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WO 2004/ 094469 PCT/ EP2004/ 004345 -1 Tubercul osi s
Vaccine with I nproved Efficacy Description The

w@e@gom469 nventi on rel ates to novel reconbi nanPCT/EP2004/004345

vacci nes providing protective imunity especially
agai nst tubercul osis. 5 Tubercyl.osis (TB) caused by
Mycobacteri um tubercul osis remains a significant

vor 14 s popuraiisku|dsi€ VABM i e et Erficad o

(Kochi, 1991). In many countrl es the only nmeasure for

TB control has been vacci ion wth Mbovis bacille

Cal nette-Guerin 10 (BCG). c"émgl?ﬁl | vaccine efficacy

of BCG agai nst TB, however, is about 50 %wth

extreme variations ranging fromO %to 80 % between
dilfeemspgenti éventioni a¢latesRéehsoeal aécomhingsy .vatiines providing

CoroBEa il BhRly oot BRI of (vurray o

aI , 1996; Hess and Kaufmann, 1993). The w despread
energence of nultiple drug 15 resistant M tubercul osis

stTulprrulesis (1B beaused thbﬁDbacéeriwméubergeimsxsrrcsmameami@mfcant
f@loU%PVﬁbbleFrB M%Cé&ﬁﬁ felf #28% ﬁlul Rl of %ée“ g&%hgﬁpﬁlatlon is

bel on t he group |ntrace
r 8f5e¢ tgétvﬁt?‘ %tyhg'ﬁu{%é? Bfechbs99d). lodoary @@uniﬂe$ tha omly measure

méarr TBhagisteel b o vaesihation %ﬁtham\baﬁ &éﬁ@%alﬁfetféneuenn

d te t

{5 EL T oflp Bl VAR iecy RO REVE Against 5B howevehds about 50
lr\]/f/c Mmacd»dreme van;atmhsarm@ng Ifgmmﬂsﬁﬁt‘d BOC% B@tlv\%en different fi eld

B FRBER R, SeITBL L GG, g, 44- by gent
( RRIINABKRY, tpopryviderB vace:marfmrbeﬂar TB®lcentrdl WiGrral atal., 1996;
I t T

Hes§ édoc‘tK?@lf n, 19?% | ls'll’J Pﬁ@%g@%&%'&%@@o@gﬁ Gf mudtinle drug-
d'@ﬁ'gﬁm %@U{Q?'%éﬁﬁ@lﬂéladdéb@@élﬂy Mﬁdedlnemthe hergent resjurement

|fm‘rmVepTB&Ebmnas©@rér‘i 186883) - Because these nutant
mce | ack MHC cl ass |, functl onal CD8 T cells cannot

develop. In contrast to Mtubercul osis infection,
Oktuberculdsis) teforgs & &heagmbbeo@fnt%eﬂ@latf st that replicate

C\E{t@lﬁ'nfhé h%@%b&%ébg/%% §I&§f ofetrggtf%%c;n\i%cgggbﬁages ﬁws protection
malh@rmr@peamwa&'meilamedmteﬁ inrd@nityl ¢Kawfinenin, Movs). Several
studies in mice and humans, however, have shown that Mycobacteria
stimulate antigen-specific, major histocompatibility complex (MHC) class II- or
class I-restricted CD4 and CD8 T cells, respectively (Kaufmann, 1993).

The important role of MHC class I-restricted CD8 T cells was convincingly
demonstrated by the failure of B2-microglobulin (B2m) deficient mice to control
experimental M.tuberculosis infection (Flynn et al., 1993). Because these
mutant mice lack MHC class |, functional CD8 T cells cannot develop. In
contrast to M.tuberculosis infection, B2m-deficient mice are capable of
controlling certain infectious doses of the BCG vaccine strain (Flynn et al,,
1993; Ladel et al., 1995). Furthermore, BCG vaccination of B2m-deficient mice
prolonged survival after subsequent M.tuberculosis infection whereas BCG-
immunized C57BL/6 resisted TB (Flynn et al., 1993). This differential CD8 T
cell dependency between M.tuberculosis and BCG may be explained as
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prolonged survival after subsequent M tubercul osis
i nfection whereas BCG inmmunized C57BL/ 6 resisted TB

W@ Bdogroouseds al ., 1993). This differential CD8 TPCT/EP1004/004345

dependency between M tubercul osis and BCG nay be

expl ai ned as WD 2004/ 094469 RCGILEP2004/004345 -2

follows: Mtuberculosis antigens gain better access to

the cytoplasmthan antigens fromBCG | eading to nore
prHﬁb@nd\éaum@lbs@sgnﬂgwegam deiten accees doaffe cytoplasm than

dEHY froAP BOG l@éﬂfﬁg%eﬁfdréf anHM&oeMl@Gtéléi%r(F%egentation

I res at M t uber cul osi s
n@'t"?%‘"n Ao RAUTBI. T dransP A ey A5 ceffaativactRes T cell
| rqspeaeéﬁsﬂgleneraiéd oy Mrtu@éreumts aThid aefion QR Ritshily sbported
neo rcul osi,s ra

By e BERRL s 1 e ESiuftod, 5t S8 rpe¥Bnigtioen, ovalbumin, by

(mﬂtaneaus Mtutﬂrculomsgﬁlheﬂhandi@ﬁ mfed:tmm?f arftigen presenting
rdt | uabl e source of antigens

%QWZ? %épf"‘gsi%q tion. Recently, a DNA

vacci ne encoding the secreted antigen Ag85A elicited

MSEC:%'t&f Brdtein8 T M. ﬁlb%ijclﬁ%? & nﬁ‘?ri'ge rae\?élﬁﬁl?lgssﬁﬁ?cé'bfcgnt gens for

ontribute to de
H: f% Presegeaiiana Receslly danl ya%e@.rﬁncadmgthmecreted
lmﬂgunZAgesA ducttbd 9y Cetlass mrr@étﬂbt@daomqerb%uqfes onses in mice

RS bolhuhd B el SEL R S3L 4086 T genera
Aeviderscanis aMulaﬂ!mg tmgtdmnauntization with wecrsted igotein antigens of

qﬂ‘gﬁ% GFd%ﬁs dc@é@rﬁ@?&r&%pﬁé‘ﬁ%ﬁ@%bﬁé ﬁt@/”'B?g%'gs and mice

s(élﬂ"é’tf'é de’BG;'(B, si)%% f %@dafﬂelng et394)o Ameimpartant agoalotowards the

: . .
'd%\/%‘&% fHent/ i Ipﬁ%{}eégxeﬂ!i‘ %B&CIH&.!; bé@%d’o'oﬁ r?e@%e@egﬁgg% Gf% {ovsggment
FIF‘%%ﬁP%%'PHiB' %faﬁmvﬁ? ﬁ@ﬁ@lﬁplaﬂlée[\ﬁéﬁ) ter adaglasm of infected
XPGC! @wsea@eﬁ%lm of i 'p@p’uﬂé@ ra%n(/@é RESH @thé% secreted proteins

pr nt| he esca
Ty FEVES, dass TP&%%@?% SRV G bieDHle e alesady existing
f%@l-snemifm iMrdud esspohse fdripyeventirgsEBL at i on of
listerial antigens (Berche et al., 1987; Portnoy et
al ., 1988). Listeriolysin (Hy), a pore-formng 25
Siher hghagglysesomakt escapgt iy 4i. nmpnosytegm i relprésents ha unique

(e B RO e | RGO AR 4ol oo
A@s?qheaefdabt 1987, Py etk m@/s eusaqmolysmasuy) Arpare-forming
(Gaillard et al., 1987; Portnoy et al., 1988). This escape function was recently
transferred to Bacillus subtilis and to aftenuated Salmonella ssp. strains
(Bielecki et al., 1991; Gentschev et al., 1995; Hess and Kaufmann, 1997). Hly
expression by an asporogenic B.subtilis mutant strain or in Salmonelia ssp.
results in bacterial escape from the phagolysosome into the cytosol of J774
macrophage-like cells (Bielecki et al., 1991; Gentschev et al., 1995; Hess and
Kaufmann, 1997).

