CODON- OPTI M ZED HPV16 LI FOR SALMONELLA VACCI NE STRAINS AGAI NST HUVAN
PAPI LLOVA VIRUS TYPE 16 TECHNI CAL FI ELD The present invention relates to a
novel nucleic acid sequence (HPV16 L1S) 5 encoding antigenic HPV16 L1
protein as provided in SEQID NO 1, wherein the said sequence has atl east
one nodified codon for optinmum stability of reconbinant plasmd vector
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20 ambutable to these viruses. The leading candidate is a prophylactic sub-umt HPV virus-

like particle {(VLP) vaccine (reviewed by (35) and (24)). A proof of principle efficacy trial
showed that women vaccinated with HPV16 VLPs were highly protected against genital

mucosal infection by this viral type (19). However, the requirement for multiple injections
for a vaccine whose anticipated térget population will be older than those of childhood
25  vaccines may represent a substantial hurdle for widespread implementation. This is
particularly true in the developing world, which dccounts 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
30  route, both mucosal and systemic immune Tesponses againsr the carrier and the foreign
antigens may be obtained (zeviewed in (11, 22, 36)). We have shown that nasal vaceination

of mice with Salmonella expressing the HPV 16 major capsid protein L1, that self-assembles




into VLPs, induces anti-HPV16 conformational and neutralizing antibodies in
serum and genital secretions provided the attenuated Sal nonella enterica
serovar Typhinmurium strains exhibit the PhoP phenotype (3, 4, 31).
However, even with the original PhoPC strain, a double nasal inmunization
was required to induce high anti-HPV16 VLP antibody titers 5 while oral
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new pl asmitpdrantdibeiRvaap mﬁe&ﬂa@egaﬂttm heve ﬁsﬂ@we %ﬁ&bﬂﬁ?%‘v@@tté{uﬁéﬂns t hat
have been shom% to be safe in human, i.e. .Ty2la rmani er, 1975 #103], the
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anti-HVPL_ 6 YLP hynpral responses after either nasal or o ni zation
the Salmonella-based vaccine against HPV16 so that it could be tested in women. We have

first replaced the ampicilin selection marker used for plasmid maintenance by a

25 kanamycine resistance gene that is more acceptable for use in human given its higher

' biosafety record (FDA. approved in 1994 [Administration, 1994 #1522]). Then, we have
tested the new plasmid in three Salmonella enterica serovar Typhi vaccine strains that
have been shown to be safe in human, i.e. Ty2la [Germanier, 1975 #103], the actual
licensed typhoid vaccine, as well as Ty800 [Hohmann, 1996 #596] and CVD908hirA.

30 [Tacket, 1997 #643, two highly immunogenic typhoid candidate vaccines. Using a model |
of intranasal immunisation of mice [Galen, 1997 #661}, the immune responses elicited by
these three strains against the homologous and heterologous antigens were con;.pared. Our

data show that anti-HVP16 YLP humoral responses after either nasal or oral immunization




2 wth the new reconbi nant strains were highly increased. Interestingly,
this was not associated with an increased L1 expression, but with a

remar kabl e stability of the L1S- expressing plasmd in vitro and in vivo.
I'n addition, imunogenicity was not restricted to PhoPc, as shown W th

ot her Sal nonella enterica serovar Typhinuri.um strains whose 5 attenuations

are suit ablith ﬂaerndmumomhumm BRhihE VRS CREHAT |ifdYedstd. AGETBAAARY] s DRAVRMCS
Figure 1 shows HPV16.L1S orf The n eoti de
sequence “BF% tfgovf’ Zdteﬂl ERREEHIN gF*eW%&dBﬁ?gkﬁﬁﬁéﬁbﬂ’r% di fi ed

nucl eot i deﬁprbs%mghﬂdsdud ihﬂwﬁb@blﬂ@n %ive TRV dftdy, lkﬁhﬂnogéﬁiél%sﬁh%t'rékuﬁiéﬂol—l and
PhoP L1S E’ﬁ%onbl nant st_ral ns. _Figure 3 shows L1 and L1S- plasmd stability

invitro. SROWR oYk AT - W’G’“@’L‘fﬂ‘%’ﬁt srvar (Iaphinpgugagraing whege

ant i bogly hﬁéﬂﬁﬁoﬁf&ﬁulwgﬁr}ﬁmnugé al vaccination with PhoP L1 S. Figure 5
shows Anti-HPV16 VLP systemic IgGtiters after nasal or oral vaccination

with 15 ¥88% pISCRIPHBNOOFLECCOMPANVIRGEPRAWANGEL S. Figure 6 is a

conparison of serumanti-HPV16 VLP antibody titers after oral vaccination

wi t h PhoPrigae L #fowsfidon-olamided Spand IASLE. @) WbS1 Y1t GE1Eotife SERPYEcel N

vitro stability of the kan LIS plasmid in different Sal nonella enterica
serovar Typhi st?dilRds SWITFHLFP%H’E?di@d eslopayndsdined andasedifsdmicleotifeyin VP
antibody titers @jiger nasal vaccination wth Ty21 a kan L1S, Ty800 kan L1S
and CvD908htr A kan L1S. Figure 9 is conparison of HPV16 VLP and Fl agell'in
-specilfi c Fegure 2 shew IIIPW@H expresipe HisPhoPEL uand PhoPshbYweecephingntstaing.al i zi ng

and ant i - Hgke3 Vhdlvit LRPHLEIdRIPIBIRy AR gy 0i nal secretions of m ce
nasal |y vaccinated with Ty21 a kan L1S. 25 Fi gure 11 shows HPV16

neutral i zFiggrash éllﬂa‘fﬁtﬁfﬂkﬁl’/ &6 VILP susternip 64) and vagina éB) antihedy titragianabsaaet et i ons

of mce nasally yacgbaaksd WiniPhopy2isd kan L1S alone or - prinmed with
purified VLPs. DETAILS OF TABLES REFERRED | N THE SPECI FI CATION TABLE 1 &

1A ref er s Figyredishowe Ant-HRY i WEP sygemicigGHiters sfierdpsd ®r DrlvEccination evig: t o
recovasy of Sal mRagld e AR LA Fh® 1y 1gncodi ng plasmi ds "two
weeks after nasal or or é? I ‘nmunt zat'i on ﬁ%ﬁl@%g refers to-recovery of
Sal nonel | Higuye P is a sompartsdi 0f sphmsanticEP € VILP ngtibddy titers after oral vaccmatlon
with PhoP® kan L18, Phop” kan L18 and AAro A kan L18S.
Figure 7 shows in vitro stability of the kan 118 plasmid in different Salmonella enterica
serovar Typhi strains.
20  Figure 8 is comparison of serum anti-HPV16 VLP antibody titers after nasa} vaccination
' with Ty21a kan L1S, Ty800 kan L1S and CVD908htrA kan L18S.
Figure 9 is comparison of HPV16 VLP and Flagellin ~specific CD4* T cell proliferations.
Figure 10 shows HPV16-peutralizing and anti-HPV16 VLP amtibodies in setum and
vaginal secretions of mice nasally vaccinated with Ty21a kan L18S.
25  Figure 11 shows HPV16 neuralizing and anti-HPV16 VLP antibodies in serum and

vaginal seqretioné 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
30 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 carryiﬁg the




6 anpiciline or the kananycine resistant genes two weeks after oral

I mmuni zation TABLE 3 refers to recovery of different Sal nonella enterica
serovar Typhi carrying kan L1S plasm ds one week after nasal i nmunization.
5 OBJECTS OF THE | NVENTI ON The main object of the present inventionis to
provide a novel nucleic acid sequence (HPV16 L1S) encoding antigenic HPV16
L1 protein as pray} ?&ﬂné NorotEe 1adnhRycife rediIGRE! RnSRl oS SRBROCAIHNaGAL | east
one nodified codon“for optinumstability of reconbinant plasmd vector
when transforned limmmtlgmokar yotic micro-organismfor 1 o inproved
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-of the present Tnvention Is"to construct reconbinant vectors
EFSl4nsdHPV16L1, ToFsSpldsnsidHmg eeekafiot nagaldmanyskgtign- kan Hi nS- HPV16L1S

ar borj ngSEQ- LD iAa.the former carries Anpicillin and the
!atters, Kana &Fmgkmg%n mar ker. 15 Yet anot her object of the

i nvention pr ovilgasaiaobjttted theqtrascntstveation isfto propide k awys mucleicractl ssawergani sm
t ransf or ] ucl ei,c aci.d _en | PV16. (Hu . |l ' ), mj or
capsi d p?@%e\ﬂrét g?] %P%smée%lﬁ%@%?ﬁgﬂt e g‘?’&%ﬁﬁh 1@2 rm?@s‘olbj ect of
t hekl nvenh&sini Saill Oseptidi¢t das aatpleastesse afiodifial wodarg far wathwime stabiigedfon
prokaryotic ncro-qrganismfor. the treatpent, of papil. omavirus infection
Bnd 20 GBSUEPEEERRTER VAPoE g TSRS GBS RRIBNFEEN ARESETRE 0% ¢ ne
presemns i ivaBdddmnindYkles of tieavalltmpuablirgotRahidreagudnae (HPV16 L1S) as
provided in SEQ ID NO, 1, tbased on Human, Papi |l oma Virus Type 16 ((HPV 16)
encodi ng anti genpterpliee Elﬂtﬁ' BYeSP, IOWRAOD; 1 I EOWHPH LHGUTRHRE ¥8¥°%t | east
\me 2;5 nof;}]fsmgl:hm@m t1f %Fmﬂﬁkém:l_%tatbﬁl Ity as wsmf kmarHinPEEFsisL1gect or
when transforned in e prokaryoti.c mcraq-organi,smfor inprqved
i munogenhPegnoiER fig NQsh phereyt ‘gf”' &nrmey eArFes Aﬁ‘i’i’t?#ﬁ‘-l ﬁ‘g@ﬁ il%’%"é?‘é'f“&bl y the
strains bgl pGdcRen ha@al nonel I a species. The invention further relates to
constructing reconbi nant vectors pFSl 4nsdHPV16L1, pFS14nsdHPV16  kan L1S
and pfSnsd- kanYF #Sthepohisetiol the mysriiongprapidey 5 AsTu4icd AP &F i FREYSPer 30
carries AgRbgidrddnfnfishsidifiell HithSiuclfPRAMYEdoRin HIB FR{ER&idnOPapTikRirus)The
i nvention further provides an attenuated strain belonging to Sal nonella
speci es t FHEiTSTcapsifbRrowin ind SymSIuRg BerYrEPedipEoEs dHPV16 kan L1S or

