%lﬂe stta%llstp E’ él@&nthn ttﬁbethree vaccine

strain;

m\ﬁh%ée]a@&?wblboklaﬁw%d ﬁ%ﬂ%ﬁﬁ%ﬂﬁd?ﬁﬂ]v)no (Seertricay. Ig rcomd‘s% to the
rates were al so observe et ween twp stralns W t
BISI9PS TesHiBUVEh SemoBeareniarie? 58 VEh Lafi I, PRy g lower stability

of ki kdnt Y19 pWSRIdVRAY obeBRd Wh tihe IR tstrdid9 %8 Oflow Néds of plasmid
bacteri a stl [l harbori n]% t he él asm d after four

eevered after /e soeond gvemitigiiy byt afies five, conse@itive oygrnights, the plasmid
Ak LR féftdu'fed ] 9e7 shabd 44 6f%hé3£acte|9ﬁ iK2pn 1lali@n m@ST@s@o%ﬁ L1S and

i ncreased in VI vOo, as Co are to tgze anpl cil
EIVARAOS chirAvkanHL 18, Fespesaivelactabione!ln £ri66e4 SPTOVHE Tk@lﬁ vepanes strains

Wllﬁl%ﬁﬁ?glg{i]ég@% })?gl%gcﬁ I gﬁ{sgger g%lf%hﬁldmm.ngﬁhﬁ%?f% n'bhin%asu}erby the
lotalrorudd inmeise Mise sandfansientlyr tel infeptad rf thelpactsnia wiet wnmh@i%%d at high
EQ%E%V% aasl@ﬁg v%ls ur?ﬁer | nﬁ duced SHQA%Q%H 20881158
@ratsanuam(md#lsan]mme hive thnd exand@ed the stability of the kan L1S plasmid in
Salmonella recovered from the lung and spleen of mice one week after intranasal
immunization with 10° CFU of CVD908-htrA kan 1S and Ty21a kan L1S or 10" CFU of
Ty800 kan L1S. This latter strain had to be administered at a lower dose because it was
otherwise lethal to the mice, in agreement with previous findings after intraperitoneal
injection of such PhoPQ deleted bacteria with hog gastric mucin in mice [Baker, 1997
#659)]. Interestingly, all the bacteria recovered from lung after Ty2la kan LIS

immunization harbored the kan L1S while after Ty800 kan L1S and CVD908-hirA kan
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serovar Typhimurium strains, PhoP and AroA (see Table
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weniosneye2 serovar Typhi vacci ne strains have aPCEHmERP05/001725
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liﬂalecéﬁaﬁgﬁdr Smﬁ)us Rindl anmﬂmgeulhfge} tBeuls rtiemethé a"yb]nkaerlk&a(p <0.01 at
3 ggko \BF/)a @dl%%@\é hgcglfo%%:}%ra Ie&%% %W%%Jgg%gugé% ;ly intStted the
@VELLA iituc A Kurdr&l Cesp bl Odgaindt the Aombldguk @ittigedD97 #643] )
and Ty2la [Germanier, 1975 #103% the |icensed t%ﬁhh d[b dv
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in the three strains to 3 VLP/lOllCF
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e
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By N M Y o i

\naaninied vﬁtlr’Berla kan [Li1S aling o pderedgovith asubsdtaneansdLBdose.
replication in human and they are not invasive by the
An additional group of 5 female BALB/c mice received two nasal doses of Ty21

kan L1S (ca.10’ CFU) at week 0 and 4 and sampling of blood and vaginal secretions was
performed at week 8. Anti-HPV16 VLP and HPV16-neutralizing antibody titers were
determined by ELISA and the SEAP HPV16 pseudovirion neutralization assay,
respectively, in both serum and vaginal secretions (see Fig 10A). As previously reported

after immunization with recombinant Salmonella enterica serovar typhimurium LI1S

18



10

15

20

25

30

oral route in mce. Mce can transiently be infected
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10 tbggatg(gnnfgornqé%u%. fb4 Prokaryotic m cro-organi smsel ected
froma group consisting of Salnonella sps, Escherichia
coli, Shigella yersinia, Lactobacillus, cobact er.i
FrATFLE BcRecqvery of diffexptySausorn et epipricasgeovar Typhi carrying kan L1S
plasmids one week after nasal immunization.