WO 99/101496 and Hess et al. (1998) disclose recombinant Mycobacterium
bovis strains that secrete biologically active Listeriolysin fusion proteins. These
M.bovis strains have been shown to be effective vaccines against TB in
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(Bielecki et at., 1991; Gentschev et al., 1995; Hess
and Kauf mann, 1997). Hvy 30 expression by an

w@s@anogeni ¢ B.subtilis nmutant strain or in SaPCRRIDH004345

ssp. results in bacterial escape fromthe

phagol ysosone into the cytosd-of J774

macr ophage-1i ke cells (Bielecki et al., 1991,
Gentschev et aJ ., 1995; Hess and Kaufnmann, 1997). 35
RYSI8) MO BOURP- Hess et al . (1998) di scl ose

reconbi nant Mycobacterium bovis strains that secrete

Rrgama Rt eten Tyl 0t Selriiac P88 Rbgpieps Beo
steains nEseseyaicast-deficient Boeetramgamim an increased Hly activity in

@%ﬂoﬁ&d'/ Q,Q(?LBLHS tuFrm m?p%@é@' ”@mﬁ}%’ﬁ' i the _ endosomal

g to resent |nven was expre
mmhrgag%J@@dmgﬂ@rﬁumagr l@m@ppgote e Further, urease-deﬁcnent

fy dRbins! @r@tmﬁﬁ%é‘iﬁ %bBﬁtcﬂié"ﬁeréss‘é% WRRhSRSS ‘E':oh'trbbute to

aCtIVIt 0 osQne In turn |

IOV
AR eRRan Ffﬁmﬂiﬁﬁ 95 estona h%ﬁ%@ Hrraser @{ﬁeﬁd%g strains have
anl menomrthammm@véﬂ exabcMetoa a"oityt Rerther ittwa s sdgirsingip tfound

Lo 5 AL 4 Ay RS B S TS Borparc
for BC&: parent stiains, and thus amspardietiady exuitaBledos tiheivascination of

er inproved vaccine capacity.
@%ﬁno@éfc?%rﬁ{kaglﬂéfgrp“ singly found 10 t hat

ur ease-deficient BCG strains exhibit an i ncreased

Aaﬁl%rtyaéﬁélft'bﬁﬂ?é) &t lﬁv@znﬁgﬁ; |Baéeﬁhct%héﬁ'c@ﬁ Hfticularly a
hus, ar.e artlfu arr| éjswta f or tl_#g vaccj nation of

Mﬁfﬁﬂlﬂ%@f' 0 e geasg- @?f@?n 2Rk comprisepea recombinant

lﬁ’u@lél%né%d rrrgﬁtgrénen@ooﬁn @cf@osragfggbbud@mmpﬂsimj Kac? at least
coba

Qe HPFEIE R  BElvRRlc. Wiktelrtsib HoRGeRfiie Bpfiin & Sapable of

elrmtmg ag imnfunei resppiasey inep matemab mndi (b) agphagolysbsbeat escape
% rlf‘is %Fe(@&?%@t@gﬁggﬂl |9%agy8%r§f Ex@'gkgng the nucleic acid

rrnemuhas of the lavmtmmMorarmetewbla teacell r,ssczambhﬁ oésemgtg»ng the
Ecs)llyhépil??% %h@fd?rdfe&ow‘&ﬂrfngthﬁ §orm 's%%?@l?ﬁ@'r MAE class I-

eﬁ,gr nucl er c aci ecul e
ed ant 'Q%F%COSF‘EIPQF ably, the cell is capable of
secretlng the fusion polypeptide and/or of prOV|d|ng

e WAl P R il oph el der i 4 . & gram.
neyative ama granapositias badiefintbcallhprefetdbly e.Mycabagteriom cell. The
urease-deficiency may be achieved by partially or completely inactivating one
or several cellullar nucleic acid molecules which code for a urease subunit,
particularly ureA encoding for urease subunit A, ureB coding for urease
subunit B and/or ureC coding for urease subunit C. The sequences of ureA,
ureB and ureC in Mycobacteria, particularly M.bovis and M.tuberculosis and
the proteins encoded thereby are described by Reyrat et al. (1995) and
Clemens et al. (1995), which are incorporated herein by reference.

Preferably the urease-deficient bacterial strain is obtained by deletions and/or
insertions of one or several nucleotides in urease subunit - coding nucleic acid
sequences and/or their expression control sequences. Deletions and/or
insertions may be generated by homologous recombination, transposon
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25 negative or a grampositive bacterial cell,
preferably a Mycobacteriumcell. The

wae@aseHeef i ci ency may be achi eved by parti al | BPCDEP2004/004345

conpletely inactivating one or several cellullar
nucl ei ¢ acid nol ecul es which_gade for a urease
subunit, particularly ureA encoding for urease
subunit A, ureB coding for urease subunit B and/or
unaahondrm@hemswutﬁagﬁfymbunut C. The sequences of
ureA, 30 ureB and ureCin Nycobacteria particularly

M bovi s and M t uber cul osi a t he protei ns encoded
t|ﬁeﬁ“’é§§p%¢'§"3@PEQfPTrBQ(FW(g@VFHheeW sequenps isjpgctivated, e.g.

%}Efﬁépfétr@&tlr@j ap(shf&%é ve&tirﬁbomamumgwcwrmecagedeheiscupied by a

er enc r ef er e ugea

et akes 96 fapdioiniion e aRdtRorel dith gpe wgotor and

| stseeningnsorofsetettionr nsarker-positives| gallsi dewingh air easee negative
d/ t hei

M ine 2 BERGHbaHEy Refrat L 81 (FEZ0CS STor

insertions may be generated by honologous

L@#%&%}bggg&émﬁ?ﬁ@ﬁﬁ@er WE 29 M %Gi@@ell a MtubercuIOS|s cell,

ion or other su

|
rRariedarly | an satteryaied Mitybercuiosis, €gll epb Qe Myqu@cteﬂa e.g.
bl(/ﬁﬁicﬁﬂglmlﬁ,ﬁ%gn‘iaﬂsn pEanettic M.marilum GyMderaituimadr Mgcobacteria

d t C di ted b
F PO P RPar eheh T anst or i ng the tar get cel
with the vector and screening for selection
n‘ﬂi(% ﬂyfggggtfseh}d{&é@' éﬁg@%ﬁ@&ﬂuoﬁ Higngyﬁ’fteqsna? ?éic?g@na%nuclelc acid
cmblecufe teng. theyapcleinacid rmpbtcgkam )‘SEQI I Newli. sThiginucleic acid
I
M%?%%g{eg%rﬂéhéeig %lgnaljﬂé 8étdoﬁ O%‘ q eﬁbg%h@@éﬂﬁsdl - 120), a

or o
Nsaauenseicodigs ﬁ»éenamnogﬁemmam (nwﬁawwaﬁ’ or153), a peptide

rﬂ«@ftéboﬁngnsy ubesb@etrotide 84 degt), he ddey el?@éf(ﬁiduﬁ?g for a

al,. 995)()gla]h§q'f\}/%co act erJ gwgﬁam@fzz;’ rllt 'gg&lde linker

eccmmg feequentei (tnuakaoﬂdamml- e1800)Saq | D sm]ulancé' fncrdlng for a

g%ﬁdﬁb\ g%éhgﬁc@?lf @}ig filgtgf; ?mzﬁ@%ghegggﬁdiﬂg amino acid

csatjuegce i3 shown imBEeyEhNe.2lonai n (nucl eoti de 121 -
153), a peptide |Ilinker coding sequence (nucleotide

154 - 210), a_ sequence codjng for a phagol ysosonal
dml AUGlRiGe Iasid | gentaing atlm; O%eflmmﬁeeg@uﬁt dgmain from a

AlSEptiéd. aHé ﬁﬁnﬁﬁ@@@'ﬂé%o@ﬁﬁﬁ'rﬁ@;‘t ibdeddivad froAB8R)orgalism of
athe g l#leJrs],Cl\(/iycocbo cterﬁJm pre%rably from Mycobacterium tuberculosis or from
Mycobacterium bovis. This domain has a length of at least 6, preferably of at
least 8 amino acids. The immunogenic domain is preferably a portion of a
native Mycobacterium polypeptide. However, within the scope of the present
invention is ‘also a modified immunogenic domain, which is derived from a
native immunogenic domain by substituting, deleting and/or adding one or

several amino acids.