- PFSnsd-kan Hi nguERbEe |oﬂ7j§ct of the invention is to provide a process of producing a vaccine

based on prokaryotic micro-organism for the treatment of papillomavirus infection and

20  associated risk of cancer.
SUMMARY OF INVENTION
Accordingly, the present invention provides a novel nucleic acid sequence (HPV16
L18) as provided in SEQ ID NO: 1, based on Human Papilloma Virus Type 16 (FIPV 16)
encoding antigenic HPV16 L1 protein, wherein the said sequence has at least one
25 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 pFS 14nsdHPV16L1, pFS14nsdHPV16
kan L1S and pFSnsd-kan HinS-HPV16L18S harboring SEQ ID NO: 1, wherein the former
30  carries Ampicillin and the latter, Kanamycin as a selection marker. The invention further
provides an aftenuated strain belonging to Salmonella species iransformed with
pFS14nsdHPV16L1, pFSi4nsdHPV16 kan L1S or pFSnsd-kan HinS-HPV16L1S
harboring SEQ ID NO: 1. In addition the invention discloses a process for producing a




harboring SEQID NGO 1. In addition the invention discloses a process for
producing a 4 Sal nonella based vaccine for the treatnment of papill omavirus
infection and associated risk of cancer. DETAILED DESCRI PTI ON OF THE
| NVENTI ON The devel opnment of a Sal nonel | a- based vacci ne agai nst HPV
infection and 5 associated |esions would be of great value for a worl dw de
| npl ement gAh@Reld bdied Plcink IR irbAlen 1agigvib ihfgiteeand g cladst fidrg
system ¢ apd nmucosal inmunity with a single oral vaceination. However,
despite wef®RB¥ed the feasibility of such a strategy in nice (31), several
drawbacks_had to be addressed before a Sal nonel | a- based vacci ne coul d be
safely t DEIAILED REAERIPTION OFTHEIAMEN TN uded the requirenent of a
particul ar Sal fR0e{achBefhenNat $%okdlased Juccile) agiitht { BBV N&FRkoh Osige Of
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probl ens omt eacshiied Hoyevs) degpits voodiowed fheifeasibaity ofsuwh patraiggy anice (),
expressio he .H ' PV16L N si on of
the. synt nar e pEttle i b 30RERRN RRENE chiNaRl diads vloDHlF Eoug SELEES
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genes s FAIBRa [hofn et r BsE TR o imPRotelil BP LAY ftifec

| MMunogenmneittafizing skifvodNAspoaes] asaselaithaoirervaidn thaethelyl -eombding @P8smid

optim zation (20,.2

3.and 42). The.i nfl f he...
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38) , . wher evifhiagdami-labf cemplemBntafion sygterm(8). Elefd We fipbrt diein @B s kst @ebbildmdi gher
| mrunogeni city. t he codgn usage of the orjgi,nal HPV 16 c ' ne is
150 suboptd satiedr By uitfe Aciodpr BRERAn ke P Hicemmrener pLrBmEEN e L

expr essi Olaaﬂic}j @eicd APV OFILIS)] lﬁﬂéehd,l ehﬁp@@ﬂ&) WO Lthel singtRetict L%Sl éﬁh@ h@rsta‘:ra'bldDin
expression, and 25 cqnsequentl, .L.gher inmmunogeni ¢if "the re | nant
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at t enuat edrd defivéred bibiiteate nhal sindlrbide does not  correlate with higher
anounts of L1/VLPs produced in_these bacteria. In fact, the opposite is

true and | ower EXRGSHRsoigRtyRepglopapius capgid genry it bepigthiamapeaizpsele it was

expr essed md feBehd tack ' BreRnogeickd br FIRY DITA VARineE @Atk be rShidvad BytRdesg /101
CFU for X4989_ LI as 30 conpared to the expression of the ariginal L1
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contrast t@opheed iR bidd CNEAVRCIikbs (A, EXPILSR 98), QeAl MERer dxpression of the

heterologous genes resulted in higher immunogenicity, As the codon usage of the original

HPV 16 bapsid gene is also suboptimal for translation in Salmonella, we anticipated that

. expression of a codon-optimized 1.1S gene wonld result in higher VLP expression and

25 consequently higher immunogenicity of the recombinant Salmonella. To our surprise, the
higher immunogenicity of the differently attennated L.18 recombinant Salmonelle does not
correlate with higher amounts of LI/VLPs produced in these bacteria. In fact, the opposite is

true and lower amounts of HPV16 VLPs were produced when the L1S gene was expressed
(ranging from ca. 3pg/ 10! CFU for the AroA LIS strain to 23pg/ 10! CFU for ¥4989 LIS) as

30  compared to the expression of the oniginal L1 sequence (VLP amounts between 20 and
60ug/10'" CFU, (4)). This is in contrast to the >10* increase in L1 expression obtained in
mammalian cells with a human-optimized HPV16 L1 gene (20). We should note

however, that we cannot exclude that the amounts of VLPs expressed in the bacteria may
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manmal i an cells with a human-opti m zed HPV16 L1 gene (20). W shoul d note
however, that we cannot exclude that the anpbunts of VLPs expressed in the
bacteria nmay 5 vary when the Salnonella are invading the nouse tissues
where the nmetabolic constraints are different. Unfortunately, we are
unable to rreasure VLP expression in vivo, given the relatively Iow nunber

of bacterja L& 104 an)..and the R. ex res on
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heterologous L1 gene released the fRINA pool allowing translation of endogenous bacterial

protein, thereby increasing the growth rate to the detriment of LYVLP expression. This

25 increased growth rate in vitro did not correlate with an increased invasion and/or

persistence of the bacteria in vivo and therefore we do not anticipate that L1S expression

may affect the safety of a Salmonella vaccine strain, The immunogenicity of PhoP® L18S in

mice is really improved and compares well with that induced with purified HPV16 VLPs,

the leading prototype prophylactic sub-umit vaccine now in. phase II clinical trials

30 (reviewed in (24)). A single nasal immunization with PhoP® 1.1S 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 Spg VLP doses together with the

mucosal adjuvant cholera toxin, including induction of specific IgA in vaginal washes for




vagi nal anti-HVP16 VLPs IgGtiters than three sub-cutaneous injections with
1 pg purified HPV16 VLPs, or three nasal/aerosol inmunizations with Spg
VLP doses together with the nucosal adjuvant chol era toxin, including

i nduction of specific IgA in vaginal washes for 6 the nucosal protocols
(2, 29). Although we have shown that nasal vaccination with reconbinant
Sal nonel | g,.Ga0. g %g{akﬁs fL139! eindibn ARG SR M N ASHEEAGPTA ANt

| ung i nflammation , thére’are stFll safety concerns for using such a
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r esponses hg Ylhfleses pathovipdiuyast @-we show that, other S. typhinurium strains
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Uhan ThosEhoohh farbl ARy ReSisie) B R Pabne Ve L incind PSR B AR eSS
previ ous mimge (899).(3, 4). Wiether expression of the Pho@@4 (3) nay enhance
| mrunogeni city..of the new [ 1 econbi nant st r ai r i,ns to be tested.
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strain ma dfrlfe)fpdresent %he, best .candidate oral |ive vaccine tQ test in human

vol unt eer by &he Plgth iy, Wech s\ grersemient BT Reviguss Brdingse®, esi ons.

25 The gemgfedicr GRpREsion BF AN Pha0i4 ¢3)VAGE iARmBE AnhShodeRicly o ltheCARE 8IS hat
has a worldw de applicability has been our mmjor _ aimsince many years.

Here we rBFIPYIEH SrrRbIomas i beifEnt Slbrrahmaliapambptithyalesseticient than
Sal monel | gashpGauiA®ieh NBe imBunRBnidsCOPARR B1S waShQS ifQRed B HEorARbute.
identification of a safe vaccine strain, that will now permt the testing
of suh aliiaceiHdsibiehhoferuraging ag diel dipfii vecte sieiofs hamer Har deletiens
vacci ne hasvpoos htrA) has the best record of safety and immunogenicity in human (reviewed in

(13, 21 and 33)). Thus a recombinant CVD908 htrA L1S sirain may represent the best

candidate oral live vaccine to test in human volunieers for the prophylaxy of HPV16

mfections and associated lesions.

25 The generation of a prophylactic vaccine against cervical cancer that has a
worldwide ap-plicability has been our major aim since many years. Here we report on final
improvements in the development of a Salmonella-based vaccine ie. an acceptable
selection marker and identification of a safe vaccine strain, that will now permit the testing
of such a vaccine in women. The development of recombinant bacterial vaccine has

30 usually required the use of selectable markers. Unfortunately, our attempt to use the

aspartaie f-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.c.
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that h ab d and b d b
the FDA [ RAREEY e on e BRIEN Kishetoh e e MR SoR Gl Roea P on R By v 1
not gi ve. the tFERA @Agmmmmmm,nw%e!ﬂémamhe kashnayeirageonibls mdtket Réll nabgivat ory

and this hen | U|te ubi.quito in natur fact,. the
wi despr ea E?%%’salamf églf’%t?@ agrgagg %ﬂgﬁﬂ}ﬁ EBZ’OFF&%WI &’é’dpﬁ REiSof this
ant i bi ot i ﬂralaﬂy hyiienubigeitcs N angld e Bicghthisubsdespeal vapesalf te%is’éah‘nc@;tot he

i nterference

enzyme ant bsence of devel gpment of resi stance or

2ga NSt | EHIBTYSHE REY GRRcd oh gl ie i s B O P Hng (RS Bt ne
kanarWCI nsﬁeﬁiﬁbﬁjr aﬁcﬁleg%ﬂ@ynkﬁi&vdcﬂéﬁiyhﬁ{e laBRA6Y &t am@h@m | det desifanbd1 &L 1S
expressi n%F | asmi d | n Pho i n vivo, but the immune responses i nduced by

oral immu GO6% REAEEt (eP apfipigle é‘t‘?réﬁ’fﬁﬁat bipresiinglyn dhe pressaer iofathser ovar
Typhi nur i kiRaR9EROFekiBEndd geﬂeaﬁaé-fu%hep veh ey ?taﬁx'll'i? bfipd mshé@ gﬂga' ned
with the bacteria harboring the anpicilin L1S lasm d [ Baud 1439] .
Wth the Bag@gtip @ﬂiloaf Int o, %&t Fhsnmw&e EPAPERSER an@ecrd)bzaprarynpmumamcamwmho P-
straifp thatmeas n IlecTc oul os,
2000 #1194], thet&ﬁ%k%gfﬁ%ggeﬁag&%%gdgd%g%% tsli?{l[jflrldlélt?naltﬂtenua% ﬁg’g%irﬁﬁgﬁel | a
ent eri ca Bleswidaversysimilarstor thpees obtained wathetht i hagteriel dadioope dha smpidlii ha8

agai nst tMQQ?Bd‘]!BIuﬁi’%OA{#ﬁMbFV‘Bd in [Levine, 2001 #1428]). Two of the
candi date typhoi d vaccines,” Ty800 [ Hohmann, 1996 #596] and CVD908 htrA

