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WO 2008/058944PCT/EP2007/062237 - 1 - Microorganisms as Carriers
of Nucleotide Sequences Coding for Antigens and Protein Toxins,

Wg&@ﬁg@@ﬂanufamurmg ‘and Use; thereof Des_crlptlon 5 T%%t}%%% 51%92237
The invention relates to microorganisms as carriers of heterogenedus

nucleotide sequences coding for antigens and protein toxins, a process of
manufacturing thereof as well as corresponding plasmids or expression

vectors. These microorganisms can 10 he used as medicaments, in
PSR G ECIRES Rir 0 i SR DR STROIE: Pisiaghs and
|irfinigioieiasy Bocassas idpredesiisinpromibises dpticnbf

tumor-treatment. A mull5 tiplicity of clinical trials using different

ﬁgroaqhes concentrates on its efficiency in patients. In principle, a
SCODLON. . . . .
s drawn between passive and active immunotherapy. Active

immunotherapy aims at the induction of a vaccine-related tumor-specific
immune response. The latter is currently being clinically probed using
seaagtaiffeibnt approaches. For instance there are so called whole - cell
vaccines, whose feed stock 20 are tumor cells that are either directly

obtalEd SRR PaRSHO(TUEHISERNTOF BerfrePrroRh BpiSragRnaRRUSeNuCleotide
lisrepi¢heceraiogoutsy. Sigeescetld pretdheinussialipioackiveted ditieremiiatbercof
manieylated andhge)agnlisdirthg @Qﬁ%@&aéfﬁ 98&%%$tvﬁé3§%%%?§ghﬁ’sms can

vaccines contain one (or more) tumor-specific anti- gens, parts o .
AT ET G e SBEIRE Em R U B B NP LY aRIN s S0 Bl iapint 25 various

iliotgse vaccines. Normally these vaccines are not isolated, but injected in
combination with an appropriate carrier. Hence, on one hand different
classic adjuvants are utilized, but likewise combinations with biological
igppHRe-stimulants such as cytokines.

Immunotherapy of cancer represents a promising option of tumor-ireatment. A mul-
tiplicity of clinical trials using different approaches concentraies on its efficiency in pa-
tients. [n principle, a distinction is drawn between passive and active immunotherapy.

Active immunotherapy aims at the induction of a vaccine-related turnor-specific
immune response. The latter is currently being clinically probed using several different
approaches. For instance there are so called whole — cell vaccines, whose feed stock
are tumor cells that are either directly obtained from the patient {autclogous) or derived
from appropriate cell lines (heterologous). These cells are then usually inactivated,
differentially manipulated and (re)applied to the patient.

In contrast, antigen-specific vaccines contain one (or more) tumor-specific anti-
gens, parts of the antigen or the specific antigen-coding DNA as well as so called anti-
igiotype vaccines. Normally these vaccines are not isolated, but injected in combination
with an appropriate carrier. Hence, on one hand different classic adjuvants are utilized,
but likewise combinations with biological immuno-stimulants such as cytokines.

For the purpose of immuno-stimulation, approaches are being applied, that contain
antigen associated with immuno-stimutants, such as tetanus toxin. Furthermore, there
exist attempts, applying antigens in combination with dendritic cells. And finally there

are several atfempts with recombinant live-vaccines with viral or bacterial carriers.
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For the purpose of immuno-stimulation, approaches are being applied,
that contain antigen associated with immuno-stimulants, such as tetanus

v@xi ngﬁggﬂgrmore, there 30exist attempts, applying antigens in

combination with dendritic cells. And finally there are several ttermSfs Gtas7
recombinant live-vaccines with viral or bacterial carriers. WO
2008/058944PCT/EP2007/062237 - 2 - 2-Fusion proteins of bacterial
toxing, such as tetanus toxin, shiga toxin, lethal toxin or cholera toxin, as

adjuvaS VRERISRSHRASHPURLIRIINS et olb Taledanes e ching iylinksthal toxin or
irfedtionfon, quiteisoms tintesFeayitry and GleaientsadA99) oAsklitinpalhsinst
nfEAAKIRS e adRRIARd WK AJHAPLRAIRE ARSI AGEIS AR SRS doxins,
ce# surface malecule of 5 tumor cells, are also used In order to srfroy
t;?r&%ﬂ LETRE A Ao SPeRIIAL WRR e SiatAS foA, SHHacSenelRaye of
chimprisellarrenzymasiunitrdadia gesiteindsiedicgslomain, develop their
optimum effect in use as adjuvants (Freytag and Clements, 1999). By
mear%é[tgf"‘tﬁ%%%@éﬁ?&sﬂt@&%ﬂﬂhﬁimﬁﬁuﬁ@w@ﬁéfﬁw S BBtiEMman evaimatic

aftet andeawaleindipairicutaryrafievaopliimytizationiiddien LAdros bl s
thessfiision proteing is odat Bative faxin ' ic.qnd therefore. .
clg\gn%n%tt be %%abllj?shed ingr?zm%s (Hgﬁqgﬁﬁﬁge@gﬁ%é%ﬁ&% 0 @%?ﬁﬁs

offeseal SORL AP AW HABR MR OF BRI thisi B ffratigimEne

raSearch 15
titielpendrveeasd sijn vantesiast iHdonative tosins erin ighst icaremithd erefore

aghpvaricatiesticancides Wit enaymaticaacliviyowhich is responsible for
the toxic effect (Lycke 15 et al., 1992), detoxification cannot be performed
in a étrdightirined wasereéntifug appedes totheqossiatfosiome XN the

thahdametjesetheirensyraaticrad tivine gk Letal \an-
laélffel%? clat atlFJ 1992). In t%ﬁe case g?%#éﬂ%%\%&iﬁ%ﬂp@v%?ﬁ %%é#%%‘%ov nt
e

SXifiRation ara bGPEEE Sor (A EE IS FogenER/arcEi A lopiscftect (Lycke
FEiREs %081 slet@ibalimweann @thel p2R0PeS analsbzightdraeDayiavenith ap-
%ﬂﬁ\?@%mé«@&@ﬁ)m%ﬁ% hpdmadoniaals ﬁ%ﬁf@@%ﬂ&;@%@ﬁmy

e,.abo 1, efficient in on of an antibody response (primarily
r%u%@é%legt ',’v)\(/%?gh’f' Cc&@é]aa!ih ?#é:é ‘ased toxin-related MHC class Il
restricted T-cell support, is the main prerequisite for a mucosal adjuvant
for a vaccine that con- 25 sists of protein-antigen and a fused or
co-alpphedassiof (FrestatpsndDesrents)aitempts of detoxification are pursued

{(Agren et al., 1999; Byun et al., 2001; Eriksson et al., 2004; Kweon et al., 2002; San-
chez et al., 2002), for which, however, the use as mucosal adjuvant prevails {Freyiag
and Clements). Therefore, above all, efficient induction of an antibody response {pri-
marily mucosal IgA), which receive an increased toxin-related MHC class 1l restricied
T-cell support, is the main prerequisite for a mucosal adjuvant for a vaccine that con-
sists of protein-antigen and a fused or co-applied toxin {(Freytag and Clements).

As for cholera toxin, especially its B-subunit (CtxB) is tested as adjuvant since it is
responsible for binding to the GM-1 receptor and does not show toxic effects when
isofated (Holmgren et al.). Protein fusions with CtxB are characterized by primary in-
duction of so called Th2 immune responses. These are T-cell rasponses, which are
mainly characterized by cytokines, such as IL-4 or IL-6, and which primarily cause in-
duction of antibodies, but which do not at all or at most restrictedly iniliate a cellular
immune response, particularly of cytotoxic T cells (CTL) (Holmgren et al.}.
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As for cholera toxin, especially its B-subunit (CtxB) is tested as adjuvant
since it is responsible for binding to the GM-1 receptor and does not show
aracterized by primary induction of so called Th2 immune r(egpét)’fzf)s(g’%n37
These are T-cell responses, which are 30 mainly characterized by
cytokines, such as IL-4 or IL-6, and which" primarily cause in- duction of
antlbodl but ch do not at all or at most restrictedly initiate a cellular
PR et &5 BTG BBt AGECP T BIRIE R gRbRYRFEHCdplsrgnce.
W@@O@BI@B@%@@@W@BQ@@?@&@W eBinactivebatditiamiGinB@sific lympho-

reye@.sml aaieventindyces @@ﬁémﬁ@!@ﬁ@ @%ﬁ@é%ﬁﬁqge{%?é?&%r@M%mgble for
era ce des ribes the depletion or mactg;’:latirﬁ n of anti en specific
Iymp o%(il %%Oln 55? ﬁ:rﬁ'lcérmﬁﬂéje‘l? < B REEl A B approach is

“}%g&]gggggﬁ when isolated (Holmgren et al.). Protein fusions with CtxB a

the rqm&@%@@%‘%ﬁm&fﬁ%Hb%d%ﬁ'%ﬁ&@oﬁ)éﬁ%%%kﬁ%“@Surse%ﬁﬁﬁon of a
E ren e SIn contra%j to mucosal a pllcatlon mtraPerltonea or
i SoEpREARBHF %%Wdéfﬁﬁg%ﬁ Aol Rraplioiexic re-

|ﬁ§g@%9§y§t@rﬂ|@6aed&@tﬂ keslowiliyadfoxicrespensiesidhis magéhsietehisdesfer o
L@@z@e@w@@ al-vaseinatinnddnadel sysiams gefes B&eﬂec@\%%ﬂ@ﬁmed

btained with th
e e AR R kAo BB MR e

thfee ﬁ@éﬁﬁ%@dl@%éeﬁ@&%ﬁeﬂ T Medspaiased i thie. thetelara raekigefow that
therernasting exideRseRihegsatBetioR MWas averdeReHd Iaet@@rihﬁa%% ot

clssis, MAPRYEL I ARYIST ARG aPRIEd arall, Dy only e irec

in e ant geh it igen elns

detoxified toxin are generally ineffective if applied as 15 oral tumor

vaccine. The main reasons are, if present at all, only low induction of a
systéwmigdmpneines ésgrshiosclebvdied iothe cage 0f Gy Biafeivtiohapplied as
%!Q%%rt%%ma‘ﬁé weh asiycionil-saurpsally mRfise@RIBRdY a sys-

ems h2 % e immune responses é%/eta , for'instance, showed
that ﬁasa MM URIZATOn Wit ﬂa‘%@&f%srﬁlgf s tBAYSHOrL R Wegﬁ%qiej{ance
taﬁi@?'kfe‘t&iﬁeﬁﬁepr@fg@n@@&h@@efmieﬁmwuawar@twemgmponses

resp&nﬁ ‘5 %eraﬁ ﬁ/ tolerates erefore inactivates TM cells, whereas
s LSRG S R ARG ok o5 GO} o9 9B BRCL Gramaer
énaimtzed\wmfmlpeﬁmeﬂlsmerw@mmnny prefdued Waylobinduéing a

E@@@%@ﬁ@éﬁae@w@e@w lerévart%wa&i@eﬁw@tn@&ﬂ%@é@mf@&!h@ﬁﬁé/reas
G DT R L
by T-helper cells that predommantly produce |L-4 or IL-6. These cytokines are particu-
larly responsibie for the initiation of antibody production by B-celis, which provide pro-
tection in the case of most conventional vaccines. in contrast, Th1 T-celis mostly se-
crete IL-2 and IFN-gamma, thus cytokines, which play a role in cellular immune re-
sponse. Depending on the objective of an immunization strategy it is of crucial impor-
tance, whether an antibody dominated Th2 immune response (so-called Th2 bias) or a

cellular dominated Th1 response (so called Thi bias) is initiated.

By contrast, systemic induction of a Th1 dominated celiular immune response with
iFN-gamma producing T-helper cells and induction of cytotoxic T-cells (CTL) is indis-
pensable for fumor immunotherapy.
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25 crete IL-2 and IFN-gamma, thus cytokines, which play a role in cellular
immune response. Depending on the objective of an immunization

\nﬁir?@r(%%é& Ig of crucial importance, whether an antibody do

immune response (so-called Th2 bias) or a cellular domlnategﬁgﬁgg}%émﬂ
response (so called Thl bias) is initiated. By contrast, systemic
induction of a TM dominated cellular inithune response with 30

IFN- amma prr?d#cm T-helper ceII and induc %)on ofc totoxjc T-cells

(CTL |s & Mhdispendasie %Pﬁj o ﬂﬁtb%@ﬁa% UMRAES - Especially cholera toxin

260858941 FIOTT ERPGOT 6223 Towgver, thiseofrioriamistitvasithaticoxiisd as

C@f@:ﬁ@&ﬂh@ﬁcﬁ@ﬂ@ﬂé@ﬂiﬁaﬁﬁ@@é@’ﬁ@ GRQISAAORIRE Ch AN RoRLERRE in-
ljuvan I%t to'?'or‘éV%V‘e gllgls E‘HF% gag nIfIC? féy %tteop ted as soorn %

t & toXin 1S detOXI 180, ?Qe arding i i< §EBdRiE 8l 38%%8%%?4 WRifgation.

§fsif§t@$ﬁ|@%‘vé"r’ﬁﬁé§0 TG SRITEsIS i eraip pldapas thaldp 0 Gieiéauly such as
ﬁﬁsdr@pmlé@aﬁ@mcﬁn}d@\&mwHUM@G%K@%@@Q&&QQQ|iﬁ@3l\ﬂ’1h?écepior in

Hﬁ%béﬁém @hsgmreepg{eFu&%roa;%%%f%é%fﬁsasg%ﬁghaﬁ%ev%%aq%g&f particular

Su UnItC ncern@o? expre sion 0 rece tor in the

GRYRES &5 s B0 MR PhRL réfRfbted in an increasing risk of particular
oot SR SRR ISR S BB B amE e BN

may be possible to ge era Ve--10 Yaccines
d@@&ﬁ%ﬁ’éﬂi@ﬁﬁiﬁﬁ%ﬁmét%?@%&ﬁ?fﬁm@éﬁhammgrﬁpﬂ‘bﬁ Rakos|readyready
leen pursisedvwiithetegard Weﬁeﬁtmmlr@&ac@;d@%m@é@aba@ against a

dg,s%saﬁdpa %rfﬁ&gmmqgsac&?({stggtﬁns 3 h;éPefCU'Ogﬁ?m induee

pathogen, an are meant to induce immun yag in ogen

é%’ﬂ?%’%f%@%lt&ﬁﬁ%@%tﬁEﬁ%‘fectlon vaccines, recombinant toxins fused to
15 aﬂ%%p&%fge(%?%)lng%%‘ésgu%ﬁngf Bl NS BB RS e to

using several reco acteria ralns r‘e a mInIS ere ora

éﬁﬂ%‘?%@f& (RRIPIRARUN A GRT ERE. qh%s@%%agn%ejéwém@everai re-
steaibiman|pexptaissedna egombiaantxied blengaithese aprewachestivated

REpAY Rimed alsalefy. 'géﬁ&fafémra&?@asrteﬁ FQéé%é‘%"rE&ﬂ%“%'r%ﬂ%

an antibody response) and, consequent XIn expressing strain

('asfeﬁsg@ﬁieﬂﬁeg@ﬁh?&soawafc%@%%&%ﬁﬂ%f@zmg @@Ia@ Heréntmitse!
tlimdocticaceinesamitotyortperapy A contasurprisinglyioorespesdigg trials

QBaﬂ%dé}ﬂnﬁQQs@Wnég oh RResible-APRICAliRIEREY EOe AL &l A0 v§.c

(C\/ertlev et al., 2001) Frexta% and Clements, 1999; Jackson et al., 1996
ines in tumor iherapy and, hot Burprisingly, corresponding trials do not mention any

such possible application (Reveneau et al., 2002) (Vertiev et al., 2001) (Freyiag and
Clements, 1989; Jackson et al., 1996).

With respect to such infection vaccines, in the course of induction of an antibody
response the toxin does not function as adjuvant, it is the induction of a mucosal anti-
body immune response which prevails. These infection vaccine trials include no or only
a very weak systemic immune response. In conirast to tumor vaccines, such vaccines
do not pursue an induction of cellular immune response, especially of cytotoxic T-cells.
The toxin expressing bacterial pathogens normally show an extraceliular live pattern
and therefore do not contribute to an activation of CTL, i.e. the protection conferred by
such infection vaccines is CTL independent.

The following bacterial strains have been used in the mentioned infection vaccine
trials: recombinant Lactobacilli (Reveneau et al., 2002), Listeria (Vertiev et al., 2001),
Bacillus anthracis (Mendelson et ai., 2005; Mesnage et al., 1999), Shigellae (Anderson
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With respect to such infection vaccines, in the course of induction of an
antibody 25 response the toxin does not function as adjuvant, it is the

QBQH&;}%QRa mucosal antibody immune response which prg@}ﬁﬁmﬁg&z”

infection vaccine trials include no or only a very weak systemic immune
response. In contrast to tumor vaccines, such vaccines do not pursue an
induction of cellular immune response, &specially of cytotoxic T-cells. The

toxin e ing bacterial patho normally show an extracellular live
B S HRTEAG) S T A EHL () AFeABh LR IRt (o e
pibtéBhbr - tenferrdd 1BP8uthTdepttNRRIciNtRIR OTLSalderetaéttcksahet al.,
fallowjing bacterial strains have been used in the mentioned infection

vaccine trials: recombinant Lactobacilli (Reveneau et al., 2002), Listeria
(Vertiev et al., 2001), Bacillus anthracis (Mendelson et al., 2005; Mesnhage

et al,, 1999), Shigellae (Anderson WO 2008/058944PCT/EP2007/062237

- 5 - B0 0 Mo JLRA LR RAI BT MHOREH ) TS AP ST U Rgg By esen-
\iithio (Butksrion etahl. 20995 Chentenal! 1988 iTimuneapathrayebaligen (Sal-

Wﬁ%ilﬁﬂ@@%‘ﬂﬁ@{@@rﬁ@@%ﬂ ebah, éﬁ%@éi? H@@gﬁ[ﬂé}} d{;&i"(‘){?ﬂi‘?gs&ﬂaschet
en n u S Immuyne responses surrace - C o
R e B e R B e Bl B LSt
(Satmiarialia, ShigkllaeoiGaimeiakt Z1082008verertrallicbog8idSaret abses the

1894 Tesebasehirkebalnt 199 8aidrscbanchetial Almd 89 Ay FRBESHI@ected to.
(Sory and Cornelis, 1990), Vibrio (Ryan et al., 1997a), E. coli: (Zhu et al.,

2006)jusdvhevde, b thtskibaditoalrcasebehbaditodns tiemsslvesdid the
reREeasRG heaRRligRA 19 WRICAINEIRMLNRIRSHONSS:ISHrestesifnal sepa-

Thus,, it has to be noted that the toxjns neither functjon_as adjuyants nor.
JSIEIRLERgR1R) inas Moot R Re R L G sh G tRe e
gieogialsdnalnsbpaeas Gretarolotsasheintigaesidreover, fusions proteins
with CT or CtxB were neithe) I’\%eginSerated with these systems nor were they

suggeBRAEERL TR BIHS "R LIBRIBPSEE IR 8RAR AR aRHdIse e R dupion pro-
decarsienpeplididigsiontiorosigrinls Bich peplidicastadtion pighet, Suthoaiision

Hibotsimd d dd@ximy Rt Pa el fasiendaRisinangansisting of a toxin and
a (heterologous) antigen. The primary objective of these studies was to
meré&lyeattaiarachisstineuvhihagectadies was to merely obtain an optimum mucosal

immune response (Tzschaschel et al., 1996a). Induction of a systemic immune re-
sponse was not pursued. Yet if measured at all, analyses of systemic immune re-
sponses were restricted o aniibodies (particularly systemic IgA) only, since protection
in these kind of models is mainly mediated by antibodies (compare e.g. [31]). induction
of a systemic cellular immune response, in particular a cytotoxic T-cell response, is not
described. The fusion with a secretion signal was primarily used in order to increase
the solubility of the toxins and enhance their stability, respectively, since a strong, mere
cytoplasmatic expression often results in the production of insoiuble aggregates
(Gentschev et al., 2002a).

In this respect, some authors observe that fusion proteins with a secretion signal
cause a fast cytoplasmatic degradation (Tzschaschel et al., 1996a), whereas others
observe a stabilization (Orr et al., 1999). The prior art, hence, is contradictory here, So
far, previous experiments with secreted toxins (toxin + secretion signal) are above all
aimed at increasing stability, which obviously was not achieved in all cases.
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immune response (Tzschaschel et al., 1996a). Induction of a systemic
immune re- 20 sponse was not pursued. Yet if measured at all, analyses
ic immune responses were restricted to antibodies (particularly
‘vﬁéﬁéﬁﬁ%ﬁ%@ ) only, since protection in these kind of models EGHARHE7/062237
mediated by antibodies (compare e.g. [31]). Induction of a systemic
cellular immune response, in particular aécytotoxic T-cell response, is not
described. The fusion with a secretion signal was primarily used in order
to increase 25 the solubility of the toxins and enhance their stability,
respesti ' Str re cytgplasmatic expression often results =
e B B R G L0 BLy S50mE3TTH s
ré<5eREseBhBt &l e BB sERIdT SlERISIE R sTatR kR dith Hosbcnstigbiesigniabove
aglcmsew éaﬁ:ﬁymtﬂmﬁ&ﬂﬁgﬁﬁm%ﬁﬁl&&&ﬁ@@b%g@ﬂa HARCAhe au-
SRSeIM lizati al.. 1999). The prjor art,
A e MR s R oo
'ﬁg‘&%‘iﬂﬁ' 8o fti6h)signal) are above all aimed at increasing stability,
whic i chi i ases -6 - . One reason, cerfainly
o e o naany AL AR Hepor
ePHAMEEIB S IRLARIEsaghivg Spatent isen Hadkritey Pheriiteantbatiove! the
allosvishraint (sejettioendecmdeehpdonndipreciow batiekiag AsrH0SHIIR other
Seiatian ' lon via a . .
e S 2 P ST IR 5 v qpicn s
HOUEGEYE THaeL 8 IBHR Rsails dltep i clam S eRER 4gBEP ESRNTAt ST iR is
thelgdivily afsiatdertaicrdsdsatudefinepentyioh gaminadie ariyhaesitatk sides of
phenebunsaltgsationsof the host strain (e.g. increased / decreased
expression of flanking genes). On the other 10 hand the expected
expression level using a single genomic copy is only low, which has a
negative effect on immunogenicity. After all, chromosomal transposon
integAtBREC PERATRYE i Ie, #6ri% senkrRdinlny pengasnny the stability of a se-
spetadhetud@ision® at the sides of the repetitive elements. 15As
mentioned above, the prior art is contradictory concerning the stability of a
se- GFEIEWHAERIBYRLESRYGR, thel sarisHpROAR kelerplagsusra)ligr does not
devretion sfcaibdtenefogolisentigen idpambgsNaye @ahrpeeial benght mithng

regar i icity . 2002: Roland et al., 2005). | .
R e ek & ied o

F IRtRXRIeE S HaiSHRiBRSHAGePR BeensbsAnsss dwiew! Bliehetehseplica-
dical- afighieatimraAl) tihel appitcatipnosah@ppicasicery [RievendoeRetRBIHhINS .
guestion (Roland et al., 2005).

Eventually, studies with a gram-positive strain (Lactobacilius plantarum) which pro-
duces tetanus toxin showed no significant difference in induction of a systemic antibody
response compared to strains that secrete the toxin, present it bound to their mem-
brane or contain the toxin cyioplasmatically (Reveneau et al., 2002).

Systemic cellular immune responses, in particular cytotoxic T-Cell responses, and
the resulting protection, were not studied nor described.

The above cited prior art of toxin-based infection vaccines thus cannot declare if a
secretion of toxin used as adjuvant represents an advantage, concerning the induction
of a systemic (cellular) immune response. All the contrary, above cited studies rather
point the stability problem out and mention the missing benefit of a secreted heterolo-
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Eventually, studies with a gram-positive strain (Lactobacillus plantarum)
which pro-  duces tetanus toxin showed no significant difference Ln

i a systemic antibody 25 response compared to strains that
secre%l}e(3 gﬁ%%oxixr/], present it bound to their mem- brane or cortaiftAY ek
cytoplasmatically (Reveneau et al., 2002). Systemic cellular immune
responses, in particular cytotoxic T-Cel fesponses, and the resulting
protection, were not studied nor described. The above cited prior art of u
SR HREB R OCHIRIG RS RASS BTG ebFfsstiipscsisrali wdn ansthetrsplegous anti-
t@ein asedostad]deantrepresenisasdadvantage, concerning the induction
of a systemic (cellular) immune response. All the contrary, above cited
studies rather point the stability problem out and mention the missing

b it erolo- 0 2008/058944PCT/EP2007/062237 - 7
o B o e T e (kiTear e @ qaiors
nERTR REEES dPtigR AcEral e AN S iroBser aaduestied vaseihevdn the cited

passagies thenbriobaicammpreganiag iibakgeseibes BagirjaliGakiRIard their
WRiChiRRIGSS IR e Rialagausly, Er%o%%f be yeed as infec tl?nmote:r or fu-
vaccings. In the cited examples mainly modi Ications rggard?ndg Re

XPPA AN B QABREEEPioRe!and their solubility were carried out, for

inst i i ression promaoter.or fusion of a toxin to a .
e g o L Bl reLResh ogens
t5' HeReYRRSHGE S AHtRFE f2a%s R givedparaniaesti vedasadiuanie liosamwasses
noglyEreesiastajugont)) thsamercagess antydBrasgienst 2. 2200 58 the

f}giﬁ%@gmﬁp&{{%@ﬂjunctioned as adjuvant and the toxin as proper

antigen. owever, It is important to note, that in the mentioned cases,
expréssieveqfitheitpdnaantigen-geng fusiomeansiait el usivelvdeaks e
H%‘?&W&QA@HQ%&HM &gr‘gﬁu&'exclusively took place cytoplasmatically or perip-
lasmatically. The toxin-antigen construct was neither fused to an additional secretion
signal (which would lead to its complete secretion) nor was it directly secreied.

In the course of these toxin-antigen gene fusion constructs, recombinant E. coli
(Clemens et al., 2004), Bacillus anthracis (Brossier et al., 2000), Shigella (Koprowski et
al.,, 2000; Ranallo et al., 2005; Zheng et al., 2005) and Vibrio sirains (Silva et al., 2003)
were used. For Salmonella (summarized in (Garmory et al., 2002)), too, fusions of CT
variants with antigens (Hajishengallis et al., 1996; Huang et al., 2000) or other toxins
with antigens (Barry et al., 1996; Cardenas and Clements, 1993; Chabalgoity et al.,
1897; Chabalgoity et al., 1996; Chabalgoity et al., 2000; Chabalgoity et al., 1995:
Chacon et al., 1996; Jagusztyn-Krynicka et al., 1993; Khan et al., 1994a; Khan et al.,
1994b; Lee et al., 2000; Pogonka et al., 2003; Schodel et al., 1990: Smerdou et al.,
1996; Ward et al., 1999; Wu et al., 2000) have been described.

In the majority of these cases the main focus was on induction of a mucosal {(anti-
body) immune response and for the induction of a systemic immune response, only
subcutaneous, but not oraf application was chosen [36].