The immunogenic domain is however not restricted to Mycobacterium antigens
and can be selected from autoantigens, tumor antigens and pathogen antigens
such as virus antigens, parasite antigens, bacterial antigens in general and
immunogenic fragments thereof. Specific examples for suitable tumor antigens
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random peptide (nucleotide 1801 - 1870). The
correspondi ng amno acid sequence is shown in SEQ ID

wWO002/094® nucl ei ¢ acid contains at | east one PCT/EP2004/004345

i mmunogeni ¢ domain froma 25 polypeptide. The
I mmunogeni ¢ domai n may be decisved from an organi sm of
the genus Mycobacterium preferably from Mycobacteri um
tubercul osis or from Mcobacterium bovis. This donain
hare bumandtimopfaniigens icheas fieePes dHMpr supRressos ganegproduct

a{ﬂc{lfbée;}%i()&al Thg93 " HHA Qﬁaahécﬂ@rmﬁérehﬁamefaﬁhgahy 8.g. Melan-

b
BRI anmm%b'r&?\@%w &5 abn S SokBRE S faspuitable
' ﬁrlﬁal éﬁd’u%ﬁgfgigfhlﬁg?n tumeoges mt@aﬁegmchm laliméas papilloma virus
derive i ni n . .
SHHGESYt§-Ay 2 n&@?@?l%@ %’ﬁ}i%fr)g@&aﬁg&gﬁk J%\é%e\'/éfl%“za virus
aantigense ieds. inflaenzaninisgeud|eoptotein r(MaetsMoelegb; 1886; Fu et al,,
t 1. ,
B9 Sl RS 8 RO OER, 95 B gens 1
pwﬁdﬁﬁﬂndrﬁﬂ\/g(éiwrersej , 489§ hlass @’h@hs@%%) Precific examples for

2L\t BRE Sparl§ en@né eF‘Iésﬂﬁdlﬁlﬁf‘%rnﬁbeﬁlgdsuch as, liver stage
i mminogeni ¢ fragneénts t

santigen @.%% plrgumggmoﬁé%gggm/@g @@Ifellecxv%n%n?s cp26r or cp29),
Pﬂﬁ?élﬁﬁ’@%dﬂ@ﬂééﬁad arpoRyraols! ﬁmtemt(rrmmnspgmente m’eoﬁme and

cropdagios) ot polBIPL IS ER REY it BNSSitediunt FRReflyd Bloco ot al,

e1 995 Wda'ﬁexomad‘iﬁﬁ' ahtiges syh@s pS&ifrof Fasopdasrad gpndu (Khan et

6??@,4& ﬁ%ﬁjﬁéﬁd %%@Ogﬁt ‘Iégél §§géaﬁé Sxarﬁhfegsfogiﬁ“ﬁ%% Pacterial

vamtl,g;ers ane i lgegioneka cantigens geueh B dvidioE7s¢@e protein from
oﬂr@l?al%nedrﬂéﬂ[)ﬁifd"@ dérshd ﬁ&%&eﬁ‘ggg)g g. influenza

LA eoproteln tsu et at Fu et al.
1997) or retroviral antigens such as HV anti gens,

€TRe :Hﬁ%dﬂ \énﬂc aBkiaie s cﬂﬂ;@ble @fZéhcnﬁTg Qﬁdlrﬁﬁ*\\ané"l@@b@ﬁse in a

et al

e et 1HC PR SARTSRI R £oB SErbedifiad ATRUTS response.
aPtefgaibly, Howeves, thevMamuicggaicl@ormain lgeaap(ab&Aeﬂbllc1tlng aT cell-

CheEiAgES T ok J%Bgéﬁ%‘?? | Rofeeirafly %%géésgpg S5ififéd cps T

(d’éﬂ&%)spossmrozm te threonine and asparagine ri ch

protein (STARP) from Pl asnmodi um fal ci parum (Ai doo et

al . 1995) and Toxopl asma antigens such as p30 from
T'Blmmi@[ﬁﬁlﬂ gapahlp pkielipiting artimmuneo TespRisswisafaore preferably

E&ﬂb&%@yqﬁorﬂ9ﬁﬂﬁ1un§géﬁibf pepfdey e pdiyieptidetallotn  M.bovis or
I%I tu erCU|OSIS or from immunogenic fragments thereof. Specific examples for
suitable antigens are Ag85B (p30) from M.tuberculosis (Harth et al., 1996),
Ag85B (a-antigen) from M.bovis BCG (Matsuo et al., 1988), Ag85A from
M.tuberculosis (Huygen et al, 1996) and ESAT-6 from M.tuberculosis
(Sorensen et al., 1996, Harboe et al., 1996 and Andersen et al., '1995). More
preferably, the immunogenic domain is derived from the antigen Ag85B. Most
preferably, the immunogenic domain comprises the sequence from aa.41 to
aa.51 in SEQ ID No.2.

The recombinant nucleic acid molecule according to the present invention
further comprises a phagolysosomal escape domain, i.e. a polypeptide domain
which provides for an escape of the fusion polypeptide from the
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15 antigens are Legionella antigens such as Mj or
secretary protein from Legionella pneunophila

W@ Bloatgias9 and Horwi t z, 1991). The i mrmunogeni ¢ POTYEPIV04/604345

capable of eliciting an i nmune response in a mamal.
Thi s i nmune response can be agB cel |l -nmedi ated i mune
response. 20 Preferably, however, the |rmunogen| c
domain is capable of eliciting a T cell nedjat ed

i phagolysosepensisfo nthee gytesaldr 46| ynammatiar| gelis. Preferably, the
oﬁgﬁagbfl Célot‘élbﬁfél g%%mdsﬂahn ?eéam ph&gol %ﬁjrﬁarlgébélﬁbb%omam
Swhighis dlesetned kD Gefd g@%f&&"@f)fwggﬁﬁégy.r& ence. More
]‘:[?rgfér&b gﬂ?eﬁelﬁé golysdstrasiCedcap ede?halﬁTIQrderWB‘dl’ftﬂ@E[thé organism
i C, ex

oA OgPESRJ8s RTBEGRONY LR RaAGreama, PEmeR 1 fnegded by
a4 Nguc[bﬂﬂﬁand malthe seleated fgem) (ai)ra)mmMebude$®0@nce comprising
(iioeaReB 2 €1 - 173258 sndPRERFEED NIA (5 e HuGBpige sequence
amhncsmdea for tha! same FwANo 1agid sequencs: as the §equﬁ@pe > from (a),
K]c?eé‘ nﬁﬁleg{lde séagéﬁcdee N?IB z@?quﬁfe@@tr}’n éﬂi%ondltlons with the

omthe a I gen A

I\mﬁquenﬁe eIgf,(bl-he i munogeni ¢ domain conpri ses the
sequrergce from aia 41 to OIaa I51 in SEQID No. 2. 35 The

comhi nant nucl eic, aci d no e
LRERE drorn e divsotae Sefufioes APt 1 Skt Pt dging present

aﬁvétﬁlg)rdaFalabmpnﬁs mcﬁab;am&pbedwerdmsdnybnddmg iherewith. In the
rovi des

PRBSoes Bun ot aB Ry Ranslions Fusm 88 E UBE i Sanb B et al.
i (Malecwlar Claning|A Eboratonamaanal; Sold Sprng b@ﬂ l,@bqra@ry Press
pﬁ@gg} yﬁol%q”?l‘loﬁgcﬁpea Bfﬁeén’&e' W\/\ﬁ {I’Lé‘p?éééht lnventlon the term

sosonal cape described in

U&aygrld@@th@ 1is We%lfra |Pﬁ§k§'¥9 d}ygng[;aggn Ssigna! éi?@eSt'”\/BP Pbserved
PafedralasHing fdrhﬁ\eqﬁ&&%ms tvs@ssb men@/oo@msla’t 5§53C, preferably at

d df t
PSR ri)grrgt oreTese b AR oA o P BRI O 59C apa 0.1
nYcSpscatBs d, Wéfefaﬂl at 6ReC tamd rhomnpreferably aB8¥itA dequence

SR W ot 5008 W SEET NG Wier s

ewashiag doaditibhe is aphagolysosantal @Ggp@mbmam angeding nucleotide
58 pfréféﬁ’egiaaly he%nu‘gbéc?in\én%ﬁ' eotide sequence

|2|ng un conditions with the

A nucleotide sequence encoding a phagolysosomal escape domain as
described above may be directly obtained from a Listeria organism or from any
recombinant source e.g. a recombinant E.coli cell containing the
corresponding Listeria nucleic acid molecule or a variant thereof as described
above.