[ Tacket, 1997 W&h3he prepebiaon @ﬁtheﬁe&towdksenterutm@r@anﬁ"yﬁammgnsl’l(ol?heﬁ@nand
aro, res than apd were
sel ect edpﬁg%{ggéza%a%g "‘Bg" ree%{)]lﬁg vaggt}i%%%%%:g &?%G %i%%/?ﬁ’()&%ﬁﬁfé’d ion we
have & soSa/werdid-hae! Vicoams exb aticnuatichBalipAdlia erterioai serayamBipphy sirsinefthdthe

th t ' | ed. e V] I d
(e <capl AA\ubhal 1P SEAER! Sl SHRLHE S FeoRRBRRIRu S Hon 2, 2.
stabl e i n#1t4B§])T§Fpm 0§thiapm1dateaWPh¢idi@chBm Hﬁ(&WdHotﬂmnmm%rmgﬁg apdut it

[ P d. 2004 #1439 Pl d

| nstabi |1 £y 2Pee phATalRe 1907 #BL ARG LebHES i B8 feme PRVRX BPORQ difen an
ur ease enargmewcméx)rﬂlm thad yphwadmu{mm@eis@mmmd) SroXPEHE Weérd 3dictedhtrenuat ed
Sal nDE'(?l ! z?s ft:ri'%n%r waﬁa%rc% r fo?/ EPVI(%\FEIE ﬁaég tlg?( arpeg Sttﬁs&%ﬂthggﬁzg'g do_ses

in micCe e an array of i nnune rtesp ed in
vol unt eer gcging é"ryztménamrrcemwaymbfs:he mremreomrabnhynt(mins ew&sdleﬁ n fubAsevep, 2003

expression level and a relative plasmid instability in the sense that the kan L18 plasmid is

less stable in the Typhi strains than it is in the Typhimurium strains, but it is more stable
than the amp plasmid in PhoPc [Baund, 2004 #1439]. Plasmid instability in Typhi, but not
25 in Typhimurium was also observed when an urease encoding plasmid was used
[Angelakopoulos, 2000 #1194]. Attenuated Salmonella enterica serovar Typhi intranasally
administered at high doses in mice elicit an array of immune fesponses similar fo those
observed in volunteers given the attenuated strains orally (reviewed in [Pasetti, 2003
#1404]). This supports the use of this small animal model to pre-clinically evaluate the
30 immunogenicity and efficacy of live Salmonella vaccine candidates. We first used this
mode] to investigate the in vivo stability of the kan L18 plasm-id. 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 [Balmell,
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the mi?i n® hasaw! FyEer Tofen, 002@@113@%%@%9 hitpdy %Pf"a 0 induced highsbartrent of

the presenps Iaﬂ&@ﬂﬁ eli@l ﬁhﬁ@dl&so a$ VRl H@ﬁh@elﬁﬁ-ﬁ)&éifﬁ:' CBHJP Icauscreéganges @squences
based on HPV a Il loma Virus) such as V 18, 45 31 etc.

maj or capd¥¥P #@PJYﬁéa 6911%%141#% AfgyRgrprangnt @@bml%ﬁfvéwﬁ MRS YDRBR birdy of
‘the reconmpidiantysobl.ag myﬂlaV@&EQBm phredid hea ARk IR mBadi Wagﬁ DBE %953 for

m cro-organi smfor inpfoved immunogenicity of the resulting prokaryotic

m cr o- org&ﬁ‘?@i‘ﬁﬂ The prokaryotic mcro 25 organi sns are preferably sel ected

from gogroup cgfsinfohknPbr 8R! FRBE! hfersiBs Teléésct&e@n&@é@ o{er ae'é B GRld a

Yersi ni a, Lactobacill us, obacteria, or Listeria, Sal nonel | a
sps. Furt FRspencembased paFPM %@@an%ﬁpﬂlqma Bahfrond FﬂaHBﬁslﬁb §P¥elseéﬁé‘3d 4t¢.om a

group conglai icBtkiPbroteins by modifying their codons for optimum stability of the recombinant

plasmid vector when transformed inm the prokaryotic micro-organism for improved

immunogenicity of the resulting prokaryotic micro-organism. The prokaryotic micro-
25  organisms are preferably selected from a group consisting of Salmonella sps, Escherichia
coli, Shigella, Yersinia, Lactobacillus, Mycobacteria, or Listeria, preferably Salmonella
sps. Further, the attenuated strain of Sa!moneléa sps is selected from a group consisting of
Salmonella enterica serovar Typhimurivm, Salmonella typhi, Salmonella typhimurium
Salmonella enterica serovar dublin or Solmonella enterica serovar enteritltidis.
30 Additionally, the the Salmonella sirain is preferably selected from a group consisting of
Salmonella enterica seravar Typhimurium PhoP® (CS022), Salmonella enterica serovar
Typhimurium PhoP(C8015), Salmonella enterica serovar Typhimurium ¥ 989

cdt andAaroA (SL.7207)),Salmonella enterica serovar Typhi, Ty21a,CVD908 hirA., Ty800.

(Acya Actp-




Sal nonel | a enterica serovar Typhinmurium Sal nonella typhi, Salnonella

typhi murium Sal nonella enterica serovar dublin or Sal nonell-a enterica
serovar enteritltidis. 30 Additionally, the the Salnonella strain is
preferably selected froma group consisting of Salnonella enterica serovar
Typhi muri um PhoPc (CS022), .Sal nonella enterica serovar Typhi nurium

PhoP" (CS015), | monel | i -Sero T, i i p- cdt
andAar oA (SL72§$)35'I? Ient%r?gﬁ% 8’?1 8 feg%{l\{iﬁevrg 3%%?}3%#%@?% %Bg{ﬁ%t rA,
Ty800. Sh¥ehmansichieity efib peikaryotic aficrbioegapisesagainst Humat Papillemiratuesype a

met hod foy, | R{gvi ng .the ti mr#_nogeni city of a prokaryotic mcro-organi sm
agai nst [ YBRHPOIPBTERG S8R %Fype 16 (HPVL6) conprising steps of: a.

synt hesi zi ngy@h&t9sit aniskeheldeiacidas shbewini BEQED ND:NOenchdamcandigrmic
antigenic 5 HPV16 L1 protein. by nodifying codon usage, b, constructing

r econmbi nant }BT%HPW?&?&“W;EFE%WW%%%@% c acid sequence as shown in SEQ
I D No: 1 By chRRhdfhd BcbMBindht Jhsiad veddIRIEbriag Maclei didsefhasabdshoeatior pFS
l4nsdHPV 16L1 pES 14nsdHPV16 kan LIS, or E_E%s -kan Hn -HPVlGél, Fc%

i nt roduci ng IPedonti Ry feriatas e opeiel ARV ISh! <8556 Iflb?‘eil?}?%m tY&Mat ed

mcro- 10 ong8nisaHPy16Di YR 1AndEOYTH LARDLS, ioh GBSHsdRan HinSWIFVIERL LT | NG
recombi nant ‘i noculumin mce Another emnmbodi nent relates to anﬁgtt,enuat ed

strain of ¢-a ipfrekangothe creperabizant GasaHd SerioF Lt StaRetd) viPton 2EPEHR BT i ed
nucl eiig aci g, @g&g{m@ﬁ’yr@dmﬁ RRehluinomavi ns) maj or capsid protein and
expressing th correspondi ng protein, wherein 15 atleast one codon is
modi f i ed. dThdmimstering weowhipanidngsubreinmicg sel ected froma group of HPV
strains causin ' r g j ObrdkaRelidl Alcgd-ein is
selected fr on*?lé‘?‘g‘?ﬁﬁ‘%"%@%“s??@?? %és 3¥%P€&%?L%§v§ﬁ% P%Pv_r?ia HPVLS, HPV 31
and HPV 46gaiiibre tratsfemnesaiwdths opdam mngdifinsr sneleisopeil arrodisiec HRY dEvawiience
SEQ ID ' . r i i j r s to a
novel nﬂ?raeﬁ*%%%%la@f%;s?ﬁ?ﬂdﬁ%?%%d e g SOk p R i dtn, ShelkR
st abi 115 t yattsastrane motiom srmodified Fhd HASE major capsidarotin éd selectod fiamm e 2roiP ¢fhpr oved
i mmunogeniGi of e I : Wl out of
1PV dhaftle hilind ea%gééenhﬁgﬁgﬁédrgﬁl@%ﬁ oS ikior bk gﬁ% s sebdba0l

506 original codons L1 sequence
present i fomn gonp cYeistmgef FETY BB lieHEVOr6, #RY 18 HEYN31 ind/ERYi4nllsr ovi des

Po o™ AR sR i aafons ¥ SOOI alGhPNBRANBRGES 85 shown T SEQ

ID NO 1 Wheréin reconbi nant sm r'is either )
pFSI 4nsd- HPV16¥ &SanotjpF SndwdinRuit b6 theapredetGinyention relates to a novel nucleic acid

20  having one or more modified codons for optimum stability of recombinant plasmid vector
in Salmonella strains for improved immunogenicity of the resulting Salmonella strain.
Preferably, 163 out of 506 original codons have been changed in the HPV16 L1 sequence
in the present invention. '

Yet another embodiment of the present invention provides a recombinant plasmid

25  vector containing DNA sequences as shown in .SEQ ID NO: 1 wherein the seid
recombinant plasmid vector is either pFSi4nsd-I—IPV1 6L1S , pFSnsd-HPV 16 kan L18S or
pFSnsd-kan HinS-HPV16L1.