Some work with Salmonella as supporter strain are limited to a mere characteriza-
tion of the sirain (Gomez-Duarte et al., 1995; Jagusztyn-Krynicka et al., 1993), others
only analyze the mucosal and/or systemic antibody response and/or protection (Barry
et al., 1996; Cardenas and Clements, 1993; Dunstan et al., 2003: Hajishengallis et al.,
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15 lasmatically. The toxin-antigen construct was neither fused to an
additional secretion signal (which would lead to its complete secretion) nor

it di . e of these toxin-antigen gene fusion
&V@%n ﬂlsrectly secreted. In the cours geng

CONSErUCES. ‘fecombinant E. coli (Clemens et al., 2004), BacilRISTARAH462237

(Brossier et al., 2000), Shigella (Koprowski et al., 2000; Ranallo et al.,

2005; Zheng et al., 2005) and Vibrio strdins (Silva et al., 2003) 20 were

used. For Salmonella (summarized in (Garmory et al., 2002)), too, fusions

of 8P VAR iR CARLgEIRY (K RE Ayl Rg4s: Ahanog @l HLR94Y dtaglonka et al.,

2000); Grethieteins 1Wih; Mhgens:(Barrpahals éii%@é@@é?&)?é%\gﬂgq inciden-
: »Shabaldait . .-:Chabalgoity ef al. : )

gﬁﬁﬁ@%@ﬁ 5000; hfbﬁ%ﬁﬁ?ﬁ?&%ﬁf%ﬁaxé‘é‘tn"‘?é’{ba%lf” gygusively

Jﬁﬁ%%ég/ﬁi%&ﬁw?&%f%ﬁa,Sw@@fﬁ%f%iﬁf@‘t'mlm@épmwmamg%mgmmc

Léc el 520665, Pegpnikcbetaki20a8; Schodel et al., 1990; Smerdou et

al., 1996; Ward et al., 1999; Wu et al., 2000) have been described. In the

majolity'6fAiFe {8 B AT R AR R LS PAYIBH iRRIGRNBHHTS ARnsbeatotential

(ant-abedyjrionrumscespdrse and formthedadiiction ef SR Ris HBIWIE sot

rSSRRMBE: P RIYSLBGURANLOYS  RULROL IR Application was chosen [36].

30Some work with Salmonella as supporter strain are limited to a mere
characteriza- tion of the strain (Gomez-Duarte eta!,, 1995;
Jagusztyn-Krynicka et al., 1993), others only analy;e the mucosal and/qr
systémRSUgRIIea Rl dpivide Hrigrbmsrareion(iBberynet e B80G)se studied ap-
Gezdeoas ancCamenisn m,scdmma.smem@kes%%@él éé"@%’ﬁhﬁp mﬂt?/%@sured
- : ' 97;.Khanet al., 1994a; Khanetal., .
O R b B P R S tugipn o
Wsﬁhié@ﬁ%&ef IreARIEH R ERSEARARY AnHRSION Btimee i arsigéaramssociated
teénTisosspavass usedsangauhich IgG2 exel isideliuse dias TRfackiginses. As
VARSABF e MRIGERICTHE LRI HOKAUPE (ERRRS SR %I%QXeci)g%g%( Sés, whereas
Th2 responses mainly represent humoral antibody-driven responses. Still, those stud-
ies do neither describe tumor vaccines nor do they suggest any use as anti-tumor

agent.

One infection vaccine study based on Salmonella as carrier, which expresses a
tetanus-toxin antigen fusion protein has been realized in dogs. The low antibody re-
sponses that were induced in dogs, show a Th1 bias, regarding the antibody profiie,
hence, a response that rather correlates with a celiular type immune response
(Chabalgoity et al., 2000). Admittedly, dog immunology is only scarcely researched,
and therefore it is not clear to which extent a dog’s antibody profile can give information
about a Tht bias.

Studies in mice, performed by the same group, using comparable constructs, how-
ever showed an antibody profile with the same level for IgG1 as for IgG2a, which would
indicate a mixed Th1/Th2 response.

Interestingly, an existing immunity against tetanus toxin, as it is found in most hu-
mans due to previous immunizations, causes another relatively strong induction of
lgG1, whereas IgG2a is hardly induced. This clearly indicates a distinct Th2 bias
(Chabalgoity et al., 1995). For this reasen, a tetanus toxin based live-vaccine as tumor
vaccine is rather harmful for human use. For it can be expected, that a strong Th2 anti-
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5 T-Cell responses, have not been studied. Therefore, from an
immunological point of view, no conclusions about a potential use as a

&6@&%}6@&@?‘9 can be drawn from those studies, since their focuses were

sef on antibody mediated effects as infection vaccines. 10InV&tERIGHEs2237
that include an isotype analysis of the immune response studied ap- pear

to be more relevant. In fact, cellular imm¥ne responses are not directly
measured. in these cases, but the isotype profile of the antibody response
RS TGRSR RS TRATHE LRETANGHE RhineFerreigbnaeio show a
Artivodyasotypesilikedg@iare associated with Th2 responses and

isotypes like [gG2a are associated with Thl responses. As 15 already
mentﬁ?}dﬂ%*é&i‘"’fﬁ?v?%é%“p%'ﬁ%@é1 Arecceniiiar HomiRareanpTRIRregpBASasnetic
witesbastT hRiresporises mainljuepresenihiamng rat antiady €ridem of an anti-

rgERQRFEsHWHADPRE S l8S %%%EH%B%%%%@ WIneL vaecines oy do

t est an use as antl'tumor agent. ne‘ln e_Ctlon vaccine StUdy,
g S i 20 i S e e By s oiabaribocly
davgenfersionipeotbif hephein wealized)initiogs. The: low anideadyecific CD4*

resRq %%@%ﬁ@ﬁ@ﬂ@%ﬁcmm%ﬂ&q{é@%% ?F-f[l%'amlﬁ% éﬁ&’%%ni%éélﬁﬁcgirvefy,
?antilgbo!;]ja/ mpg@\f,ygékh&nce, a relgdonse tPat rather correlates wi

Immune responee (CHab bR & SUSyou0) efmpEmye desgular IFN-
igffiiolbRsiSshieerarceny reddanchisdcae therefarmiitds datvoledttoon-
whighsextaotaslons mibaf@lya@&&ﬁgyﬁng ive:ifosmate f{}y%@#@em pgﬁ%%fé]’

|QS a1 ies in mice, perfarme e same group, using comp
R RS O & Gt Dl ipiono
186 PTa446e (GePRovRich. whNRD iRldbhteidneiirediTislsPhRee spdrsdular im-
Intere stingiyses) exsstngdmnaupdy against tetanus toxin, as it is found in
most hu- 30 mans due to previous immunizations, causes another

relativeNSTdMginanSroriakedgbat tivhetsies|gGmistalelyyiducesh Fisduc-
cleady dndicaiesyadeistinet hbaibias ik aRloRLY IRlisk, LR%RYckRithiRtigen

t based live-vaccine as tumor vaccine is rather
e R < O T eE S0 AP tSionig P aPaA ey

WEHD 6846580 P PEERPDIPYGyRR SYstEnic cellular immune responses, in

particular cytotoxic T-cell responses, were analyzed. What is more, such cellular cyto-
toxic T-cell responses cannot be concluded from humoral antibedy response and can-
not be detected if the antibody response is Th1/Th2 — composed.

However, it is exacily these celiular cytotoxic T cell immune responses which are
crucial for use in tumor vaccination therapy.

Hence, in terms of toxin-antigen fusions, which are restricted to mucosal infection
vaccines only, the state-of-the-art does not allow any statement about possible use of
any such consiructs as tumor vaccines.

As already mentioned, expression of the genetic fusion constructs is realized with-
out assistance of a secretion system. Toxins and toxin antigen constructs, respectively,
are usually locaied cytoplasmatically as well as periplasmatically, i.e. between the two
membranes. In order to induce an efficient celiular immune response the toxin must be
freely accessible for the antigen-presenting cell (APC). Usually, native toxin is pro-
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body-dominated response is induced in the majority of these patients, who
show a tetanus toxin specific response. Only few studies also analyze
web Iwgﬁ%ggnune response and compare genetic constructs 5&1},
without toxin fusion. In one case, for instance, a fusion of an anti-
with and without tetanus toxin has been compared in Salmonella (Lee et
al.). There, the tetanus toxin antigen fusl8ri construct malnly increased the
tal m'ﬂ?d@( level, whereas the Thl Th2 ije was % Itered Even |
&8 IRific o 8 4 AR RS LP‘[ Eaf PH ‘"dy KERELTEJEHCE2

e a t|g
IWQ&W@?@W&@E?@ES@@@W@W@WW easakelergbacerivean in the
earliersweynbydhasame g&%&@lw@mﬁm -ah@ gammdgvawoegﬂet
meas[u&e(\,j\fegoo ngeé/r%rr g %ﬁlson deraé/}/]gnWIth Stgggtt%wn h
tetanus oxm Bal ffl {gﬁ s Wit cirferaist te coron: Suc as
@’@n?ﬁ\é@'étﬁ@%@@t@ﬂbﬂﬁﬁi@@@%éﬁdmméﬁ%\ﬁéRP@P&I., : Ranallo
et al., ; Zheng et al.) or Vibrio (Campos et al., ; Ryan et al.), did not
analyze isotypes and cellular immune responses, respectively, either. 15In

summmdbr@@\laqgé@@c&rm&m M@&Fﬁ%ﬂﬁ%@g @%FW&‘&%@ HiBon of

|ndu tion of an antibod %rlve moral immune resgonse Indee

éafo%ﬁ“é'%ﬁlbegﬁoéﬁ t%%ee%ﬂ%ﬂ?’?ﬁé%aé E%%’B?SUW&%%
afg@iﬁ@t‘@ww}@ﬂ%r suehthe ) dicetsly\idcretisdirOgaroraecetiat] hollsevbich

yelenicrpRidar TRMINE B RANSE Bf INRE tiesHasQIoHXiE 4-08lb4).
responses, were analyzed. What is more, such cellular cyto- 20 toxic
T-cellhvesperiseseahiissb ewopehatétofriwmnihomoia aumiotydienss ienee multi-
afpel IG@éIQqﬁrlaSéﬂ@t&%ﬁﬁéﬁthﬁﬁé'ﬁ@%ﬁ@%&&S? SRIERH e t&@cseagﬁ@educe
I—ﬂcgwegrenrd it Is ﬁﬁgﬁétg%se i%lslull totox -{h cell immune r onse Th1
which are cradial SETR umor cEﬁInTa{’" 8%5?/9%1'48 f?P?@
dfalgxaehmtigdn insiondlinh fonclinn sextdrasd tto’twmfdbatame&r@rma@cm@l
GDEHY}t Ha@ @ﬂ’i@ﬁfﬂﬂ?ﬁ:ﬁﬁf@@ﬁ)@@ﬁ@i@%iﬂm SiaemeR! @hewts @Q?ﬁ&ﬂ%ﬁ&ﬁﬁum-
en S % @tr‘fléjlgo %g%}é@%@\{ﬁ%ﬂﬂ S area J{n EtIO 5€3s rece tors,
expres Bnetic fUSion construc s |s Te3ized With: 308Ut P
M@téﬁ%@@‘?ﬁ Slris Spasiiaoifean dasetamatpreenitracsel, NK
resiRegtiMehibiare usually located cytoplasmatically as well as
periplasmatically, i.e. between the two membranes. In order to induce an
efficihtce@vage el iaduenssepaséicoxintanint reltebipaceriissiBrebpkilled
the tapsig et espRting eel{(AbYe) ild sualiiinaiivexipEir MHII:Iass | molecules,
which occurs quite frequently in tumors, specific cytotoxic T-cells are ineffective.

07/062237
gen

Hence, in this case, inhibition of NK cells is stopped, and they are able to eliminate
tumor cells directly.

Consequently, it would be ideal if a tumor vaccine induces both components effi-
ciently. There are contradictory data conceming the Th1-Th2 bias of a fused toxin ad-
juvant. As discussed earlier, toxin antigen fusion constructs applied in an isolated fash-
ion obviously induce a strong Th2 polarized immune response. Some authors still de-
scribe a low Th2 bias for live-carriers; other authors see a slight Th1 bias.

However, these data again are exclusively based on non-secreted constructs. In-
duction of innate immunity by means of such kinds of infection vaccines has never
been compared nor contemplated.
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WO 2008/058944PCT/EP2007/062237 - 10 - duced in the periplasm of
gram-negative bacteria. This is sufficient for mere mucosal immune
[ [ i from the periplasm
AhsEsypecause periplasmatic toxins can escape
‘fﬁeﬁ%{?ﬁ and consequently are accessible, too (Hunt andpﬁg% 3'}?5@(12)2;37
This does not count, however, if the carrier targets antigen-presen_tlng
cells outside the colon, such as 5 e.g. Péyer's Patches or lymphatic

organs like lymph nodes or spleen. In principle, two factors are crucial for
the eRoRE oS TRHGH VAR THACRAGHT G e AKALPSHRFGHET B Bmsasa!
o fRelivTh Yagiikeanth bwtleipateines. ddvmptmeritsioitbe dnfiatermonnesponses,
SYStEMrsUeh ré@&ﬁél@fcﬁﬁd Méb?ﬁﬁé% Mﬁﬁﬂ%@i&ﬁﬁﬂ%@fggﬁn%}gﬁ&% the

' rtant role for the efficiency of tumor ther Du y _
D R O o e o0 B d e T deonses s
spslersesdcon multiple levels. Properly activated NK- and gamma-delta T

cells are able to locally produce large amounts of IFN-g_amma. This
interferon, which is also produced by specific Thl polarized T-cells, has

multipiabiaEIN é@lﬁ&@ﬁ?@n@t@é’{&nﬁéa&%{ c%ﬁl&ﬁéﬁﬁ{g@m%itgﬁ of signal-

functi IS thg inhibition of angiogenesis, which cuts off the tumor's

o R T G AR PR 9805 ShdPy B RE TSGR e Gre ot
NK Gelsiporgeshiecisaptdrt ahithiecagopzesivl prOeiassNin@itc(esiléz et al.,
theee) molEes/ias IR RESENLEW A CRlle WRIESNS AR IRItediABIOLA its B-

)

ine, which ind [ totoxic T-cells, tumor cells can be killed
Oy L PRI b o Eoanteho st on s
ctE88 irrResletindd) ibitbrroecuis <fuirarreqrient§rangnitsrs} shetiBs). Even if
Cyieoxiadieciisateisaeiirptivecharesdibiis sassnialiRENIAL MGLRNS$ con-
SR RE AN B ANS IR SlIBIE W LIS BIeP R cance the e

[
25Consequently, it would be ideal iratumor v

C%ﬂﬂ%@‘ﬁﬁseéfﬂate immune system, crucial for tumor therapy, is rather inhibited than
induced.

Other research studies were able to show that toxins like native pertussis toxin (but
not inactive pertussis toxin) efficiently induce components of the innate immune sys-
tem. Regarding immunotherapy against tumors, this would mean that, if at all, native
toxins would need to be employed. However, due to toxicity reasons such kind of ad-
ministration is infeasible. Further, such induction would inevitably lead to a Th2 directed
secondary immune response, which in turn would be deleterious for tumor therapy
(Boyd et al., 2005). Consequently, concerning the induction of an innate immune re-
sponse, ihe prior art does not describe nor contemplates tumor vaccination. All the
contrary, critical analysis of the literature even militates against the use of toxins in tu-
mor therapy.

Interesting, though, is an analysis of the synergistic effect of toxins or their subunits
with other stimulants, such as immune stimulating DNA oligonucleotides with hy-
pomethyiated CpG motives (CpG ODN) (Holmgren et al., 2005) or liposaccharides
(LPS). In the case of LP8 primarily the induction of monocytes appears to be increased
mainly through the B-subunit of the toxins, whereas it is inhibited by the toxin as a
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ciently. There are contradictory data concerning the Thl-Th2 bias of a
fused toxin adjuvant. As discussed earlier, toxin antigen fusion constructs
ied in an isolated fashion obviously induce a strong Th2 polarized

ﬁ%ﬂ#@%@%onse. Some authors still describe a low Th2 bid&gFF2007/062237

live-carriers; other authors see a slight Thl bias. 30However, these data

again are exclusively based on non-secréted constructs. In- duction of

innate immunity by means of such kinds of infection vaccines has never

bﬂaﬂi%mﬁma)ﬂéﬁm’bﬁéﬁ’n 20044, Afrestprivibesio Aedicm exslasively rely

reasoe is¢hdpthitiekistingnigainesiaremueoss] iN AR MRESIRES IROLPS or

lpar ¥acrings -d DEFRIR., M%‘%l%{%f A0 AUNg Les g DR ehon macro-

immune resgo,nses and responses of the inhate immune SyStem were not

i PRETR LA b1 ACt RaG YR TURSOPYRRSA AU Al eliaHask dvgwurs di-

ifgsiynEleospchses is didndispensaljeificarcteresiitiotyitia iaalldielagyompo-

RS PMBSARECAPMANYYsedias inhibitPisof sianaling &?{)@W@ksfu%% s

among others it has been shown, that native pertussis toxin, but not
c?ﬁ'fﬁgr “toxin, is able to inhibit a particular apoptosis pattern of NK cells
(Ramirez et al., 101994). A different research study was able to show that
cholera toxin, but not its B- subunit, blocks specific NK cell functions

(PogQifer atydanGpviativepertissiNRoNsusesdpeseer admhlbiotacticly at-
chemeiaxin ahimp Q’Qgﬁ%ﬁl&ﬁgg'ﬁgfﬁ%ﬁo@é %X’cigz%lsnsli &Mﬂl‘e‘f ter%%?eﬁg%{eﬁe—
h con-

do not deal with tumor vaccination, a'person skilled in"the art woull
CEREERGE 1B RPN Tin{Bi VaRRAAEES RalIRIE R et 2
theprgesHospr e wfithmnifiatedaponsee systbmmesigiatiord amerdnesiapy ot

i%lfﬁib@@iﬂh&%@@ﬁhﬁ&gg%ﬁg'pﬂf@éﬂ@@iﬁ?‘&ﬁ%ﬁ%ﬁ%ﬂ reeh%ga?ottoxici% of

s'%now that toxins like native pertussis toxin (but not inactive pertussis toxi
efti

SENRYTHadRd SRR EHERTR BMARVRITIRIRAnRE siRandhe fifects are highly
Regartingnitrniumstivshapylatiitsrgmboshiswoutdtmeastidoat, Yiegtiad au-
RS BNoWRWA AR R O% FLBRIGYEH K QWENSy %‘a.tﬂst%is%%u.ence, the

rggts%sn%lgcp kiugd of agmtinistrﬁtlgng infeasible. Further, such induction
Would inevitably Tead 'S A2 aird TR ELEBH AR ithAaKie RE&GyERSedetoxified
HieHSvsaeaa/adilv B deleterious for tumor therapy (Boyd et al., 2005).

the induction of an innate immune re- 25

Coniﬁ%ue!ptx, (foncerning , X
spohse. the prior At HoESHOFaSLaeY At euisiembrRsstHs system applied.
VaEehHshaaRRsAl thecesttratyintaitical wacalysmins ticHitdredlneeipeinipiitites
agRINAE H1RUFL0THOXINEIEUMAHEN 53R Y Ice an efficient mucosal immune re-
sponse (Lycke, 2005). However, these studies do not include the development of a
tumor vaccine. In addition, those studies lack information about the induction of sys-
temic cellular immune responses, particularly responses of cytotoxic T-cells, which are
essertial for tumor vaccination.

It has already been shown, that secretion of a heterologous antigen confers advan-
tages for a systemic immune response (Hess et al., 1998). However, the secreted anti-
gens described were not secreted toxin-antigen constructs; toxins or subunits thereof
were not used. The thereby attainable immune responses in a transgenic tumor mode!
were highly limited, too (Gentschev et al., 2005). Indeed, weak antibody and cytotoxic
T-cell responses could be induced in this case, that partially protected from a tumor
progression. However, not only the immune responses themselves, but the protection
itself was limited. Likewise, these tumor vaccination studies lack a comparison with



10

15

20

25

30

Interesting, though, is an analysis of the synergistic effect of toxins or their
subunits 30 with other stimulants, such as immune stimulating DNA
§% lef[}c‘!% otides with hy- pomethylated CpG motives (CpG ODN)

“? gren et al., 2005) or liposaccharides (LPS). In the cas€ oFEBR07/062237
prlmarlly the mduction of monocytes appears to be increased mainly
through the B-subunit of the toxins, whei&as it is inhibited by the toxin as a
- 12 - whole (holotoxin) (Hajishengallis et al., 2004). However, these

SHAIESERIGA STy B MITRE dhp GAMRETRIA SHtige Mstsion carried out in
crestantts] tb twhishystithsiancesdikest RS m@@p&h@%ﬁ@@ﬂt@%ﬁgj%\@&%tud«

F@gnﬁmﬁo@g@m e, o0eaY é?&it utor %“em%iﬁ?%mo h'g&sz Ro-

e an adaptive immune résponse, 0 not att
ée%ngg ese studies have no S|gn|f|cance regardlng the |nduct|on

of compgpenls ole BRI GRiaT e N elsiich..

can attack tumors dire Other stu Ies, ho ever, sho

bR SRAELRY %‘P%rﬂbﬁéﬂm%?%& NehAMEREY BptHisHAL k:ésheg‘é@l dsiviorages of
agrtiginosoxiBxotigen do(dtuhlenratialor 2004pyDEpeadingrarn thstical analysis of
SRR RBACR0SGRONARAES NdICed, although &

suppression of NK cells and Th1 responses thereby mostly occurs
(Michalkiewicz et al., 1999). However, these assays primarily aim at the
analysis of the hepatotOX|C|ty of Enterotoxin A and do not refer to tumor

vacc 17! Rt Stivkay, Ahe2errbtsschrsrifighy els tierscatewniions, elivdcterial

dnkjra, slighbiysangarefdosaicnainvesbthecefteaisny B4 tRSIIBSNRELRM A tive
W@N&%N&@%éﬂ!’?p\%ﬁﬁ 5%% B eslé/d(}?oﬁ{rgﬁ Ce\i/rla\é 41 gn%%‘?%% :i%téfzue

the data do not I’OVI ea re Iction whic S may oCcur |

IR ?W@fSi‘iﬂ%‘%ﬁﬁtﬁgﬁ?@@Eﬁ&@ gefevanthanalraasoriaiehlinapelysaccharide

réstitinseirstrorgbiaepends enditexpartiedlarcsyatace iRpp! et 204n0NRStre
q@ﬁe{%@tmm)gﬂgi_-infection vaccine aims at the local manipulation of

the immune system at the mucosa, in order to induce an efficient mucosal
immEmﬁwﬂspm@Mk%ﬁ%@rdﬂ@W@Bam ﬁ%%&&ﬁ%dﬂﬁ&%onenn
the dRVAICPI AN P& d ?elér&s%gidéé/cfﬂuiar A gstudies 1a elﬁ <Le pro-

formatlon about the induc tlon o stemic mune resp
8 |§P?et§ﬁ@ﬁ§@§f@ﬁ'%wéfb%a@m§mamw@ﬁ %@%@‘éﬁ’?@iﬂ@”ﬁr@mduc%
tihm diseaseiastiomated with the toxin (e.g. only Clostricium tetani produces tetanus

toxin; only Corynebacterium diphtheriae produces the diphtheria toxin}. Both gram-
positive and gram-negative bacteria produce soluble protein toxins.

In general there exist three classes of protein (exo-) toxins: (i) type | foxins (super-
antigens}, that bind to the host cell surface and modulate the immune response but are
not translocated into the cell, (i) type Il toxins (pore-forming toxins), which act on the
host cell membrane and make the hest cell leak and die, and {iii) type il toxins (A-B
toxins), which bind to the host cell via one specific receptor, are translocated into the
cell, become active therein an modify proteins or other compenents of the host cell.

As indicated above, type il toxins, acting intracellularly with regard to host cells,
consist of two components: one component (subunit A) is responsible for the enzymatic
activity of the toxin; the other component (subunit B) is concerned with binding to a
specific receptor on the host cell membrane and transferring the enzyme across the
membrane. The enzymatic component is not active until it is released from the native
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It has already been shown, that secretion of a heterologous antigen

confers advantages for a systemic immune response (Hess et al., 1996).
%o% 2 the secreted antigens described were not secreted toxin-antigen
cons ruc §*{oxins or subunits thereof 30 were not used. The RR&MRRAPI7/062237
attainable immune responses in a transgenic tumor model were highly
limited, too (Gentschev et al., 2005). Indééd, weak antibody and cytotoxic
T cell responses could be mduced in this case, that partially protected

B RiffolSSiaiGroASish i we iz viaelisaly tt i vl iRs kdsmbnssesd cell entry
trmanmaxyesammml protettionifseitwasiysiteslisLiserisen MesedBRting of
vaceRatiomsidias lagk a.£00aaygon with - 13 - non-secreted

constructs. Furthermore, the e comparative studies were not carried out in
the cOmtextef sumosty acainplioni(ldensebaisl 8P harhaesiReoipstifged:
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sBerdtiovisamd, sythineaitedaesarateyiveaaysbisiiensy dsrpetemtilbonds during
adyRiages PERaFSIBdHIX arsatlgg%&eg%ﬁw&%e@tﬁ%mﬁ fhesa egéydo’é%ggé"%f the

contrary, critical analysis of the eX|st|ng literature ra ISagr

IR KL GRoE Y 6B 3 ERIALRIRY Vo Akt 02 OG HenpigT RN AV Tsized as a
tﬁ@@éeawxmmsﬂpeslvﬁdaacf@rmmm(msphmmlmmhamdesml@aab@ prote-

assRCMacagil Lwals of aramsneIaily BiBARSHArand BIRtein
vgmch are elease 8??&1“&%&”61' cells and m g act at tissue sites rembt

from e SH2 meab HHR: PR K bR R SRR At RERgE Toxin
(BPSYhisd ﬁ%ﬁewéﬁéﬂ@iﬁt@tias@fm@mdﬁmdmmmmﬂmm diffnsile of A-
teximsnare 15 referred to as exotoxins. Exotoxins are typically soluble
proteins secreted by living bacteria during exponential growth but in some
cases they are released by lysis of the bacterial cell. The production of the
toxn&: %enerally specific to a particular bacterial species that produces

the Hd S SR TR 1L he@rqeat empese seadrliaviesan;
ProdieasdEipniE 2 Aqxin, ONly Garvpebacterium. diphth erla%g roduces

the diphtheria foxin). Both gram-positive and gram-negative (IBRYC agents

?68 &tg@farﬁle mé’rﬂt@saﬁgsm RYSHErS aﬁ@r@s@gge@m@wmwm tar-
[eEtedro{ exok) doxsirsr(i)ypef Idﬂpht@ﬁa(mme(mntlg@mﬁoﬁkmalaﬁbt@xthe\rapgl;
Gk SIdaRa.AN eemgramﬁwf(aﬁ:@%r;%aﬁﬁeg%gl g frans! %?ée b nei-

into the cell, (ii tgge | toxins (pore-forming toxins a(: £ on
her mention'the use of cholera toxin nor do they show or render obvious secretcorl of

bacteria-delivered toxin-antigen fusion constructs (Michl and Gress, 2004).

Lahiri gives an overview about different bacterial toxins and discuss their manifold
uses. Although the author mentions toxin-antigen fusion proteins he is silent about

cholera toxin and bacterial targeting of secreted toxin-antigen fusion constructs {Lahiri,
2000).

Lavelle et al. disclose molecules of infectious agents as immunomodulatory drugs.
The authors also mention cholera toxin-antigen fusion proteins, but such constructs are

only applied directly as proteins and not by means of genetically modified live vaccines
{Lavelle et al., 2004).