Preferably, the recombinant nucleic acid molecule encoding for a fusion
polypeptide contains a signal peptide encoding sequence. More preferably, the
signal sequence is a signal sequence active in Mycobacteria, preferably in
M.bovis, e.g. a native M.bovis signal sequence. A preferred example of a
suitable signal sequence is the nucleotide sequence coding for the Ag85B
signal peptide which is depicted in SEQ ID No.1 from nucleotide 1 to 120.
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10 sequence from(a) or (b). Apart fromthe nucleotide
sequence depicted in SEQID No.1 the present

WO poogfop446m al so conpri ses nucl ei ¢ aci d sequencPGI/EP2004/004345

hybridizing therewith. In the present invention the
term"hybridization" is used ag_defined in Sanbrook et

at. 15 (Mol ecular doning. A laboratory nmanual, Cold

Spring Harbor Laboratory Press (1989), 1.101-1.104).

| huetbenr daix eprefdarted teafpree raptidenilioken de tprevided mbetween the
" [ d n
S%@gb%@ﬁ‘b Q&Tsﬁin aHaetﬂe éagﬁgﬂstgh’( &%&é{g’e Pé&tagﬁ Preferably,
heaid paptidelinkeskas arlangih pfimso@tgﬁomnomc&s@ Mareypraferably, a
63e e éﬁ&cﬁilrﬁstgﬁf lmképbx s%bv@&ﬁ SEa] |U RIB' ﬁfrbbh {]L‘i’éle%ﬁlde 154 to
ag* B2 BRI FERRORHINg Mereio@s reasde i degeneration of the
hybnétit godeg Wi th a nucl eoti de sequence as per SEQ ID

No. 1 under such washing conditions is a

phagol ysosomal escape domai n encodi ng nucl eoti de
stheemwieipr adidrmay bey lddaéed wnj actecombimentovect@s Preferably, the

RN SRR B0 BRASEE JeBop 12 B VR ST AR R Ements for

I'n as e di rec
fmlrpatlcm qrianda genganit smtecratlonom mﬁcykarvet:@mauaarﬁreferably, the

Sfidofbifarst: vébtéreé“é-’rﬂﬁé Whuéef@ébldng'ecﬁ@éf{% ﬂ%sbﬁtelnventlon
corre teria nuclel c ac
vaperaivel ﬁ'@%‘a RATRRYPFSigR CORIPAGELBCR, Bhe eame,%snon control

f t Ssqueedi F@f@tabw &h @ixpredgich donte Qé@u@rﬂf@é&t% ih Myc%bactena
usl.on

el P Epdor el e Mnarradiparsemal vaotr or a

svapial sutaple lfmantﬁgranm info me:olh)mosun@e Examhslealof guch vectors
e

R, S0 Rt 1B semorot e

t@#leswprel eot i de sequence coding for the Ag85B signal

peptide which is depicted in SEQID No.1 from

nucl otide 1 to 120. WO 2004/ 094469 PCT/ EP2004/ 004345
@spegt ofdhe peasant dyenkian aurgapeidedcienhhastedal cell e.g.

pai mycasbdctwmwegu Em@feramm\g? g@m PraVided Which comprises
S

FIRRHOS Rgplcrd BOIGRER Aeading griteactysssdH Recape peptide

amn pelypéftide. Eveneil dind phagolysemmaicsswpeommmeaoﬂ polypeptide is

%t%gmehwgnl Qn’(l\&enl e( sﬁFBrE\‘th ﬁ%rlovgngen% oth{he immunogenic

properties is found.

The recombinant bacterial cell which is provided according to this further
ascpect of the present invention may contain at least one further recombinant,
e.g. heterologous nucleic acid molecule encoding a peptide or polypeptide
capable of eliciting an immune response in a mammal. Said further
immunogenic peptide or polypeptide may be selected from Mycobacterium
antigens or, in a wider sense, from autoantigens, tumor antigens, pathogen
antigens and immunogenic fragments thereof. The nucleic acid molecule
coding for the further peptide or polypeptide may be situated on the same
vector as the fusion gene. However, it may, for example, also be situated on a
different plasmid, independently of the fusion gene, or be chromosomally
integrated.
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5 210 or a sequence corresponding thereto as regards
t he degeneration of the genetic code. The nucleic

w@eiod/osy9 be | ocated on a reconbi nant vector. PCT/EP2004/004345

Preferably, the reconbinant vector is a prokaryotic
vector, i.e. a vector containigwg elenments for 10
replication or/and genomc integration in prokaryot| c

cells. Pr ef_erablty the reconbi nant, vector carries th
nSdTpsistnglysi it wes! fesnd dhati a Micobaetesiym call ageprging to the present

GRQERfdHY ﬁh¥ dnl ﬁﬁr@@emléhpé@ls@érﬁ&eeﬁﬁin@ébté@ ell$) e.g. macrophages,

sequence e e uence

S| ore kL 5830 JFe Gak iSRRG el B g conesponding

Wé’cﬂ/@ﬂwy@ébéctenmrcbll aich dyes nof\édmtainthe Teeomisinbint nualsic acid
xtrachronosonal vector or a 15 vector suitable

qucheegratl on into the chronosone. Exanples of such
v‘ém preserdiigvéntionralso refoes tvea pharmbeeutioal chmpesitionradmprising

Tl LNSLARRe. q&@feghwu Séémél?ﬁ?{‘envenl%c% §b‘tﬁfr%lly' Bodbther with

furt+1er aspec resen
upharswceuticallyeaccapiahle rdlhnentcv‘e |qargerg. anc @dﬂlvants Preferably, the

W&ﬁﬁ@éﬁﬁ@ﬁ'lH”ﬁCNHQ Wiy %bltdblénfd\‘l Barifis®atidn its a mammal,

provi ded wh I ses east one nuclelc
I A e 4 e o i fibengs on the
p@’qdi@é? o ithie vaEvipation vebier. pAdesltﬁaImﬂﬁiaye@e? apkiepe@tin desingle

tid t, f
ol RERSHES, o intdfbis, e A oblint, Bisdb8 #BRndS on, various
|parbmeters Qichras the c@tsinahvectondtseifi can thee routetofcadmigistration.
pA&Pﬁfrﬁ%Pat?o‘?F ‘P(? dy rmu&%aﬁ hétﬁfacfér g{‘& ocﬂ P&tk rgstah NGral, gastric,
esent 3 nven con 1ea SULE:
rlatﬁshnaharmctal eragmah@reurmacsgdcgcthm‘éacthscpare\mr@bmp@te (e.0.
kdHb FusP RFddermar, lrﬁﬁérﬂlﬂﬁﬂldrdﬁ\tra%ﬁé\% 8r i‘hfcrapentoneall) might

e |C|t|ng an | mmune response In a mamual. Said furthe
genlc pepti de or pol ypeptide nay be sel ected
from Mycobacterium antigens or, in a w der sense,

o BB 4R e BB 2k "8 R s
n@lcembﬁrmntcbmttergal ﬁ:eli asrdefmedtdhmvepApColdmg)to the first aspect, this
Sﬁ‘%ﬁ%@ﬂé"%v@e 8t§-:"p§“c§ft @ael%'%c}lﬁ& WA evoeeg'ltc%t %%c{é}ﬁ cell,
sparuatuledyoa] Myabagteriusn eell, (fiiladnsedting raj@@@idgnan’y nueleic acid
Zﬁglflcg%ﬁrg%g%@%%c%%% ggﬁmbleﬁém hi&RliébREodiN®a fusion

43
polypeptide comprising (a) at least one domain from a polypeptide wherein

said domain is capable of eliciting an immune response in a mammal and (b) a
phagolysosomal escape domain, and (iii) cultivating the cell obtained
according to step (ii) under suitable conditions. Preferably, a cell is obtained
which is capable of expressing said nucleic acid molecule. More preferably,
the cell is an M.bovis cell.