Amnother embodiment of the present invention relates to 2 mode of administration
of the Salmonella based vaccine against HPV16 which may be selected from group

30 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 papillomairirus infection and

associated risk of cancer.
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pFSnsd- kan Hi nS- HPV16L1. Anot her enbodi nent of the present invention
relates to a node of admnistration of the Sal nonella based vacci ne

agai nst HPV 16 which may be selected fromgroup 30 consisting of oral,
intra-nasal, vaginal or rectal. One nore enbodi ment of the invention

provi des the use of "attenuated strain of a prokaryotic mcroorganismin t he

preparation of Pre?elfgggfnﬁmgﬁts bfthe bR ?enan%Hﬁ&L%&t 0 crfb@fﬁf%#%f%&r{g at nent

of papillomavirus I nfection and ssocl at res cance erred
enmbodi mentnd meft limftetiqnrvathanferenen/te fitei aorprzparyingdvavizgs Enﬁ:edinbytswﬁshe afvestiomnpl e

and not limtation with reference to the acconpanying draw ngs. Embodi nments
of the i nEEAMBRESEXAMPLES Exanple 1 5 Plasmid constructions and bacteri al
~strains used The L1S gene was syntmlﬂ\% fl by Mcrosynth, Buchs,

Swi tzerl and. The open reading frane s flanked in 5° with a Ncol

restri &t i tesoid eongirgctions3mdbiacterial st¥atebiyskd restriction site. The L1S

Neol - Hi ndl | | f Theddft geaaswin serthasited bypMaesyofh, tBehgr $witzvelknd. ITheNopén Hi ndl H

f ragment d HPV, |4 n | 8s 10
protancd PURR T S TRRETHIICHE & et vt S 5830 IR B R

at t enuat egestrBabnoiie| The ki éflcblefa{iﬂe’ék flmenfyvml inzertediin placeaiofi shePtwiinal LICS022
(27)) and o O1L5(.26) a Bost on,
USA, x4983P A%/”éz %S e 3 dplas é’%ﬁi}évg Ig@r’i)ﬁ @33%( F T8 e &é’?%%“?suzm
(16)) ,j0a bF&mrgdePVﬁémIBrmae ﬁdrnﬂhr&ﬂybdesleaﬂogar,amhat(anheo thé. atibhudiidv16 L1
and VLP a pression of, Sal mnel d an

Vst ern bhariigis gRURS e R Esy: shpa P (SR SR ERNEST: e
CAWI R- 1 ; (mms)) [k(a):ga afmm gift ﬁraﬂsajdhnedemaﬁdaemam\l/ SUSA| R*IBaGUEYd AerpS .
measur e t of t ul tu content was, nmeasure
by a sand%bﬁg%ﬂq ‘éc’ﬁ’r @5@"@‘4{? (Slgg%ﬁ Fﬁ\f b‘ng fh§ T@W"ﬁgﬁﬁlﬁsﬁhal
ant i bodi eThé el LugsegnCHe conformational epitopes on HPV16 VLPs, H16E70
and H16 V5, (9).20 |Inmmunization of nmice, analysis of-the i mune response

and reeovemmcstﬁandynhiamryisism' Si x-week old female BALE/c mice fromlIffa
Credo, France pere. used |rren S. Twent

b ter| al
i nocul um wer e a0RHT ot & ere 1 lPaF‘TIMOE% s e U}"aSOIa"aB;ZGd bi' reSorn Bt
previously described 15 (31) using the anti-HPV16 L1 mAb, CAMVIR-1 (Anawa). Data

were normalized to the content in bacteria as measured by the OD600 of the cultures. The
HPV16 VLP content was measured by a sandwich ELISA as previsouly described (4)

20 using two monoclonal antibodies that recognize conformational epitopes on HPV16
VLPs, H16E70 and H16 V5, (9). 20

Tmmumization of mice, analysis of the immune response and recevery of S. typhirmurinm
Six-week old female BALB/c mice from Iffa Credo, France were used in all
experiments. Twenty JLLI of bacierial inoculum were administered orally (105%~° CFU) or
25 intranasally (105 CFU) under anesthesia as previously described (17, 31). Sampling of
blood and vaginal washes as well as determination of anti-FHIPV16 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).
30  Design of an HPV16 L1 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 L1 open
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25 intranasally (1067 CFU) under anesthesia as previously described (17,
31). Sanpling of blood and vagi nal washes as well as determ nation of
anti-HPV 16 VLP antibody titers by ELISA were perfornmed as reported
earlier (17, 31). Recovery of Salnonella enterica serovar Typhi nmurium was
determ ned in organs from eut hani zed m ce as previously described (31). 30

Desi gn of reafinFMMER LoknNEfdne Uld SR SRIGHEDE Be rfrglﬂ;[a?g%ﬂ]% Epgéqq%&ﬁact}%ﬁfm

translation in Salnbonella The codons used fo ation o
endogenoub!4#? 618), 463 iwaregnedifiedkinicadons mast frequently wvedt in SEjmdicHa(ieafig.7- 14)

wer e CONStfgH 0 ' b, 1 . r ' f.r,a rf).

From t he 506 codons of the original . 1 quence 18)),
%ﬁ(g BNO l)d‘ﬁﬁsQﬁclﬁﬁEcpﬁf ﬂh@c&ﬁ%@%% tl'%poq{sﬁénaﬁ:l e ﬁg%itgch %% ﬁ%& )

163 wer e foued i Sdnpmello (isn endremsie R7/@Guafithd lpssubepiently Bat oodvek| EheBbeorfFi g. 1-

SEQ | b, 1S . Nl the origi L1 sequence

whi ch %rNe%,?S;%th}Jeﬂ? %étﬁln% #ﬁ%ﬁggﬁiﬁg%ﬁgﬂ%ﬁl 3%9 Q%r%e ?%V?’?E)Oréfy‘?elﬁ@gl ess

f r equent | pFRidest-BBYd6 £.IS. The nkd plashibweelist intoducepirabe diténnatel Salvshella

pFSl 4nsd- HPV16 L1

31 t he_new.L yieldin FSl 4nsd- HPV 16 LI S.
The new pf4&HK% > RRE 'h’% o %"f“o%i?é%tljp EPﬁJ h@ 1t %eé‘ﬁ’i?get BLPMBERt ST28nt eri ca
serovar Tegdlet MnPURL S hesafterPFolt otherd )L liSoreg@nEihaiteaticheate® SAMBLARNrags! ai n
call ed PhoP S hereafter., Fo ofhers L1S reconbi nant attenuated.
Sal monel | ¥eEeFReReentdyer ug%gégﬁféﬁi’a?‘”b?‘@dﬁ?&l paamangss dhe dffsmt drinsTabl e 1
sumang zegndtabbrediafibanesd inghis aodds | 0 and abbrevi ations used in this study.

HPV16 L1 and VLP expression. The expression of the Li protein in the
| ysat es oHP¥Ap@iendivaly exfresdiocns of PhoP L1 and PhoP LIS were conpared by

Western bl ot (see Fig.. 2A rprjsingl xpression,qQf 1.1 in th

bacterial cul t@%?mﬁ%mﬁ(?%ﬂﬁeﬁgrﬂﬁt@& %%?%yﬁaﬁeé q&Wi”f%“*ﬁ&&t’Eﬁ%%{]@lﬂPgﬂ-‘ét her
decr easedariyPibF® LI®wEel cdmphicd by SRsternMlotsdeiFigl 200, SRsrsen, bxgredionenit he
anount s of Vgst .rgdwéﬁed I n_ the tvéf reconbi f‘?gt strains were conpared by
sandwi ch B %e?‘e ultpgop was gt mproyqd il the nevy L4 P asqupncs briratherdegreasidivyr at e of
the twe stwoafoliS(FiZB)OTHIE ki @8 ¢ddErhddWhednGhé BRAGIHOVEPGpro@ka8 8n &t er

i nocul ation of 50mM. LB with a sigagl e col odny M/%ilcon‘?ared (ca. 7 hours for
PhoP - LI ¥0affgorpmant cstgigs veerg Gpmpstedbby |sqndwigh, BLIS 4\ (sep e A0 Bastrikimg

opti m zeddiffo@ac: MIhggrodfth tale SO dsHa88RAS nofiedWIRNGRY 85 RORIENSERGNAt €

t RNAs maxim zed the growth.r wi.t hqQut a_. concomtant increase in L1S
transl at | BRSe Eeapoe W%‘?&%@ﬁl‘@ﬂbﬁ%? FRIoT RS FrarPREad (Kat T ePuatieT PRoR/| vo.

| nvgaglt or hesai@ v i Phiciry for PREFUaY Thixahay MGpdat ihei Ma bplirchiz6d6Reh Rhgplo23H d was
rapidly
2 .

with respect to the comresponding cognate tRNAs maximized the growth rate without a

concomitant increase in 1S franslation.
Stability of the L.1S encoding plasmid in vitro and in vivo.

Inventor has previously reported that the original L1-encoding plasmid was rapidly

lost by plasmid segregation in Sulmonella in the absence. of antibiotic selection in vivo (4, 31).

25 The stability of the L18- and L1- encoding plasmids was first compared in vitro. For this
purpose the percentage of bacteria still harboring the L1- or L18- encoding plasmids was
compared during four successive O/N ciiliures in the absence of antibiotic selection (see

Fig 3). As sxpected, the Ll-encoding plasmid was rapidly lost. In contrast, the L1S-
encoding plasmid was recovered in most of the bacteria afier ca. 50 generation times in

30 absence of antibiotic selection. The stability of the L1S-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

oy
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| ost by plasm d segregation in Salnonella in the absence of antibiotic
selection in vivo (4, 31). 25 The stability of the L1S--and L1- encodi ng
pl asm ds was first conpared in vitro. For this purpose the percentage of
bacteria still harboring the L1- or L1S- encoding plasm ds was conpared
during four successive O N cultures in the absence of antibiotic selection

(see  Fi giedttwBweBRNiA helsigark BRsd o BOGREbPEFREGSTS, ¥a5e fn%ﬁiﬁﬁz%ﬁﬁlg%aﬁs In

contrast, the L1S- encoding plasm d was recovered’in nost o acteria
after ca. Phomiswasy BAWyRn phseeed inmoae distrnbergensehiciestthdspieen.ovised @c 0 Bof The

stabi 1ty aefbdoifia Wert SICRHRBEAAETS Halfaft it bAE K ere AR By B It 3421 t €T

nasal and oral_ 1 mmunization of mce (see . I'n-contras
ori gi nal PlEs@ite 3¢ shguig|aisempts that fhere fseol evBlenrrcafdiighgr jmivasvoness wapersistepdeet el y

st abl esf oge thokd ' [ el he sites of
I nf ect |5 on/e ntterL ;]} § hgg: r?ehﬁggéﬁtég%??éle@% f &‘#ﬁ% @ﬁ@%&g 9“@ ?%@nqﬁﬁﬁgecttﬁ?&@@ﬁ e%
observed #Ptvifere di stant organs such as the spleen, where ca. 10 % of the

bacteria were still harboring the L1S plasm d but none were detected
har bor i ngAmiiieHRVI6BE sy stemigeanshmnlcdsal | ssdibody @rodudtidohallowiisg nasatvirdence of

hi gher ‘i ngpai%gaggt%n%tﬂ)ﬂ@q?gnce 5 of the L1S harboring bacteria, despite
the faster grow ng capacity of these bacteria observed in vitro.