Salmonella enterica serovar Organs analyzed Means of total % of Salmonella bearing
Typhi strain Salmonella recovered® the plasmid
Ty2lakanLl S Lung 4.25+0.06 100
Spleen ND
CVD908 hirA kan L1 S | Lung 4.4 +0.07 0.8
Spleen 1.55+0.18 ND
Ty800 kan L1S Lung 5.75+ 0.05 7.9
Spleen ND
* means (log,o) of CFU/organ = SEM
15  ND none detected (<1.3 CFU/organ)

25



15

20

25

30

3. A novel nucleic acid sequence of claiml,
introduced in an attenuated strain of Sal nonella sps

wa@edosarye2 f rom group consi sting of Sal nonel | a POTL/EB20¢H001725

serovar Typhi nurium Sal nonella typhi, Sal nonella
typhi murium or Sal nonella dublin 4. A novel nucleic
ave dlamequence of claim 3 | ntroduced in an attenuated

3t At EBiecR LR T YT bbb uR Pigtof [ NO: 1 encoding

Sal smpip&dic APENGErl FidtehE VAGAIn Tnepmmqum Ao Bnd 65807 modified
Sal nonel | a enterica serovar Typhi murium PhoP~( Csogén%ed i1 the

Sal §AgfrR FarPPERUEY stebility f 6?F8F’bWBWIﬁ%H’r‘fI YRTTeA By

Der RAGERL R ourkisAk 102 AhprbvedSHnRB em&r bfulting prok
ser%vgérgo'lt'yphl , T%la CVDlZQO‘ée htr A, %ySOg% 5. Ar\ no{/neg prokaryotic
nuclngreogggmsequence (HPVI 6 LIS) encoding antigenic
?P\e/Asrg?"gl Rl &iid s@ﬁetweoéf' gd 1, NnedEbddOnNG atgenué@éhe §tdi) either

sequence has one or nore nodified codon for

opt thraugh stphtbmldi Yegtoppr dicasByrby Hansforpingsthe eenpaie BNAg{awokaryotic
tr v
| et ittt £ T3Rp oSl R by AR SBerchia coli
An 8itigedinyatséda, shacaibncibihs, abpplaiceripotdrclyvievr.o-rosigablysinimonella
transfornmed with codon nodified nucleic acid encoding
HPVP fHurmn Papi | | omavi rus) maj or capsid protein and
(—Sprems/blngudiéie ac'xdr seqsqima chif mg}ai;nr b,t mirnducedh én einnatgenhiaab strain of

odonlls no gr uat§ train as i.n
C| a§ z%ne Ghis of ec{eﬁle 'Q'E,\/g}:%ljp o?onglg nﬁ 8§ p.?aZIfzoqella. énterica serovar
sel egihafilurfung ﬁb&z@éﬂtﬂ@pﬁ‘zp&ﬂmsﬁdﬂﬁ Qpbimuridi dk@ahﬁdﬂ‘aﬂla &ublin

PV 3 1 d HPV 4 attenyated strain _as

& aoneyeCAungs el éeqHE}CBrOfc%li}Ei 4 rosteged, 7 anyigposged prrain of

98 alBnedll Isps) UiklRSh Shd SdioRdia Gt g sdlétedl fednina Group consisting of
wher ei n the strain harbors a novel

c
s eqrbtiee!ldceberiion §erp T ¢ L eahiurivgy Fh Rﬁéj £F§8%%)at§€g"@€{1%u gylerica

ac CU AP IrybRinfh@iMERoP WR16), NSAIM6nBB1 611:BEQK 3EsPdrl Typhimurium
m Cr@s organi sns is selected .froma group consi sting

of éaf’(n%nfﬁemra-céfp@dAE@é\h@W%(ﬁo)a Selgronellagyieyep sgrovar Typhi, Ty2la,
yer?vﬁbg? htR T}@@@m Il us, I\/ycobact eria, or Lysteria,

preferably Sal'nmonella s & att enuat ed
Sal Aowed! naclsic reid sequener EiPYg 6 tIéS):@?apdm&@)mgﬁme FEVH 6tlHeprotein as