According to the further aspect, this method comprises the step of (i) providing
an urease-deficient bacterial cell, particularly a Mycobacterium cell, (ii)
inserting a recombinant nucleic acid molecule into said bacterial cell, said
nucleic acid molecule encoding a phagolysosomal escape peptide or
polypeptide, and (iii) cultivating the cell obtained according to (ii) under
suitable conditions.
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-8 Surprisingly, it was found that a Mycobacteri um
cell according to the present invention has an

WO paosagabd ul ar persistence in infected cells, BCOEP2004/004345

macr ophages, which is equal or less than the
intracel lul ar persistence of _.g.corresponding native
Mycobacteriumcell which does not contain the

reconmbi nant nucleic acid 5 nolecule. The present
i ihdesitédyihamathedpéthe preseninventiareceMpeEsecinspoiic atdeast one

;@Pfﬂé} ?é&ﬂnbiﬁéﬂaguééfci J8d 3a6BEuId ) thexbad@hianedll, said further

ove, optional together wth phar eutically.
-resepbinsn: nuFieiR AR, Meleepleaoosing adeRUgR( Polypeptide capable
Rerediieftinigl ah infriéne esupoPsRtin @rmardnal.l i vi ng vacci ne
suitable for admnistration to a mammal, 10 preferably
a human. The actually chosen vacci nation route depends
aRinkihg the peegemt ddvention relatesniata metived farrthe preparation of a living

Adnini strati. Lev ' ' & o] :

e SRR Ry SebiRat 5 £°3fepeutcaly
mﬁaaﬁwemoumaméﬂmpm@nmhcaig/ aheepiable dduentsccarriers and/or
iécﬁﬁ\llgntgr the route of administration. Admnistration

to

a nmucosal surface (e.g. ocular, intranasal, oral,
gastric, 15 intestinal, rectal, vaginal or urinary

thét %o GheV hfgH hfaf It l@l‘eﬁseltﬁd?éﬂc%r(telb&cterial cells, which was

S cu neous, ., I NGl er.nal, nir,a ul ar. rqvenous .

e ERTeR 11 B AT gt mah BOgR B Bl e TWire Vaccine of

rztges epviesenty e ifvientioperis ai pegtitulady meuitablel oforpr agramistation  to
- reco | t C r . S L.ne e . .

S FHRIC BB DI, ey PSRy mon or

tsubjedtepehich gre)treatedi with gmenunosuppregeivecdiegs. In an especially

41y e D 3 0500 DRGSR o o 2

i tiberosdosie waedieg fogimpaunodetigieat $HRI®Es.c aci d ol ecul e
encoding a fusion polypeptide conprising (a) at |east

domai n f I tid rein 25 saj d donmai
6 RBPE RSpRTot PATAGTRRS R SBGRER 5 USSR tumor
artld:c_(de), &g. a?agﬁmfr?sagutihst@midmdder easbefri Iri & still further
cul tivatin ageon. isLe :
CHiStAn R phifieff i sl EMERfap o FED DI vagpiir® bisbd im the
owtterimany fieldhiecth assa vapeibe againstligiedesis nparatubherewosisiar bovine
%P'Egrdmsggul e. Mrre preferably, the cell is an

ovis cell. 30 According to the further aspect, this
met hod conprises the step of (i) providing

The invention will be further illustrated by the following figures and sequence
listings.

Fig.1: shows the protective capacity of rBCG ureC Hly in the aerosol model
of murine tuberculosis. BALB/c mice were immunized i.v. with 1x10°
CFU rBCG ureC Hly, BCG P ureC or native BCG “Pasteur”. 120 days
post vaccination animals were challenged with H37Rv (200
organism/lung) via aerosol. Bacterial load in infected organs (spleen
and lung) was assessed 30, 60 and 90 days post challenge. Each bar
represents 10 animals.

Fig. 2: shows the amount of microorganisms in the lung (Fig. 2a) orin the
spleen (Fig. 2b). Rag1-/- mice were infected with the BCG parental
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an urease-deficient bacterial cell, particularly a
Mycobacteriumcell, (ii) inserting a reconbinant

wokedaeaci d nol ecul e into said bacterial cel PCT/BRI004/004345

nucl ei ¢ acid nol ecul e encodi ng a phagol ysosonal escape
peptide or 35 polypeptide, amp(iii) cultivating the

cell obtained according to (ii) under suitable

condi tions. WO 2004/ 094469 PCT/ EP2004/004345 -9 If

desi r edtrairmeévrer thedrBEGuieC iy strain Guna@mly)o Bactarial laagof the
| nsert iR cfld 6@95%%%&%& gy, 60 ?é‘ﬁh con.

acid nmolecule "'nto the bacte sal urt

ridgodbi nafhomsdheistngwal daFﬁ)P é;éll% n@%ﬁﬁ??@dd‘”ﬁbﬁgﬁjé: asteur”

or pol ypepinddBc@@ahh&re©HIg! i citing an inmne
response in a mammal. 5 Finally, the present invention

relates to a nethod for the preparation of a |iving

VBEEQI IDNo dupr i si stpvstheuiudeotigiet degyueace wbamadeic atid molecule
a pharmaceuti cal

phar maceuti cal | yéée/{:cEgkb%gméléﬁ%uen{memé%%| ers and/ or
adjuvants. 10 Due to the high safety of

Q3B &2 Ci entghaed & aliorl“e“s'pbﬁtzh éﬁﬁh sequence of the
55 e LA T I

enonstrated in two eren
the living v@&&‘?'ﬁ@%mo{% %?fe%'(:e@t qNQéﬂtl on | S

particul arly suitable for admnistration to

Iﬁgfnﬁdﬁfﬁl Entl. sub# ec‘gsi _ﬁ.i.i iugo Sl{f ferin r min a
i mmunosuppnase meddlr ugs. I n an especially preferred
enbodi nent, the |iving vaccine of the present

invention is used as a tubercul osis vaccine for

i tmundda¢tivationtof $hblirease. activityof BEGCHdeltapureGer r ed

enbodi nent, the living vaccine is used as a tunor 20
vacci ne, e.g. .as a vaccine agai nst superf|C|aI bl adder

cancerln ardertodmpreve thepretectiye srpR¢iOTABES sEaN of

the i rbcﬁmémm@ thbhﬁlyl m‘été?ﬂ (\BTGLHNG), ithe Wfeskd Boliiy was deleted.
veteri nary .gJ. as a vaccl ne agal nst

listeriosis, paratuberculos]s or bovine tubercul osis.
25 TheTo obfait aareasd-deheiehtumutemit, Reéyras et al. @dnbiruttbd a suicide

fol I oy Vel fé&‘féiﬁﬁ'lgagduraeqé‘gﬁé: %isrhﬂ)t%ﬁi &9%- kanamycin marker (the
aph gene). Two micrograms of this construct were linearized with Sac |
and electroporated into M. bovis BCG. Kanamycine resistant
transformants were screened for urease negative phenotype (cf. Reyrat
et al., 1995).

2. Construction of the mycobacterial E. coli shuttle expression vector
pMV306:Hly.

To transfer the phagosomal escape function (mediated by Hly of L.
monocytogenes EGD Sv 1/2a), to BCG Pasteur (1173 Ps) delta ureC,
an E. coli-mycobacterial shuttle vector was used. The integrative
plasmid pMV306, a precursor of vector pMV361, allows stable
chromosomal expression of Hly.