oral vaccinati on S Enpal ol Gad: ARLLIBA AU BEVE LAY bl ol el '
expr ed8i othearumupegepielty obthe HPY16¥hE abgrndn Selpoorie entefict beovanTyphdgemirei ty of
her ef or o T uie s B ol BR Rl BRLE: e U8R Bl L B S grea
route wi t Fheli&18phaiR The Btis{iRintibodhstennhéasifedinssetind ety vigiiabicsretioasss ed i n
Sirighe 1 sl s §°8 8 2f WRaBiafor § Sl optiot Brigh a2 B85y T\ BECE Rotigh
i nduced higal wavdinkdnyindestlitigh anlt lonbR¥fity YtRHIPYES VIR LSS HtrSRI deim,as 15

wel | S i.fic | nd .l titers in.vaginal.  washes.. These anti body

titer ?ar g@g iagn eézlré%tq ga atnﬁégg TR e g twélghaé' 35 PERGRLY HHEerg arecSimdes t9n wit h
the ori gi fimke PidoRdlaftess daibi ndsal tvacrinmEiphe bvith HRSHRHRIERIP® L 31 skl it AYai@r € one
to two o_rgﬁz ' ['e nasal

i tude hi gher  than those achieye ith a sin
vacci nat i onl; r§\}r %ﬁnﬁ%rﬁ%trtﬁa ﬁrglogﬁﬁoo Bt ﬁfpdﬁsr 'lﬁa%'ﬁt,“d%%ggeli wf“é fhose P%g‘gﬁd oral
vacci nat i erthwi ditgl&had] LdcSinatien @itk chdbrifithd)l PhepPrUNCG@R @, 38! Ikadtghetyesa t han
nasal 20 v%%citriloat i on, P{\;@Jclﬁqeven dgl%e .or al va,cciﬁgﬁt fon with the
origi nal PhoP* St Pan s “13 Méf i 3 3TUoLsHCH AERGugR | 18 Brnt wsalnasal
or three wacainatios eshilf evéhoP dhitle Oetvactifdtion with the original PhoP® strain was
Inefficient (31). Administration of two nasal or three oral doses of PhoP® L1S (data not

shown} did not increase the immune responses.

Anti-HPV16 VLP systemic antibodies following nasal or oral vaccisation with
differently attenuated Salmornella enterica serovar Typhimmrium strains expressing the
25 HPVI16 1L.1S gene.

Inventor have previously shown that nasal vaccination of mice with differently
attenuated Salmonella enterica serovar Typhimurium sirains expressing the original L1
encoding plasmid induced only low or no anti-HPV16 VLPs antibodies (4). Given the high
immunogenicity observed with the PhoP® strain expressing the L1S encoding plasmid, we

30 further introduced this plasmid in different strains iﬁchlding %4989, 24990, 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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shown) did not increase the i mune responses. Anti-HPV16 VLP systemc

anti bodies follow ng nasal or oral vaccination with differently attenuated
. Sal nonel |l a enterica serovar Typhinmurium strains expressing the 25 HPV16
L1S gene. Inventor have previously shown that nasal vaccination of mce
with differently attenuated Salnonella enterica serovar Typhinurium '

strains exdikessi NGcdiBinght gtrmé drb shENRORN R, pé aﬁmc@nﬁﬁ@qse@luoﬂeymhpw or no
anti-HPV16 VLPs antibodies (4). Gven the hig mrunogeni ci t%bobserved

Wi th t he oPrETRtiony 3} Freaien; weumbipant ﬁ’éasmlsdecwééemﬁermaa oY 16WELB bumgpsat her
intr OdUC‘i"%FBﬁEe§ aals@%naﬁ%w Mhagl f faBdi8itonS bid gﬁ m@@il:efy R0 0449 Be réa99f PhoP"

and AroA (see preci se at t enua I ons, abbreviations and

r ef er enc é2agnitygie layen thagpthgse ‘#P_}Pe‘fﬂge‘ftthtféﬁsPh?é’asMrSeétfﬁﬂn e &g deeks after
asmlegﬁé@é QEa1 9% VA= 1o r&c&g‘%g trains
are shown -5t a@+11r1] coﬁ%%g%%soft?%ﬁ%&ﬁge%g‘w%t%s&c% vation, %Inllt' ﬁshe new
reconbi n aﬁ@mswhaah mﬂupm;mé@ apoEBTVE 6 8P TgGttitersEier HoWroutpa nfiyeedinatipes ponses
after a single nasal vaccination; ﬁl t ho the titers are about one order
of magnitude Iovver than those achf& fth the PhoP" L1S strain (see Fig.

1 e oral vaccination was |ess inmunogenic, with the
exceptl orﬁ%f}fg“‘ﬁ 8“%“8’5\*‘1’}%““‘%‘?‘?’“&‘?’?@ spinssediduced sim | ar anti-HPV16 VLP | gG

bnd bact er ol T pRarib St ey LTS e rOROR el e Sractintesgns
#1439, tcB@inaNBintnké Was rgFiceh @@kanmyssﬁc}bsaga@e%eﬂ% R % géi)kcfﬂlrbgg rfg%t a

kanarrym I&%@aﬁ(ﬁce codi ng.sequence as follow A

cont ai ni Rgtj‘ REEE (FORRINg T faraneeiy £89ipE oﬁ’?ﬂ’t‘f‘é’f"ev@g PYEIRiFat@d by PCR
usi ng pETefaalhieyags usink 95&191 (BIegs) ﬁeﬁﬁh@m thsrm EieBhS pHRGEL usigr e a
25-mer | ocated 54 nucl eqtid pstreamformthe first ATG o? kanamyci n and

cont ai ni MFTs askemer lesated) ¥ PW@??%“RSHH%}% iP5y dlgp) first AT{E of kanamycin and

GGGCOGCGQ];{;QI;%TGAAC@ATAA— §aoII and aLBseEr coriaini n%ﬁema restriction
site (underlined GAAGCTGTCAAACATGAGAAT- 3'.. Anot her Sacl | - Xbal

| ar ge'f r d¢#E EQQT@?%AQMTM‘BFSPQﬁ% TR\ PPBAII Y bP@gHeat%qmence
but — devayd @ dérﬁﬁed@n@r-@ddfr@r Gmﬁcq@ﬁcmmmsﬁ atagfaly $zﬁﬁer se PCR
with Expand Hgh Fidelity oche Mol ecul ar Bi o emcals) with the

f ol | owi ng*h!il3ree Sragmeppeaniinipg the engieepRY405d BEV1 6dtiSaaasnif Sequenae.ffudm t he
ATG of anRi&ialdei ﬁﬁﬂc:ﬁ%ﬁhﬂﬁ&%eﬁe, 386 btn2dttEby inverse PCR with Expand High

Fidelity PCR (Roche Molecunlar Biochemicals) with the following primers: a 28-mer
20 - located 92 nucleotides upsiream from the ATG of ampicillin and containing a Sacll site
(underlined) 5°-GGGCCGCGGTTTGTAGAAACGCAAAAAG-3, and a 28-mer
_ containing a Xbal site (underlined) and the stop codon of ampicillin (bold) 5°-
GGGICTAGATCCTAACTGTCAGACCAAG-3’. The two Sacll-Xbal fragments were
ligated together to generate plasmid pFS14nsd-kan®-HPV16-L1S. The new plasmid was
25  introduced by eleciroporation [Schédel, 1990b #242] into the attenuated SulZmonella
enterica serovar Typhimurium strains PhoP®, (CS022 [Miller, 1990 #181]) and PhoP
(CSOIS[MiHer,' 1989 #178]), and Aarod (SL7207 [Hoiseth, 1981 #123]), as well as into
the attenuated Salmonelle enlerica serovar Typhi Ty800 [Hohmann, 1996 #596]
CVDO08hirA [Tacket, 1997 #643}], and Ty21a ([Germanier, 1975 #103], Berna biotech,

30 Switieﬂand).

HPV16 L1 and VLP analysis

Expression of L1 in Salmonella lysates was aﬁalyzed by Western blot as
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(underlined) 5'-GGEECCCCGGTTTGTAGAAACGCAAAAAG- 3, and a 28-mer containing a
Xbal site (underlined) and the stop codon of anpicillin (bold) 5'-
GGGTCTAGATCCTAACTGTCAGACCAAG 3'. The two Sacl|-Xbal fragnents were |igated
together to generate plasm d pFSl 4nsd- kan3- HPV16- L1S. The new pl asm d was
25 introduced by el ectroporation t[TSchodeI , 1990b #242] into the attenuated
Sal nonel | apreginuelyi descleado (Mardeiijpsiatliger, | 199V s¥743] nsinPhtb® anti(HESOW2 LI MaAber |
1990 #181] hgR"! i -

[Foi seth, | TORTRraapave Tl yds sofiaindd s Lot n BREESTHCRERIERE | .
serovar Ty pbiteify&G0méasotedeiyry sab89BhAIIBA as PrBIABHT dodcditEddBetyacdBD 799564 3] ,

and Ty2la mani er, 1975 #103] ... Bern iotech 30 Swi.t zer| and) . HPV16
L1 and VL P%ma y%%msg %rné%%qcfﬁt)ﬁgo%ﬁqpf%fasn lgglrﬁ%or%ﬁeacqrg%%{%gm&aegﬁg?%l %ed by
Viest er nsbl GiPVa$ VIIzk, Hi 6R70arsH 61 desd Hilbats, [(afscabdn, hessi#logsy, 1997 #742]
using the anti-HPV16 L1 mAb, CAWIR 1 (Anawa). Data were nornelized to the
content i nIawinttbtidn dhenitd\dalysisPof siEPVIOWHE PRadhudid. hyd decoaagnwof h

ELI SA as prSe# ou?’I y descri bed [Benyacoub, 1999 #1050] using two nonocl onal
ant i bodi es *fif*“FBcogni ze conformati onal epitopes on 5 HPV16 VLPs, HL6E70

or H161A and H14. V5 ri.sten 1996 #1053L. .| i zation of mc

anal ysi s of ant ‘-W%%%L%"?ﬁet ﬁ%@‘g’( Cegmzfnﬁo?leﬁ%?\/gfﬁgg% ran%!%%@fqdamsﬁk-week
ol d femal e BB Teomly Pﬂbf bidlerfal @eRuIui FeRCadMBihRiewE il (80° CFU) or
experinments. Tewnt t| of bacterial inoculumwere adm nistered orally (109

> y - )