WO 01/74383 is directed to chimeric antigen-enterotoxin mucosal immunogens
and aiso mentions the use of cholera toxin subunits A2 and B. Such chimeric immuno-
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25 host cell membrane and make the host cell leak and die, and (iii) type
[l toxins (A-B toxins), which bind to the host cell via one specific receptor,

“Q;%@Q%&cated into the cell, become active therein an mod|f¥ _{protelns or

other components of the host cell. As indicated above, type]i} SRR 71062237
acting intracellularly with regard to host cells, 30 consist of two
components: one component (subunit A}3s responsible for the enzymatic
activity of the toxin; the other component (subunit B) is concerned with

B8R G TS Sp SRR RS AN th oS P Rinifeh Bl Aembreard @ity
thenagerz iomesadnossdtvshremiprantc e esiZyrmatior dosrygpgnent is not

active until it is released from the native WO B ‘
200808884 PEP ARG DB Y B A ereiidgisknroliomiadan siHgiister the
ateliearyyrhbticadly gative betia ok dueditgrantd cetheptrystapadbilisy - tetiadadxin
B silpnits snay binh e farash %lﬁéﬁngo%\éﬁﬂlpm%éﬁ&tbé?gm%& 3En and

naéve toxm but the are non-toxic. There are a varlety or ways t at toxin

JEBUR ﬁ%%&%ﬁﬁé@i?@ﬂjﬁﬁa@r@ﬁ@iﬂéﬂ"sssﬁtﬁsé’”ﬁ’dlcates that the
toxindgsyihesizeg %@18&% eLed-As R &&Hﬁé%ﬁ%éé}cﬁg@?t gH% ?r‘?‘éo&:ng a

interact at the tar&et cell surface; A-B or A-5B or A

AYBCIAMRS SPELyRtR Sspsasieperstalip: Maggaazﬁ@aaw%%méw
boeads dediripesdenationt andobividinty¢ortheintarget; 5B or 85 indicates that
the binding domain of the protein is composed of 5 identical subunits. AS

or NBYEHGR SR HiHT & /ritReisaiessaRat En dridRiIgpessddmaviaainrgnd
AudinchBigl Gimajinisovbscihmoay dilecse par atiedtibylriaieoh/itcioleavagesal adju-

ExarBlagohafien NG mma%% %Dg@sﬂ&é%@e@f%%& 339‘ inym.

toxin and Tetanus Toxin. Examples of S toxins are

TR AEEHARD PlgHh 20 femoRRTRaY Hiskreren ghal ARRARIx Toxin EF
are nmg?@ﬁa%%z@r&%%%g g%tgﬁro(/%l%ve%]%g&ﬁurw IS aine k rg,('j%%év -

comprise the followin tal descn e the use o actena

SRR IS %@%F&‘p@dﬁ%%%%fe itidpireiveRordy radifcanngEdiscuss or
fuesioer cbmstrsicisssitdedisetosaticaietal ambatieripltaigrimnegrofsiiCerkinsky,
ofsiruct. Use of diphteria toxin (DT), pseudomonas exotoxin A (PE) 20

and clostridium perfringens enterotoxin (CPE) is studied. However, the
authansttier nevtberonErticuy thedSle roé ch aletadexinTensio dapy shevs Oipplica-

fﬁ‘&ﬂﬁa‘ﬁ*ﬂﬂ%&ﬁ&%ﬁ#&%ﬁfe@%ﬁeﬂ%S'%W%E%ﬁje PINALIGEAIHNNE s mucosal
copstructs (Michl and Gress, 2004)
adjuvants the authors are sileni about secreted toxin- antigen constructs and tumor

therapy as a possible field of administration (Freytag and Clements, 2005).

Shaw and Starnbach describe the use of modified bacterial foxins to deliver vac-
cine antigens. However, the article does not meniion cholera toxin and further is limited
to direct application of toxin-antigen fusion proteins for vaccination reasons (Shaw and
Starnbach, 2003).

WO 03/072789 is directed to microorganisms as carriers of nucleotide sequences
coding for cell antigens used for the treatment of tumors. Although the patent document
mentions secretion and use in the field of tumor therapy it is silent about bacterial tox-
ins and fusion proteins at all.

Gentschev, Dietrich and Goebel as well as Gentschev et al. describe bacterial tar-
geting and its use in tumor vaccine development. However, these two documents do
not mention the use of bacterial toxins and fusion proteins in tumor therapy (Gentschev
et al., 2002a; Gentschev et al., 2002b).
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Lahiri gives an overview about different bacterial toxins and discuss their
manifold uses. Although the author mentions toxin-antigen fusion proteins

Wge%jﬁs% Qi 4about 25 cholera toxin and bacterial targeting Ofgieﬁﬁ%%% 062237

toxin-antigen fusion constructs (Lahiri, 2000). Lavelle et al. disclose
molecules of infectious agents as immunomodulatory drugs. The authors
also mention cholera toxin-antigen fusior? proteins, but such constructs are

only applied directly as proteins and not by means of genetically maodified
e VLN 40 RGBS oY o SO RS B ISR HFBL BT DER e D
antigeits eleg otdixia frsimopalyiraptida doEischwid adstetamitions tidigmelefed to
GRS R MAXINS NI £ \ARGLB h Skl CRENREG HRMIEPexMVEses cholera toxin
2(\358/({ 944PCT/EP2 07/(%%223;7- 15 -#ens h weverﬁccome%gls,0 S ous anti-
ANADE R2Kha B VR RS SA A TIRY S190 A S THe e T Ut
raeit eadiclmieraiization dlwnibt s mbsitrepappertifieoiajogizdepcholera toxin
desesihesRRA- ey s RiseMeraaliicadmitant strains Psibenit is dis-

deli fh I ins. ifi d lIs, f
B B R e B R e R o

gelfimisin Hue religiealg Purdie e ivigitrivatiaiashifTéetiend anay-

Infe%llg{.g%hsgant goqydlc}lrkers discuss two vaccine delivery tools — haemolysin A and lis-

teriolysin — that can be used for cell-mediated immunity. However, no protein toxin —
heterologous antigen fusion proteins or co-expression is mentioned (Dietrich et al.,
2003).

Genischev et al. describe the use of the alpha-hemolysin secretion system of Es-
cherichia coli for antigen delivery in the Salmonella typhi Ty21a vaccine strain. How-
ever, the authors do not mention the use of bacterial toxins and fusion proteins in tumor
therapy {Gentschev et al., 2004).

WO 02/47727 is directed to therapeutic agents comprising a B-subunit of a protein
toxin. The document only discloses fusion preteins of CixB and EtxB with viral antigen.

No bacterial vaccine or bacterial vaccine delivery is mentioned.

Cheng-hua S and co-workers describe a gene fusion of cholera toxin B subunit and
HBV PreS2 epitope and the antigenicity of the fusion protein in direct immunization
studies. However, nc bacterial vaccine or bacterial vaccine delivery is mentioned
(Cheng-hua et al., 1995).

Sanchez et al. disclose that cholera toxin B-subunit gene enhances mucosal im-
munoglobulin A, Thi-type and CD8" cylotoxic responses when co-administered in-
tradermally with 2 DNA vaccine (Sanchez et al., 2004). However, in this approach the
authors use DNA as a carrier which acts as a Th1 promoting adjuvant on its own. [n
addition, the proteins are produced by host cells and not delivered directly or via a bac-
terial carrier and are therefore directly available for eukaryotic cells.

WO 01/29233 is directed to chimeric immunogenic compositions and nucleic acids
encoding them. However, no bacterial vaccine or bacterial vaccine delivery is men-

fioned.



WO 2004/018630 discloses recombinant double stranded RNA phages
encoding a double stranded eukaryotic expression cassette. Although
cholera toxin subunit A is mentioned, the document is not of further
relevance. 10Holmgren et al. give a brief overview about the field of
mucosal immunization and adjuvants. They discuss among others the
effects of cholera toxin as mucosal a&j?uvants but do not disclose
RETRIEARS ISR SRRSOV SRR A Y8 YARTINES BHALE wsing -
also silent about tumor therapy (Holmgren et al., 2003). Holmgren and )
baé%é‘ﬂiiﬁ‘&ﬁ?%ls%@w%ya?ﬁf\?@?\}%% St tb Sa iRty AR dECH Becretion
sigiinbslMowevérethiseattivielisafostidoridng amtiinfetitivescopiypapdidbisins and
fufieh istsIss prienderabyious possible uses in the field of tumor therapy
(Holmgren and Czerkinsky, 2005). Another review by Freytag and
Clementgaisclissts Pruedsavarjuliarts ferraeplriatibatinaive-infdativeannot be
estamiretheragy. iAlhoughs chelamitexinismentioned astrucasat 20plication in

RSAYRRLS N AHIDETS-AE, FRRL AROYISRESIRA BN ANIBRD ARSI lSiem, in
and tun?Eortt%erap l?s a p(l)dssm!e flelf%gf ﬁ) ministration (Frgyta%and hict

PAEYRATEAS! ShUES) ! SSHEW LY Sl HSh I MR LR BT HES USRS Fhbifipe which

is Pt wexipe R dEive sverssinkidHiige ke Heneer, thedartele deasrotently

logBadion:chelexasaxsiprandiititheris imiteddrduectiapplicatian afsistant to CTL

re?&%iﬂﬁ@ﬂ%ﬁ%ﬂé@i&?” proteins for vaccination reasons (Shaw and 25
Starnbach, 2003). WO 03/072789 is directed to microorganisms as
carsersiotimucliettidieeseguencascotingforticell @ntigensidisedofar the fused to

(hé’i@%@d!}sﬁ)f#‘a{ffgé?ﬁ pleuehsthe WE?%QR@WB@QF]%%E‘%E&&W%%& and/or

e

and use in t g I is silent about bacterial tﬂxms and
10

S
even..an in 5 s‘g?f'tugé%’g#\eléawl Immun St as wejl_as mucosally
usion pro%elns a¥ a Y%(‘O entsc(ﬁev, Ie%I’ICh ang C%eggl as Weef as

regitiescHER e afrdeSetie DERRRg taPPeRYR%y and its use in tumor vaccine
d%\(}%lggrment. However fth%:{e two doc{ur;qtents %Q;R?t mention the use

ore, secrelion o erologolst antigen- On profeins C
bactenal toxing an usmn% proteins’in Gimor therapy (Gentschev éfmaf.,

despiifng B&PREHETRP BRI TISHINWRS tRSeles dariabteriRepaniispingp sign the

toxirl @self), is said to not only display no advantages over cytoplasmatic expression, but

ins only

to be generally rather unsuitable.

Al in all, neither a tummor therapeutic approach is presented nor were a systemic
induction of a Th1 dominated cellular immune response with IFN-gamma producing T-
helper cells, an induction of CTL nor the activation of the innate immune system
described or achieved, all of which are indispensabile for tumoer therapy.

The present disclosure has the object {o provide novel tumor vaccines by means of
which a strong systemic cellular immune system response is induced and an efficient
tumor therapy can be achieved.

The object of the present disclosure has been surprisingly solved in one aspect by
providing a microorganism as a carrier of nucleotide sequences coding for antigens and
protein toxins comprising the following compenents:



WO 98/23763 discloses Vibrio cholerae cells expressing E.coli hemolysin
B and D subunits along with a fusion polypeptide that includes a
heterologous antigen fused to hylA. Further described is a Vibrio cholerae
vaccine strain that expresses cholera toxin subunit B and a fusion
polypeptide of a secretory signal seqyence, heterologous anti- 5 gen and
choleratoxin A2 subunit. Last, a fusion polypeptide that includes cholera
() toxin B KastmeeuReEaeldn aeAiRIGe peftitnTer & Bt PSR RIGE 18kiRatial
B subymids disxt edeseohdioweves shenpaieatmppiication does not mention
use of a fusion protein of protein toxin plus a heterologous non-protein
{11} toxin alntigeroiretonsmotiserapy. Sietriviiag dos ailerKeps tetris twdn andfor at
vaccipgdelierydepisoxhagmalysiinA and lis- 10 teriolysin - that can be
used for cell-mediated immunity. However, no protein toxin - heterologous
(liantjgen festovpeoteirisadrecsexpeassiondmméntioh&m¢Dimtechaasabrt system
2003),piHeREIESHE Slodeseiitg the sesisibe slphademeatysionent (IR and

secretion system of Escherichia cali for ?ntl en delivery.in the §almo (?I a,.
typhi $3PRAGREHRCEH MO S & &t ! e e
use ofdmactieriabtdkinsamadsisioppdieinoindemmpntnérépya (G ertsuireent (il);

al., 2004)or VRDRIA LY 2448 HEeCiGhIQANREARE UG RISNEIEO BB fon of
B-subunit of a protein toxin. Th_e document or;:ly dlsclose§ Wloneprotelns
of ColtE FAEERESUARYHFR SHIGBRO RS HACRER AV b AP

agpinp elipryismenianes Zbengine S aaren A drsioed o

sion of cholera toxin B subunit and HBV PreS2 epitope and the
antigdfiBigy H1hEiGGe#RsEinh diecEiRRtinFadbrreniiae. fRiedar for
no baigtestalivacyine esbachtriahivacri remetivieryviscmentidried are contained in

(Chquéqsggegmkr?%?@aﬂsﬁggﬁ@ez et al. disclose that cholera toxin

B-subunit gene enhances mucosal im- 25 munoglobulin A, Thl-type and
(IVICar cyfaidicdes pabResdshayeenasinisteres viedarvaaly vaduarbdNr the
vaccine (Sanchez et al., 2004). However, in thi roa . 101 :
DA SO E i LI A ATl ) TP STEE D ton
additisPARBCEI&88IRe A YHEEURAD YRR SRS BN AGY defreHsucaikspggific
or viatgrhscieniabeafitenana sadberiorie diseatheaymitifid eyforpaukpryeiecific,

cells. 30WO Q1/29233 |3 dire ﬁggget&ﬂ%plmeric immunogenic compositions

0]
and nucieic acids
wherein any of components (I} to (IV) can be present either once or several times and if

a component of components () to (IV) is present several times it can independently from
each other be either identical or different; and

wherein the component () and component (I!) are not identical, that is component ()
does not code for at least one nucleotide sequence coding for at least one protein toxin

and/or at least one protein toxin subunit,

The term “tissue cell-specific” in connection with component (IV) in the course of the
present disclosure refers to activation sequence(s) which are specifically activated in
target tissue cells, such as hormone dependent promoters in prostatic tissues for

instance.



encoding them. However, no bacterial vaccine or bacterial vaccine

delivery is mentioned. 17 WO 2007/044406 relates to methods for
stimulating an immune response using a bacterial antigen delivery system
that is based on a SopE bearing type Ill secretion signal. However, the
patent application does not mention the use of bacterial toxins and fusion
proteins in tumor therapy.  In summary, it can be concluded from the
Mhertartthaiabe-ipafincan so Ra-estabitiskeenfiRh e o) hy anD Q4. 1 the

preg%?rlzr &@aaguﬁxr%@mﬂur%ramrs%%%%w %ﬁr&mré @z,wrrgfug% ed in

art
i PoHG Gl BTG R HEILOEP 1P s TR rLApBngaecre

ONGRFRs a crucial component for a successful tumor therapy since tumor

c‘i?rles%%y %ﬂ&?ﬁ?ﬂ%é" SRR cARaLlLY W%ﬁ%%‘ﬁ'&rﬂﬂﬁs* the course of

istantto CT nition an

are re ecogni
e T B ARl B PSS R TRl WS SBF P i
magHRREAERSY SUSY aﬁﬁg@ﬁfﬁ%@ﬁﬁ%%w@qh SRRy BARANAREE SRBGUKRENeS,
for fftsetcaritifoyevernancing deeicisystemic tolerance of the immune system
osal l;rlcted anti dTh2t mune responses.

well as mu I
R B ETRSHeTS! (i BRB0Y EhamRae MV BFocanias o the
Df@aﬂﬁr‘cﬁtrgieﬁrgr@dée;er?o% ﬁﬁ:ttrré'%rﬁ%@eri%@{ﬁhrrfeeébﬁr%a%zﬁﬁ@gaéiyemvawd in
dengiitietinlstisecntig ercorctvetictine tsxieitss|f gishsaddre sritronfyBdis plEyererms
“deAGNBNIBEEARCO\RIICYHORABITSSIC HRIRSSIND, Sullilaibe Janerally iataethe same
meé‘rﬂﬁ&'%'%mh ,%,Lgp}@ueg&rmege%umor therapeutic approach is presented

nor were a systemic induction of a Thl dominated cellular immune
resptgise Withpteklgesnasdigrodecmgdidre pih colsyamemdibtiontiof Cilrse of
theNPEdBe: arbiedion affthe iDRpMmEM WA BYFteBpaaseiifestora6hipvesisalf the
!ymerW@hﬂ@geqiﬁg%?&%g @rferePHQPfPé FQ&U@MQQ@@%&BF@%IOR ZPE@ﬁ%gfg:u!es
Sflosp1e es dhe obiogt to provida novel (mon vgeainge by means of
n Wﬁ’] cha %trong sys?emrc cefular’i muneps stem response ISThdtcedand
Tnethaierunes-themny raocbaasbievet. conthshehienohthepiesestof the

preSipElaRS:0RS ReGE syrpiRingly %83’@&15%@51%vﬂﬁﬂe&teb%%@ﬁ/&g,@ga%twated in

microor a ism asa arrier ofnuc eotrdhaseq epc%codrn for ant rg §
r:eEluEar o . Umor . ian ac: vatron
prot em tox?ns comp rrsrn ollowin com nen s Hred5td

SEQHSE@éﬁd\@%@aaérrééfafeéﬁﬂdvrﬁrrapre%e% @Rﬁ%ﬂﬂ'ﬁ%@‘d%&ﬂﬁ‘é@&nﬁgﬂéﬁ%‘fu'ar
localizRiipst @rxydd-yypesoramutated protein; and (I1) at least one nucleotlde

sequence. codrsg]fora least one protein ern and/or a{l ast rotein
OXIH%%UHI{] C -specr i In connection with component (V) in t e c urse of the
present disclosure refers to activation sequence(s) which are ubiquitously active, such

as constitutively active bacterial promoters.

The term “nucleotide sequence” in the course of the present disclosure refers to
dsDNA, ssDNA, dsRNA, ssRNA or dsDNA/RNA hybrids. Preferred is dsDNA.

The term "antigen” in the course of the present disclosure refers to molecules that
react with antibodies, i.e. that are able to generate antibodies. Some antigens do not, by
themselves, elicit antibody production; only those that can induce antibody production
are called immunogens. For the purpose of the present disclosure, all kinds of known
antigens are intended o be comprised. It is within the knowledge of a person



(1) a) at least one nucleotide sequence coding for at least one transport
system which enables the expression of the expression products of
component (I) and component (ll) on the outer surface of the
microorganism and/or enables the secretion of the expression products of
component (I) and component (ll); and/or coding for at least one signal
sequence which enables the secretion of the expression products of
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or $origh Vé'ﬂﬁ@%ﬁbseﬁ'g a%‘ih‘(@@ﬁé‘ S@rqaengfe Cﬁetb%&%a@r&siamh%e respective
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prefaxél.and/or at least one protein toxin subunit.  The term "tissue
cell-specific”" in connection with component (1V) in the course of the
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in the course of the present disclosure refers to elements which are

specifically activated in cells of the lymphocytic lineage like promoter

MERRerI3nen§lainghh eres@iressioh BreC3dRBIEBURSS ipacieshs @ram-positive
bacjsnien gienelematnts rezpidaiin grilecekpregsiopedis 020 atten atiineHiicetlsmprise
unicEngderparduingiopespecifigndn cemnesiionalitiheosaponain(lys Bdtromyces
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sudes C|f|cal activated in |ﬁfellular context, e n t%nor (:ellge JC j id
UG0St hE3 EXPIES ”%?or?r%r%%‘ é{uéﬂﬁegeﬁﬁeﬁ%é@‘j oh e BCtvAed WitkiRetde
SeqyERFRR AR IBIRE b IRISIIPIERE ©iy EMASPISeHR dRenTe dRifgRerganism.
Preferabiuiacte-The term "non-cell-specific” in connection with component
(IV) in the course of the present disclosure refers to activation
sequence(s) which are ubiquitously active, such as constitutively active
bacterial promoters.  The term "nucleotide sequence" in the course of
the present disclosure refers to dsDNA, ssDNA, dsRNA, ssRNA or
dsDNA/RNA hybrids. Preferred is dsDNA.



The term "antigen" in the course of the present disclosure refers to
molecules that react with antibodies, i.e. that are able to generate
antibodies. Some antigens do not, by themselves, elicit antibody
production; only those that can induce antibody production are called
immunogens. For the purpose of thezqresent disclosure, all kinds of
known antigens are intended to be comprised. It is within the knowledge
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antigens by means of databases and/or experimenta
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o RIEAR ke, Prefened g rolan aptgeng, Sutiher prefaried aie -
heterologoUs antigens or Toreign antigena | & ArTgene WHIGH 4T A carrier,
whishddghisda 16 e retsdetraimalarusrariisen Stiherditekmmure Shastigeps.).
which are not expressed by the respective microorganism of the
disclosure by nature, but are introduced into it by means of standard
mole igt ical meti Ihe te antigen” in t
e e L A AR
(VPRI BE i S EeBr iR o M P QRstRif oh SRiBVEC Bl BIesbP Worspietaing of
“bagistiyens @renfepsistancaciallidengiheproteiasysvhishiaienalseupseferiedeall” and
prefdiSHiGTR) sDREIG QSR 'é}ét]F EOHERS H?aé’g%?&%ﬂgés% Sul%%c:rheé%%itao colfi,
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sniiadiep P SBRRIR B0 RN SR AN B AN ERIORPR AL B i
which are_specific sites of an antigen recognized by an antibody alsg
2SI (o AOn EIRE bt PR EFIora4 nE (R oA e ehvre. defined
mictagataisses. in connection with "protein” in the course of the present
disclosure refer to proteins consisting of either their "natural” dominating
amino acid sequence (encoded by the respective nucleotide sequence)
eins.that have one or,more mutations. in their, aminp acid
L B AT RE RLTET R e Boes S amrpaeaty e
purgessfdhg pecsetiudipriesves pbatReRErPREfe Yy ekt preslad i Epaaiesed
subppeigézsaateotesiy eThE earilementsa Asoraarial raligens dbisi i tRRhprise
eguence encompasses mutations, i.e. itope is
o R B R S B T el Skt
YyPIIREFR600E epitope.  Microorganisms in the meaning of the disclosure
are bacteria, gram-positive bacteria, gram-negative bacteria and
eukaryotic cells, the latter of which comprise unicellular parasites, yeasts,
umor cells and cell line cells, such as Sacharomyces cerevisiae,
S SIS, 5

t
N AL RISICURR. STRRTLESs Ptishe AeAvSH GrroF YalsiarrPaymaetiations is
proyided, YRR miteodriganisme creristrnynasial astiosrriet otftsagioteanttetypé or
mutatesi eotiténsegoetivg scenpioriy (i) (hetekaltgolisno tHE R 0g RBI4EH 06T the
folldRmgniomergenisprotBiraferakly. thasternddiiaAreHaed -WRIhR axtracellular,
rar SIHRAMALRRL D NG HCHIRACRfE N SAaEE AC SRR ANA Aeleled Ot o
rarJFEILEC A10A, 210, 220, Gl b, ey, £ip, photIO)_omp gete e T
e mperature-sens) |E\a4eur?1ru? ok JA0- o IR ARS fecirgenasin:
cel-oxelC RRiRiRistraoeitictiriasios AiierantialianmepiRing ey edmprigiig viral
protgisowdesoamponeats ¢f) tooibias matregesn egattire patiekagteid, fatiiativeancer
testintiavgdulabhACIAIon asigoapiceiN sl AEadRAVereemMeI®in’, wherein
the {RGRIiBA] @%@é@&%ﬁﬁ&@?&%‘@oﬁﬁ%ﬁﬂg SPGB ol Prefered
embodiment, a microorganiSm comprising above components (I) to (1V) is
provided, wherein the microorganism is selected from the group consisting
of "bacterium, gram-positive bacterium, gram-negative bacterium,
eukaryotic cell" and preferably is selected from the group consisting of
"Escherichia spp., Escherichia coli, Salmonella spp., Salmonella typhi,
Salmonella typhimurium, Yersinia spp., Yersinia enterocolitica, Vibrio spp.,
Vibrio cholerae, Listeria spp., Listeria monocytogenes, Shigella spp.,
Shigella flexneri”, wherein preferably the virulence of the microorganism is
attantiated Eirirthear nrefarrad \/ihrio cholerae ic eveliided from abhove

specific parts of molecules tha [ ies according to
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- 22 - glandula mammaria, glandula salivaria, nodus lymphoideus,
glandula mammaria, tunica mucosa gastris, kidney, ovarium, prostate,

ﬁ%%#ﬂgi&a serosa vesicae urinariae and nevus". As for the
p

mutated protein, the mutation may have been oncogenic anaﬁffg? Haas2237
5caused a loss or a gain of its original cellular functions.  Such antigens
perform in the cell the control of the cell gfowth and of the cell division and
K\é&géesented on,the cell membprane of normal cells, for instance by the

HIA LA AR R AR i o e A RhigERYsa s st maria, tu-
OVier-BnsressEt s Spdeificallyinutaied! Sy cemidtativnsearshaveidun oliabriae
ligpitatignsof oncogene suppres- 10 sors or the activation of
proto-oncogenes to oncogenes as a consequence and can be involved
alonésobctmmotalgdvitioieire trexprestiansan thectusearggticsuehtelhave
nlGEN% MERIESERICH: 08 Ungimepanrane Atiymor cells and thus

represent antigens on tumor cells, without however causing an immune
reactiorhaffitigting ghdorumoridisen seeafotie partinatdR appvl en8.466 84 divi-

has-alrepdy %%%%H%%W%&ESE!%QMBP&?{QB‘?W& b8 ARCKRIESRION. 1) the MHG

prOdUCtS of the oncogenes, as an Immunogen 1or tumor vaccines.
iP5 BN gL Rl hiER SR AEBRISIE) AAMRSIY LeORINESESHRS Spe-
inentiomrder).réuaptonsaizucvas e inaisnandragen eeepigaresiiogen-
reseRIPhdacifarsn 6?&%‘95%&8%@5%9&%@&&% é%%%%%éﬁ@@%%’c n be

ERB|B4 TRAIL rece%or FA ha receptor, TGF-beta receptor; 1)
AR ARG PRSI A AR RIRESIONS (RIAR 1YMArRERE.-rRar et anti-
\P899 B/ BR ' VBDOEB-Rank@n8oRaiMv6CEE kinbibetiemaienBaRatens on
L{@Q&Ecgé@,, @ﬁﬁ%ﬁ) N@ﬂ&%&?%éﬁ@?@%%}ﬂ\%%ﬁ%ﬁ %{@&@&ﬁ@?@%@ém
inase domai , , Bel-2, Bel-X, Bcl- -1, brag-1, vic1-1, Al,
B BRI S B0 i e soione Meskenap onsairoteis, o
XHRFESRARA APILAA R Baroiipgera RS aHih proteges bfrthiemoellacypties.
control, such as cyclin 0(1-3), cyclin E, cy- 25 din A, cyclin B, cyclin H,
TR A e R oo e s SHe RS I retor
Gl ATPIqIL30I0H 26 (16 GAADABR I DR RONKoPER Fed@BEN | RGrin
;ﬁ@m@?sdam%@@m@?ge)ﬁ H&%éﬁ@é??@ﬁ@ﬁ%ﬂ R Seh A Sy Bas,
-Jun z :.V) embryonic proteins, such as
carg%%%% ;r:ggptr% gﬁér%?é?ﬁﬁg %o%?éggﬁf:tﬁ%éﬁfrm,&@f?ﬂ%’l\?%& geg-Raf
KRaERS A fiah Schied VB Qrfereohiatimainticriis, Beauch, £ MnrSI0E pibads
W@Gﬂgﬁﬁﬁﬁ RE’OG’W,f%ﬂ?@ﬂ & 50pelikin adeRRHRGHRI BiREEAR. Bﬁ(ﬁgéﬁ';%~
ifi igen: (P, b Id, protein,fyrosinase, R-1, MUC1;
i i S S T R
B B, Fid\Piinfite B shlu Yyinlerdfetal D tis AR XIARHIMBNAR FR, sur-
tyipie, ARHBN L ppidb eii3N2)h inflaliesyese s dy RedR 4o Biamnza ViByschme €icy-
UpmRGgLiEne, RMERU BN AOROPGRRERET /BRI AR pon,
p27, p18, pRb, p107, p130, E2F(1-5), GAAD45, MDM2, PCNA, ARF, PTEN, APC,
BRCA, p53 and homologues; iv) transcription factors, such as C-Mye, NFKB, c-Jun,
ATF-2, Spl; v) embryonic proteins, such as carcinoembryonic antigen, alpha-
fetoprotein, MAGE, MAGE-1, MAGE-3, NY-ESO-1, PSCA: vi) differentiation antigens,
such as MART, Gp100, tyrosinase, GRP, TCF-4, basic myelin, alpha-lactalbumin,
GFAP, prostate specific antigen (PSA), fibrillary acid protein, tyrosinase, EGR-1,
MUC1; vil} viral antigens, such as of the following viruses: HIV, HPV, HGY, HPV, EBV
CMV, HBV, influenza virus, influenza virus type A, influenza virus type A (M5N1} and