A plLH-1-derived 1.7-kb Pstl DNA fragment coding for an hly-hlyA (E.
coli pHiy152-specific hemolysin A) ORF was inserted into Pstl site of
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Fig.1l: shows the protective capacity of rBCG ureC Hy
in the aerosol nodel of murine tubercul osis. BALB/c

wWOorR@e/onase i nmuni zed i.v. with 1x106 30 CFU r BOZEP2004004345

Hy, BCG P ureC or native BCG "Pasteur”. 120 days post
vacci nation animals were chal{genged with H37Rv (200

organi snilung) via aerosol. Bacterial load in infected
organs (spleen and lung) was assessed 30, 60 and 90

days pulasmichpAT 26 el hiEaeduliing gene fusier nodes orihe expesssion of

days nieha _ , : : . _
Ping. (el g AU, Pt SRR STy 406 pecit
m ce wAgebB signal gepiidenThaccapstiughwast termegh pAT261:Hly and its
2004/ @?@%ﬁﬁ Pﬁﬁﬁ?@%&%%éi@ﬁ%@eﬁé%d%? irdingcriyionaP cohtts! of the

r BCG u strain (urea-Hvy). Bacterial 1o f the .
i nf ect@ﬂ’@r@%@hﬁ&?r@ Mg@rg@s %‘g’s&ﬁl&ebﬁy Hggi‘?ggggemgn into
i nf ecuh@rpatr&iatgl p?iymqugrhtesamngiiwaﬂae camcgugft lpW@)G:HIy. The
mce i cted w "Pastepnr’ and r . a_ur ,
e NACTEelES Bf TR e SBREHS inseBfith SEEEIt BotiEubhpbacteria
nucl ei expressiomplasmide wascanalyred.t Thehmagtures &y fusion protein

i nvent . 0N, : e ' '

et d duliivee SobSeft of 36° B O e N RS B 8% 38 B he -
| D No.termiBabpai of thefusivndhabpartiallybelepg-ta &tiya ok kt caltG

H'y strains and tests in a nouse nodel 15 1.

I nactivation of the urease activity of BCG delta ureC

1% or diotedliveBapacity inHbe phejisecinpdel capacity of a BCG
strain containing the Hy protein (rBCGHYy), the
urease_acti vi;%%/ﬁ.vvas d

| et To obtaip a ., .
ur easel BB FPOIEFHOMYES ,P'ﬁgépﬁﬁﬁ%tw%ﬁ ?‘”ﬂ{{'&ﬁg’ﬂ‘?ﬂc'{‘& ap urease
E ui ci deefioientt BCG:shnzlh;iai pastgura(BCEd° gee€) dT ke upstariystain was
anarmny e . : ]

thi s L SeiRRlROE Freo Rl JTH) profdyE’ (ASHEBr s uroase-
el ect r dpfinientenycohastevial stwirs cemparach i pptanial Be§ Pasieur and
L anst BEEPLSteUPIRC fif &I bPurh83a6ercBRRIS ¥3hown in Figure
phenot¥pe (ct. Reyrat ) )

. Surprisingly,” it was found that rBCG ureC Hly induced improved
protection already at early time points (day 30 p.c.) which lasted for the

entire observation period (until day 90).

A further long-term protection experiment with rBCG ureC Hly was
performed. BALB/c mice were i.v. vaccinated with rBCG ureC Hly,
rBCG-Hly or parental BCG and aerosol challenged at day 120 p.i. with
M. tuberculosis H37Rv. RBCG-Hly and parental BCG induced
comparable protection against M. tuberculosis H37Rv by day 90. In
strong contrast, the rBCG ureC Hly induced improved protection
already at early times points beginning at day 30 p.c. Furthermore, this
enhanced protection lasted for the entire period of observation and
revealed a reduction of M. tuberculosis H37Rv load in lung at day 90
p.c. of more than 2 log CFU compared to naive mice, and of more than
1 log CFU compared to mice vaccinated with parental BCG.

Similar results were obtained after challenge with the clinical isolate M.
tuberculosis Beijing. BALB/c mice were i.v. immunised with rBCG ureC
Hly, BCG-Hly or parental BCG and aerosol challenged at day 120 p.i.
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25 et al., 1995). 2. Construction of the nycobacteri al
E. coil shuttle expression vector pMW306: Hy. 30 To

wo can®da69 t he phagosomal escape function (nedi BEEEP19Y4/004345

Hy of L. nonocytogenes EG Sv 1/2a), to BCG Pasteur
(1173 P3) delta ureC, an E.-t®ki-nycobacteri al

shuttl e vector was used. The integrative plasmd

pMV306, a precursor of vector pW361, allows stable

chr ono‘élﬂhd\ﬂ tapprasiosioReiing Ygecingtion with BCG 4G -y induced an

1. 7| K binfiisro @%ofécﬁ@ﬁeé‘galﬁﬁdl\m gtub@fcuﬂ:ik:sh'Béuhigy Alré&dy at early
coi

nto M qn%' S0 e 65 o B e B0 S8 5 eton

-11 pl dayiod pATToimpdretistor vendnation wit earerstab BG®deaccination

the ‘subFBCH U0 BlvoieBC & B0PiGh MR BFEL A o crU M
pept i dibeftidosis Betjingct was terrred pAT261: Hy and its
Xbal - Sal | DNA expression cassette under

transcriptional control of the 5 hsp60 nycobacteri al
pronoter was subsequently used for insertion into the

BEpRtial2 F!.W%Q@nﬁ%ctbﬁsébélh@ﬂMntLIbB?CLﬂ@&ﬁtHS'mv in_guinea-
p 6. H Yy, Ihe sequéence o y-Speciflc
insertionP98es in both nycobacterial expression

pl asm ds was anal yzed. The mature Hy fusion protein

HaB e S PRV s BF P poetalip bl lheRigs s
pemdrelsiugcéptibde antralHhgdelofere. useal fio. test foPvateinatiore capacity of
T8 64 "l R FBR T Herd P SUEURATIUSY ifiiSed with the
or@specste«et Mpezbasteral rvap‘a@e@ﬁrranq BEBE® uir@ tjly orparental BCG, and
ngSight Ef?n 8é wunamu Q\%?ré ashiestet Beﬁ’:@rtﬁé?gsd‘l“ 6hall5ﬁ§e with M.

pro ec IS, urease-

éﬁme@&fﬁﬁr'aﬁmﬂ@s%r‘@ﬁl Jécg;@rpgsﬁgmshowed
%ﬁmlaﬁﬁﬁgﬂaghmJihanra?ﬁ?nars viaothtited @fththe ipagental BCG straln up to

 HhbREeS, 3R ectalsd) Srimab. SoA, SVl rom TB s

dndicated mnthel fabardyofdtodyavdight gaie. poi nts (day 30 p.c.)

whi ch | asted for the

Visual examination of lung and spleen prior to CFU analysis showed that
tubercles on the surface of both organs from BCG-immunised guinea pigs
were much larger and more numerous than those from BCG ureC Hly-
vaccinated animals.

Example 3 Saftey evaluation of BCG ureC Hly

Rag1-/-mice deficient in T- and B-cells were infected with 10° microorganisms
of the BCG parental strain (wt) or the rBCG ureC Hly strain. The presence of
microorganisms in lung and spleen was monitored. Significantly reduced CFU
of rBCG ureC Hly were observed in the lung (Fig. 2a). In the spleen, slightly
reduced CFU were observed after infection with rBCG ureC Hly compared to
infection with parental BCG (Fig. 2b).