CFU) orl0 10ntranesadydQi°| GFYN oxlen aigripsia atipreviends deesibad fopkinsy i 9A5s#381;

descri bed [ i .. 1995,#384, dek | ' .. Sanpl Lng of
bl ood and \%ﬁ%@%ﬁ%ﬁ e?gzs §9V4\Bz]] I’\%glg&l"#e {3 g?Jrlr(ll') dﬁg? fl% n‘;agﬁjggﬁ‘za?ﬁ%ﬁl% ﬁp

ant i body t ideterminhjorEbf] BA-HBY &6 NePfantipely tiss bg A Advere asifforered akHogpoitad, 1995
#381; Nardel Lihagfli.ger,a0l9 #1A2] ... Recover, f | ponel | a eriga
serovar Ty%ﬁéhﬁhiﬁﬁ%hgsr lﬁféh%%&hﬁégig{lg?%ﬁ eéﬂliygr]ngzg@h?é FrSm 85?%%%"5@% m ce
15 as pr evieotsiky sctogsTiphtngrMar cieTyphhaved HétgarinedliDBdgahs 4o eldeatiized Imhizat i on

assays utralizations as S re.per ith secreted al kaline
phospha{ygsésP@%ﬁly%ﬁﬁﬁgg{%ﬁe%eﬂﬁgreg%ﬁg%ﬂncri bed in detail in [Pastrana
DV, 2004 #1429],. Briefl opti prep-purified SEAP HPV 16 pseudoviruses

di | uted Zoé\&ﬂ?%lha%%]ra@s%ﬁcubat ed on ice for 20 1 h with two-fold serial

serumdilutions Ne%{}gi:}aﬁgnspassgalﬂrg %reirevp%%_o%rqéd \131%j gec;ne;té(c{ éﬂ(aehsnevl\)%(r)sephél[gs%d(SEAP)
HPV16 pseudoviruses as described in detail in [Pastrana DV, 2004 #1429]. Briefly,
optiprep-purified SEAP HPV16 pseudoviruses diluted 2000-fold were incubated on ice for
20 1 h with two-fold serial serum dilutions, and the pseudorivus-antibody mixtures were used
to infect 293TT cells for 3 days. The SEAP content in 10l of clarified cell supernatant
was determined using the Great ESCAPE SEAP Chemiluminescence Kit (BD Clontech).
Neutralization titers were defined as the reciprocal of the highest serum dilution that
caused at least a 50% reduction in SEAP activity (100% SEAP activity ranging from 50 to
25 100 relative light units).

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)

30 according to manufacturer’s instructions. CD4™ T cells form naive or immunized mmice

wers incubated for three days with medium alone or Concavalin A (2.5ug/ml, ) as negative
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to infect 293TT cells for 3 days. The SEAP content in 10l of clarified cell
supernatant was determ ned using the G eat ESCAPE SEAP Chem | um nescence

Kit (BD Clontech). Neutralization titers were defined as the reciprocal of
t he highest serumdilution that { caused at |east a 50%reduction in SEAP
activity (100% SEAP activity ranging fromb50 to 25 100 rel ative | ight
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ant i - CD4+- coat ed cro eads (M| fenyi BIot

accordi ngm‘ghstanﬂnnrfoa;miraﬁmdvsmmﬂmdmtapms CD4+ T cells form nal ve or

i mruni zed mice were incubated for three days wth nedium al one or
Concaval i BxgrefQoib g/ HPVI6RLES rsad aplasmidc stabilfly dnch kasatiyvie cabtin| Bha®S wel |
as wt HPVl6 VLPs (2pg/mM, GW preparation) and Flagellin (10pg/m,
purified YR Ty21la) then 0 SgCurie of 3H thimdine was added over , night

and i ncorpor atAoQan\Q%m?cgegessﬁrm%g 5&%{‘9‘@%@%@{‘%%@‘% f Eép"\ﬁ/'é%‘%'s%ﬁ“&d %I asmd

stability in a kananycCin resist traln Fesiet ant
plasm d ewpleimngi thg abipitibinLikSstaaisgeneris tihal otigidal opF SnsdiiPeté LdSt{Baudnoodi | 1in

resistant n.the oriqgi FSns HPV16 Baud, 2004, #14

kananyci n §§ng¥ 36‘?%“53@?1%%1%%% {e BB lrp bg%rd%g\yﬁvsasageéi O piﬁ*]f)mefy t he
ent i Ir e pl agie glabindhRankdng ﬂnLe am@smlgnlrésmam e icanéncg ane ﬂseeauﬁtiﬁg fiapdeithe
result Was at.ed to a kananyci ne resist.an g
Ceonenteoyet BHET SRSt GroodsE ARG et B TR PG 0 vis
((jesi g $a}3 leabtﬁl%insr?le kamtiugsplamd &bﬁC(ﬁds@d%&t;@SankalPD?@ aﬁa aléc@dogolathmkgnLls
see Tablg, | .0'.r_abbreviation ef erences o t trains_ysed-in
this st ud%‘?l,J At)e %%ﬂe%]f"g’d'ﬁ‘ ACREE E@pk& OE BT GO PRI A enew
strai n wasrahdfidedlin tids biay)ONE Bt Bovikd PRsAGTPLLHPVIH VIgs iflBRMe®t rai n,
PhoP- Li S ca 15 1%@ VLP\sélO" CFU, [Bau 2004 #1439]). Sim|ar, Erovvth rat es

were al so t’@ﬁ%é‘fax?é SRNY Figx wy 1 applcilfin resisibg prain, RBORSL 1S (Peach
md-1qg p gRfop! agti qaﬁ@bzloba tmwg?sSasﬁfay SR MhdshwaeMRs) obQR%0f the

bacteria still harboring the plasmd ter four consecutive over-night
cul t ures betwadsthdwockamnt With ehdut 7 libhe tg tredoh Imxﬁﬁog)ﬁhashemkahsm{clsstahnhazsm d

bact er i a 98¢ NEopagh SR, e TRPAE AC S IR, Bupteidy RSBl e, o1 on
and t hi s, conseqitive (;wganght cultures in absence of antibiotic. The stability of the kan LIS
plasmid was increased in vivo, as compared to the ampicillin plasmid, with all the bacteria
20  harborig the kan L1S plasmid two wecks after oral immunization and this, in all organs
examined (see Table 2A),

Anti-HPV16 VLPs humoral responses after oral immunization with PhoPc, PhoP-
and AroA carrying the kan L1S encoding plasmid

+

The kan L18S plasmid was further introduced in two attenuated Salmonella enterica

25  serovar Typhimurium strains, PhoP” and AroA (see Table 1A), whose attenuating
mutations in Salmonella enterica serovar-Typhi vaceine strains have already been shown

to be safe in human. Three grou;;s 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

30 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® L18S strain [Baud, 2004 #1439]. These antibody titers were stable for at least
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exam ned (see Table 2A). Anti-HPV16 VLPs hunoral responses after oral

i muni zation with PhoPe, PhoP- and AroA carrying the kan Li S encodi ng

pl asmi d The kan LIS plasm d was further introduced in two attenuated

Sal nonel l a enterica 25 serovar Typhimurium strains, PhoP" and AroA (see
Tabl e 1A), whose attenuating nutations in Sal nonella enterica serovar
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conpared at 0 weeks post i zation Interestin t he
anti-VLP aW”lB'g ﬁ&?gk?%{ﬁng’a“ CHYn% W&Ie F?ﬁ:‘eﬁéﬂerLP%Ps]f%W ib %F%"/‘as hi gh
as thosg i pslueed ﬁythé’hﬁBlﬁ@w mobiSl aifhgbyral Nigmindlaies JRBeR: kS sdcbabRabiBaud,
2004 #1439 These antibody titers were stable for at |east 16 four nonths

(data not SHearelle americarseronat Tynhs harboring/Amo delntionb ey (e rerrs impynREsAIchy
PhoP- kan 1s .are, | ower S .0 reported with Phop LIS [Baud, 2004
#1439] . B thogg por g‘ﬁ@@lq‘ﬁ@)’%&&é‘ﬁ%g?‘éA vvere al so induced in vagi nal
secreti ons of the mce immuniz and Aroa kan L1S, while none
wer e det ecE&Hreéﬁl?'é?n‘PﬂﬁB’mX(&WhE IkSn L?F%E@Slﬂﬁlt‘& threspyinefediaietierioe S8R nodel

usi ng or al Tkmlcaﬁé tipRnsuggest that reconbi nant 'Sal nonella enterica
serovar Typhi harboring Aaro del etions may be nore imrunogenic than those

har bor ijng APhoP{RhaG@Eeérine XA 1.1 BiMsRS® h@cnﬂﬁé&dsm@m:b iehdrioh sdrb@r H8Phil 1S

plasmd in three Salnonella enterica serovar Typhi vaccine strains 10 W
i nt r oducedvadeinekedming |vigh were evailphlo to hp.clec- TP hOE/r@ﬁQeEH@ﬁﬂ@ér &% Typhi

[ Fobmann, 1560: FYeRPH IR Be80H ROPABR. [TePle, 07 RO DT dofof Viego7
#643]) and (}_é&%ﬂaﬁler,[ @fsﬁ&fnm thé-gﬂc'énféao%bhmﬁ h@aclcinge&ﬁi@ﬂj o0 bt MACGhne

strain (see Tab brevi ations: and ref erences In vitro
expressi on aw?remmslsm%r@rmqea}r In yitre gupressiancof Sfibaiwas sirgi a(rzmtheéhl?;@gtrmqo/ 10i |

orU). The & oaf& ibdpg%’ ]’5’15"/16‘“‘?:1:@.r S%ré SaRLRSLE e ! ki thg &atlz{lgng;g %Iﬁgécd}:;l% v|a§cluliea' ns in

absence” of 1'CS was exam'ned rn vitr n contr ast
to the prexiinus dbesidt bf aﬂﬁtﬁd&ﬁo‘s‘;a&a@mmlekanﬁad ef Vira (KLY a). I y@itasatni |ﬂuam

strains, a |l ower st b|| t.sy - o{l t he kan L1S_plasm.d was obs rved hﬁl
vacci ne st PEVIRUS TeRuls glnongtla grigided EF“’V&E R s OSieE SR
over - ni ght of ke kaf Leg ﬂdsiﬂiﬁ GRAB BV R ¥ BRBEN bSaind. e sPiwa TRt df smis still

retained in 9, 7 and 18 % of the bacterjia in Ty2la kan LIS, T¥1 kan L1S
and occurred after the second over-night, but after five consecutive overnights, the plasmid
20 was still retained in 9, 7 and 18 % of the bacteria in Ty21a kan L18S, Ty800 kan L1S and
CVD908-hirA kan L18S, respectively. Salmonella enterica serovar Typhi vaccines strains
will only undergo limited rounds or replication in human and they are not invasive by the
oral route in mice. Mice can transiently be infected if the bacteria are administered at high
doses by the nasal route as shown with recombinant CVD908htrA [Pickett, 2000 #1158]
25  [Pasetti, 2000 #1494]. We have thus examined the stability of the kan LIS plasmid in
Salmonella recovered from the lung and spleen of mice one week after intranasal
immunization with 10° CFU of CVD908-hirA kan L18 and Ty21a kan L1S or 10’ CFU of
Ty800 kan 1.1S: 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 intraperitoneat
30  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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CvD908- htr A kan L1S, respectively. Sal nonella enterica serovar Typhi
vaccines strains wll only undergo limted rounds or replication in human
and they are not invasive by the oral route in mce. Mce can transiently
be infected if the bacteria are adm nistered at high doses by the nasal
route as shown with reconbi nant CVDI08htrA [ Pickett, 2000 #1158] 25
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such PhoP del eted bacteria with ho%g stric nucin in mce [Baker, 1997
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(109 CFU fowo @vmﬁeam avidnTyTi@ ken 348, white AP ¢robarelymta|bbct;t¢m waret