3

(H3N2}, influenza virus type B, influenza virus type C; hemagglutinins, hemagglutinin
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H1, hemagglutinin H5, hemagglutinin H7, hemagglutinin HA1 (preferably
from Influenza A virus (A/Thailand/1 (KAN-1)2004(H5N1), hemagglutinin

V{é&l@&freferably from Influ- enza A virus (A/Thailand/1
( <

5064 (H5N1), hemagglutinin HAI2C (preferably from BfHTERI47R62237
virus (A/Thailand/1 (KAN-1)2004(H5N1), neuramidase, microbial anti- 5
gens: p60, LLO, urease etc. Antigens ofadukaryotic pathogens: CSP
(malaria), calflagin g: panosoma), ORB (Leishmania major) etc. In yet
ahothEr g %%@ﬁtﬁ@h%:%%&@m@w'adéaidw@fﬁﬁa@ao%m Influenza
défumitio (% Te pioddetk AMIB LIRS 1 Jclast ans complete g partial pnbigenty-

oé@gal%ﬁméwaﬂawmm%ﬁ@ﬁms?f%@%%&'ﬁﬂ%ﬁ%gag NeOLL),

is sel cﬁﬁed from the roug consisting of the wirig wild-type proteins ‘

R RRGR WAL aﬂ?é‘ﬂiﬁ/ﬁ%gfﬁa‘fﬁ@Ba%ﬁwaeﬁafﬁw%seﬁmb'ai anti-
rgeeptof imidking vese ptorAB@ & redeptoryeRBBHGRBBASFRAdlaria), calflagin
reeRRRGs G, ajbg?j@gﬁrﬁgg%m%oﬂj(é{g;beta receptor, lactoferrin

receptor, basic myelin, alpha-lactalbumin, GEAR, fibrillary acid protein,
tyrosinase, EGR-1, MUC1, 15 c-Rat (Rat-1), A-Rat, B-Rat, B-Rat V599E,
B-Raf V600OE, B-Raf KD, B-Rat V600E kinase domain, B-Raf V600E KD,
B-Ra VHRIERGH REIIGN SRS MBIR & RIS aBRRIRC BIFiEg forhse defini-
damain HKbyidéRadeleiRbe 4 iRas poBekanBetoGrBekidl, BilgbnBragidast one
A B N ST S e
SSRIRHSANESEF E0TBYER Wi Re AROTETeS NS oStk rigatitii or-2/neu, an-
Odc50 /¢rkpiqul BstpRibn 2T nddis itk pE0Zpipd, G E 2icthib), BATERABRBRY,
MﬂMEf&@H@ﬁ Aﬁ@ T'Rj_fgigh?Bc%p%ﬁ@éF%ﬁa?éﬁéﬁm-ﬁ%fé’rﬁﬁ ?é}g tor, ba-

homologues, C-Myc, NFkB, c-Jun, ATF-2, Sp1l, prostate specific antigen
(PR i RBE AE BHR S i, AR BESOREAIAN, B O EMAC MO
NMABHE RefAG B-BaMBGH. B-Ry-F50OE] BRBCHENIAFSIRE (KD G fad SibkER,
é&'\ﬁ/il%.eT&@égn%m&@@m@m%gfﬁaevé_ﬁé}mﬂd&\%dd@lé(anfk%}/alﬂa%’%ié%%/do_

N, inriuenza vir | nz rus e inmuenza virus type
(R B R TR SRR B RSkt . B, Brag:
hleMabd dtinipax. HetRaBgtufeinds 1BieRfadyiuthriaas MybniadésutiaR HRO2,
?QWQ)’@%W—NM éﬂfﬁfﬁﬂ@hh’ﬁ\ﬁm_mdig'iﬂgﬁ%ﬁ\ (Wﬁﬂﬁf @?\E&Fﬂlﬁﬁgﬂziin B, cyclin

) k ) agglutin referably fr uenza

vﬁﬁ@%ﬁ'i’k@aéﬁan(gé%%]%%}If)l(gbg]ﬁlﬂg%%ﬁeg ag% U%Y?IR Aﬁ% pﬁb’ p107,
(P2 ron PR R 24 MG G NA/ AR A . (RKAN-BREDDAKBRIBK, mTOR,
s ancidaselqaiés | C yareis@, CIibh, zatfiagis@ngles @R Boe bty ahtigen

E%ﬂ?ﬁﬁﬁ*%i@%%ﬂe%{@gﬁéﬁ’%ﬁ%‘%@’%ﬁ%’éﬂﬁ%%&%(%? R e

M&gﬁfo% gtl}%éiSQZAPSCA MART, Gp100, tyrosinase, GRP, TCF-4, viral
antigens of the viruses HIV, HPV, HCV, HPV, EBV, CMV, HSV, influenza virus, influ-
enza virus type A, influenza virus type A (HSN1) and (H3N2), influenza virus type B,
influenza virus type G; hemagglutinins, hemagglutinin H1, hemagglutinin H5, hemag-
glutinin H7, hemagglutinin HA1 (preferably from Influenza A virus (A/Thailand/1 (KAN-
1)2004(H5N1), hemagglutinin HA12 (preferably from Influenza A virus (A/Thailand/1
(KAN-1)2004(H5N1), hemagglutinin HA12C {preferably from Influenza A virus
(A/Thailand/1 (KAN-1)2004(H5NT), neuramidase, p80, LLO, urease, CSP, calflagin
and/or CPB”.

In yet another preferred embodiment, a microorganism according to above defini-
tions is provided, wherein the at least one complete or partial antigen of at least one



wild-type or mutated protein according to component (1) is selected from
the group of kinases consisting of the following wild-type proteins and their
%\r!vn/muaants (accession numbers in parantheses): AAK1 (NM 014 Tﬁ;?
AN 004920), ABLL (NM 005157), ABL2 (NM 0051585 CAERA(Kfior237
005781), ACVR1 (NM 001105), ACVR1B 5 (NM 020328), ACVR2 (NM
001616), ACVR2B (NM 001106), ACVRE4 {NM 000020), ADCK1 (NM
020421), ADCK2 (NM 052853), ADCK4 (NM 024876), ADCK5 (NM
17iHPE ATREHEC RIRET0A%S £ NA SRR NGO (b5 FBtRCiAKraniNiv aroup of
Oﬁﬁaﬁﬁ) pé&iéﬁﬂr@xkbﬂtﬁ@ﬂzﬁlﬁ@)n@\&%ﬁtfb%%ﬂ@ém@NM\@Q@@H% (acces-

ALK n@%@ﬂe’ré‘ﬁ?&a?)arﬁ@@s@%@%@}léw HA AT @@W%ﬁg@b NM

AMHR2 (NM 020547§ ANKKJG{%\I\/:M 178510

AR EY i GIBAY BT SAREAR 1 (Ot 88258 NRREVIRING O 8409 5A P \(RiG
5 000OBENIRER ATMRDMBA)) BUER KACHRRIED0B6QD), W'EJ)RNEJHNIM &MB&{?OEO ),
W mn/b@@fgomwe NM 9@5&%9) %@ts @@?&Mp x

43&3%,5% M 017593 BLK M 001

N G e R AN R%mea A2
O@wmy BRARKTMN0983355BROE {W(Wiﬁ@{ﬁlm’ﬁ BRD34G25D), ALS2CR2

W@lhﬁ@D&@MWWQEQEWEMQM%ﬁ*?&gékl»( 932488)0)

o RSO, R RGN SR RS

106459, ERAMDOGING b28FG7IND ANTK BE (NNREZCABODASAMK 2AIRKII (NM
oa@ﬁ&r) WM&@@?MLW@@&M%@Q@%&NM%%@??é&lh" NM

PR B AL

dﬁ%@mm BT TGN DU 204) (18>0 087 18)) B DICRRRP AR 433 2BRD2
15 GRIG42BRB) (&MU@?&B@D?@D@ME{NN!@%&Q@@ %iQNMMcO@’%@Y@RSM
BB R R b
éija@%m L743); s (WM 8038 CeMKif( (#W98452)
ommaap CDKIZDERF), 0RBA4E), (QRIKIZB 4B OAﬁm&),(f(D@&L&bé\lMCAsza
B LD SO B A I o
20 é%%a St RN RA DR DR G2 g@a@

(NIN10052005208M qsuM@A@B&pmwmgwmmmownmmm)m|v|
Q538930rA0 ARy K 4N &U&%@HM& (Hbfb‘?@? r%) Ee%lb'éﬁl%mo

?@%3@%%%“@@0%% Aeks

A
g 7.5%@9%%1?@%? oD
AP RBONT GOR8E E)MDTARBEL. TN (004 P84 5DCBMKLIKINGG 1326 1GNKS
25 DAAWMISLIXWR4TRRRLRRRT, Y ALRAPBMPRRZOMEQ Rﬁ#%@é@afs

Sy tosdly W%%ﬁ%%é%@?%@%&é St

BYRKA (RM-0BE4 9P EER2RIT. P8 QRIRT61.330¢) (I BRI INM. CRS22ABHV
BFEHAE)3 (NG QOKIBRE) F2F 2AK4 (020264 3 0Ky BRI AlsEdiM, A5232)nM

A o e R B e N W&?&%@f”
30 @&M&WNW@@M%K @MA@kW@z@QQ@§ BRVIE SENNVOALSE), SSNKIGS
A BR4ASN), (ISMADA 1 B BG1 B9, CERIMIAS) 2 R BA 1@98) QBAA)INM 004938),

5 9
D I B s
(NRPO%3 266 MRS édé%fiﬁﬁw R @&&%Wz ), DMPK
m4mwmmmoswsﬁ®mmw(ﬂmmﬁm1a NM
35  006484), DYRK2 (NM 006482), DYRK3 (NM 003582), DYRK4 (NM 003845), EEF2K
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(NM 000142), FGFR4 (NM 022963), FOR (NM 005248), FLJ23074 (NM
025052), 10 FLJ23119 (NM 024652), FLJ23356 (NM 032237), FLT1 (NM
“Q%%%@ﬁf%n (NM 004119), FLT4 (NM 002020), FRAP1 (NM 00495 s

FRK (NM 602031), FYN (NM 002037), OAK (NM 005255), &
005308), GPRK6 (NM 002082), GPRK7 (NM 139209), GRK4 (NM
005307), 0S02 (NM 031965), GSK3A (N#1-019884), GSK3B (NM

0 . GUCY2C (NM 004963), GUCY2D (NM 000180 GUCY2F (NM
s R M P56 e ORI R A P0021 10)

HWQWI@@ﬁQB’ﬁAﬂIWQM%ZM&WH(RP@M%MMM@{MA
(DiM4BA4GEENH REINIIER544 1), NI (N4 944 536) g@ﬁ%%@ﬁﬁ%ﬁh

OILEAUASEA BB Nerb m e ek il st

|RAREE (WM 00747190), SRHSEE NN DO BT P HEAKMNINIOH 2640 B ABS, amm
(DUM4085 B BIAKI (YMLRORR2BRIAGE SDN 04 2bINKROMNMES). ERKs

i Sangon SRRl o éﬁé@é&h@ﬁ&ﬂ%ﬁaﬁqgeﬁ‘ e

db%@@'wwg@s(wmgm FEORRINMM0888B)). &R (NM QRa5735) FGFR3
LNWK@OON ML N GBF69) (WM B220SK), 0558 GG bYERKE) (NNVZB849 1M 025052),

B@%‘f‘ﬁﬂ’z& ﬁﬁ%‘}%@%@%@%ﬁﬁ%@éﬁ% (N
GX3R0 TR OA FRES AL (N OE5500] A SR DO ENM
NIGER2KY (AN (momaazswmm&(mm 008355)) MRR@WNM@@%@&R K7
Wﬁ*@?ﬁs iR Aoty ﬁ%@%@%@f’“ GBI GIpeep)

K4 QBRR05 (R U3 S, a1 U BUBLOTTEAPRCIEF (N
(wvseezmn) INMAPBHGA TN MABOBOR 2)5 2047, 3K W @059 28), AR ING1
T A e Rd Tl Wﬁﬁgﬁw“ggﬁ%‘?&%ﬁ%@w
M Ao Sk AR R A8 s &GS (M
@OVEE6R TABIEMMI 1 8002M IDBZREBHONFAPK INSAIMI0 GRTEAS) NMSFLAIM
(eNMb@@)g%Qka Wmasewuﬁ@mﬁwmeﬁmxgggggé% § @K%%
o 9§b§f§éﬁ%§°§é@%@§%ﬁ&f&ﬁm WbaBAs iAKR Ak
QOURDS 26603, (MM PRZASRIS HARMNIO BI83 M KR REORIR), OUBBE8) 290793),
MWMW?@B@@}SWMNWE‘QNM OLZA9DINMARIEHENVLIRZINRI 014572),

AR B R 2@% W&%%ﬁ&%@ﬁ b

MR (NM QBe95s,) | Q@H&A@MWM@%SMWO@@MGSWSMWW
gng W)Mwmzdw M9 2Q8) oW 2% (NM dS3381) Mmap2k 1

MINK 15716 ﬁ%ﬁﬁ%@@%%ﬁ%@%%%@%@w1o>,
(T4 %\é)@%m (NRPBIS 4141) ORRTIRE) (NKAPRET i, OORISIINMAPIKT (XM
0@536’@) NASTE KR ((NM 0024%75) MASMWNNW&@M@)} IMMS%{((QI Mik®06301),

743 MQHMM 138995 EKl N 012224 NEKl » MAPSK3
4%4 oA %’éﬁf RIEMBE i b 4654 RIEMARRR D9 A9E72)
MEWM%QQQS@@) NWARS KB T8426),) Nﬁmmmmmn INEEKTAQN YN
855054\ NEKRANNTRETO), DEKROCSLIB) NAKAUNRI 23
%‘%&QW883976§ mglg E\II\MI 80399 NRBP N|\/| 013392), NRBP

02745 'MAPK10(NM 0027537, MAPK11 (
002751), MAPK12 (NM 002969), MAPK13 (NM 002754), MAPK14 (NM 001315)

MAPK3 (NM 002748), MAPK4 (NM 002747), MAPKB (NM 002748), MAPK7 (NM
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15 178564), NRK (NM 198465), NTRK1 (NM 002529), NTRK2 (NM
006180), NTRK3 (NM 002530), OBSCN (NM 052843), OSR1 (NM

CE-1 (NM 020423), PAK1 (NM 002576), PAK2 (NM 002577),
Vg%%%ﬁ%ozsm), PAK4 (NM 005884), PAK6 (NM 020168%2‘35&?(2?“@@%237

020341), PASK (NM 015148), PCTK1 (NM 006201), PCTK2 (NM
002595), PCTK3 (NM 212503), PDGFRA§NM 006206), PDGFRB (NM

002609), 20 PDK1 (NM 002610), PDK2 (NM 002611), PDK3 (NM
055G BB RH i Q636509 Mistse { (N USTSL HABIARAZ Ul 032960)

om&;mwmmmapg}amapmﬁm (mmgmmmﬁwm, fg;%ga;{z
0446Q2 @Bﬂ%ﬂﬁ@%@aﬁ é%ﬁ\ﬂ%w%m? AR, HP%%%

7 | 2
A
00828514, 2B\ PRIVABEING )0 OB M RKACA) (NEFITTRB0 N BRAGAGET (NM
(St WDKK
O Il SR TR U R REr (R S7AY BRREL AT (N
092568, BIRNICEL NNV T06258), MR KEVBAIED 0AFMRINFREZRSINMLKL (NM
005HLB), BB&@@A(W@@Q&%‘E@JRW@W&%@%&XW%@M@@K (NM

8%‘2%%% g R R T R A s

0084 8FIBRIMAKAUYURA 22059 DI KR KWWINIGAENM NS BE VPR KBOGN MEK2
WM?@R&WK&@%@@BEREEéWW%Q@@%}&EI@MG@%Mh NEK8
R B ORI S AN TGO AR
(&hﬁ?&é%z%“’ﬁf #w) CRARPLANTTR GEOPRMID2BEED (ADEBIRMNRER2 (NM
00B584), IREINRIMBE23 S0 RRAGE (B3 226 KR EIM(DIE 8207 EIK3 (NM

s RO R

NI (N 271 i
B P 2609),
LIRS AR b Sy aoor,
JUFSSLINIPEBKIG) ANIKO 12N BB S GKKG (NNVOBIBEEA), RIGENMM
QR258), @mm;:)m@%@),wwwugz%%@%m?@mgg@? Ji@%ﬂm
S O0RET) 36058 5 ) SOLOB N RIS e
SYMIBSIRMN Bgtﬁéf%@j,Gﬁémm@@p\%wmsm{muw_mws),
SGKADD (NM?G@%ZQ)PEQK&&QMNM@%@&@RQ%{M@@%?%&%&@
O RS ISR SR IL,
OB NENIRRAGM B9 S RS (R BBEHTINI50SEEAS),(RRKC! (NM
@BQ323), FFREKL((MM0S2437 RFERPK AN D OOSHIBRIGH IKINd2742),
%{%N@@%@ i&ﬂ%ﬁ%‘??%ﬁgd&%ﬁ}'yh%%m' 002548 Mo (i
O1§457),’PRKDG (NM 008204}, PRKG1 (NM 006258), PRKG2 (NM 006259), PRKR
(NM 002759}, PRKWNK1 (NM 018879), PRKWNK2 (NM 006648), PRKWNK3 (NM
020922), PRKWNK4 (NM 032387), PRKX (NM 005044}, PRKY {NM 0027603},
PRPF4B (NM 003913), PSKHT (NM 006742), PSKH2 (NM 033126), PTK2 (NM
005607), PTK2B (NM 004103), PTKS (NM 0058975), PTK7 (NM 002821), PTK9 (NM

002822), PTKSL (NM 007284), PXK (NM 017771), QSK (NM 025164), RAD53 (NM
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(NM 004760), STK17B (NM 004226), STK18 (NM 014264), STK19 (NM
032454), STK22B (NM 053006), STK22C (NM 052841), STK22D (NM
%% %% (51K23 (NM 014370), STK24 (NM 003576), STK25 (NM

185 K3 (NM 006281), STK31 (NM 20 031414), STKISBRRAN /062237
018401), STK33 (NM 030906), STK35 (NM 080836), STK36 (NM
015690), STK38 (NM 007271), STK38L 2ZKM 015000), STK39 (NM
013233), STK4 (NM 006282), STLK5 (NM 001003787), STYK1 (NM
098454), SODBNMEE88E SASH KVYIN 62280775 TrARA QRID7 SRS, (NM

(Tmrzs'{)\zlmomam)omm (mm@@{maa)s TN BIENY Qw&a@@ﬂv@#@z N

@M $é"&;§§§woog R M SR ook e
Oﬁﬁ ﬁfisﬂ‘)u\’ﬁ é\il‘é)ﬁﬁ@ft@@QWWM@OTlﬁO&

sz% m&wmmm%ammqmm%ﬂ&@ﬂsmm NM

05852), RNHEKAMGHRRZ8U T MEL NN %Q@?&?c? #%Mé%quﬁéﬁ%)

T TRAD (NM 00706 TRIB1
5%5%@%%3 AR 1958 SO R 0B 4 5) ARl B oKL
(W@ﬁ%@@» WNNIW@MlSﬁN‘FXMWGQRIM}O&?E%?INmWBBONM(EYLZ%

OB 62 Y9 BBRAEK Mivli 003489), M@M’\é 6@&1?5 khBK 9),
8 RI NM 0033193

S S Es AGN nhSh oreaa i As0as6m P 0rers ok

o'@)"@ﬁe@ BeHE2ANNEO 1988485 4)) 5&%4@\3!‘030155589% BHAQNNOL 7885)D),
\GRIKAENMNDO3381)), WRKR Wo?ﬁz@@ﬁ%&@m\{ﬁm%w&% 40k YMﬁEl

ESl
é%%@z% 7 A R S S o
"N Gfﬁf\ﬂq@ éaaﬂs},e%%ﬁélMr@@%@ﬂ&iam@%fé@m@ﬁ@ﬂwmsm 7),
Wagngmmas ) dshread mzh@t)elsnm(c%rmﬂw gy, arefenleraic
e PTG b
EPerm eﬁ%@@iﬁm OARERENS Uf 1RidIbbIsR4Ad),
@W%ﬂwmwwﬂ@a@qwesmw aigens aKe m@@p@mﬂsq it
Qm\é%héﬁr%'éﬁW%@%‘”%ﬁi@fﬂﬁnﬂ'ﬁ@&sﬁre%@% 0B5e3 prﬁ; 31 (NM

according to component (ll) are prefera ein
R D a0 o M, NE0 i T G @AGAR B e
0 PIGHPR) (STPSEMIGEITR Ty heSTIHBEING! (P OresGOUNIBYHEXINAN and(bH),
tswl INOKIIB £8P topeins); lemawﬁgﬂe§ﬁmﬁ>?ﬂw%4§dg'§ qwsm
eflnltl%% rovided, wnerein compon
L R B o R Sl o MBS RSarT AT (i
&@&&ﬁ@h , KT (BRINDZPFE 1), TDXPK (DI D 16RE,) (YIRS K/ MBXIO3 3y PE) VTBEG N
saviisve e MW%?%@E%@%@WE&%%@W
gaz%rfo\)élgé‘f% 4a{)ns ?sg %\%e§ %%E@?N 98#1%‘5%&%5%33 Qo fonT 3
Mb‘?@ﬁﬂ%&)ngl:s’uMﬂ@ﬂ&%lﬁébg\ﬂéﬁé&wm, AR E0Bs FRAIK (NM
meniBFTNkmt(eram@as(Lﬁbﬂowmm@Qv TerelekaiaxiaisEo CPQAD (NM

%@%@@ fgﬁ!% at aél erﬁ%%ﬁk%g}ié%élaﬁgégw o %&E 0|

N BRI 2 0NN E508) DI NERRTAB e SRERMBONM ea$m;62)
EF;RMbgsmt@smEmemwwucﬁseyomsm Rexirinaens enterotoNin,

I % RM P?%%{]@hlﬂﬁ(t é)COCCU )ﬂﬂrg t86%%? bﬁlQ&sPNoxm

%P%I; 2 txg?é Shl a-like to nggtp? oxms tanu

T %é% S dme ¢ 6 HOPEAIY ek KIXNNNIEB5BEXI NI TR
AtEBoXi HIBETB)al Glostyidiure: dificie 78sthal Rioxiniih 5hsesl), VRK2 (NM
Hemorrhagic Toxin (HT) of Clostridium sordellii, alpha Toxin (AT) of
Clostridium novyi".



However, if Cholera Toxin or its subunit CtxB is used as toxins according
to component (Il) of the disclosure, it is preferred not to employ Vibrio
cholerae as bacterial carrier (microorganism). - 29 - In a preferred
embodiment, a microorganism according to above definitions is provided,
wherein component (I) and component (1) are linked together to enable
the expression and/or secretion of a4tision protein encoded by both

00ELIBPONRRESHMPER RI8 E@'S‘(:t"r)g\'%é%é 95} RRRIER| '?9&%@0%% (NM

afV nas
14 S Ao A %@%Jéaﬁ%%%%@wlw%aoagm.n <o

(kinase dead), CtxB-B-Raf, CtxB-B-Raf KD (kinase dead), CtxB BRaf
kinase domain KO (kinase dead), CtxB-HA1 (subunit 1 of a hemagglutinin
offentafluéricaoen(isy, BBk Gr' (10 PesratiodidsitiBerpresgess 0f complete or

parﬁ@g@ﬁgfﬁ%e a@»'&@ﬁ@wge@}d fisleasning %ﬂﬁ@@%ﬁ\ﬂ@%f%ﬁﬁ”ﬁ%@c retactlons
edc ic or, a nt o nce. Secretion s no
EX%?%’; o euka A zotg gne iths p e""s(g]nitD Orlleb;t:%ﬂapaﬁjgé?@ﬁa% P T VA
ASR%”M%.%@%% ele HRBE !%@ f%h\@@@@@%w@mmﬁ@@whmme
alnaLeT tem |s als another erved ecretion
%stenﬂ : %lclrﬁ |sr8;1g3)§rln% ()Sg%ﬁisa{got e fran 1513 Iocon |nG “ec%ﬁfﬁ? {%ﬁ@t'gens are
gRieteteyfum consisting of Sec 61 translocon complex in yeast
and Sec Y-E-G complex in bacteria. Gram-negative bacteria have two
membranes, thus making secretion topologically more complex. So there
anetat teastdivitisppciatinediseesetiopaysiendindam N ey AR IBording

to &é%ﬁ%ﬁ@n’t S(ﬂ?rg@'ﬂr@f’é%py Béﬁtéﬁﬁ] f%%e He’rbA‘TrEs bFHS';'Qgg Qgﬁ%ﬁ? exoloxins.

ExAranspo ft entioned 'above. (2) T | secretio glstem

Rt BRHFRAL oL BN CHBSHOTR WREr et dpere

fo”ﬁ'ﬁ@tf%ﬁ%é@%(‘%&@@ﬂft@éf’@%é“ﬂfﬁef@rjt@} membrane. Bacterial pill use
Todlflca ns dof thg Sec s stem, but are different from t{SE)e | system,

Type il - SScrationsy) &Em (ﬁ'§§?r&a@%ﬂ8f8§ﬂﬂg b%é?a??fﬁb@l?ﬁr is
Proygsay Ye6HY CRTPAREN MHbliscarieepr rgmtitsughownichraidingerfuthacterial

toxife gntBhigelta excredsinigecatvinetider ateins inpeeukaalisse e 1308, I9ve v
toxibr RERNELATAEIILR, tﬂ%Q%%%%Qﬁx@@@%%ﬁhﬁt %QH%%%J/%TS}?BJ RSin.

Hrp system in plant pathogens injects hairpins through similar
rmeglebnisstinto plafased emi{ddifype W secretaasgstertdiiging to above

defth@im@(?g%?@e@OWH&‘%‘W@dﬁﬁ%hmrglesb?éi?c 1eDREHAR 3F8Dﬁ%@tmstmg of

A and proteins.

Ia) s capahble o rtin
Adaﬁs‘gcoveréﬁ !m IQrc’ﬂoaic(énum’{) FRdHcie % itk Uséfé thlswgf@% fgan (LF),
Botiiftdtudethe @haﬁ%@niaxs{hd%té}ﬁg irfthalfsshdeximhicheivdlof€ The CixB),
Dipieitossin gadin(tidmoOblalicobhcornpyiortuses adupeibeSeatabaixsy8temeo col

healniflCage DR, WaslinieRIeH! eell8iBOFdSkin. E. coli heat stabile enterotoxin
(ST}, Erythrogenic toxin, Exfoliatin toxin, Exotoxin A, Perfringens enterotoxin, Pertussis
toxin (PT, Ptx), Shiga toxin (ST, Stx), Shiga toxin subunit B (STB, StxB), Shiga-like toxin,
Staphylococcus enterotoxins, Tetanus toxin (TT), Toxic shock syndrome toxin (TSST-1),
Vero toxin (VT), Toxin A (TA) and Toxin B (TB) of Clostridium difficile, Lethal Toxin (LT)
and Hemorrhagic Toxin (HT) of Clostridium sordellii, alpha Toxin (AT) of Clostridium
novyi®.