Further, the safety of BCG ureC Hly was tested in immunodeficient SCID mice.
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entire observation period (until day 90). A further
| ong-term protection experinment with rBCG ureC Hy was

w@eooftop4redl. BALB/ c mice were i.v. vaccinated WCTEPBO@04345

ureCHy, 25 rBCGHY or parental BCG and aerosol

chall enged at day 120 p.i. wiyg_M tubercul osis H37Rv.
RBCG H'y and parental BCG induced conparable

protection against M tuberculosis H37Rv by day 90. In
sFooibiscputposet SCGIRe mispaveree dtravenpusiycispoculptes edth 107-10°

i e A e b
|a§¢eednn@¢ulmeél avith rthe pearesdalostrains cligdt el say 25 p.i., mice
r pirieslia g fBCE @reCHI din

| ung at ﬁbo?gilv go p.c. of ylr\fé;)urrgwtéggﬁﬁg@ %(ﬁaagé%po?r ed

to naive mce, and of nore than 1 |og CFU conpared to

il hese/mperimeath \detﬂnrm&amu #HhatBBCG BpeCi Hiy Aasrghigher safety

e wth the clinical
g?'}%ﬁ%b%? p%‘éé’ﬁé‘l %§ 'Ig j7ing. BALB/c mce were
.V. imunised with rBCGureC Hy, BCGHYy or

parent al BCG and aerosol chall enged at day 120 p.i. WO
2004/ 094469 PCT/ EP2004/ 004345 -12 with M
tubercul osis Beijing. Vaccination with BCG ureC Hy
i nduced an inproved protection against M
tubercul osis Beijing already at early tine points
(day 30) and lasting for the entire period of
observation until day 90 p.c. Conpared to vaccination
with parental BCG vaccination 5 with rBCG ureC Hy
led to a reduction in the lung of 1 log CFU M
tubercul osis Beijing. Exanple 2 Long-term protection
against M tuberculosis H37Rv in guinea- 10 pips Since
mce are relatively resistant to M tubercul osis
i nfection guinea-pigs as a nore susceptible ani mal
nodel were used to test for vaccination capacity of
rBCG ureC Hy. Qui nea-pigs were subcutaneously
i mmuni sed with the 15 respective nycobacterial vaccine
strain, rBCG ureC Hy or parental BCG and weight
gain as well as CFU were nonitored after aerosol
challenge with M tubercul osis H37Rv. Cui nea-pi gs
i mmuni sed with rBCG ureC Hy showed
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simlar weight gain than aninmals vaccinated with the
parental BCG strain up to day 120, whereas

woorv4weaed nat ed animal s clearly suffered from AGI/EB2002004345

indicated by the failure of body weight gain. Visual
exam nation of lung and spleeqyprior to CFU anal ysis
showed that tubercles on the surface of both organs
from BCG i nmuni sed gui nea pigs were nuch |arger and
nieferences ous than those from BCG ureC Hy- 25

vacci nated ani mals. Exanple 3 Saftey eval uat i on of BCG

ureCHWBORaI-/mcensflment B%"g Ilfs

viideo; Me.deahveanivfe ihlisoBp %ﬁ@ﬁh.@%’&ﬁ ifiga conserved
PatR2hR c§ﬁ1b@héntéV\fo} Peytoteid $Q?mph©6ytél-mdablhgl vaccieeagainst
presenc snms in lung and spl een was

N 18y Zae Léf’@ﬁﬁ#‘?@aﬂ]ﬁ%y reduced CFU of rBCG ureC Hy

were observed in the lung (Fig. 2a). In the spleen,

ML S ERR SySIRACY 4 b s

mbermlnsmamc(ﬂang\mtlz ia) solwhletrhisture of seergted Myspbacierial protein,

U i mmunodeficient SCID m ce. WO
'@ge?}gm‘gg%gc??éﬁ%o% 004345 -13 For this purpose,

SCID nice were intravenously innoculated with 107-108
MARISI9ERAP], FiRlepder, BCB., B&ensty, AL. bhe Nh”g”a@nsa(1%6§5 Recall of

strain. \Were ce,innocul at e

paprgrived EI“F‘HP&Y dFOeB"XH‘RQ%CtE‘rEW 2%‘Lﬁr9”?03'% @gec%n in mice, J.
| Inrognol 21841 38590 r BCG ureC Hy survived until day 150

p.i. (Fig. 3). 5 These experi ments dermnstrat ed t hat

BCG ureC Hy has a hi gher safet ared to the
pBereheaP.,Bedlllatd, al.h., andl $an 0944 87), Intracellular growth of

ﬁ%oﬁlgﬁgtggéﬂg%% R pl%f"e%l{l:f? ite q&“ gf'?nvé' ﬁ‘lnﬁﬁc?é\ﬂ of P dé"ﬂ%edlated

dentification
cionBEtted: nanun@}eﬂﬂé LAt s for a cytotoxic T
| ynphocyt e-i nduci ng vacci ne against 5 malaria, The

feci(l 345Y0l11|c1)8r3r’1an P., Connelly, P., and Portnoy, D.A. (1990), Bacillus
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in mammalian cells, Nature 354: 175-176.
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26 16(%:;, a nucleotide sequence which encodes for the same amino acid
sequence as the sequence from (a), and
() a nucleotide sequence hybridizing under stringent conditions
‘with the sequence from (a) or (b).

6. . The cell of claim 1, wherein the domain capable of eliciting an immune
response is a peptide or polypeptide capable of eliciting MHC class I-
restricted CD8 T cell responses.

7. The cell of claim 1 wherein the domain capable of eliciting an immune
response is from a Mycobacterium polypeptide.
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WO 2004/ 094469 PCT/ EP2004/ 004345 -21 dains 1. A
bacterial cell which is urease-deficient and which

weewpndses a 5 reconbi nant nucl ei ¢ aci d nol eCRCEEP2004/004345

encodi ng a fusion polypeptide conprising (a) at |east

one domain from a pol ypepti d@2 -wherein said

pol ypeptide domain is capable of eliciting an inmune
response in a mamal, and (b) a phagol ysosonal escape
domain. 10 2. The cell of claiml1l wherein at |east one

®el | Thar calr efslaira i whereinthedidomyainncapaile of@ligiting an immune

onr Er9PonsS dicsdydedcifioh , I, MlcobBiei Thditigens . AgBSS
encoMrgbsraplasis)e Ag85BnAdbPVIS). o85S (M tubprcuiasis) apd ESAT-6
cl &l MyiypBREIRIY GArmRaIsjonroRagmEneneaag. domain s

Li*sterra pha ysosonal ‘escape domain. 5. The cell
of claim1l, wherein said phagol ysosonal domain is

?;;3ng%%u%ﬂegfelggnmdth@ér@irﬁﬂieddmlaﬁpcd\patﬁeIoé@ie'dingramimmune
[ sequenc Qnpri.sin enl | -

1722 regponsgdahe ﬁ"@@ i o "('%‘J“‘gwﬁég"ce@éé"ﬂgn%ér eof.
sequence whi ch encodes for the same am no acid

seguence h equ (ic):.a

r@u jnm 8@? ggqﬁ%ﬁgg,ﬁ@ﬁ Ie{gxlr ?@ngﬁ%’bﬁa’%’ﬁ“ﬁ%@ﬁt preceded by a
condisignah peplide beqbenceequence from (a) or (b). 6. The

cell of claim1, wherein the domain capable of

eI|C|ting an i mmune response is epti de or

gl y Jet el afaglaion 1 onhelein:ia PRBlidR-ENKPRIS Ipcateg between the
rest hinfiiffé @Qﬁ?jﬁséeﬁéﬁiﬁ@aa@amd the phyohaddsondal doaiain.

1 wherein the domain capable of eliciting an inmune
response is froma Mycobacterium pol ypeptide. WO
2004 10RA 669 JPGETAIRPAQ AMidioih38&id- Ruclei. adtiemoleicllenis operatively

cl ai R]ié\lédvv\({l? ' $ OxdriEsiBRBhiol @RfiRngeOf el iciting an

I nmu

13. The cell of claim 12, wherein said expression control sequence is active
in said cell.

14. The cell of claim 1 wherein said nucleic acid molecule is located on a
vector.

15. The cell of claim 1 which is a Mycobacterium cell.
16. The cell of claim 16 which is a Mycobacterium bovis cell.

17. A bacterial cell which is urease-deficient and which comprises at least
one recombinant nucleic acid molecule encoding a phagolysosomal
escape peptide or polypeptide.

18. The cell of claim 17, which comprises at least one further recombinant
nucleic acid molecule encoding a peptide or polypeptide capable of

eliciting an immune response in a mammal.