SUTAInS) . TeLO b LSt SoB0NA5L R 0Rl ShANORRLE BN EOWhBANLEag 10 as

wel | as agalns honD ogous anti gens, were mnmeasured
in serum frdoced lgpiter wed $S(ané ant-ifiggdlin Igﬁln’@mﬂwm ﬁgl”@y;l frag B. L& rip i<- 8GAPat gG

titers were anlLy.induce t IS whi |
I Iow o? Bar &e% %f@gﬁa g‘a?{hf‘ E‘IV% fﬁ%}e%{glﬂ%%é %ms I“H’S SP‘\:NSXS%?ﬁ'elP & ns. | I ﬁ
contrast, mi@&Qhdkaductd mrasral mhgaﬁmﬁﬂmomhﬁgousmiug@ﬂ hi gher ant| -LPS and

anti-flagellin titers than.th <.0.01 .15 ek 8),
" cat g t hat | RIBet PSRRI R EREROPD 2t Befidanee il oriERy

i nI ect ed t?&:ﬁs, {ﬁx&e‘omlmmﬂuﬁﬁdnd tmwt_ _n@éstdg@ﬁ)ﬂoﬂl@et : BmagaiHPS\thWiEPﬂﬁrml AGous

anti gens. el per responses participate _in the generation and mai nt enance
of high anﬂ‘%&?d Hightoweeks afigt é"f“BP’é‘Z%éI“I mea?’lqerﬁﬁ%ﬁg"‘i s?]@n%‘@’ﬁeléﬁﬁ‘?“ﬂé“t

flagel lhn %ﬂﬂlfé'ﬂa%rﬂ%@as\fhg)&%uﬁ@ We&h @Jm’ T @N3Fhriesd. frdah ﬂ\@ts?lé@ﬁéé&: Bi%@? rHPV16

i mmuni zation, the mce were killed and antigen specific 20 |ferat|on

was neasur Sd-Rastimulativn off CD4 | 'L cofifr was @alyf %ﬁﬁ%@y dpfused afigeBvaringragsal Hpy16
vaccination with Ty21a kan L1S (p < 0.001) in agreement with the induction of anti-

HPV16 VLPs titers. In contrast, a significant flagellin specific stimulation of CD4" T cells
was only measured after vaccination with Ty800 kan L1S (p <0.001).

25- HPVI16-neutralizing titers are induced in serum and genital secretions of mice

immunized with Ty21a kan L1S alone or primed with a subcutaneous VLP dose.

An additional group of 5 female BALB/c mice received two nasal doses of Ty21
kan L18S (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

30 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 L1S
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VLP stimulation of CD4+ T cells was only significantly induced after two

i ntranasal vaccination with Ty2la kan L1S (p < 0.001) in agreenent with the
i nduction of anti- HPV 16 VLPs titers. In contrast, a significant flagellin
specific stinulation of CD4+ T cells was only neasured after vaccination
with Ty800 kan L1 S (p<0.001). 25 BPV16-neutralizing titers are induced in
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73(6):4972-4982. TABLE 1:  Sal pemehdiairsficaisns use® 118 this amgdmrkStral ns
(at t enuat i| ¥ abkasmiddel ect f o or at ed Abbrevi ati ons Ref er eipdes

J

pFS14nsd-HPV16L1 xPP L1 4
“ pFS14nsd-HPV16L1S y® U118 This work
CS015(PhoP” , AphoPQ) (26)
B pFS14nsd-HPV16L1 PhoP L1 4
_ i pFS14nsd-HPVI16L1S PhoP L1S This work
SL7207 (AaroA) (16)
- pFS14nsd-HPV16L1 AroA Ll This work
“ pFS14nsd-HPV16L1S AroA L1S This work

15
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CS022( PhoP, pho-42)"' PhoP" (26) pFSl4nsd- HPV16L1 PhoP Li (31)

FSl4nsd- HPV16L1S PhoP LIS This work X a (&Ya (4) " FSl4nsd-HPV16L1 X LI

(4) FSl4nsd-HPVI6LIS X 4989 L1S This work X4990 wya /icrp-cdt) (4)
pFSl4nsd- HPV16LI L1 (4) FSl4nsd-HPV16L1S LIS This work CS015(PhoY, hoPQ
(26) pFSl4nsd- HPV16LI PhoP"LlI (4) FSl4nsd-HPV16LI S PhoP-LIS This work
SL7207 iaroA (16) FSIFABLEHPY] GalncuellAstrhin§hisal inghis stiddl 4nsd- HPV16L1S Ar oA
LIS This work 15 23 TABLE 1 A: Sal monel la strai ns used in this study

Strains (agt}a*ﬁ%[ﬂﬂfehﬁéﬂﬁﬂs PHas T IR R oS R bﬁfemfék’ S

Sal nmonel | & [ erica sel)' ovar Typhirnuriam CS022 &E%Bﬂbﬂs ho-42) PhoP
(mller) g&hﬁmg-eﬂ,ryéaqehg,ﬂ BaUd 04~ FSI4NSd- Kap- 14PVIG LIS #hoP Kani |S

>
(..

Thi s work &fm i P sd) 3.A (revaz) PYA3342-HPV16L1 G L1 ( REVAZ)
PYA3342- HPV16LI S GLO| Lls Thi sf work CS015 ho", A{hoP (26) FSli4nsd-HPY16 LIS
PhoP-Li (4)7Cs 15 k&g HPVIGLTS PnoPKanCIS Thi sppgpt K SC7207 |(AaNeR (16)
FSl4nsd- HPVIBLTS ArALTS BaudDgESTdnsd-HPV16 L1S Baud 04
“ pFS14nsd-kan’-HPV16 L1S |PhoPkanL1S This work
GLOT (PhoP’ Aasd) GLO1 (revaz)
* PYA3342-HPV16L1 GLO1L1 (REVAZ)
* PYA3342-HPV16L1S GLO1L1S This work
C8015 (PhoP", AphoP() 26)
« pFSi4nsd-HPV16 L1S PhoP L1 (4)
. * pFS14nsd-kan’-HPV16 L1S |PhoPkanL1S This work
SL7207 (AaroA) (16)
“ pFS14nsd-HPVI6 LIS AroA L1S Baud 04
* pESi4nsd-kan’-HPV16 L1S | AroA kanl1S This work
Salmonella enterica serovar
Typhi
Ty800 (AphoP(Q) Ty8G0 Boston..
iy pES14nsd-kan’-HPV16 L1S | Ty800kanL 1S This work
CVD908-htrA CVDI0BhirA M levine
{AaroC,AareD,Alitrod)
« pFS14nsd-kan’-HPV16 L1S | CVD908htrAkan.1S| This wortk
Ty2la ' Ty2lia Berna

* pFS14nsd-kan’-HPV16 L1S | Ty2lakanl.1S This work
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FSl4nsd-kan' - HPV16 LIS AroA kanLIS This work Sal nonella enterica serovar T
hi T 800 ( hoP Ty800 Boston.. FSl4nsd-kan'-HPV16 LIS TySOCkanLl1lS This work
CvDOO08- htr A CvD908htr A M | evi ne (AaroC, Aar oD, Ahdr oA FSl4nsd-kan -HPV16 LIS
CvD908ht r AkanL1S This wortk Ty2la Ty2la Berna FSl4nsd-kan - HPV16LI S
Ty2lakanLl S This work 24 4E 4 TABLE 2: Recovery of Sal nonella PhoP
tarring Li TﬁLﬂ—ﬁ@d&@&%&f@aﬁJz&% PhoP"\CarritB S oR 118! en@@tﬁﬂé pRismidisAe

i mmuni zati on. Route or gans anal yzed Means of total Salnonella % of

Sal nonel | avselgrafigy nagad or meagﬁ"recover ed" plasmid PhoP LI PhoP LIS
PhoP’ LI PhoP L1S nasal Lung 5. 300 02 4 140 21 3 2 100 Cervical |ynph nodes

3.390. 09 2-950-09—16-100 17042 ol een
3.7610. 13[ 3okt 14 (5% e‘13eyer gmﬁ‘g?fﬁa’mﬁ‘”ﬁ% 3g ﬁgéﬁ"”fﬁ’s‘*ﬂf}g‘ﬁ“oo

O

Mesent ri c [Tymptr nodgs 17700775 267 T Pho B €9 Phad? 7 O-[Phop2re00- 12 ND
16 a nean$ndsdiogll0) QfLufgrU Or gan  SHVEN.0gatl a] a4l4681 nazal | mjung zati on|w th
PhoP" L1 are taken [KeivicomnpBasdysacdubor00999#10889.09 | 1Not det/aecd abl e TABLE
2A. Recovéry of Sal qmetdmtciRhoP” | 135e8dbdi np2. padiidd ear r il t he
anpi ci li ne_or the kagSampci ne resist|3df9%dénes| 2-§ed.iea® af t er| 8or al
i muni zat i_&fi!___Rgu_t_g Peyer Thelshas s anal \25) 2 n~2-33¢0-29\f A0 sal 89 | o 9% of
Sal monel | g—beari-rg-— WMesentric Banph oodes; (. 0T, o B2STAIS, ANDY Do kan Phob' LIS
PhoPc kan LpheP: Spi,eqn 45 b 12.0780.87 2'461(7'12“ ND” 116 _
means (logm) of CFU/organ + SEM; ® data after nasal immunization with PhoP® L1 are taken
5  from [Benyacoub, 1999#1050].; * Not detectable

+

TABLE 2A: Recovery of Salmonella PhoP® L1S-encoding plasmids carring the

ampiciline or the kanamycine resistant genes two weeks after oral immunization.