However, if Cholera Toxin or its subunit CtxB is used as toxins according to
component (i) of the disclosure, it is preferred not to employ Vibrio cholerae as bacterial
carrier {microorganism).
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VQ&!? hdhg type IV system.  (5) Type V secretion system, also called

WO 2008/058944PCT/EP2007/062237 - 30 - tella pertussis, the
causative agent of whooping cough, secretes the pertussis toxin partly

ansporter system: This use the sec system for crOSS|n§(Eﬁ@Fﬁﬁ‘é7r’%2237
membrane. The proteins which use this path have the 5 capability to form
a beta barrel in their C terminus and insé# into the outer membrane to
transport the rest of the peptide out. Finally the beta barrel may be
cleaved and left back in the outer membrane. Some people believe these

e e AR ARl Re lolle ppins alch are simitr

beta barrels. Bacteria as well as mitochondria an oro QSSRGS

iy dﬁﬁ@%@@m@%ﬁs@g&pgwgtéhhﬁragnk@tm«m@rm raable the ex-
trerestowation Tat)pathway fwbiehpiniconirastitel Sﬁﬁmﬁ@rﬂéﬁﬁésﬂﬁmﬂre prei-

tr@%wﬁ%ﬂa@y@w@@,p@@@%@8@&% &nsvéw&@% e gofne?‘ﬁ gé BB

stem comes from the requirement for two consecutive arginines it
éﬁ{eﬁ VOGRS TRtfuARRS o g e (PR Karsiogidretib®in- Faf Voo
grwrsadgativeliattonss neat)e S ocbeBatilydhiERREKBrRitetead), CixB B-
PRMBFANE QY I KB Pl S| B eR ean RSl s HS B an

t I ort e Il ‘3&{1 n system or AIDA auto-transporter. |
g¥r'§1F PG \95 bgsg‘té e secretion system has to overcome the inner

me”@é@@ﬁ@%ﬂg {iescslbwall whielain, %B%Va@fﬁ}{?e r%%@('p” 8?%%% %%%Xis from

fusion with a suitable secretion signal. 20Compo east one

beRoRGR SR IEn CHBIGR G BT BN e L AR il SHER AR eResIRleR Is not
enddlesalvgkexpressibmafitiferexpressioacnca antsant itora porvant @Y Bmthding

Q%w%q%@b)t tﬂ%@ldb@(e%*ﬁ?%%mnﬁbﬁﬁ‘kﬁf@%ﬂ%@@ﬁbﬁ%ﬁ(&&ﬁﬁ@bﬁé Sec

the ecret| th essmn ducts of component (I) and component
(ﬁ¥S Sﬁe%w %6 eagfb%ﬁﬂbw*b@éﬁﬁem&a@féaoahe trans-
ém%%@@@ﬂﬁa%aﬂ%%m@hﬁmomeméﬁm 81 isanslocon complex

mgm%gm @?é@%@@?rﬁ@@ﬂi%&&béﬂt@r@?a?ﬁﬁ"t&(’alﬂ/%tﬁﬁt%%tbf%?e ltw? mem-
cretopn syste e lL.secret em retjon system
A P e e R L P

secretion sy Stetn
%@%WW@WWMW@W@@W igontaining HIyA, HlyB
and y under the contral of the hl ific promoter); the following
trang or! glgfnsa SN BT lid® 63}’)%0%1&7 55_ e@&?'”&%?@ﬁfﬁﬁ%@ﬂﬁfﬁ
tFERTESHARGHIAME- in presence of HIyB and HlyD proteins; for the
me r ne ound ression - the C-terminal HIyA transport signal, in
presén %fep%?ﬁ S Alf el dﬁ@?ﬂS@%WF’aﬁ%avﬁ?y"eﬁé)ﬁfa@fawgr)tafs@SS
do m%mrrdvag@cﬂmmfmmm@wm thllyBsaniokHyiBr umsielbrtve. Bacte-

GRNpleEaRakbhrsRes ithaciayabR ORI (AR SR sigpahfor
the S-layer protein (Rsa A) of Caulobac-

(3) Type Il secretion system (T388): It is homologous to bacterial flagellar basal
body. It is like a molecular syringe through which a bacterium (e.g. Shigella or Yersinia)
can inject proteins into eukaryotic cells. The low Ca®™ concentration in the cytosol
opens the gate that regulates T3SS. The Hrp system in plant pathogens injects hair-
pins through similar mechanisms into plants.

{4) Type IV secretion system: It is homologous to conjugation machinery of bacte-
ria (and archaeal flagella). it is capable of transporting both DNA and proteins. It was
discovered in Agrobacterium tumefaciens, which uses this system to introduce the Ti
plasmid and proteins into the host which develops the crown gall (tumor). Helicobacior
pylori uses a type IV secretion system to inject Cag A into gastic epithelial cells. Borde-



10

15

20

25

30

“Jﬁ%ga%ggﬁpound expression - the C-terminal RsaA transport signal
A :

WO 2008/058944PCT/EP2007/062237 -31 - ter crescentus; the following
transport signals are to be used: for the secretion and the

tg\//?mzs'i

e transport signal for the TolC protein Escherichia coli; the fol[GHAR
transport signals are to be used: for the membrane-bound expression -
the N-terminal transport signal of TolC {#¥ 5 integral membrane protein
TolC of E. coli is a multi-functional pore-forming protein of the outer

RIPBPAHESH Bect SRINEIRaRt 85 WNACRIGFOHYS ARSIHERAG R tHESihEXIn
regeptibreadicticincEl IMesama et al., 1983) and the secretion of colicin V
(Fath et al., 1991) also as a receptor for the U3 phage (Austin et al.,

19905 thi8HIotEMSERSEIRG fElRRE e, BOALBURASE iy sl fitiiessrthe sec
ograatemdgativeshactesia (¥ienetr2000) ntherdidilecatization initheypLigte the
rRgmBAPG anththeMids pCeHTRACE AR EOIGIRaN iNeAANlIaR Mrane

present eterolg%l%eous antigens, in order e.g. to cause an Immune reaction.

d
cadRrsRitite PRl RHATRP AR At Mpalsim ksiidar msibr ceas ier left
ibaticketivasesisrsimplarcafd s paihpiddetavet ihegairededisatitis acration-
maghingy{aiansnobibrowghihecelhmemhrang aad cell wall. In the

case of gram positive bacteria, 15 secretion signals fused N-terminally to
the hHtamlogous:pesteiicareusiatdychadessayiandsuticient/fother special

%%%Wsﬁs‘i@ﬁ%@%cﬁ?émgmn%&tﬁ@%@%@ﬁj&&?ﬁ%m Mwhich, in con-

describﬁd, comprise principally all secreted bacterial proteins. Examples

|
fEPTsER 8%?8&%’@%@%%88@%%e"&fefH{%H’%ﬁﬂ%ﬁt@ﬁcﬁ%ﬁ% BsoTsTREaARe-
Inhgerungl chtsinsitateapproastirapplies squirakanyidtic iwells) vwhertdva siginales in

SREURPNGRLaninstaReRifbe Mbigritavs ROMeRlan SignalVigs iagRlingve

Protein tP the endoplasmatic reticucéum in the gbsence of a retention

the

s%%&f B RECERRAY SR ‘Sﬁ%é?ﬁ%?% RritidRe o BpagH AP e ApShR SR
ISERs dicre axtione i@ d@antitke i drrmnber doind Seeratidosystene qurbteih doto-
Lyﬁiﬁ‘ﬂi@rt@fniﬁ%@éwgpé\éﬁﬁbiBéﬁl@r@%@b%ﬁ&i@%?iﬁ%&ﬁ!&f@ﬂ:%ﬁé?h@ﬁager
racellularly releasin smids ar expression vectors, which are contain
e R N NG i
indtghiecsprseding-spaRlific lysis proteins, such as PLY551 (Loessner et al.,
1995) and/or the Listeria-specific holin under the control of a listerial
promoter. A preferred embodiment of this invention is the combination of

differgyat somapanenisidIth bdsfeninslrpeadbe SamRin %Eemgfcﬁ NS0 Ghe
A e B R ORSR o OV IFE 2o coanertroduets of compo-
nent (1) and component (If) on the outer surface of the microorganism and/or enables
the secretion of the expression products of component (1) and component (Il). The re-
spective component can as an option be either secreted or expressed on the mem-
brane of the microorganism, i.e. is membrane-bound. Such transport systems are for
instance i) type | secretion system, type |l secretion system, type Il secretion system,
type IV secretion system, type V secretion system, i) the hemolysin transport system
(signal) of E. coli (nucleotide sequences containing HiyA, HiyB and HiyD under the
control of the hly-specific promoter); the following transport signals are to be used: for
the secretion - the C-terminal HiyA transport signal, in presence of HiyB and HlyD pro-
teins; for the membrane-bound expression - the C-terminal HIyA transport signal, in
presence of HlyB protein, iii) the hemolysin transport system (signal) of £. coli (nucleo-
tide sequences containing HiyA, HiyB and HlyD under the control of a not hly-specific
bacteriat promoter), iv) the transport signal for the S-layer protein (Rsa A) of Caulobac-
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In a preferred embodiment, a microorganism according to above
definitions is provided, wherein component (Ill) a) is selected from the

WO OMR /%%g‘ﬂstmg of "type | secretion system, type I secretlopcayﬁ%m,f DB,
IN secretion system, type IV secretion system, type V secretion system,
hemolysin transport system (signal) of Escherichia coli 5 (nucleotide
sequences containing HlyA, HlyB and 1—ﬁyD under the control of the

eC|f|c hemol sin transport s st m %ﬁ _ f Escherichia

RS MR Rt S e A HR S B AERg v he
d@ﬁmbraﬂe@bn@n% BrBisSsific hcteriarpimidsesd), teansporizighal the ransport

SitpreidReaRIP M elEaahactar ﬁ@wmrﬁg%éﬁ%@@% r%gmf'efﬂf be
the TogC lgroteln of Es%herlghla coli sec %g nal t SS 1 P T
P

secretlon S|gnaP§ derlveauﬁo ?s?g?igpysm 8?0 Cﬁo a%%n\%/here I!']C (the

d@%@%ﬁ@f@%)ﬁ@%ﬁ&ﬁ&wmésg’%@uﬂtb@ﬁgi@tﬁ%w@éﬁ@@%mgmln of
Im'wmt%mbmm%&vw@@mdyﬂqmé@@imrofoLfiﬁﬁeﬁ'@ms such as the re-

%%PQ&'&%SE?'@){ Rl %sm&ncf%%% %8na'}d’8r hOU’}FOJth gtal,
erla monocytogene na furt er prererre dpmen? qh
c%idoﬁ@ﬁtaew)r&y%ﬁ%@stftﬁélaﬁbﬁgep%ﬁiaﬁwm‘@%&bﬁawwdﬁmewniy
ab oaimpanent, (b aaidotam pamantdl b gmﬂﬂ@z@gﬁ&iesbﬁfﬁ@mqﬁ\ﬁ’@ﬁar 2000); the

iCRYEANSH éfernm&%@@%ﬁg%%g]&ns RN rreg@%@ (%%C@eg

omgonent (1) and component (). That is In this pre ment

RHene aiﬂsayn5%?1@'3@%@%@%%@@%@n@ecem@ 15l Bagtion.
tranznom, %XE&%%‘ g rﬂé; GaRl e&&%%)é%%&g &%F %8:5‘5%} I”s%‘?:};h{*on in these

expressio cts of component and 20 component ont e outer

difFees éﬁ?ﬁ@h@i&’d@@ﬁh @?ﬁ%/fﬁ%ﬁﬁ@%@%%%@?ﬁﬁdﬂ@%ﬁ?@n&ﬁ gns-
therakprasision gebducteaheemposent i) )iatd casepanenh (i siesatieria,

%é%%ﬁéﬁfgiﬁﬁs%%%‘?&hﬁ”&!ﬂd%@ le‘tne?ejg %8%%&8%%58%@%‘%09888W

codin e hemolysin transport system (signal) of Escheric

(ﬁ"&%ﬁwg@(ﬁ&sﬁf gfb@ﬁ?&ﬁlﬁﬁgfwﬂfcﬁ BS&@@%WWW&%H&W de-
citived lyespetiéi oprcpadies) eedrudddrace24 fysinitsarisponieySteisteria are

(18 e@é}afoﬁmtga@;@éa'f@m%@émyéﬁﬂ WBHRFHEANAIR Y Asi I#)é‘? P ap-
and I%b der th control of a not hl%ﬁ E$g§|f|c bacterial promoter).

RSO REN B SR B mERe S AR RASCORTRE® apRutous
@@ﬁrﬂﬂ@ms:mﬂ@rma@dﬁmmm@pcﬁmng tieecepmiasmalid Netdueen in the ab-

VPRSI ANJEANE HREFRMBRNERES 4hANdeRmPsnent tldqre secreted.
More preferably, component (I) and 30 component (ll) are linked together,

expressed together and secreted as a fusion protein encoded by both
comléonents Most preferably, this fusion protein is selected from the

grougRIBREISATPBR S AIE- PIdaldaRR IR BFSRRISE 08MgaRa SadRakigy, at least
CoBeRiRaid 660t kinaserdommiisnCixBiBsRadol 600 B kindiae deiinaimiKdD in-

H&@ﬁ@ﬁ@%)@&% & fdg:y@xgr&@fo'é%@?ﬂ?@s\ﬁh%%)e EXBiRRAthe lysed

kinase domain inase dead), CtxB- 35 HAI (subunit 1 of a
ﬁ%ﬁﬁ%ﬂ&ﬁ‘ﬂlﬁ?ﬁ éﬁ'ﬁ Yﬁ'ﬁ@éﬁt@g’%ﬁﬂ@dﬁﬁlﬁ R mstance Listeria-specific lysis

proteins, such as PLY551 (Loessner et al., 1995) arzd/or the Listeria-specific hofin un-
der the control of a listerial promoter. A preferred embodiment of this invention is the
combination of different components (lil) b}, for instance the combination of a lysis pro-
tein and the holin.

Both components (llf) a} and/or {Ill} b} may be independently from each other con-
stitutively active.
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35

33 Inthe course of the present disclosure, the term "secretion" refers to
the secretion of a protein antigen; protein toxin and/or toxin-antigen fusion
‘%%&l@,&g{éﬂgh both membranes of a gram-negative bacterium or through
the“inner membrane and cell-wall of a gram-positive bacteriutfy HBAH@/ 062237
neighboring environment, by the means of a proper secretion system,

such as the ones illustrated above.  As3# is known that using a secretion

system, such as the hemolysin type | secretion system from E. coli,
secreliHPTEHE SSRetiang for iGHs ey sER Aceeiginsne: above definitions is pro-
Cwmﬂﬁhﬁigmm%@a%Swm@d fd@ﬁﬁiﬂ@@ﬂ)@#&%ﬂ?ﬂ@i@fn.ﬁ/ e | secre-
vesic : 8, [ e ring. envirgnment salobre
eLaI., (}OG ,tg%crletgi}%%n thé‘} géﬁég%%ﬂ%%gg%gw %ﬁ%%fféis\ﬂ?g oeS PN SYs-
n&8Y 18’ EHBHAR SRRV TR\ GBSt are e g tBhepleaeherichia coll
séieltiolide. ecquaTajeritprisiantity y iUty Beetetagseatetion BEAEUCS iSe hy-
d%@Wﬁfﬁrﬁ%ﬂwolys%qu?%f‘é)@@ﬁ%%%%ﬂ%SE%ICL%%?? t%ré:ecrli (nucleotide

ngglﬁgtnice seguence Eﬁr at I%%st one activation sequence -
expression of SREBY Hi¥re OY EARD N OTS e A HM F i eiaity-specific bac-
gtﬁﬂ?éﬁmmé@fmgmm dignaidiivéiteBitaghe(Mierappgenisir aadissdster crescen-
tiggyecelbspegia ettt sRASIHIGr PRHORIROSER S on signal Vigss

dendrite-specific,. | ocyte-specific, function-specific or .
AR s KRB TR SRS onanstirde e i com-
SBPfEEEE Biihbivelesdrgdrignthetscaptinasion megliendelywis pretepadtlyinaf gram-
beosiElectedsteiabibisicapable:af RERSAIMAL BN of |isteria monocy-

WA, Sich Aeualion sequences are for instance: )

constitutively active promoter regions, SUER as the promoter region with

"ribo&pma}tba’ﬂ%f&eﬁ@"dﬁ&%ﬂﬁb%@%@#@%@%ﬁ%ﬁ%ﬂ?a{?feﬁa&% %Eefx-

L
t A e (Busby and Ehright, 1994), endogenous promoter of the
e R B Lo CrRAEIE BABRFR LR on the cuter
prefersoN Prorierysaniepieo analietitee afteratirepitiba dfeaget pfaiucts
L0 o ARG POt o R e SO EhFppponant
of S. imuyriu umann . e
;(Ia%%i%rséaﬁé%z%%gég r%t}ﬁ({?hsee %%ﬁ%%%a'ﬁ‘%?ﬁ”(a% R aasRAd siem, which
cSBRErdr e tRamitARligrPaasian et mrmmrrEeqIRseieris ¢otoubspeiiiand
mm;mn@u@pm’fmeeﬂmml@:frua@iﬁmrquhaﬁréanaaaﬁﬁilﬁﬁ?zﬁégfﬁr@%éﬁgomim
r t ich are particularly activated in
B B e P Lo (1) wherir
ﬁ@éﬁ?@g REboRITReRtnA i &ds A eashe it BerRAlP sapssecE shifite s ibe
??ﬁg@g%wmw%%mdmm @h\t/a:%mmi w&g’s&'@g&ﬁntam
Ay , B - inase

qegd :B-R%?V%OEP é.ﬁﬂggﬁ@r@wf@ &%ﬁs"e@%ﬁ? °RY ﬁét?r( IRgmo-
d‘é“"é%g AESRYF RIFEEE S B RAFTIShiase i Gielrrlico srAvesssscaayaining
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egrnpanent: (f)ctachermpmineit 61 hararipked {posthexteeoakie the
expression of a fusion protein encoded by both components and wherein
the fusion protein is secreted.  The above illustrated microorganisms
according to components (I) to (V) as well as the preferred embodiments
are hereinafter referred to as microorganisms of the disclosure.



The microorganisms of the disclosure are advantageously suited for use

in tumor therapy, as live vaccines in the course of tumor-targeting. That is

by means of microorganisms of the disclosure, which function as carriers

of genetic information, heterologous antigens together with protein toxins

are transported to the tumor site, expressed as fusion proteins and

secreted in situ.  The microorganismis of the disclosure are surprisingly

andredveintagd doslyreberadimizedereuighasetficient asferstperiotecretion of
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t;,ntetan qf cinations du %lldhood) Use of Cholera-Toxin and/or
|ts CSUBUNILS, esgz)arto carar Etx TP prsHifregoaugifg for at least one
athﬁﬁ&@wﬁm%@ﬁé%ﬁh%ed@@M@ﬁmmwnmgW@unamerita(d))rs:i (11, wherein
saicagvIsTaliRg iardievAceRe Rased e astehiyBREAMmMUAR) thesaRsue call-
Spel'l%ler?ubé{ ané rov?d patlcergt complian e Cz ge accomplished.
Elowever the mherasrg AR et S Te LG S ire et imieerhe e sogcific.
fu“?ﬁqnwﬁﬂﬁctﬁfé?éﬁ?'bﬁﬁﬂ Wtﬁ@ally, the microorganisms of the disclosure
%]rghalso suitable for th%treatment and/or prophylaxis of all these diseases
t

FEG0IrE TS AR RSP IG R BIE SHiessUtasho iR ICTH HARtRehe
acflsymeweesméw@ megidatayy i& kenyslested suiath itfiectipis digeragesf being

actiiededen bufeareibRiigateehio.dikY, iBlHensa HEY BRLOtheL VIR instance: )

cobacterlum tuberculosis, Listens monocytogenes and other
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cell cycle-specific or function-specific. Preferably, such activation seguences are
selected, which are particularly activated in macrophages, dendritic cells and

flymphocytes.



A preferred mode of application is oral application. In a preferred

embodiment, a Salmonella strain according to this disclosure is fermented

in appropriate medium, harvested and washed by centrifugation and

subsequently formulated and stabilized using appropriate substances and

lyophylized. The lyophylized substange is filled into stomach resistant

capsules containing life cell numbers preferably between 109 to 1010
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spelie’BRAgBRISMS represent bacteria, the components are inserted into
plasmids or expression vectors, and the plasmids or expression vectors
comrengaindi8riccseiattethédsacterzroTheansitbioglaf tsiotogienclonprgnawtdr of the E.
colithgnistarghation techniques suitable for the manufacturing of the plasmids,
expression vectors and microorganisms of the 37 disclosure are
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secadaainistration of a medicament preparation containing the
microorganisms of the disclosure. The administration is made locally or
systemically, for instance orally, perorally, rectally, into the epidermis, into
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disclositiffons familiar to the pharmacist, suitable for injection. A particular
subject matter of this disclosure is the peroral or rectal administration of a
medicament according to the disclosure for the treatment and/or
pheptjtsndeehdiveadeteTHeckahministratidvactaybeusipdeimiconsa e taimor
thertdipyesadn |Rachadmasisiiation, approxinately dQiged0d 1 TRBIGorgaNisdss of
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response irected agains fite timor and/or i HSEHE Cefilts ?ﬁég%%bl.
trangpaiEtding on the selection of component (1), this cellular immune reaction
is directed either exclusively against the tumor or also against tumor cells

including the tissue cells, from which the tumor cells originate. In
another aspect, the object of the present disclosure has been solved by
providing a medicament comprising at least one microorganism of the
disclosure comprising above illustrated genetic components (I) to (IV) or at
least one pharmaceutical composition as defined herein.  In another
aspect, the microorganisms of the disclosure can be used for the
production of a medicament for the treatment and/or prophylaxis of

physiological and/or pathophysiological conditions selected from the group
concictinAa 0of "1inenntrollad call divvicion malinnant frimore benian trimore



WO 2008/058944PCT1EP2007/062237 - 38 - mas, neuroblastomas,
stomach cancer, kidney cancer, kidney cell carcinomas, prostate cancer,
prostate carcinomas, connective tissue tumors, soft tissue sarcomas,
pancreas tumors, liver tumors, head tumors, neck tumors, oesophageal
cancer, thyroid cancer, osteosarcomas, retinoblastomas, thymoma,
testicular cancer, lung cancer, bronctRal 5 carcinomas, breast cancer,

endBAMMKGaLGIRMES, INIGRURALEANGER CHRIRGE! tnats, gﬂwasmatic and/for

cqrcino as, rectum carcinomas, gynecological tumors, ovary
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respstei$- 15 osis, lyme disease, melioidosis, MRSA infection, nocardiosis,
rtussis (whoopi ough), plague, pneumococcal pneumonia, ,
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celigupedieriosrsmeddedmiaceyphoidisoverptigls activisiey thachénfectimmganisms of
the hixatiedallyicausedrrat digeases. 20Viral infections comprise, but are not
limited to, AIDS, AIDS related complex (ARC), chickenpox (varicella),
CofiRBFPCOR LR SITRG AR IS FRREBABATICHI MMtEeERCIETEE Didhigulisciosure
posisasr, tEp cigdveatanerthalgio foveramant, foetsinthg ooy aagsihgpitaigoxin
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durMEasHiSndday PWEkhaLBREBABIGIEY L NP GHOUR MIARONICIEOSISHTIUBIRS, is

[ itis, progressive 25 multifocal leukencephalopathy, rabies,
theﬁé&@%«ﬁ%ﬁ smallpox (variola), viral encephalitis, viral gastroenteritis,
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R on@%ﬁee%%ﬁogécagg%?%ﬁé%& bronchiectasis, rheumatoid arthritis,

as I

Imoto’s thyroi 5 s, inflammatory bowel disease (ulcerative colitis
ahvErehnis disease)asitieqsis arddisclosure are not limited to the use in tumor

therapy only. Principally, the microorganisms of the disclosure are also suitable for the
treatment and/or prophylaxis of all these diseases that require a therapy in which
inctuction of a systemic cellular Th1 immune system response is mandatory. Examples
of such infectious diseases include, but are not limited to, HIV, influenza, HCV and other
viral diseases, Mycobacterium tuberculosis, Listeria monocytogenes and other bacterial
diseases.

The microorganisms of the disclosure are perfectly suited for the treatment of
diseases like influenza, which require an optimum protection by the combination of
mucosal immune system response and systemic cellular immune response. In addition,
they might be useful for specific induction of Th1 like immunity in allergic diseases, e.g.
al-



other pneumoconiosis. Autoimmune diseases comprise, but are not

limited to, systemic syndromes, such as SLE, Sjogren's syndrome,

scleroderma, rheumatoid arthritis and polymyositis as well as local

syndromes, such as IDDM, Hashimoto's thyroiditis, Addison’s disease, 39

pemphigus vulgaris, psoriasis, atoplg dermatitis, atopic syndrome,

asthma, autoimmune haemolytic anaemia, multiple sclerosis.
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kit). donspprsifiored ssadociibedt athésy budfea ihedicanonteabudfeschibedditiehe @ivd to
used Phandsolrgisalbseeceptablestuffendpeaterally, awatbgnrie bitkekabricthe

|y0&g%kpgg&é}fgg@eq@g@%m@%{ﬁ wHlgpicts the nucleotide sequence

(5'--?73") of E. coli hemolysin A (hlyA) secretion signal. The Nsil site is
Wiatieritbel alt@iopiree 2 dpictsthefnincteotideckegudndbitotas:) efiErcatishing
bachemobyeindtathlys) ofitheEgebinemolysiriype | iaosReeE Syst@fcerine, and
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described above in conjunction with carbonate buffer.

In another aspect, a pharmaceutical composition is provided comprising af least one
microorganism of the disclosure, preferably at least one lyophilized microorganism of the
disclosure, and a pharmaceutically accepiable carrier, preferably capsules.

The components (1) to (IV) according to the present disclosure are infroduced into
the microorganisms of the disclosure by methods well known to the man skilled in the
art. If the microorganisms represent bacteria, the components are inserted into plasmids
or expression vectors, and the plasmids or expression vectors are {ransferred into the
bacteria. The molecular biologic cloning and transformation technigues suitable for the
manufacturing of the plasmids, expression vactors and microorganisms of the



-40 - Figure 4 depicts the nucleotide sequence (5"-3") of human
prostate specific antigen (PSA) without signal peptide, accession number
M26663 (Homo sapiens prostate-specific antigen mRNA, complete cds),
region 100-807 (corresponding peptide: AA 26- 261). 5Figure 5 depicts
the nucleotide sequence (5'-3") of Cholera Toxin subunit B (CtxB) without
signal peptide encompassing region3ZO4-494, accession number K01170

disE\uie chelera-iewiang B geuss fanrhelprarntgrotoxin F%b%‘éléﬁ Abutine
ex Jdgure 6 depicts the nucleotide sequence (5"-3") of B-Raf '
kinase domain (B-Raf 10 KD) of human B-raf protein (BRAF), accession

number M95712 (Homo sapiens B-rat protein (BRAF) mRNA, complete

ion 1403 ou re ion 1448-1477 (carresponding peptide:
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locplyg wictyetamisrivafoy GuBEepicodly. pFigale. SateictinthaheuehbBiides, into the
sulzejscinie % 3wt thehgenetic fusialy cansiruatoohCitdam R AhdHyAor or into
thelbigutecRdepisks the nucleotide sequence (5'--,3") of the genetic fusion

construct of Ctx - B-Raf V600E - HIyA 20Figure 10 depicts the nucleotide
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disegagani fm RAgaMsteaissraasstn wRge rMpsUNizedeIAttinatte e salivadmbuiietion,
appeexiieately 10 to 10" microorganisms of the disclosure are administered. If the

administration of this number of microorganisms of the disclosure does not cause a
sufficient immune reaction, the number to be injected has to be increased.

After administration of the microorganisms of the disclosure, the tolerance for a cell
presenting component (1), for instance a tumor cell, or a tissue cell, from which the tumor
originates, is broken, and a strong systemic immune response directed against the
tumor andfor its tissue cells is triggered. Depending on the selection of component (1),
this cellular immune reaction is directed either exclusively against the tumor or also
against tumor cells including the tissue cells, from which the tumor cells originate.

In another aspect, the object of the present disclosure has been solved by providing
a medicament comprising at least one microorganism of the disclosure comprising
above illustrated genetic components (I) to (IV) or at least one pharmaceutical
composition as defined herein.