Sal {0eLd & SBEYIPRd: 9, SalReH 8l J@dgﬁgqggn% haf QS b o modified

a I'murrum Sal none
e nt erdog dorseptiowar stabifityi qf r@wlmbmmet plasntig yhétomwhemiransformed in the

Sal nel | ubl..i | t
ser g?nefla %am for ITQI%V 1%1 %é/m% %?e] rﬁ%}] I é%fi n%lla stram
accan datteguattcﬂ cstran nmofl 4, pmﬂmyemm ntifye-oBzanivon etahsfosmda wvmth codon

modified nucleic acid encoding HPV (Human Papillomavirus) major capsid protein

.-

and expressing the corresponding protein, wherein atleast one codon is modified.

7. An attenuated strain as in claim 6, wherein the HPV major capsid protein is selected
from a group consisting of HPV 16, HPV18, HPV 31 and HPV 45.

8. An attenuated strain as in claim 6 wherein the major capsid protein is HPV16 L1.

9. An attenuated strain according to claim 6, wherein the strain harbors a novel nucleic

acid sequence according to claim 1.
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is selected froma group consisting of Sal nonella
enterica serovar Typhi nurium PhoPc (CS022), Sal nonell a

weniosneye2 serovar Typhi murium PhoP (CS015), SaP@DIE00:001725

enterica serovar Typhi murium c4989(Dcya Dcr p- cdt
andDar oA (SL7207)), and the Sal nonella enterica
SIBL A adtteydidd strally Zteordiny 8 08aihi BAwh'é'lseBD%e dald p@olfaﬁybﬁb micro-

nucl ei ¢ acjid acc rd| to clai.m ein the
ot s BRed o st R S ed of Satae o dREKiia. coli
st abibdilayyePdinit, S LAMPaDANS, NB)cObIVddiaY €61t Dfstdria, SHLRBBBI Sddmonella
strains for |nproved |nnunogen|0|ty of the resulting

Sal #5nel l a strain. 14. A nucleic acid according to

Ci laAH]a&enu‘é\Qg 58hidndiRst@i actrdind & QAik0i0) ¥heeRARNSaiRBYa species -
been chag% 15. A reconbi nant pl asm d vector

conisaselicirg fORR BToHRIc9BEMESOLs Semanelly greyiqaDsteyar 1 Typhgnurium,
@hr 9&%@1{&6\9&@%&&%& SRk OS’ahﬁ&r{é% q’ﬁ_és)l Ondi Bk | R mz;}ézezza dublin,

erein the sald vector is either 4nsd- HPV16L
or pplsfwdlﬂy-&lé'ﬂ@zelﬂawnzlgh@z setovar ‘Ryphit hod for inprovi ng the

t .
TSI B e e BRGS0 89 s
of : isaselestgatfimms iazgmyp aomsisiing ofi uSdleiorelacerderas shavan Typhimurium

S'EQPI .Ckgs%%z&%?mongﬂg ei?t%rtzé %pol % ?Pgoggmunume Iégor{rg(lt%b{]%), Yalmonella

pFSér#MI—E@:/dxﬁtprhmntrmm D {mya myqﬂ)lédl@\ anddereAC 81.7a687)), and the

U1 St i et Pk oSRs R Eanm Al o
plBSA"d?nSidhﬁMEﬁ aléﬁlrhcbdr&ngﬂ:o clhifid I,0eHeedin the tshigt séq&ﬁﬁéé’(liaﬁ afM or more
i CPOUGE S SR TR NG S GIpE PASEItsHpr i Seimonell

d. afhfsTosibdidved ih@AERTERhiBIANST thdRGUHingSdlRondllE @ﬂcﬁn
method as clainmed in claim17, wherein in ste

tHeAimeletsagidacemdips ta Haimy b&éﬁ&?irhléﬁtoubvfa%’ﬁoalg%&oeimﬁ hgve been

t hr ghagfeqel ectroporation 19. A nmethod for inproving the

I mmunogeni city of a Salnonella strain agai nst Human

Fdpih reesmibinant Blasyideveqior gonpiniag DEdnindreiceyyassheps ifSEQID NO:
synthesi zing a novel nucleic acid SEQID NO 1

encodi ng antigenic HPVI 6 LI protein by nodifying

clbd Srreqosaipant blasm@n@@tpu@qcpndglgrte cbimil b ayherein the said vector is either