Route or Organs analyzed Means of total Salmonella % of Salmonella bearing the
immunization recovered” | plasmid
PhoPe kan | PhoP° L1S? | PhoPc kan | PhoP®* LIS
L18 L1S b
oral Peyer's patches 3.31+0.23 238029 100 100
Mesenteric lymph 293+ 041 2.67+0.15 100 27
nodes
Spleen 2.61=0.13 2464012 100 16

* means {log,p) of CFU/organ + SEM
10 P data taken from Baud et al, 2004

TABLE 3: Recovery of different Salmonella enterica serovar 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 ) 4254 (.06 100
Spleen ND

CVD908 htrA 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;g) of CFU/organ = SEM
15 ND none detected (<1.3 CFU/organ)
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oral Peyer's patches 3.31 0.23 2.38 0.29 100 100 Mesenteric |ynph 2.93
0.41 2.67 0.15 100 27 nodes Spleen 2.61 0.13 2.46 0.12 100 16 ' neans
(log,0) of CFUorgan SEM 10 n data taken from Baud et al. 2004 TABLE 3:
Recovery of different Sal nonella enterica serovar Typhi carrying kan L1S

pl asm ds one week after nasal immunization. Sal nonella enterica serovar
Organs awalGlzed Means of total % of Sal nonella bearing Typhi strain

Sal nonel | a recovered' the plasmd Ty2lakanLl S Lung 4.250.06 100 Spl een ND
CvD908 htrA kan LI S Lung 4.4 0.07 0.8 Spleen 1.55 0.18 ND Ty800 kan L15

Lung 5. 76 0. 0% nbv8& @cleﬁphﬁ&%e(ﬁﬂ@nce e sdsyn( in0SHQ JIDONOCKE Gherdg@nant@ht 15 ND
none det ect egﬂ%ﬂ 3. CFU org 25 W Claim ‘#P A novel nucleic acid
sequence as Fhpusisin R@nglonér?éé‘}ﬂr%@og fl getpncomamgd & he Wgidot ei n and

havi ng one orypDsQuamRdi %h&@m%@ﬁ%ocﬁﬁé@?éqﬁéhe%@tabﬂﬁeé% kdomb)RS: S8atgnce,
wherein said nodi fied sequence stabilizes a reconbi nant plasmd vector

har boring sai¢ciobdiarhostgs e enedficth seruenter ydar darodvced pr gk AFgRDIoEC

m croorgani sm;.2. A Feconbi nant plasm d vector conprising nucleic acid
sequence as claimed 1n claiml. EE 3. A reconbinant plasm d vector as
clainmed in claim2, V\,her ein said reconbi nant plasmd vect or is selected

froma gy oup &oggl g F %P Sl4onsd HP\S/%GIhl %nfgtlCl E n chI: 2{—S|PCE][,16 an L1 S. 4.
A prokaryotic A el I?aé‘ R rrl sofnr]i’gr;“ & EESID %\ ?qu T4t A VECtdr as

claimed in claiimR.

3. A recombinant plasmid vector as claimed in claim 2, wherein said recombinant
plasmid vector is selected from a group consisting of pFS14nsd-HPV16L1 S and
pFSnsd-HPV16 kan L18S.

4. A prokaryotic microorganism comprising a recombinant plasmid vector as

claimed 1n claim 2.

5. The prokaryotic microorganism as claimed in claim 4, wherein the prokaryotic
microorganism is selected from a group consisting of Salmonella sps, Escherichia

coli, Shigella, Yyersinia, Lactobacillus, Mycobacteria and Listeria.

6. The prokaryotic micro-organism as claimed in claim 5, wherein said Salmonelia
sps is selected from a group consisting of Salmonella enterica serover typhi,
Salmonella enterica serover typhimurium, Salmonella enterica serover dublin and

Salmonella enterica serover enteritliidis.

7. The prokaryotic microorganism as claimed in claim 6, wherein the strain of
Salmonelia sps 1s selected from a group consisting of Salmonella enterica serovar
Typhimurium PhoP® (CS022), Salmonella enterica serovar Typhimurium PhoP”
(CS015), Salmonella enterica serovar Typhimurium %%

AaroA (SL7207)), Salmonella enterica serovar Typhi Ty2la, CVD908 htrA,

Ty800.

{Acya Acrp-cdt and
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5. The prokaryotic mcroorganismas clainmed in claim4, wherein the
prokaryotic mcroorganismis selected froma group consisting of

Sal nonel | a sps, Escherichia «coli, Shigella, Yyersinia, Lactobacillus,
Mycobacteria and Listeria. 6. The prokaryotic mcro-organismas clained in
claim5, wherein said Salnonella sps is selected froma group consisting
of Sal nohel | aAenteniatal steriwwdra tegpmbinantSplokoyetid mientrganisn ®ePowEE

typhi murium Sal nonel.la enterica serover dubli Sal |l a. enterica
SoFover ent er e edlice SR a5 REGHT enciie e Rorah, BB (1 CFai m
6, wherein th@apt tapsid pdieih andakpreaalsl cars@ondiag petas vittrdin eafdl ogifledp

consisting of Salnonella enterica serovar, Typhi nuri um PhoPc (CSOZ%),
Sal nonel | a enfUseic 4 eveaverre FASHIZRY A GRAMBHBBL Rlasapd Spctosipheres fdent eri ca

serovar Typhi fusiddhudd8 Aidsdme e viich Fhtrdinted iﬁ@gaﬁﬂta kid 20ibdrganighmonel | a
enterica serovar Typhi Ty2la, CvD908 htrA, Ty800. 26 8. An attenuated

strain of a reconbi nant prokaryotic m croorgani smconprising codon

modi fi edy nucl g, @aGH e QHYANEE GRERAIN AP, GHKIRD dFapipy Qr[gﬂo\fi Jaygh mayj or
capsid protein and expressing corresponélng protern, erein sa nodi fi ed
nucl ei ¢ aci d peguencelestedlirdm z2esow cmsichty oHP Vpitaswi,dIRédboHPRNat®or i ng

said nodifi | ei id sequence when introduced in a prokaryotic
nicroorganisﬁﬁpggqfﬂgigﬁfgﬂuated strain as clained in claim@8, wherein the

HPV maj or capsid protein is selected froma group consisting of HPV
strains , HPV_16, HPV 18, HPV 31 and HPV 45. 10. The attenuated strain as
clai med % cl Hiemagfeniping, Sfraing 45 déﬁ'r“t?gar‘%o‘iifﬂel ﬁln Ehgi§Hy SAids P8 ect ed

froma group GRRSIrSnidRdisQblced RS drouP RhsisESENIAhdleBa spOFkahembhigel | @,
Yersinia, Lactobacillus, Mycobacteria, and Listeria. 11. The attenuated
strain as cl aiedigilde Vasima daciabrsilbisn\Vyenbogarigand isérSps is selected from
a group consisting of Sal nonella enterica serovar Typhi murium PhoPc
(Cs022), Sal nonella enterica serovar Typhi nurium PhoP-(CSOL5), Sal nonella
ent eri callser olter affopphtednstrainnasxd88e&d( iscylainAd Ppwhedteinathe Fdmonella( @is7i207) ), and

the Sal monel ls%%f%{%he{rdrﬁ% %1%1{1)19 %8%3131%5 holf ’Sa}-rxgn]é?la.e%é%g %err(])%rAT@h}-rxgr%gn 12. A
met hod for producing a reconbi nant °m croofr gani smTor use as vaccl ne
conpri sing ofPhoP® (CS022), Salmonella enterica serovar Typhimurium PhoP (CS015),
. Salmonella enterica serovar Typhimurium ¢***° (Acya Actp-cdt and AaroA
(SL7207)), and the Salmonella enterica serovar Typhi, Ty2la, CVD908§ hirA,

Ty800.

12, A method for producing a recombinant microorganism for use as vaccine
comprising of:

a. synthesizing a novel nucleic acid as shown in SEQ ID NO: 1 encoding
antigenic HPVI16 L1 protein,

b. constructing recombinant plasmid vector harboring nucleic acid sequences
as shown in SEQ ID No: 1 by replacing the original HPVI6L1 gene in the
plasmid vector pFS14nsdHPV16L1 or pFS14nsdHPV16 kan L1, and

c. imtroducing the recombinant plasmid wvector into a prokaryotic

microorganism to obtain a recombinant microorganism.

13 The method as claimed in claim 12, wherein the introduction of the recombinant

plasmid vector is carried out by electroporation.
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a. synthesizing a novel nucleic acid as shown in SEQ ID NO | encoding
antigenic HPV16 L1 protein, b. constructing reconbi nant plasm d vector

har bori ng nucl ei ¢ acid sequences as shown in SEQ ID No: | by replacing the
original HPV16L1 gene in the plasmd vector pFS 14nsdHPV 16L1 or pFS
14nsdHPV 16 kan L1, and c. introducing the reconbinant plasm d vector into
a prokaryet i cThavingthodragahiirsed tnoclait 42.nwhkereia dhntsicomhmanti desvod dasithen 13, The
met hod as cl aj ' ' i iRt roduction of the reconbi nant
pl asm d vect r@%sg%?ﬂl%@O%ng?‘g{@wlr%%%%{g fon. 27 14. The method as
claimed in claim112, wherein the reconbinant plasmd is either pFSl4nsdHPV
16L1 S oy_ pFSl4nsdHPY 16 kan L1 S . The method as.clainmed in claim12,
wherei n Ihe. pIEFYE o8 ABRbE gl S VESIGal Bt PREPPH L P B R dhal ot i ny
of Sal nonel | asefefed RSk ReEbENbonskBhg of SRngRklA spsT EsXRF@hil @i, KRgtiphaci | | us,
Mycobacteria, _and Listeria, 16. The nethod as clainmed in claim 12, wherein,
the Sal nonel | ¥rgpg. {ectehecdles.ddyppesiisrion 2t &5 6 onsi sti ng of Sal nonel | a
enterica serovar Typhi murium PhoPc (CS022), Salnonella enterica serovar

Typhi mur i um PhoP- (CSQOL5), Sal nonella enterica serovar Typhimurium

x4989( Acha AcTls-oethodmuiclfianed An ¢18inY 20,7y ereindhe Ke/moBallaipds scdeckadtieom ca
serovar Typhi g ?ég train of
a prokaryoti & %Béﬁ %%r?sgg%vs@ﬁ?%fn Qé%i@ e(;;r%%%]g eﬁoﬁé rg al n‘glji urgtpélgﬁni@f,%?%ﬁt he
prepar ati on ofaiaoreddi g@ariatsefover ThghipodphyPladi(CE00D), thabragedutenerict r eat ment

of papi | omavi ye, T-pfecti,on, ApshASROAR 8 theka00ACWER07) . the

Salmonella enterica serovar Typhi, Ty21 a, CVD908 htrA, Ty800.

17. Use of attenuated strain of a prokaryotic microorganism of any one of the claims
4 to 10, in the preparation of a medicament for the prophylactic or therapeutic

treatment of papillomavirus infection and associated risk of cancer.
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