In another aspect, the microorganisms of the disclosure can be used for the
production of a medicament for the treatment and/or prophylaxis of physiological and/or
pathophysiological conditions selected from the group consisting of “uncontrolled cel
division, malignant tumors, benign tumors, solid tumors, sarcomas, carcinomas,
hyperproliferative disorders, carcinoids, Ewing sarcomas, Kaposi sarcomas, brain tumors,
turnors originating from the brain and/or the nervous system and/or the meninges, glio-
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Figure 13 depicts the reduction of tumor volume in response to _
immunization with different live vaccine carriers. Figure 14 depicts ;

- secreting splenocytes as a measure for CDS* 1-cell 30 an
%%(&Q@%h%%&ne system (NK cell) responses in mice immur_lizéj'&g{/’i?tﬁmm’g62237
different live vaccines carrying different immunological adjuvar_wt_s with
CIxB-OVA fusion constructs. -41 - Figifre 15 depicts the efficient
expression and functional secretion of chicken influenza hemagglutinin H1
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tuberculosis, tuiaremia, typhoid fever, typhus, urinary tract infections, bacterially
caused heart diseases.

Viral infections comprise, but are not limited to, AIDS, AIDS related complex (ARC),
chickenpox (variceila), common cold, cytomegalovirus infection, Coiorado tick fever,
Dengue fever, Ebola haemorrhagic fever, hand, foot and mouth disease, hepatitis,
Herpes simplex, Herpes zoster, HPV, influenza (flu), Lassa fever, measles, Marburg
haemorrhagic fever, infectious mononucleosis, mumps, poliomyelitis, progressive
multifocal leukencephalopathy, rabies, rubella, SARS, smallpox (variola), viral

encephalitis, viral gastroenteritis, viral maningitis, viral pneumonia, West Nile disease,
Yellow fever.

Chronic inflammations or chronic inflammatory diseases comprise, but are not lim-
ited to, chronic cholecystitis, bronchiectasis, rheumatoid arthritis, Hashimoto's thyroidi-
tis, inflammatory bowel disease (ulcerative colitis and Crohn's disease), silicosis and
other pneumoconiosis.

Autoimmune diseases comprise, but are not limited to, systemic syndromes, such
as SLE, Sjbgren's syndrome, scleroderma, rheumatoid arthritis and polymyositis as
well as local syndromes, such as IDDM, Hashimoto's thyroiditis, Addison's disease,



- 42 - Examples Example 1: Construction, expression and secretion of
PSA-Ctx6 fusion proteins in different bacterial carrier strains 5 To prove
the feasibility and demonstrate the efficacy of the E. coli type | hemolysin
secretion system to secrete fusion proteins of tumor antigens, here
prostate specific antigen (PSA), and protein toxin components, here CtxB,
as adjuvant, a PSA-CtxB fusion protéth was constructed as described

perBFRils géﬁtﬁﬁiB%ﬂggé%Bﬁﬁpee?fﬁii%@t&%él% Jﬁ?n@?&%g%&mjrﬁ%&g\vﬁune

ha br%gfg‘hrial strains, Wl’rff?h ar% potentially usefu ve vaccine strains In
UM r‘%r?‘e"‘raa%“ja*rﬁ‘@ Jﬁesc‘::tﬁé?sbsiologic cloning is based on the

plasmid/expression vector pMOh1y1, which has been previously described

(Gentschev et al., 2005; Gentschev et al., 1996, WO 03/072789). 15 1A

Corsgpetidingfieaisampcis-resistaitg M0y lon@ xpressiotovgaizin as defined
herd@rivativachae ¢aplaramenkoldbe AmpiEkinesisiantsiCRSIAIe Pording to all
herﬁ}%ﬂ?e%%riggdﬁs%%%%ﬁgﬁ%%s goersclgls%edlrgn tg‘\%at rggkrge%pda\évcﬁgrneprr’o%%%akis of
PhYGRRHESTAFIT RGP TEletrprediErTaTASSEiEe FiicRdefined herein are
alsTTFNBBTTY ACONBSEGEAGBCHGEET TC-3") and an anti-sense primer P2

5°-GCGATCT ) _
Reraestrearieshaiitsrreset dadaecdea rerGanThnoTTding

plagTY A3gxarebplasvedipKnas semplatewergugeddfanBGR tihupratiCedsin.
Prefés'#gmeét‘écﬂffc)lfi&ﬂéﬁﬁii??;@mﬁ‘@Pcﬁ?@@@@@?&?n&%agﬁ)gé@?Kﬁ%)bég%srlznid or
r ologous to the ampicillin resistance gene (underlined). .
GXpéo%gé}i?Jr%%n%%gfﬂ,mﬁgr%oonﬁ%%p “ésdll&@}gﬁassr'% 3%&%&%?&?9& plasmid
pMOh1lyl was grown at 37C in LB medium (Difco) supplemented with
0,2% L-(+)-arabinose for 3-4 hours before transformation of the PCR
fragheéifr Afesct-dnefoieritdihe orsaene disictedis sviere bpraadioedlty agaiding
a prlates fontaiping 2508/ o1la kaiorbyrinan dincsriadsata (h o IPMUsSR or
expRR AR SHIR FARLPRNEISPICKaL AN UORIEA JOr AIRNALAS o
edium contammgé&{SOpg/mL anamycin to get rid ogﬁ al ampmﬁWn

W‘*“'}E@l"ﬁfé%%a*%e}ﬁf‘éwrﬁasbq PR

In another aspect, the object of the present disclosure has been solved by providing
a pharmaceutical kit comprising at least one microorganism of the disclosure or a
pharmaceuiical composition as described above or a medicament as described above
and a pharmacologically acceptable buffer, preferably a carbonate buffer.

Brief description of the drawinags

Figure 1 depicts the nucleotide sequence (5'—3’) of E. coli hemolysin A (hiyA)
secretion signal. The Nsil site is underlined.

Figure 2 depicts the nucleotide sequence (5—3’) of E. coli hemolysin B (hlyB) of the
E. coli hemoiysin type | transport system.

Figure 3 depicts the nucleotide sequernce (5'-3") of E. coli hemolysin D (hlyD) of the
E. coli hemolysin type | transport system.
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WO 2008/058944PCT/EP2007/062237 - 43 - Finally, clones were
selected with a KanR and ampicillin-sensitive phenotype. The

v@g@’%%gh%ni of the APR gene by the Kan9 cassette was confirmed by
a

nd sequencing. The resulting plasmid was called pMKHRER 062237
Cloning of pMKhly-PSA plasmid Sense primer PSA-Nsil
(5-GATTGGTGATGCATCCCTCAT-3';-M#it restriction sites are
underlined) and anti-sense primer PSA-Nsi2
(5-CERETARRFE CRPHE estdseaegorere L sk aun aimmnate Bpeaiic ant-
frg@m@aaémﬁbdmgi@ﬁppbwaé;lacma@w)amb@eme@@l (mbgqafcl@g%i%% prostate-

ExiSABIMBERAGLH "PRgAYI R S Bh Sy bRl A 26
%ﬁ? éI4C ;{8% 1 min, ar%% %BC% %]F’ €g%?n %&Eﬁg%igest%gr{r\?ﬁ Qﬁ?g ngﬁggde' AA 26
r t“ction enzyme, the DNA fragment, carrying the psa gene, was
insepted, jate e S| iLsite.of t t vectar pMKhly1. The
r ulti?gi' , %I aé r%%&g &Eh%é%é%%vées |s%?§§)e%r_ frogri % F%&%—I%él’ﬂﬁgbumt B
(mﬁ% ARG EREPRAYSH BIPARP BYS s tReiS R A A4 enns et Dembey.
11501 €7 Clitirig afohivichityR Sid GixB glassiit Sense prietdRRiasBalits A2
(RyAMANAAGTCGACGGCTGTGCAGGTCGTAAATCACTGCI') and
anti-sense Primer Ptac-Notl
(5"-AALNAGEEGBEBCEAAAITHITA TCEGHTBECADAMNES G6naN: \Yare:
ussfdoamaib.Ry HGR PRNAE ! 199, 205 sapiens B-

fj &&5@%@%% Iﬁ%%r%slg)f&ng%OE %—%mo sapiens B-raf

Ptac-Promoter from pG p-1- ' mersh science,
AT TR, RREI s 0T A AR OB omon A46-1477
Germesngicioy Beptyelesrat ST tonidt s, 558G 3PscaNainMAE ieNS0sE-
Sansggprimer Rbs-Notl-forward (5'-AAAAAAGCGGCC
GCTAAGGATGAATTATGATTAAATTAAAATTTGG-3') and

antisepise FrivpcisthSalicotitsesequence (5'—3') of the human HLA B27 restricted
(BAETOTAE THGACTTAATTTGCCATACTAATTGCGGCAATCGC-3)
were 25 used to amplify by PCR the 413 bp DNA-Fragment encoding the

riboStgnesintivigisite: anditbdyelgicocing senuanee gdfetBulivMMnstruct of
chQlerasdl quiyﬁhe PCR was performed in a T3 Thermocycler (Biometra,

Germany): stepl: 30 cycles at 95C for 30 s, 50C for 30s, and 72C for 2

min Fgtee puleieati crewitbidbao® iaguishcP GR Ry ifieatigBrs i Riage onstruct of
@g{mgr_};ﬁ%gée_qiﬁg%tion of both fragments with the Notl restriction en-
30 zyme, the two fragments were ligated resulting in the 594 bp

Ptacighxiz- flngepené. hbevesuliteg:bagmenisnas pisenb Wilied-and ¥ @nstruct
QO skoN Wik t{)gogg:krrgasst&l%%%na%ﬁ%m% ggte Ptac-ctxB-Fragment was
e Sa r

inserted into the sing Site of the export vector
Figure 11 depicts the functional expression and secretion of PSA-CixB fusion pro-
teins in different bacterial species recombinant for pMKhly-PSA-CtxB

Figure 12 depicts IFN-gamma secreting splenocytes as a measure for GD8* T-cell

and innate immune system (NK cell) responses in mice immunized with different live
vaccine carriers.

Figure 13 depicts the reduction of tumor volume in response to immunization with
dgifferent live vaccine cariers.

Figure 14 depicts IFN-gamma secreting splenocytes as a measure for CD8* T-cell
and innate immune system (NK cell) responses in mice immunized with different live
vaccines carrying different immunological adjuvants with CtxB-OVA fusion constructs.
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WO 2008/058944PCT/EP2007/062237 - 44 - pMKhly-PSA. The resulting
plasmid pMKhly-PSA/CtxB was isolated from E. coil DH5alpha
(Invitrogene, Germany), analyzed and sequenced. 1D Cloning of
PSA-CtxB-1-1lyAs fusion construct 5 Sense primer 5'ctx8 Nsil
(5'-GCATATGCACATGCATCACCTCAAANTATTACTGAT3') and
anti-sense primer 3' ctx8 Srf | Nsil

(5-EBEPTIERPETATE THATE AT EiOTBEETpnal secretion of chicken influ-
%%gb@&%@gﬁﬁx@r% &f&@it@égh@ﬁﬁmgx @@Qéﬂrﬁm\e}ﬁ%‘c@?{e@ﬁr?@nmm—

- agment re I the ctxB. I . gnholer r. .
R T e e R R B A ORI 3 it

Gerirsy) camel eigastism With the) 10N sifieasrietioreéneyede, ahe R Aerovar Ty-

LETeTarTEg %Wi@/ﬁﬂ@)W%ﬁ@@@%ﬂgﬁ@MQmﬁd}#éﬁé rBingksindbyar Enteriti-
sequence, was Inserted inta the sm&le Nsil site of the export vector

FRKAR (Y F CEtA e SR A A S i ] B & cO

BH5alpha (Life Technologies), analyzed and sequenced. The human psa

gene was amplified from plasmid pCDNA3PSA by FOR with primers
5-PEIBRIAF PR TCE T NGEUI S TR EITAGTE O AR WA BIGAe-HIvA fu-
GorGfafa@I TGGCCACGATGGT-3Y). FOR was carried out in a Thermal

Cycler 60 (Biometra, Gtittingen, Germany) for 30 cycles at 94C for 1 min,
56CFfgrerhindeiridy 1€ fopteasionime! OcZrel NAtheddaicnwastein using the vec-

gaseaventiy clongdintonthesaHt sie af MKIE BATRS fesHiNdher bacterial

plasmid pMKhly-CtxBPSA was verified by restriction analysis and
§gal5@ncing. 20 1E Expression and secretion of fusion proteins in different

R B S MAER R G ant-2-ar
BaEReRAITsirdmiecticanhrfioin' résistaht SiAdrorRMRHIE were pidked Aid!a, A3: S,
fgr@w%%@lrlérm&dﬁh@ ERackisroRirnsem, US4 cratbBrainsaRednfision upper
rom Og

6.Qg/L; Beef Heart, Infusion fr 50g, 9.89/l : Proteos
b R SRR B By DR DL Bl ppen Bench
Magspiherte! 2Byl Dyotein ladder, #10748-010
B) equivalent analysis as in A, using the newly produced anti-HiyA antibody as detec-
tion antibody. Lane 1, 2. StMoPC constructs, tane 3: S. typhi Ty21a MoBKDC,; iane 4:
E. coli MoBKDC, lane 5: S. typhi Ty21a, fane 6: 3. typhimurium aroA. Protein Marker:

nvitrogen BenchMark Pre-Stained protein ladder, #10748-010, Lot. 1315592

Figure 18 depicts the full nucleotide sequence (53" of the empty vector
phMKhiy1.

The invention is explained in more detail by means of the following examples.



to a density of 1x109 cells per ml. Following growth 20 ml of culture were
centrifuged for 30 min at 4000 rpm (3000 g) in a Heraeus centrifuge at 4C.

wd Sonlabshe supernatant were transferred into a fresh tube pgulisegurerstys 7
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1.8 ml TCA (trichloroacetic acid, Ap- 30 plichem, Germany) were added,

the liquid was mixed and incubated for af least 1 hour on ice. After
incubation, the suspension was centrifuged for 30 min at 4000 rpm (3000
gz(in ig&eraeus centrifuge at 4C. The supernatant was decanted and the
p'eﬁ@t%was washed with 1 ml acetone p.a. (Applichem, Germany). The
precipitate was centrifuged WO 2008/058944PCT/EP2007/062237 - 45 -

for 10 min at 4000 rpm (3000 g) in a Heraeus centrifuge at 4C. The pellet
Feanaptaltict enmirRisnupRaSI0 S sesRainbRHER (rE HRITFRGIRIfeins
PH 6.8, 40%x{ vieaiyteralisital admiacstiamslodecyl sulfate, 5% (v/v)
2-mercaptoethanol and 0.05% (w/v) bromophenol blue) with or without
beta-mercaptoethanol (Laemmli, 1970). 20 pl of so- 5 lution were used for

each lane in SOS PAGE. The separated proteins yete electrophoreticall
tTﬁrﬁgPé(ﬁg&Ie(’W&tf@f% %\gﬁ%‘?ﬁ%’%ﬁj@f@ i Igeﬁefo%ec?ﬁgﬁ rgﬁ%%é?%lxsej
(AetienshamrPesecsaiinf SleecClRiT A, WRDF ARtdsRseeIcoVaRdhERGEHIC ant-
@/%5 ﬂ%%ﬁ%kﬁfﬁ%@itﬁ)ﬂg@ QW&@QI&&S?RBif'&éfﬁ@geﬂnmmsﬁh\a{amzwon
, Sodium chloride 8. i-Sodium r ; :
D TR RO 7 ok T S R 00 A VKR
RIFS-aTWeET 010854y srhastriialsathspBIelona RalsHHaAMH T8 A A iSoRFCne
g{%ﬁ@,i%iﬁ% }@@amamﬁ)@ v antibodyitlcboo i onse dn Berjins- "
ermany) or sa subs
B it e B SRS hech Bho O e b
@brﬁ%@%ﬂ%%@%@\/%%?@rr‘(‘@&%@%ﬂ)eIoped with the enhanced

chemiluminescence kit (GE Healthcare Life Science, Ger- 15 many).

Figure 11 depicts the functional expression and secretion of PSA-CtxB
fygionRreinsibricY aRbRthastanals pmerinaludingessioer iahitoc diériva-
spp., Salmonella dublin, Citrobacter spp, Salmonella typhi Ty21a,
saimdi&la typhimurium spp, Erwinia spp and Shigella flexneri spp. 20

e Raimenclia bl Txgiasiraikerriessioarng secmingRSf@iid as
fusion protein was deposited at G n Collection of Microorganisms and
é“&ﬁ%ﬁﬁﬂ:‘%%%% ﬂ}%@ﬁﬁ’ﬁn% 4. WO

2008/058 ARG HRE 0 F AR AT HEAACATTTCCGTGTCGCCCTTATTCCCTT
TITIGGTGTAGGCTGGAGCTGCTTC-3") and an anti-sense primer P2 (5-GCGATCT
GTCTATTITCGTTCATCCATAGITGCCTGACTCCCCATATGAATATCCTCCTTA-3)
and plasmid pKD4 as template were used for PCR to produce a fragment carrying the
kanamycin resisiance gene (Kan") flanked by regions homologous to the ampicillin

resistance gene (underlined).

E. coli strain BW25114, harboring the pKD46 plasmid and the target plasmid pMOhiy1
was grown at 37°C in LB medium (Difco) supplemented with 0,2% L-{+)-arabincse for
3-4 hours before transformation of the PCR fragment.

After transformation the bacterial cells were spread on LB agar plates containing
25ug/mb kanamycin and incubated at 37°C overnight.

The next day, Kan" clones were picked and incubated for additional 48h in LB medium
containing 50ug/mL kanamycin to get rid of all ampicillin resistance conferring plas-

mids.
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Example 2: Immune response and protection against tumor cell challenge
in mice immunized with Salmonella strains secreting fusion proteins of

W@%Q&@é@%ns and CtxB or CtxB alone 5By the following GW)E%%H%&EW

superior protective efficacy of secreted fusion proteins of tumor antigens
and protein toxins was demonstrated in an animal tumor model. For this
model, the strain Salmonella typhimurihﬁq aroA (5L7207)

ly-CtxB-PSA, expressing and secreting the CtxB-PSA fusion pratein .
B s S T S Rerm 26 T s S LA MR R AR e

n
DBeemenice erbrnapmbzebanier varssipitEaFAWErYeY BY ?&%@R‘& egpenc:
the iIMHBueizatiepwithibariesaicanimaleywere pre-treated by applying 50 pl
7% NaHCOa intragastrically to increase the intragastric pH. 5 to 10

minutes after pre-treatment, 5x108 live, 15 Kanamycin-insensitive bacteria

were applied in a volum 100 pl. PBS intragastrically. As a control, mice
wEre Frﬁ mﬂ&fﬁﬁ%%ﬁ@%&%‘ﬁ% naked plasmid DNA encoding PSA

(RS e GBS S e
Ei A S R ngolict Wt Geliee
s saging thdcsplegiy thidilgiraomeshefulisived By [gsis OF erjiReoegteser-
ﬁ@&cﬁﬁdﬁﬁgﬁéﬁ @yﬁ@?&ﬁfi&%}%@{) ﬁ?&ﬁﬁx(?{@&?g&&tﬁk@iﬂofi@l?%%)at 94°C
rmea.accoraing.to a pr Ished In (Fensterie et al., .
781 BHRtfo i &&Mvﬁ”@%&g%’%ﬁﬁ specific CD8+ T-cells 96-well
g s e ko o
BB U TP B B SaRGLI Bt BV Seo) T e
Afrensdeiigiy- RS dbeinisdataC i Hloekinbisainha dhBsmene RS ma108ana-

spiepasyies:feasn ¥ResIgiad BigaaNesg added in 100 pl RP10
30(Fensterle et al., 1999) per well. For analysis of the CD8' 1-cell

response the PSA expressing P815 cell clone PPSA 24 was used; in brief,

this clone expresses the full length PSA via a CMV promotor en-
1C  Cloning of pMKhiy-PSA/CiKB plasmid

Sense primer Ptac-Sall (5-AAAAAAGTCGACGGCTGTGCAGGTCGTAAATCACTGC-
3’} and anti-sense Primer Ptac-Not! (5 -AAAAAAGCGGCCGCGAAATTGTTATCCGCT
CACAATTCC-3") were used to amplify by PCR a 201 bp DNA-Fragment encoding
Ptac-Promoter from pGEX-6p-1-Plasmid (Amersham Bioscience, Germany). The PCR
was performed in T3 thermocycler (Biometra, Germany): for 30 cycles at 95°C for 30 s,
55°C for 30s, and 72°C for 90s. Sense primer Rbs-Notl-forward (5-AAAAAAGCGGCC
GCTAAGGATGAATTATGATTAAATTAAAATTTGG-3') and antisense-primer ctb-Sali-
reverse (5-TTTATAGTCGACTTAATTTGCCATACTAATTGCGGCAATCGC-3') were
used to amplify by PCR the 413 bp DNA-Fragment encoding the ribosome binding site
and the whole coding sequence of GixB from V. cholerae El tor. The PCR was per-
formed in a T3 Thermocycler (Biometra, Germany): siep1: 30 cycles at 95°C for 30 s,
50°C for 30s, and 72°C for 2 min. After purification with the Qiaquick PCR Purification
Kit (Qiagen, Germany) and the digestion of both fragments with the Notf restriction en-
zyme, the two fragments were ligated resulting in the 594 bp Ptac-cix8-fragment. The
resulting fragment was also purified and after digestion with the Salf restriction enzyme,
the Ptac-ctxB-Fragment was inserted into the single Salf site of the export vector
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WO 2008/058944PCT/EP2007/062237 - 47 - coded by the plasmid
pPCDNAS (Fensterle et al., 2005). After incubation for 20-22 h at 37C, 5%

% presence of 30 Wm! IL-2, plates were washed a 2
W%?aé@é%%al 2h with 100 pl biotinylated anti-mouse IFN- gar%gﬁidllgrr# %}}692237
XMB1.2 (0.25 pg/ml, PharMingen). Plates were washed and incubated for

1 h at 37C in the presence of 5 100 pl of4” 1/20,000 dllutlon of alkallne

IR S0 B A8 SNl SRR SETRS & Eod

mwmmwarwme@ems wanayeeod meﬁasﬂqdemaa@ussectmg
microscope at 3-fold magnification. The frequency of peptide-specific T
cells (CTL) is expressed as the number of IFN- 1 0 gamma-secreting cells

PeY 108Riengepies. Cﬁ%%ﬁrﬂ@%&%&é@ﬁﬁéﬁsmnses after

restimulation, 2.5 x 10" splenocytes were restimulated with 2x106
iBatkatedhREA @xpress(BERSA bATElSAEaNsicHg enaTZO0RAATRREEC TGAT-

'@%H&‘h@%’éﬁ@'ﬁnﬁ%&'? %&%%Pﬂ t@@gl&@%@é&%ﬁ?ﬁﬂﬁ‘ﬁ%ﬁ?ﬁ%&iﬂﬁccc

L2for5 ana was performed as descri

AT A G chtl S iena B 163 596090 SBLY 28 P 2
P00l DhXRdwithideh0E detideiheatis fgdreshiyrpve parkrspienocites purif-
AT oS RECAIGE eREIARERSAG GalfThe e AR ARLRINA o

immune response, especia %o CDS cytotoxic T cells ays an important

(O F5P R RIRAES: e e TR (BRI G L o R aehmaigoLt the N
2001y aTHigrefors e eficadysef dbirectm binglat\sdctibrial bieairport vector

%@W'%Q@hi&%@%hﬁm &wa%péix@axw%w Koy £ 5 B%upha (Life
e]x res ion vector to in ea PSA CDS+ T-cell immune r P
i R TN PN S e
Iﬂﬂ&m@e@@ﬁv@?@m bRiZedth i mﬂth 5&8&18!&1&%5857%@@% CtxB
ﬁ%@/@h@%@%ﬁm@&@cﬁ% (eggm/:ﬁ%%imm@% (PEHONas
Yy,
RSN T o B e o AT BETHErA e 20 SR e

a positive con fFors
84°C for 1 min, 56°C for 1 min, and 72°C for 2 min. The 0.7 kb DNA product was sub-

sequently cloned into the Srff site of pMKhly-CixB. The resulting plasmid pMKhly-CixB-

PSA was verified by resfriction analysis and sequencing.

1E  Expression and secretion of fusion proteins in different bacierial species

Using standard electroporation procedures, plasmid pMKhy-GixB-FSA was trans-
formed into different electro-competent bacterial strains. Kanamycin resistant single
colonies were picked and grown in BHI medium (Beckion Dickinson, USA: Calf Brains,
Infusion from 200qg, 6.0g/L; Beef Meart, infusion from 250g, 9.8¢/L; Proieose Pep-
tone 10.0g/L ; Sodium Chloride 5.0g/L; Dextrose 2.0g/L; Disodium Phosphate 2.5g/1)
to a density of 1x10° cells per ml. Following growth 20 ml of culture were centrifuged for
30 min at 4000 rpm (3000 g) in a Heraeus centrifuge at 4°C. 18 ml of the supernatant
were transferred into a fresh tube. Subseguently, 1.8 mi TCA (trichloroacetic acid, Ap-
plichem, Germany) were added, the liquid was mixed and incubated for at least 1 hour
on ice. After incubation, the suspension was centrifuged for 30 min at 4000 rpm (3000
g) in a Heraeus cenirifuge at 4°C. The supernatant was decanted and the pellet was
washed with 1 ml acetone p.a. (Applichem, Germany). The precipitate was cenirifuged
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Figure 12 shows the ELISPOT data revealing that DNA immunized mice
showed pro- found CD8+ T-cell responses. After restimulation, marked
WHTERsiesponses were detected in animals vaccinated wit onella
secreting PSA protein fused to CtxB, 30 but not in strains se%f%?lkr‘% PERo2237
alone or PSA and CtxB separately. Interestingly, animals vaccinated with
Salmonella secreting CtxB toxin alone aftd showed significant immune

Ses fter resti e res onses are most likely due to NK
ceqfs), o' oth gr%e s mh%%)rbh%t %M‘i“%fﬁ&ﬁcﬁoﬁ@p%ﬁﬁfc‘é{w air-
réEEg e ke narg st 8 tirfex H@mreh f:mi‘fart&?@ dalvbTids- 5L pte bl ®h (v/v)
alppeitican; *{w\ﬁ}%@@luﬁﬁ&bﬂé@%@%ﬁ?&%%%%f\@%ﬁ%ﬂ&@gﬁ&%@%&?8@@7 wiv)

esponpse o or secreted Ctx Si rotein
@r%mé)?ﬁ“ rﬁ@%@g et- morgub%%enoc s RGNS Ia (51":> ?‘?7&"20 ut of so-
r&%ﬁ%@%@%ﬁ%@%@bﬂ@f@uﬁ@%‘%sm oherfeharais ipnetrineveystelectropho-

(medistllikehn Nireal 5y eBI@E Rsotectignong @G&trtmk%rfgféé@h%}ﬁ&%emmer
agalyzedhe Rrotectye t%?ﬁl th?d e ox}z'eorQLRNt wit I%%Qg?gt g;m chio-

were iImmunized according to'the schedu e abové 0 weekK

tAivE fethe ZatRis i chvisre e hanesip P Rb SR iU s it Py, di-
tWodiu: ififgdtieobludfiGeelisintoeachfankefshaven abdomings ﬁlféﬁibrane

Mige Mé%@%@]ﬂ'?f‘éée%\éﬁr@@@&'%@éé@d@:@ﬁ%ﬁ%&g AT g%?%@ Atibody
a ume was assessed by measurin

@%#8”5 G P B 1S PRSP ARWA Rl et hor HiyAs
ediiiibotty L@m@mqmicaw;nggenmtaswmaébt@ Bieabeaisd ReBHBPARIBbled anti
aRBbIZRE farSElIBAMR LGRS IEARANRANA /79 RUARSHSIHIYRE was de-
veloped with the enhanced chemiluminescence kit {GE Healthcare Life Science, Ger-
many).