19. The cell of claim 18 which is a Mycobacterium cell.
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response is selected, fromthe Mycobacterium anti gens
Ag85B (M tubercul osis), Ag85B (M bovis), Ag85A

w@ Mosidpascul osi s) and ESAT-6 5 (M tubercul osi BOT/BP20841004345

I mmunogeni ¢ fragnent thereof. 9. The cell of claimS§,
wherein the domain capable of,gliciting an inmune
response i s the antigen Ag85820r an i nmunogeni c
fragnent thereof. 10 10. The cell of claim1l, wherein
the fusion pol ypeptide is preceded by a signa

ot | iffe BFRAER T feuniBhe BedtaciToouis 0, 20 e

eliciting domain and the phagol ysosonal domain. 15 12.

Tﬁ? C?q'xé c8il o? 'cPdqu% OMW hQreW'tHé Hﬁﬁ\laﬁ'l 6r Bébﬂ’de or r polypeptide

['ecule T's era ive I nked an express
cont r eApahie 9é ﬁltmﬁlfﬁn UB@IVPSE}?"S@ isi $plected eqqi;oantlgens

sai d mmreeﬁﬁig@ns C@img auhn ?amnmm@enuebaa@nanamams and
cell., 14. The, cg_ag of . clai m.1 wherein said nucleic

aci d WEDYRQGSNIC TapmeRisieriPfa vector. 25 15. The cell

of claim1 which is a Mycobacteriumcell. 16. The cell
ot s TSI e T o 1 SRS S EOBMSH Sefdne Rl A teast

conproweemnbmaﬁtnuckﬂc anid melesulsi. nant nucl ei ¢ aci d
mol ecul e encodi ng a phagol ysosonal escape peptide or

pol ypepti de. 18, The cell of c] ai m 17, which conprises
b231 oFise calhef Flair ks whictrSRRARE ohsesTating a.eplypeplide encoded

ol echy Saidnk fshsione et deidaholeeliépept i de capabl e of
35 eliciting an imune response in a mamal . 19. The

cell of claim18 which is a Mycobacteriumcell. WO
2204/ DR 4l BXCEIiAB 00 4r023,3Which- Rds 24h irtrecatlaldr pdrsistence in

cel 1 BfecPd idolpPyfobd “BhE, B 4Rl U fessttian e, ffostiuer
or popgreistenogeof snativealdyeohscteriunicellng an i nune

response is selected from autoantigens, tunor

antigens, virus antigens, parasite antigens, bacterj al
ad®i g/érghagmceutlcal composition comprising as an active agent a cell of

claims 1 or 17, optionally together with pharmaceutically acceptable
diluents, carriers and adjuvants.

26. The composition of claim 25, which is a living vaccine suitable for
administration to a mucosal surface or via the parenteral route.

27. A method for the preparation of a living vaccine comprising formulating a
cell of claims 1 or 17 in a pharmaceutically effective amount with
pharmaceutically acceptable diluents, carriers and adjuvants.

28. A method for preparing a recombinant bacterial cell of claim 1 comprising
the steps: '

(i) providing a urease-deficient bacterial cell;

(i) inserting a recombinant nucleic acid molecule into said bacterial
cell, said nucleic acid molecule encoding a fusion polypeptide
comprising (a) at least one domain from a polypeptide, wherein
said domain is capable of eliciting an immune response in a
mammal, and (b) a phagolysosomal escape domain, and



10

15

20

25

30

35

I mmunogeni ¢ fragnents thereof. 22. The cell of clains
1 or 17, which is capable of expressing said at | east

wd eooanstsseconbi nant nucl eic acid nol ecul e. 23. PANEPZDO4/004345

of claim 22, which is capable of secreting a

pol ypeptide encoded by said_gj _|least one nucleic acid

nol ecul e. 15 24. The cell of clalnB 1 or 23, which has

an intracellul ar persistence in infected nacrophages

whi ch (i§) eqodfivating dee eallobtaiped naccasdingutar(ii) under suitable
per si st encecgdiffiornt i ve Mycobacteriumcell. 25. A
pharnaceutlcal conposition conprising as an active

agent a cell of 20 clainms 1 or 17, optionally

t2glet fiRe ndthdd bh@raim%uv\meﬁéuhisawp@émhwq)ow% LIENT S,
carriers and adjuvants. 26. The conposition of claim

25, which is a living vaccine suitable for
aglu nAsmethodnforopeeparings al recorhbimanbrbacteridlneell of claim 17

t | A net hod f th t
o o | v ng I REEMEAsPRL g Tor mil ating & eell of
cl ai ms(i)l orprovidimg a usérserdefiaientdzddtsriaticelict i ve anount
wi th d@zar WﬁEéHl?S‘%Eédbﬂ%ﬁ?ﬂ rgj%#l&cq:lcwﬁﬂlécul& Htb'<BiF bacterial

and a vant s
r econbi nantCallacsaid aycleig| acigr ml%ﬁtﬂﬁ 1erwnlmg 4 miagelysosomal

st eps: (|) ég@ e é’pﬁdgdﬁrp@m gatiapgent bacteri al
ceIILé erI|n ar |natnuce|ca

nol ec ‘éaz;'ing 8 aingd |accerding n@c?@l singey uitable

nol ecul e emnmﬂltrcmsa fusi on pol ypeptide 35 conpri sing

(a) at |east one domain from a pol ypeptide, wherein

said domain is capable of eliciting an i mune response

i 3il.a Thearmethodawfi ¢laim a3 heayoprising oimaertingc ab cledstwone, further

and W@cgﬂgﬂ'{aﬂﬁ% ? %B‘c’ﬁﬁ’ﬂ&@éﬁl@%%‘ghe t%}%téniél'c}ell Said further

cultivatin obt al ned accor
sui t dgF@m E@ﬁamclﬁﬁ% acjgh mqfﬂ@»"ﬁe@ﬂﬁm"nﬁ ac papiide®r polypeptide

wher ejapabRy 6F dlRiting &n RnivuRe Yésporklin a Rammal.

32. The method of claim 28 or 30, wherein the domain or peptide or
polypeptide capable of eliciing an immune response is selected from
autoantigens, tumor antigens, virus antigens, parasite antigens, bacterial
antigens and immunogenic fragments thereof.

33. The use of a bacterial cell according to any one of claims 1-24 for the
manufacture of a living vaccine.

34. The use of claim 33 for the manufacture of a vaccine for immunodeficient
subjects.

35. The use of claim 34 for the manufacture of a vaccine for subjects
suffering from an HIV infection.

36. The use of claim 33 for the manufacture of a tumor vaccine.

37. The use of claim 36 for the manufacture of a vaccine against superficial
bladder cancer.



30. A nethod for preparing a reconbi nant bacteria
cell of claim17 conprising the steps: (i) providing

wa@2umperes defi ci ent bacterial cell; (ii) i nserPCTEPA04/004345
reconbi nant nucleic acid nolecule into said bacteria
10 cell, said nucleic acid nopgcul e encoding a

phagol ysosomal escape peptide or pol ypeptide and
(ii1) cultivating the cell obtained according to (ii)
under suitable conditions. 15 31. The nethod of claim
388 COTRé ILisleoF £IRRRIT 1B tAE MARTRCIORS of 5@:{] e in the veterinary
reconp aant nucleic acid nolecule into t acteri al
cell, i’lgi d further reconbinant nucleic acid nol ecul e
encodlng a peptide or polypeptide capable of
eliciting an i nmune response in a mammal. 20 32. The
met hod of claim28 or 30, wherein the domain or

pepti de or polypeptide capable of eliciting an i mmune
response is selected from autoantigens, tunor
antigens, virus antigens, parasite antigens, bacteri al
anti gens and i mmunogeni c fragnents thereof. 25 33. The
use of a bacterial cell according to any one of clains
1-24 for the manufacture of a |iving vaccine. 34. The
use of claim33 for the manufacture of a vaccine for

i munodeficient subjects. 30 35. The use of claim 34
for the manufacture of a vaccine for subjects
suffering froman HV infection. 36. The use of claim
33 for the manufacture of a tunor vaccine. 35 37. The
use of claim36 for the manufacture of a vaccine

agai nst superficial bladder cancer. WO 2004/ 094469
PCT/ EP2004/ 004345 -25 38. The use of claim 33 for the
manuf acture of a vaccine in the veterinary field.