PRSIANSAIRYEOHS 6N hsd ABDPE 1AL 1RNA

17. A method for improving the immunogenicity of a prokaryotic micro-organism against
Human Papillomavirus Type 16 (HPV16) comprising steps of:

a. synthesizing a novel nucleic acid as shown in SEQ ID NO: 1 encoding
antigenic HPV16 L1 protein by modifying codon usage,

b. constructing recombinant pFS14nsdHPV16L1S vector harboring DNA
sequences as shown in SEQ ID No: 1 by replacing the original HPV16L1 gene
in the plasmid vector pFS14nsdHPV16L1 or pFS14nsdHPV16 kan L1S,

c. introducing the recombinant plasmid vector from step (b) into attenuated
micro-organism to obtain a recombinant inoculum, and

d. administering recombinant inoculum in mice
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original HPV16L1 gene in the plasmd vector pFS

wQdesdeet 6L1 , c . introducing the recomnbi naP€T/IB2005/001725

plasm d vector fromstep (b) into attenuated

Sal nonella strain to obtain a reconbi nant i nocul um

ali8d Adnetladims wlaghet inmtpim é € onieraiaint stdpn0); tHeUifrd dactibnC® idiég) .

A neth a laied in.clai,m19, wherein in step (c),

t heref;%rfqﬁgﬂﬁ gfaf'lgﬁp‘%fmf ﬁéﬁrf"é%‘o%i%ﬂ%?ﬁm%’l asnmid vector is

19 Augbthed &etimppotnt the im@dnoglnioiy BOE SasndRkA BREn bfhinst Human
the Sal nonella strain

claym.19, wherein i tep (c).,.

i s aéﬁﬂtod?aé’lfu? %qg @Pg’&@ C@%Wé?‘% SRS Bt Sal monel | a

ent er bCaysmenMag a TyRDisbid 44§00 Bo NCCIQReddingSakiphielibe16 11
enterica stgr %%O%g%ic%n:%?‘rge%op (Cs015) , aldrmnel I a

ent er i cPTEER i ' 4989( Dcya Der p- cdt

BB Ty D A PR aE DRU
Rgi med S%Wegée&iaﬁﬁlmn iRSERAPANG: A bytreplaqing) the priginghdthy 1611 gene
adm ni stif glel PR vdchf ?ghrﬁpc[}gi\hﬁl@ased vacci ne agai nst
HPV16 can be sel ect edp rom group consi sting of oral,

i nt r acndBEducipa glenegombinantlesaid vador figgestef (baint@atteataell

the ol a eurPLRKE Bl i RAREAT SRR BN 0o 2

medi cdmadmirfigeringtrecqurbopinyinaafine iromict her apeuti c

trZF)gxst rg?cﬂéda%g ec?a%plieé lil? r@é{llnr ) \;v}rlgreql(l:tiln Osri?c-‘:par(l: , Sés %%Bglgcteign of the

recombinant plasmid vector is through electroporation

21. A method as claimed in claim 19, wherein in step (c), the Salmonella strain is selected
from a group consisting of Salmonella enterica serovar Typhimurium PhoP® (CS022),
Salmonella enterica serovar Typhimurium PhoP (CS015), Salmonella enterica serovar
Typhimurium x*%(Acya Acrp-cdt andAaroA (SL7207)) and the Salmonella enterica
serovar Typhi, Ty21a, CVD908 htrA, Ty800

22. A method as claimed in claim 19, wherein in step (d), the mode of administration of
the Salmonella based vaccine against HPV16 can be selected from group consisting of
oral, intra-nasal, vaginal or rectal.

23. Use of attenuated strain of a prokaryotic microorganism of any one of the claims
preceding claims in the preparation of a medicament for the prophylactic or

therapeutic treatment of papillomavirus infection and associated risk of cancer.
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