Figure 11 depicts the functional expression and secretion of PSA-CixB fusion proteins
in a variety of bacterial strains, including Escherichia coli spp., Salmonella dublin,
Citrobacter spp, Salmonella typhi Ty21a, Salmonella typhimurium spp, Erwinia spp and
Shigella flexneri spp.

The Salmonelia typhi Ty21a strain expressing and secreting PSA-CtxB fusion protein
was deposited at German Collection of Microorganisms and Cell Cultures (DSMZ) un-
der DSM 19244,
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15 comparison post-test using the Graph Pad Prism software. The post
test was only performed when ANOVA revealed significance. Figure 13
ch?ﬁ results as means +/- SD. At day 6, 9, 12 and 14 significant
proté%){%égf fects were observed. As expected, naked DNA 85?%’5‘%&8(? 62231
included as a control completely protected mice from tumor growth.
However, naked DNA vaccination 20 sh#fs at most moderate efficiency
ig:humains?,/fR ar(ilsisn_é the bacterial constructs, the vaccine strain )
B i) S FSROSE PESSHE S iPOAaElTsS W el saplenge in
fusion proteinyifraddounizebesitio Sebifivielia Hsignificantygtusied proteins
tumor volume &t ec? ahaigiits b afiersuperahalisnge. Of note, also the
strain SL7207/pMKhly-CtxB reduced tumor growth with values
comparable to SL7207/pMKhly-CtxB-PSA at day 14. 25 Although not
significant, this delayed effect is well compatible to the cellular response
¥ e e Bdajive ificannetecaisigdtusion proteins
SUL TR0 pighhg- 478 Arstedinaohieuadisigaifttandioteciamatigayrkdodel. For
o : S
which gl @@étrmgal%mtgw&msﬂoﬂ @L%@E’WK %._yg%%azg&ex_

below. the detection threshold. In contrast, the :

IS BR PR B Yo VA ShELT SR AR AT SO TR A
a¥rgng207/pMKhly1l alone. - 49 - Example 3: Expression and secretion of
an oncogen - toxin fusion protein in S. typhi Ty2la Analogous to example

1, another tumor antigen, the kinase domain of the oncogen B- 5 Raf

\ROOE with e J&.3 p&[g&g @ the kinase domain was used (BRaf V600E
kinase domaiﬁ?nsge dea(flh(KD), or briefly BRaf* KD, more briefly BKD).

Tmmm@a@wﬁnﬁf@ﬁﬁwmwmmﬁlﬁlﬁﬁ&rﬁ@i‘@a%%@mé@@dm%iﬁw_nuni-
TS 1. POt W NSUUCIed, as aescri A=) ession
S e e e e R o [ RS
AN [ RERAsRERAPIEIoARICIBbaB I Simineiptaite @rmicrakprab Sulp® live,
u@tampmm&yﬂsim(f?la&aﬁabﬁﬁﬁ a@u&iusla aseeidsd éﬁgruv@glwr@ga?dtsicauy.
: schev . i C re is an us to .
e el L I B

GRRARTSY iR deRsohest réienstgtinet Al-F808 10,

2B  T-celi responses

Seven days after the fast immunization, spienocytes of immunized mice were prepared
as published previously (Fensterle et al., 1999) by passaging the spleen through a
mesh followed by lysis of erythrocytes. ELISPOT analysis for the detection of PSA
specific CD8" T-cells was performed according to a protocol published in (Fensterle et
al., 1999).

in brief, for the ex-vivo analysis of PSA specific CD8" T-cells 96-weil nitrocellulose
plates (Millititer HA; Millipore, Bedford, MA) were coated with 5 ug/mi of the anti-mouse
IFN-gamma monoclonal antibody (mAb) R4 (PharMingen) it 100 pl of carbonate buffer
(Fensterle et al., 1999), pH 9.6. After overnight incubation at 4°C and blocking with 1%
BSA in PBS, 1x10° splenocytes from vaccinated mice were added in 100 ul RP10
(Fensterle et al., 1999) per well.

For analysis of the CD8" T-cell response the PSA expressing P815 cell clone PPSA 24
was used; in brief, this clone expresses the full length PSA via a CMV promotor en-
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15 Figure 17 depicts the expression and secretion of the fusion protein
using the vector pMBKDC electroporated into the strain Salmonella typhi

\Jd%{)@/ﬁ‘%@ ther bacterial strains. The Salmonella typhi Ty21la strai

expressing and secreting BKD-CtxB fusion protein was depgg%g@?w 062237

German Collection of Microorganisms and Cell Cultures (DSMZ) un20 der

DSM 19245. WO 2008/058944PCT/EP2007/062237 - 50 - Example 4:
omparison of an OVA-Ctx13 fusion construct with different genetically

eﬁ% iR RIETEG REPAAR (BRRE DL n SRR M TRA IvFHRSIRIdEY 20-22 h at
eHiCacpBiEoxi m-dntigendusian phdtemd segreted byrdivesSheacainésciated for

fusignoproteinancemRassing &Lids m&@mﬁﬂqmm& IMBUAILOCR 25 16/,
s%d«ij Chl(jg oval umin OV %\; txB was constructed. Sense
primier &A™ OveS 1Sk aYgs® PO A PR o En s FeRTAC!
CCF 160 =31 aAdeUndigigrsef mmimerfb@msp@ameemm Srepthvidit PAEGINn-
gg‘éjﬂi A%iﬁtﬁ%@%&%@d%@l%d&ﬁg:éﬁ%ﬁ:ﬁh eit’raﬁ%tﬁﬁtél%%g Lo mRliEEe N T
a ra men esenting the o

&%\?%sg% iﬁer pur d[ (qué\l'gcrji Witlf i %ﬁ&%w% %ﬁtfﬁ]ﬁ?{e&t%ﬂz%ﬁcimg mi-
(Q‘%ﬁf@ﬁe@@ﬁ%%@ﬁ@mtlon with the Nail restriction enzyme, the

A fra ment the le qva e without the N-terminal signal
e e R A e o G o -
p@#mm?isepfﬁé*f?@@@lmbFéJsﬁﬁéﬁwmhW@v&wa&a@eﬂatéd’fwh@poudas after
Dithisdphadiife. gacfmeme@t@wé@egsﬁm@s&@éaﬁﬂ#%&%%%&a&% RIGREY-

rRrbare G kel e Sl s WA Redtm [FehiERe 7 oo

-Sense pri

(@@@@WW&WM@WM@DM@ GresEtSPEcethGRATO0 Rmed
(ssftisigiibalshveamyseddosamplifndys Pe@%law@én@(mﬁ@ fea@mer@4 or

r senfi e.fre V chglera or, After ur| atl
v?i%r{lsthéggl%glhﬁ%%%gi%n é:a‘ct%onel&ézél ?reshﬁzé)rr éarﬁ)e/ aﬁgrbo Pr? m na-
M&Qﬁé\/ﬁﬁiﬁ@s@ﬂéﬂ@n BRefrfeceHe DNA fragment, carrying the Whole

it outt N-terminal signa ueng nse dln
sing Ie'gﬁﬂn% \Qété} 0 %ﬁeu exportvec orp%W RE*TRe’ resuﬁéw %é’nﬂ?dlrocgis plays
pﬁwmwr@ﬁ%q}@a@ﬁﬁ&m@a@mm@%ﬂrmﬁ@p%m@ ar!ecamoﬁwég)wberg,
ammyzeﬁha@%%m@meﬁbﬂﬁem@mm@ﬂw&l&ﬂﬁ@@aﬂh@rﬁ@&t

and ﬁé@%%é@@s R S R (ivTa%SA

SiHn E%WP@WEPW@B@@M@F@S@%tmgen Germany) for 30
t 49 nd of ec at 72C. The
%J%%Bm}%%m B o D b e T G Bl e

MAKAIR &R‘E%“@H@FM%%GWW@&@@@A%W@Wﬁ'ﬂ)@%ﬁ% R&d 8o-10),
kSt resiriptitithigrretys (8-aity, StqaeneiRghly-PSA/CxIB (n=10), SL7207/pMKhliy1
{n=7} and naked pcDNA3-PSA (n=10) as a positive control as described herein.

Figure 12 shows the ELISPOT data revealing that DNA immunized mice showed pro-
found CD8" T-cell responses. After restimulation, marked immune responses were
detected in animals vaccinated with Salfmonelia secreting PSA protein fused to CixB,
but not in strains secreting PSA alone or PSA and CixB separately. Interestingly, ani-
mals vaccinated with Salmonella secreting CtxB toxin alone also showed significant
immune responses after restimulation. These responses are most likely due to NK cells
or other cells of the innate immune system, which non-specifically recognize the target
cell line. Hence, from the data for secreted CtxB alone it can be concluded that the
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WO 2008/058944PCT/EP2007/062237 -51 - plasmids (encoding for
proteins under the control of a eukaryotic promotor) coding for interferons

“Qf%@%%mg), interleukins (IL-12) and chemokines (IP-10). Immunization

: > T/EPI007/862237
procedures and ELISPOT analysis were performed as described above.

In brief, C57BLJ6 mice were immunized orally three times with the

different strains. 7 5 days after final imrrtkhization, splenocytes were
removed, restimulated for 5 days and analysed in an ELISPOT assay. For
AR ASRBF R SROGHAY, SRIE BHICK P <] R TpRama secret
(fegtseseaytEtd isrnineraeios) a the #H- 7 -redtrictenh dE vwaipitoperofound re-

oyRisEIninY RiRaksRSh aWRkh ShRwsiRE, supetie; efficacy of the fusion
protein comprising chicken oval- 10 bumin (OVA) and CtxB in inducing

OVA specific CD8" T-cell responses and potentially innate immune
S stem% responses compared to constructs co-delivering IFN-gamma or

1410 tdgRlins e g dvanicery callf®etrain with co-delivered IL-12
?@ﬁ”ﬁﬂﬁ&e W@p%qgg{\pes%)p%%ﬁf (%I;/ 1!?:15 %‘9913 a%%’h%,?e'-g’iﬁ'ttibg ﬁ%['m rcla%ps ‘:Nere n-

C

Expression and secretion of vira antlgense%ie suitability of the o

i ARSI et e RTasitn I8P YRe ¥ipreskv Alsniaderatisrmeniaaton,
(nure tuene Khaltigen wils RieBionsiate ditbvelightifesax pR8sieN @ x 10° cells into

hemagelutinig.a/Bl sinatibe ﬁﬁ?&g@@r@ﬁ'}%ﬂ%%wé;E%'é&oqiéggﬁg%ys for

CtxBin a veterlnarx vaccine strain, Salmonella typhimurium Vac
pHM A A LA F S ERA AT BEERE LN A OFeHHncae- Begrsd () and

pHnadest (b) tumor diameter. Tumor volume was calculated as rotation elfipsoid using
the following formula:

V=Lsgup?
6 ,a>b.

Results were analyzed for significance by one way ANOVA and Dunnett's muliiple

comparison post-test using the Graph Pad Prism software. The post test was only per-

formed when ANOVA revealed significance.

Figure 13 displays the results as means +/- SD. At day 8, 9, 12 and 14 significant pro-
tective effects were observed. As expected, naked DNA vaccination included as a con-
trol completely protected mice from tumor growth. However, naked DNA vaccination
shows at most moderate efficiency in humans. Regarding the bacterial constructs, the
vaccine strain SL7207/pMKhly-CtxB-PSA (expressing and secreting the CixB-PSA
fusion protein) turned out to be most efficient. It significantly reduced tumor volume at
day 9, 12 and 14 after tumor challenge. Of note, aiso the strain SL7207/pMKhiy-CtxB
reduced tumor growth with values comparabie to SL7207/pMKhly-CixB-PSA at day 14.
Although not significant, this delayed effect is well compatible to the cellular response
which was measured in the ELISPOT assay. Furthermore, also the SL7207/pMKhly-
PSA strain achieved significant protection at day 14 which indicates, that also this
strain induced a T-cell response which was below the detection threshold. |n contrast,
the SL7207/pMKhy-PSA/CxiB strain did not induce a relevant effect and remainad in
the same range as SL.7207/pMKhly1 alone.



3-HAI2C: 5Th-TAC TOG ACT TAT TTC CTC TCT-3' were used in FOR,
amplifying a DNA fragment encoding the H5 without the C- terminal
whshbiaRs fomain (H120). 10 The PCR product was subse g%écl n
into the Siﬁ site of pMKhly-CtxB. The resulting pMKth-Cthgliﬁ 00%%%%37
plasmid was examined by restriction analysis and sequencing. The S.
typhimurium VacT/pMKhly-CtxB-H12C"strain efficiently expressed and
creted the hybrid H5-protein, as shown by immunoblotting with o
B R b e A L R PR TR GO B HcarAgeietn i
of secreted HwWiB/H-By2%dig protein/ml supernatant under the
experimental conditions. Bacteria were grown in BHI medium to a density
of 1x109 cells per ml. 20 ml of the culture were centrifuged for 30" at 4000

RRLGR0Q @) aafhAt i'?aehMﬁéﬁ%}ﬁ%&%@{@@ﬂ%%%ﬁg&g{%@ﬁ%ﬂ&%&gw B

were transferred into a fresh tube. Subsequently, 1. ,

5 (BRNGPUAE Acld SREIRHRND BeiRaRs PREAN R an RN RIESE Kinase
riixedakiddse de2d Falpdramiadly Bt KashbhduietikiBUncliibatoccdbe and
SERaNEIN WasreerHifuger ©5B0:aLARRR P HRR0L 9% ARG AG N was

Hereaus centrifuge, Tpo superpatant was decanted and the pellet was
RS AL TR KREITPE. EXBITR R SRATAHD). e SeRoprioqhe
duritafugeifsr IGIat4 000 gy {3000ay) el dulC draindesdmssccentrifuges-

10 The/eglietyas isieriad@nchtalmpnuinntel Hdaxspeninlidadifemrby of

of t lution were 25 u or each Igne in SDS PAGE. The separated
O R S e T e o s e e e
MR ERRdcelate rsHarpsPRagrvRER it teeehaMBHDC. Kheaedusiocketithe fusion
qverightovih RBsyaentaining 1% BSA. The membrane was washed in
PBS-Tween 0.05%, incubated with polyclonal rabbit anti CtxB antibody
(1:2000, Zytomed, Berlin, Germany) or HlyAs antibody (Gentschev et al.,

96) a 0.subsequently incubated with HRP-coupled anti rabbit IgG
15 g SRR SO CSEH TR 6o T e B B AS vector
cAiBEPolesimpatated itiaribe dithe Billminmds cervd kit (GiEdHebdtHoarerial
ldf@iseience, Germany). - 53 - Figure 15 depicts the efficient expression
and functional secretion of HAI2C-CtxB fusion protein in the veterinary
videciarstraite Sphinbyrid kestygimienpréseny aod .sati@ing BKD~CixB fusion protein
2RNBRSARARCE RV EIREAS3 St MRésdRANRIE SrdpiRSHIoRaNSsMZ) un-

20 s?%%rﬁg _@le}églon proteins of toxin adjuvants and tumor antigens via type
[M"secretion systems
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Several Gram negative bacteria carry type Ill secretion systems which can
be exploited 5 for antigen secretion. Usually, these systems can be

i directly inject het- erologous antigens into cells. In this

“g%((gdr?i% éif Jél%toxin component of Yersinia which serves as sedre i’%"ﬁ’*’*é‘.‘é’ﬁ‘}aﬁﬁm”’

(YopE ) is genetically fused to the heat labile enterotoxin subunit B (LT-B)
fragment serving as an adjuvant and a‘t8for antigen, PSA. This construct
is.to be expressed in suitable, preferably attenuated, Yersinia strains X
RERREA: 10 reRRaR A G RS BYTRES deheAtiR agbaenett
Il secretion meadbirenyodedrenvopEcitpwhbdgemise. In this example, the
genetic fusion YopE18-LT-B-PSA is cloned into the EcoRI site of the
plasmid paCYC184, for use the construct with the same orientation as the

cl 96RE A2 iSRRG RQAVSH SXRIEREE- QY% Blasmid.encoded,

cat promoter . _ , . . .
(HREEIGRV T RS ARER TS SRIRBHIPREI BIE NCHIS AR Jr T BUN Mt dios stud-
aahariekdexpatssron (@) suntablebpramedosicaridee used. In the following,
a cloning procedure is exemplified. Chromosomal DNA from E. coli
PRI PHESNY e R4 TiensaEf otk SubiRIER bF AGECEHT GGT ATA CCT
ehConipassingithissen2thguesice (FanBankrascession TIMEBE CAT AAG GG
j i} ing- ' ' B~a-P Q. )
@%%%ﬁ%%?oﬂrﬁgpggin% %cqg I%}Ié%ﬁlég % @%‘ﬁg@ Efgﬁ ﬁqs@egr%%%ce '5_frag
g@g&?l@’gwﬁq-@g Rmpn’er@ﬁ@?@{y%ﬂﬁm-@wﬁcamn with the QlAqguick PCR
AUATEGHEIOLHGUAPE THarmany) and digestion with the Nsif restrictiop enzyme, the
TSROGH @E&@?@M@ﬁ%ﬁ%ﬂ%&ﬂﬁﬁﬂ% (Befmifal Segianblagce,

EcoRl site+3 bases 9/, e(%uence encoding for secretion_signal for

. LS )
Y58 TIFEERFHINET YRR o Qlia 1By CERBARN LS EGi Ryns Blas-
ifalieddign-Chermeio ipp iedeidroof ETe8 Gettel(B8 (Atedssiomwb§2g2448)zed and
basestt<s). Phosphorylated reverse primer LT-B-r: 5'

TTTTCCATACTGAITT0003 T -3 verse strand
P LA A oo Gt IS st YR
tRis AphREARSHTEORATIRE Yoot BVIK Gk ESACE A plitdd TSMAIRCATGCCC
fOlRBOII PCOEECAATCGC-3") (Srfl site is bold) were used to amplify by PCR a

~300bp DNA fragment representing the cixB gene from V. cholerae Ei tor. After purifi-

cation with the QiAquick PCR Purification Kit (Qiagen, Germany) and digestion with the
Nsil restriction enzyme, the DNA fragment, carrying the whole ¢ctxB gene without the N-
terminal signal sequence, was inserted into the single Nsil site of the export vector
pMKhiy1. The resulting plasmid pMKhly-CixB was isolated from E. coli DH5alpha (Life
Technologies), analyzed and sequenced. The ova gene was amplified from the pCl-
OVA plasmid by PCR using 5-OVA-Sfrl GCC ATC ATG TCA GCT CTA and 3-OVA-Sfrl
AGG GGA AAC ACA TCT GCC primers. The PCR was carried out in a Thermal Cycler
60 (Biometra, Géttingen, Germany) for 30 cycles of 1 min at 94°C, of 1 min at 49°C,
and of 2 min. 30 sec at 72°C. The 1.1-kb DNA product was subsequently cloned into
the Srif site of pMKhly-CixB. The resulting pMKhly-CixB-OVA plasmid was examined
by restriction analysis and sequencing.

The capacity of this fusion protein to elicit Th1 immune responses was compared with
those of pMKhly vector encoded secreted OVA alone in combination with DNA delivery



phosphorylated forward primer psa-f:
5-GTGGGAGGCTGGGAGTGCGAG-3' WO
APCT/EP2007/062237 - 55 - reverse primer psa-eco-r: 5'

Wés)czg*d?{f’sgﬁé%%CTTAGACGTGATACCTTGAAGCAC (5' black: EcOR1 SEI% 27

bases 5, blue: stop codon, black: 3' region of PSA sequence, this

application) Subsequently, the two fragﬁﬂe‘nts are ligated with a DNA

Li assr,T%f}mdert e agdprr%%priate 5 conditions, After ligation, the new fragment

IPERIBRAE PSS (RN Podetible Gag RbRM A pieI 4 aniar) Coding for

PatEsssHR | pHraary et sivitial kdboe: TPheneshitingkiragientis purified
UE%%a suitable PCRé)urification kit to remove buffer and oligonucleotides
ahtl SUBEEGLERPAGES &t Wit LI R alsiinie 1 ReffriBled éadisribed above.
coriefieiohs: 7 Bhé s tiray <l 040Uz érhopaiprit istmBe dvitisihg dijaragegshs. 7

5 elpetanddiphorasiminkigategdiinaing E@%%'e%@é&?peyﬁﬁm&%%?(%% and

Aéf;%% se yneggigglégggfgclin resistant, cm sensitive clones, a clone whicl

HAs the corfact setuenédiftegPAlEs HRIRE ShFRE S RURRSHR AT AR the

geidrseneeriiviafatieanstorthied amo aasidtables e i rsatsttedrMisthgepitope of

alestiopatalien Jdag vaccine strain will secrete the LT-B-PSA fusion via its

endogenous type lll secretion system. 15 WO

20087654949 E TYERIBOTIGHR2BY of5ke-IEamptecih Exppeissiontatian oval-
10 sesreliomaf) EayiCRotigeR ERo bs/I FEam: RASHIVE RACIRME ST ALK Ay

anﬁi pegnative bacteria have different grer%quisites for secretion. Gram
finate mmune system) responses compared 1o construcis co-delivering IFN-gamma or

IP-10. It exhibits a similar efficacy as the strain with co-delivered IL-12 construct.
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5 negative bacteria possess two membranes and therefore a secretion
machinery in addition to secretion signals is mandatory for full secretion.

wh e sass of Gram positive bacteria, a secretion signal se
sufficient. In this example a system for secretion of a Tetan%%&%%%zl@ BYR7

fusion in Listeria using the p60 secretion signal is described. 10 In a first
step, the vector pUClB(PS)actAOVATthﬁ (Loeffler et al., 2006) is

este |n%NS| Saé}% sub% ent treated with 3'-5' Exonuclease in the
appro;?rla e conﬁlons EI f%[%rgtf ib?rﬁé’f‘ﬁa aBHﬁﬁEﬁ by agarose gel

electrophoresis. In parallel, the tetanus toxoid fragment C (GenBank
accession no. M12739) is amplil5 fied from a suitable source, e.g.
gerosnitDkAofribmralGlostrdisms tetaniistsaiinn singhthedolevidRtng secretion

%%@WQW&%@% h Wég é%%énst&%%@hggﬁ%%ﬁ?ﬁg %H%éﬁﬁ rﬁ%lutmm

%—l whereas the underlined additional base Is to ensure the correct

G REE B WS EA YR P RS PR P G eaman0 e
ERNE Rerfengeypiinamiptifigacfom the plasmid pM0O BKDC described in

this application using the followin osphorylated primers: br for: 5' -
R ; XA é’(ﬁ GATGT %ﬁﬁ’?@\ﬁp AG AAF))L\ -3" and anti-sense primer

CeGI 6 AAGGAAMTGEBACT STBOLTIrgmenisare-pRlificdrtsing @ a
am%@%% @Aeasangmmﬁwﬁgl@n@fn%ﬁalf%é%me EPA% 9380,

E;wtablg condltloﬁf)ﬁAfter ligation, the fragment is purified again

usnﬁ Vit %%WW(E'%W&%I ﬁ%ﬁdélﬁ&tﬂ@qwﬁ%@ﬁ% The
t’fﬁé%ﬁm@\pwﬁﬁwmﬂrﬂ’a&ﬁmiﬂsmmammmm@ﬂwrma&na@m@mmnd se-

Wmm@ms@o%&m Bt fAeRANdBigAEd gasgmfewﬁ%%%wssed
san%i egcorge %.?.Sﬁ rgg ntrotf S{%}@ ctAOVAT IA, After ligation and
transiormaton ntd R VeE?é‘H‘Eg %@%Wé%@l}‘ﬁl&‘?ﬁwn
wawﬁsgaﬁgémmw,%maéﬁimﬂs(mt asimgePatiand Sagdrated tHe R882-3
e trgene @wﬁﬁ%uﬁa@r% elegiaRhRIRgIRAhdgated into the

tI an ted urfl SP118 (Loeffler
O Y G e e S B ol P e B 2751 the ot
twﬁ%rfﬁw@?i‘iﬁft’éﬂaq_f@%@ﬁs @t%@ﬂd&%ﬁ@a ﬁ)@@ié@u@rﬂé@r@smtnfug@ 18
mmb O tytogaesateltatsps m@haearr@i\mdlaoﬁmr 8be. Blibeu20P) 118 tisrca
G- loeR! é@lﬁ@;ﬁéﬁmz e R 5’81%6% PRI incu

lethal system lasmi encg es orap new ICh ea d%fj

iREsEaILES iF/s® ‘Sﬁﬁfwé rﬁfﬂﬁéﬂa@ﬁ?@fetwkqvmg@ﬁ@@@mged for 30"
expiEsseaniolyghapukely otia est oedl samndfegdhereonieredihe wetecantad

RIIMGIa NG AR RUMGEUAFPRUYEN p.a. (Applichem, Germany): the precipitate
was centrifuged for 10" at 4000 rpm (3000 ¢) and 4°C in a Hereaus centrifuge. The
pellet was air-dried and taken up in 150 i 5x Laemmli-buffer. 20 i of the solution were
used for each lane in SDS PAGE. The separated proteins were electrophoretically
transferred to Hybond ECL nitrocellulose membrane (Amersham-Pharmacia, Little
Chalfont, U.K.) and blocked overnight with PBS containing 1% BSA. The membrane
was washed in PBS-Tween 0.05%, incubated with polyclonal rabbit anti CtxB antibody
(1:1000, Zylomed, Berlin, Germany) or HlyAs antibody (Gentschev et al., 1996) and
subsequently incubated with HRP-coupled anti rabbit IgG (1/2,000; Dianova, Hamburg,
Germany} for 1 h. The Western blot was carried out using the enhanced chemilumi-
nescence kit (GE Healthcare Life Science, Germany).



5 leakiness (Loeffler et al., 2006). The actA signal sequence of the
cassette leads to secretion of the TetC-BRaf*KD fusion protein. - 58 -

woAnRRIa s Eucaryotic cells secreting toxin-antigen fusions Jpthis, oo 4ea937
example, a eukaryotic cell line, eg tumor cell line, is constructed which
secretes a CtxB-PSA fusion protein. For_this purpose, a universal
secretion signal is employed 5 (US 6,733,997), which, in principle; allows

frevean, Al corespandind RPIRsSIan RSPl Jngeols of (AR .

orlam includh INng mammalian ¢ fs yeas oroc;ary Gtic cells. i atiret
SH9p, ﬁﬁéewgfsﬂaﬁ&rmwwm% %ffﬁiﬁhﬁ@&fﬁﬁﬁlﬁﬁwblw piae'BKDC
(this 10application) using the following primers: CB-for: 5'-
atcGGATCCTCAAAATATTACTGATTTGTGTGC -3' (lower case: spacer,
underlined: BamHI site, uppercase: CtxB 5') CB-rev: 5' - tagGGATCC
TTAGTGGACAGGAAACGCACCATATCC -3' (lower case: spacer,
underlined: BamH1 site, italic: stop codon, uppercase: BRaf" KD 3'). 15
Subsequently, the PCR product is purified using a suitable PCR
purification kit and subsequently partially digested (fragment contains
internal BamH1 site) with BamH1. The 1231 bp fragment of the partial
digest is isolated via agarose gel electrophoresis and subsequently ligated
into the BamHI digested and gel purified plasmid pVtgEGFP (US Patent
application 6733997). Subsequently, a clone carrying the in frame orienta-
20 tion with Vtgss is selected and named pVtgCtxBRAf. This plasmid can
be transformed via electroporation into a eukaryotic cell line, which can be
selected via the kan/neo selection cassette. The cell lines can be
established cell lines like cancer cell lines for use as heterologuous cancer
vaccine or patient derived tumor cells for use as autologuous cancer
vaccines. 25 In any case, the secretion signal Vtgss encoded by the
vector pVtgEGFP genetically fused to CtxB-BRaf* KD will result in the
secretion of the fusion protein. Using a similar approach, fusion proteins
can also be expressed in yeast As an example, a modified cloning
strategy as depicted in fig. 11 of US 6,733,997 is demonstrated. In the first
step, the cassette containing the Vtgss-CtxB-BRaf*KD fusion from plasmid
30 pVtgCtxBRAf described above is excised via Eagl and Eco47111 and
inserted into the vector pBSPGK (US 6,733,997, fig. 11). Subsequently,
the resulting vector is digested with Sad | and Hind111 and the fragment
encompassing the PGK element and the Vtgss-
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- 59 - CtxB-BRaf*KD fusion is integrated in the corresponding region of
the vector pYEX-S1 analoguous to the description of US 6,733,997 (fig.

“,J(;_)O(;En,ggg%ulting plasmid can be transformed by electroporgg&z&é}g%%g%m
i €

strains like Saccharomyces cerevisiae. The yeast will express and secre
the fusion protein and can be used for vaccination pur- 5 poses. - 60 -
Abbreviations ABCATP binding cassette*alDAadhesin involved in diffuse

herence ARCAntigen-presenting cell roAaroA gene ATalphaToxin
e B R A A P AT e B A A bAHEnts and
serum albumiksTieCagiigans vizivpadd sessetiziarysheaience protein

Several Gram negative bacieria carry type |l secration systems which can be exploited
for antigen secretion. Usually, these systems can be exploited to directly inject het-
erologous antigens into cells. In this example, a toxin component of Yersinia which
serves as secretion signal (YopE ) is genatically fused to the heat labile enterotoxin
subunit B (LT-B) fragment serving as an adjuvant and a tumor antigen, PSA. This con-
struct is fo be expressed in suitabie, preferably atienuated, Yersinia strains which leads
to secretion of the fusion protein by the endogenous type il secretion machinery via
the Yopk signal sequence.

In this example, the genetic fusion YopE18-LT-B-PSA is cloned into the EcoRli site of
the plasmid paCYC184, for use the construct with the same orientation as the cat gene
is used yielding a product expressed by the plasmid encoded cat promoter
(hitp://www.fermentas.com/techinfo/nucleicacids/mappacyci184.htm). For enhanced
expression, any suitable promotor can be used.

In the foliowing, a cloning procedure is exemplified. Chromosomal DNA from E. coli
encompassing the heat labile enterotoxin subunit B or & vector encompassing this se-
quence {GenBank accession number AF242418) is amplified using the following prim-
ers in a PCR reaction:

Eco-yope18-f (encompassing EcoRl site + YopE18 signal sequence):
5-CTGAATTCATOAAARTATCATUATTTATTTCTACATCACTROCIOTROOGROA
TCAGTGTCAAATAAAGTAAAATGTTATGTTTTATY

{5’ region black: EcoRl site+3 bases 5, red: sequence encoding for secretion signal for
type 1l secretion of YopE proiein (aa 1-18), GenBank Accession M92066; italic region:
homology region of LT-B gene (GB accession AF242418), bases 4-28).
Phosphorylated reverse primer LT-B-r:

5 GTTTTCCATACTGATTGCCGCAATTGAATTGG-3

(reverse strand 372-341 of GB AF242418).

In parallel, the PSA sequence as described in this application from the vector pMK
CixB-PSA is amplified using the following primers:
phosphorylated forward primer psa-f: 5-GTGGGAGGCTGGGAGTGCGAG-3’
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(5' black: EcoRl site+3 bases 5', blue: stop codon, black: 3’ region of PSA seguence,
this application)

Subsequently, the two fragments are ligated with 2 DNA Ligase under the appropriate
conditions. After ligation, the new fragment is amplified in a second PCR reaction using
the Eco-yope18-f and PSA-Eco-R primers described above.

The resulfing fragment is purified using a suitabie PCR purification kit to remove buffer
and oligonuclectides and subsequently digested with EcoRl enzyme in suitable reac-
tion conditions. The resulting 1040 bp fragment is purified using agarose gel electro-
phoresis in ligated into the EcoRl digested vector paCYC184. After sequerncing tetra-
cyclin resistant, cm sensitive clones, a clone which has the correct sequence integrated
with the same orientation than the cm gene is chosen and transformed into a suitable
Yersinia strain using electroporation. This vaccine strain will secrete the LT-B-PSA fu-
sion via its endogencus type | secretion system.
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IgAlImmunoglobulin isotype A IgGiImmunoglobulin isotype G
10ILinterleukin KOkinase dead

- B -
Example 7: Expression and secretion of Toxin-Antigen fusions in Gram posi-
tive bacteria

Gramn positive and negative bacieria have different prerequisites for secretion. Gram
negative bacteria possess two membranes and therefore a secrefion machinery in ad-
dition to secretion signals is mandatory for full secretion. In the case of Gram positive
bacteria, & secretion signal sequence is sufficient.

In this example a system for secretion of a Tetanus-toxoid PSA fusion in Listeria using
the pb0 secretion signal is described.

In a first step, the vector pUC18(PS)actAOVATINIA (Loeffler et al., 2006) is digested
using Nsil and subsequently treated with 3'-5’ Exonuclease in the appropriate condi-
tions. Finally, the fragment is purified by agarose gel electrophoresis.

in parallel, the tetanus toxoid fragment C (GenBank accession no. M12738) is ampli-
fied from a suitable source, e.g. genomic DNA from a Clostridium tetanii strain.using
ihe following phosphorylated primers:

tetc for: 5’ — TAAAAATCTGGATTGTTGGGTTG ~ 3', whereas the underlined additional
base is to ensure the correct frame of the fusion.

iefc rev: 5’ ~ ATCATTTGTCCATCCTTCATCTG - 3.

The BRAF KD fragment is amplified from the plasmid pMC BKDC described in this
application using the following phosphorylated primers:

br for: 5 — GATTGGGAGATTCCTGATG -3’

br rev: 5 — CCCGTGGACAGGAAACGCACC - 3.

Both fragments are purified using a suitable PCR purification kit and subsequently
igated with DNA ligase under suitable conditions. After ligation, the fragment is purified
again using a suitable PCR purification kit and amplified using the tetc for and the br
rev primer. After amplification, the resulting 2280 bp fragment is purified by agarose gel
electrophoreses and ligated into the purified Nsil — 3'-5' exonuclease fragment of
pUC18(PS)actAOVATInIA. After ligation and transformation into E.cofi, a clone is se-
lected carrying the fragment in frame. Subsequently, the plasmid is cut using Pstl and
Sacl and the 2837 bp fragment is purified using gel electrophoresis and ligated into the
appropriately Pstl and Sacl digesied and purified vector pSP118 (Loeffler et al., 2006).
The resuiting vector, pSP118 — act-TetC-BRaf*KD is transformed into a Listeria strain
carrying a trpS deletion e.g. Listeria monocytogenes delta trps delta aroA/B (Loeffler et



LPSlipopolysaccharide LTE. coil heat labile enterotoxin LTLethal toxin
15LTBE. coli heat labile enterotoxin subunit B mAbmonoclonal antibody

wHHfzmaigr histocompatibility complex NK cellnatural killer ¢ U:%-gmwmﬁzzﬂ
cellnatural killer T cell 20 PAGEpolyacrylamide gel electrophores

PBSphosphate buffered saline PGRPoI;é{merase Chain Reaction
PEPseudomonas Exotoxin A PSAprost & specific antigen 25

PT/ 88?3? } Silg's-g ?ga 'g'%[ég%rilg Fslesltgbal:zed via the plasmid based trpS ("Bal-
anced lethal system”} and the plasmid encodes for a phage lysine which leads to intra-
cellular lysis of the strain. The act-TetC-BRaf*KD cassette is expressed mainly in eu-
karyotic host celis under the control of the actA promoter, which has some extraceliular
leakiness (Loeffler et al., 2006). The aciA signal sequence of the cassette leads 1o se-
cretion of the TetC-BRaf*KD tusion protein.



s.c.subcutaneous - 62 - SOSsodium dodecylsulphate Secgen(_-:'ral
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whlsiRlgdh p ST/StxShiga Toxin STB/StxBShiga Toxin sgbup{;ﬁwzw,ﬁ%zm
T3SStype lll secretion system Tattwin-arginine translocation

TCAtrichloroacetic acid 10 Thl (cell)inflammatory CD4t T cglls Th2
(cell)helper CD4+ T cells TSST-1Toxic shock syndrome toxin

Example 8: Eucaryotic cells secreting toxin-antigen fusions

In this example, a eukaryotic celt ling, eg tumor cell line, is constructed which secreies
a Ch@-PSA fusion protein. For this purpose, a universal secretion signal is employed

(US 6,733,897), which, in principle, aliows the secretion of the carresponding expres-

sion cassetle in celis of different origin, including mammatian calls, yeast and pro-

caryolic cells.

In a first step, the CtxB-BRaf* KD fusion is arnplified from the plasmid pMO BKDC (this
application) using the following primers:

CB-for: 5’ — atcGGATCCTCAAAATATTACTGATTTGTGTGC - 3' (lower case: spacer,
underlined: BamH| site, uppercase: CixB 5')

CB-rev: 5' - tagGGATCC TTAGTGGACAGGAAACGCACCATATCC - 7' (lower case:
spacer, underlined: BamHl site, italic: stop codon, uppercase: BRaf* KD 3n.

Subsequently, the PCR product is purified using a suitable PCR purification kit and
subsequently partially digested (fragment contains internal BamH| site) with BamHI.
The 1231 bp fragment of the partial digest is isolated via agarose gel electrophoresis
and subsequently ligated into the BamH| digested and gel purified plasmid pVigEGFP
{(US Patent appiication 6733997). Subsequently, a clone carrying the in frame orienta-
tion with Vigss is selected and named pVigCixBRAS. This plasmid can be transformed
via electroporation into a eukaryotic cell line, which can be selected via the kan/neo
selection cassette. The cell lines can be established cell lines like cancer cefl lines for
use as heterologuous cancer vaccine or patient derived tumor cells for use as
autologuous cancer vaccines.

In any case, the secretion signal Vigss encoded by the vector pVIgEGFP genetically
fused to CtxB-BRaf* KD will result in the secretion of the fusion protein.

Using a similar approach, fusion proteins can also be expressed in yeast. As an exan-
ple, a modified cloning strategy as depicted in fig. 11 of US 6,733,997 is demonstrated.
In the first step, the cassette containing the Vigss-CixB-BRaf*KD fusion from plasmid
pVigCixBRAf described above is excised via Eagl and Eco471ll and inserted into the
vector pBSPGK (US 6,738,997, fig. 11). Subsequently, the resulting vector is digested
with Sacl and Hindilf and the fragment encompassing the PGK element and the Vigss-
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ds double-stranded
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E. coli Escherichig coli
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GM-1 receptor Monosialoganglioside receptor 1
HA hemagglutinin

HCV Hepatitis C virus

Hiv human immunodeficiency virus
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wherein component (I) and component (Il) are not identical, that Is
component (I) does not code for at least one nucleotide sequence coding

wWerahdRasene protein toxin and/or at least one protein toxin subunit. 2

EP20077662
The microorganism according to claim 1, wherein the microorganism'is 231

selected from the group consisting of "bacterium, gram-positive bacterium,
gram-negative bacterium, eulcaryotic cef* and preferably is selected from

the_grodp caqnsisting o Esch richia 7 Esch richia coli,

\ﬁla%dngel ac{aﬂ]pp sgr o fphl gsgjfr%%ﬁe fﬁ'rﬁn%é}gﬁ% ppuno-
W§iﬁ§f@%ﬂmﬂ@éyMWw@m@romr@mr@eemmapponmmnsmam
naoCagytaaenesiabigellhanmeShgaliadiexnes.HMetsinia app,

Pseudomonas app"”, wherein preferably the virulence of the
n‘%?ﬁ@frd‘én%rf?@ﬁh&mm e3pTthéskaicisorgafismiacctr ditiy to7aaim 2,

ergln Vlbn% églerae excluded as mlcroo anism. 4. The

microorGEEY actiin-t5-afie 8P Cfalﬁigkftfo 3, Wseift the GbrBezPuRge. O.
compiétbeyingaMidl/aRigen Ghasteatonardiildnypeerciyiatetptgisnyuated
a&@wmt@m@p&e%hélblésﬁ%a%qémﬁm SRIHPFRBIFHI LS 1 (visp-

foll Id-t tants: P t
R O R e T BT 81 Fhccrron: adhesion
maleele; wxﬁ%lt&as t@@r@?r@maﬁ'&owlﬁﬁF@@'LU'% 1o 80an bW

hesion mole protein: celi-cycl roteln
aygns r%t%nh%%%?éaﬁggrenﬁg\%# 53 H“%}%Rf&r{@‘tﬁ‘ogéiﬁe‘!ﬁr%epﬁfé%
SR, Proaspies ﬁﬁér@hﬁdﬁﬁﬂfﬁg@h eplateinigkeinkanptitie/pathbgesioen-
aangtan tegtis-aatigen protein; tumor antigen protein; and/or tissue-cell
specific protein”, wherein the tissue cell is selected from the group
cBIsiStirfirir PgrandtlaYdngofdddagldndidakemnvalia, Glemd Wahsatrasaw .
it hymnfeitens. slarkiylaJoamEaEias lRieEMYGRER IRsttie

QV rlgm’ \pr%stat cervix éflfmlcs serosa vesicae urlnarlae and nevb%}%%é protein
'Fhegmlcro%rg%nﬂ? AL ELaH HgTePaithe Yo GRR RY R TRlteRYates: Iheautant of rabbit
Eoispem epppiasestighin oflatveccinoAd, RAE1A6E or mutated protein
according to component (1) is selected from the group consisting of the
following wild-type proteins and their known mutants: "Her2/neu, androgen
receptor, estrogen receptor, midkine receptor, EGF receptor, ERBB2,
ERBB4, TRAIL receptor, FAS, TNFalpha receptor, TGF-beta receptor,
lactoferrin receptor, basic myelin, alpha-lactalbumin, GFAP, fibrillary acid
protein, tyrosinase, EGR-1, MUC1, cRaf (Ref-1), A-Raf, B-Rat, B-Rat
V599E, B-Rat V600E, B-Raf KG, B-Ref VGOOE kinase domain, B-Raf
VGOOE KU, B-Raf V600E kinase domain KD, B-Rat kinase domain,
B-Rat kinase domain KU, N-Ras, K-Ras, H-Ras, Bcl-2, Bcl-X, Bc1-W,
Bfl-1, Brag-1, Mc1-1, Al, Box, BAD, Bak, Bcl-Xs, Bid, Bik, Hrk, Bcr/abl,
Myb, C-Met, IAP1,1A02, XIAP, ML-IAP LIVIN, survivin, APAF-1, cyclin
0(1-3), cyclin E, cyclin A, cyclin B, cyclin H, Cdk-1, Cdk-2, Cdk-4, Cdk-6,
Cdk-7, Cdc25C, pl1G, p15, p21, p27, pia, pRb, p107, p130, E2F(1-5),
GAAD45, MOW, PCNA, ARF, PTENJAPC, BRCA, Akt, PI3K, mTOR, p53
and homologues, C-Myc, 11FkB, c-Jun, ATF-2, Sp1, prostate specific
antigen (PSA), carcinoembryonic antigen, alphafeloprotein, PAP; PSMA,
STEAP; MACE, MACE-1, MAGE-3, NY-ESO-1, PSCA, MART, 77 Gp100,
tyrosinase, GRP, TCF-4, viral antigens of the viruses HIV, HPV, HCV, |
IPV, EBV, CMV, EISV, influenza virus, Influenza virus type A, influenza
virus type A (FI5SN1) and (H3N2), influenza virus type 0, influenza virus
type C; hemagglutinins, hemagglutinin H1, hernagglutinin 115,
hemagglutinin H7, hemagglutinin HA1 (preferably from Influenza A virus
(A/Thailand/1 (KAN-1)2004(H5N1), hemagglutinin HAI2 (preferably from
Influenza A virus (A/Thailand/1 (KAN-1)2004(H5N1), hemagglutinin HAI2C
(preferably from Influenza A virus (A/Thailand/1 (KAN-1)2004(H5N1),
neuramidase, p60, LLO, urease, CSP, calflagin and/or CPB" or wherein
the at least one complete or partial antigen of at least one wild-type or
mutated protein according to component () is selected from the group of
kinases consisting of the following wild-type proteins and their known

mutants (accession numbers in parantheses): AAK1 (NM 014911), AATK
(NIM 004020 ARI 1 (NM O0OE1E7Y ARI 2 (NM ONE1EQY ACKAT (NI



CAMK2B (NM 001220), CAMK2D (NM 001221), CAMK2G (NM 001222),
CAMK4 (NM 001744), CAMI<K1 (NM 032294), CAMKK2 (NM 006549),
CASK (NM 0036E18), CCRK (NM 012119)7&DC2 (NM 001786), CDC2L1
(NM 001787), CDC2L5 (NM 003718), CDC4213PA (NM 014826),
00042BPB (NM 006035), CDC7L1 (NM 003503), CDK10 (NM 003 6 74),
GRII4 (NM 015076), CDK2 (NM 001798), CDK3 (NM 001258), 0DK4
(NM 0000 7 5), CDK5 (NM 004935), 00K6 (NM 001259), 00K7 (NM
001799), CDK8 (NM 001260), CDK9 (NM 001251), CDKL1 (NM 004196),

CDI<LZ (NM 003948), CDI<l 3 , Bdei i
1. AmicEBRTIINGP GbHES) CIRPINNIODL3 T2y, CPIOR (M botarmy Q1 "
compi(iivg 00 1) 81 KENMDY®071), CLIQ (NM 003993), CLK3 (NM
003992), CLK4 (NM 020666), CRK7 (NM.0 F ta)s
) CSR(RMICOEIBLYEEER Ri‘}z‘f?ﬁﬁ\ﬁ%%ﬂg %%%ﬁgé%ﬁ |%%)%|\%%1g89§3%%@
CShiMi (NI ﬂO&%lb)ﬁ@SNM@P’(W@?QOH8§?‘@§QR162 (NM 001319),
CSNK103 (NM 004384), CSNIQA1 (NM Q01 : :
() ), atgemRPRY 'CHR'/?B%%%‘,‘%‘%%Fé%ﬂ%%Fﬁigzgé?,%%ﬁ%%w&%%ﬁg{ .
D C AMHS lohd MO D4TS4) s BCAMKIL (NM 152619), DCAMKL3 (XM
047355), DD R1 (NM 013993), DDR2 (N . Qi
(1) BAPREANANE 19588165 B (AR BOTage) o o 1o soon AHeRShcicr
enables the expression of the expression products of component () and
compdnent (1) on the outer surface of the microorganism and/or enables the

secration of the expression products of component (1) and component {I}); andfor
coding for at least one signal sequence which enables the secretion of the

expression products of component () and compdnem {I); and/or
b} optionally, at least one nucleotide sequence coding for at least one protein for

lysing the microorganism in the cytosol of mammalian cells and for intraceliularty
releasing plasmids or express!on vectors, which are contained in the lysed
microorganism; and

{1V} al least one nucleotide sequence for at least one activation sequence for'. the
expression of one or more of components (I} to (111}, wherein said actwatson
sequence can be activated in the microorganism and/or is tissue cell-specific,
tumor cell-specific, magcrophage-specific, dendrite-specific, jymphocyle-specific,
function-specific or non-cell-specific; '

wherein any of components (i) to (iV) can be present either once or several times and if &

component of components (1) to {IV) is preseni several limes it can independently from

oach other be either identical or different; and

whereln component (1) and component (1) are not identical, that Is component (I} does not
code for at least one nucleotide sequence coding for at least ons protein toxin and/or at

least one protein toxin subunit.

‘ 2. The microorganism according to claim 1, wherein the microorganism is selecled from the
group consisting of “hacterium, gram-positive bacterium, gram-negative bacterium,

sukaryotic cell” and preferably is seleciad from the group consisling of “=echerichia spp.,



DYRK1B (NM 006484), DYRK2 (NM 005482), DYRK3 (NM 003582),

DYRKA (NM 003844 EEF2K (NM 0133?3), EGER (NM 005228), EIRAK3
(NM 004836), EIF2AK4 (NM_001013703); EPHAL (NM 005232), EPHA10
(NM 001004338), EPHA2 (NM 004431), EPFIA3 (NM 005233), EPHA4

(NM 004438), EPFIAS (NM 004439), EPHAG (XM 114973). EPHA7 (NM. -

EschelDdi40), ERAE: (N NbA2EBeBprERHYBI(RRFTRRLMY) AR EY TN

: ?ersini%%ﬁ%r?doﬁ@a BaNM Q94443 BRIEA (NdeO84H4) L ERHBEINMYLogenss,

ERBB2 (NM 004445), ER ), B (NMrably th
Shigel6sP%ERRE AT 3L SN, (N COLAS3) RN (M 033560
virulenEAG THe(N I @28006) T FERIENNA085246), FES (NM 002005), FGHR1 (NM

000604), FGER2 (NM 022970), FGFR3 (NM 000142), FGER4 (NM
022953). FOR (NM 005248), FLJ23074 (NM 025052), FLJ23119 (NM

024652). FL 03228 TnEtT (i 0020189, FETABHA a5
. The mt%"ﬂ?@gf‘ﬂ%ig él\ﬁjln 0%4020), FRAP1 (NM 004958), FRK (NM 002031),
microdR¥NIERIM 002037), OAK (NM 005255), GPRK5 (NM 005308), GPRK6

(NM 002082), GIDRK7 (NM 139209), GRIK4 (NM 005307), 0802 (NM

031955), GSK3A (NM 019884), GSK3B (NM 002093), GUCY2C R%I}M o
The m%é&%hi@rugc\éaﬁi(i@%%@18@)@%@@@m2rmme@@ﬂ5??wwﬂ? ompsela or
. . 014365) '?‘ééézbji'\én%ﬁ%%@ HGK (N 0921 418) abtBKIhgNveeBRegey! (1) is
e (Rﬁél a2 (40), Hit f o HPICA (WL 44 B8R HRIwn
SRR,
seleciE MODLLEL SR HURISRINAPLAS8E) 1CRYNM 016513), IGF1 g\lmt -
utar GO ORI R BB (DLBE 1S BIMRRIE (NIRRT R NI POBABL 75, ™ i
i %@Q?Qfﬁnéwéméwoom&%mamn ENhGotESE) [RRiAEsie: signal
momoﬁ\ﬁm 157 , IRAK3 (NM 007199), ANM-QkBd 23 dild (Wdein; embryonic
i ] @7%\ ¥ R)szct'%ﬁ%élf H X
transDOBBHBIL TR SN BHBLEH - JARY (KM 00497%}63/4@3,%2469 02 i pathogen
oroteKIR(\M©02288)a 61 P (NRIMABS IR PARFF00252) KSR 8<M .
canoct QAR SR 2 ANV RBROBINLIA (NNPE2BTAAY, issySENRATHIRIE)T

’ Mez, glandula
wherel(ﬁ ﬁ}%%é%?e ﬁl{%z s?%% NM 95356 cbHI M PABITB U INKER, glan

XM 055866), LMTK2 4205
mammaassglmmie@@mw@i%%‘?%%@ %%YJ 5%%%}“@% 1449 a

. NM

qast RORRAR), LYAVIGMVLAAZBEO: ik (NRe 05500} NEAP K1 Bi2785)7
MAP2K2 (NM 030662), MAP21(3 (NM 002756), MAP2K4 (NM 003010),
MAP2K5 (NM 002757), IVIAP2K6 (NM 002758), MAP2K7 (NM 005043),

MAP3K1 (XM 042066), MAP3KA0,NM )e MARKddn{ N Me0d 21 B3}

. The ergiéfﬁ'%m\ﬂ‘%‘é’ég‘ﬂ)ﬁ)l,\énfr/%gﬁ'ls Ag%ﬂ@g%ﬁ%gl% MAggmh?OQ{gM i s selected

antigRA354)pMARBKEINVPECEEDYS 'R o 3 Bzzéﬂzl i\ A/?g%%ﬁ ‘h&ly\{@l\lﬂ’tss “Her-
o D Ao A3 AU HAEE?.

, ), { ﬁ%}r g%ﬁg@ée%ﬁﬁ, BRI ARRIA BS (

2inegFE PRI ERY (NM'084579), MAP4K3 w 08056'"]% g#}l@g%ﬁmmecepmr,
EREBASG5G)LMARNIE, M@-oﬁéﬁ?‘@%‘,%ﬂ@( 00274 % APK10

basic myelin, alpha-lactalbumin, GFAP, fibriflary acid protein, tyrosinase, EGR-1, ?\AUC“%, -
Raf (Raf-1}, A-Raf, B-Raf, B-Raf VE99E, B-Raf VBOOE, B-Raf KD, BTRaf VSDOE’k;nas; f
domain, B-Raf V600E KD, B-Raf V60OOE kinase domain KD, B-Raf kinase domain, B-Ra
kinase domain KO, N-Ras, KK-Ras, H-Ras, Bcl-2, Bel-X, Bel-w, Bil-1, Brag-1, Mci-1, Al, Bax,
BAD, Bak, Bel-Xs, Bid, Bik, Hrk, Ber/abl, Myb, C-Met, IAP1, IAQ2, XIAP, ML-IAP LIVIN,
survivin, APAF-1, cyclin D(1-3), cychin E, cyclin A, cyclin B, gyelin H, Cdk-1, Cdk-2, Cd:<~4,
Cdk-6. Cdk-7, Cde25C, p16, p15, p21, p27, p18, pRb, p107, p130, E2F(1-5), GAADAS,
MDM2, PCNA, ARF, PTENAPC, BRCA, Akt, PI3K, mTOR, p53 and homo%ogueé, C-Myg,
MEKB, c-Jun, ATF-Z, 8p1, prostate specific antigen (PSA), carcingembryonic antigen};!«phan
fetoprotein, PAP; PSMA; STEAP, MAGE, MAGE-1, MAGE-3, NY-E50-1, EfSCA, MART,



(NM 002753), MAPK11 (NM 002751), MAPK12 (NM 002969), MAPK13

(NM 0027 54), MAPK14 (NM 001315), MAPK3 (NM 002746), MAPK4 (NM

002747), MAPIK6 (NM 002748), 79 MAPK?7 (NM 002749), MAPK8 (NM

002750), MAPK9 (NM 002752); MAPKAPK2 (NM 032960), MAPKAPK3

(NM 004635), MAPKAPKS5 (NM 003668), MARK (NM 018650), MARK2
Gp1 OGN QITASO I RIDF (N M0 2GRBY $A RR 1 nagsd 304 15 VAST 1R EBY,
o SHTRMMETIRE (S A ST e
(HINRERPRTERVITEB S423T Méﬂeﬂgﬁ%ﬁﬁﬁvﬁ%%@gﬁ@é}% 1452@%, "
hemabtBE42 105 NkaEEBE6) ,‘MG@E‘@%W@@M@@F%WWWW” nza A virus
UM M ot
(AThidere!/ (1M H52696 AT (A 8’@&‘%%%%6@%\7%% 440) Mald, ;mg
(AThAWM 1 6BAR), NIUBKH-BM 008892) v, RO -5 86285 M S TR &7
B GIHEBIMYDZALMNMAS 433 chelor GABIANMIGBBIFEY, INEK eruwlid-type or

012224), NEMQ (NM 152534), N EK2 (NNHOORAR sisting
”“Ufa‘ﬁ%R@*WWi%ég)%ﬁél%ﬁﬁ%ﬁid%%%%g% é}%%%ﬁ/%%m& ,,Ngj@m Mo
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12. The microorganism according to any of claims Ito 11, wherein
according to component (lll) a) the expression products of components (1)
and component (I1) are secreted. 13. The microorganism according to any
of claims 1 to 12, wherein component (1) is selected from the group
consisting of B-Ref V600E, B-Ref V600E kinase domain, B-Raf V600E
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18. Process for the production of a microorganism according to any of

claims 1 to 13, wherein a plasmid or expression vector according to claim

17 is produced, and a microorganism is trafhiformed with this plasrnid or

expression vector. 84 19. Pharmaceutical kit comprising at least one

microorganism according to any of claims 1 to 13 or a pharmaceutical
0050 $9/ROFHQN RCOMEIEE RO NNIA (w28 M dREZFARAN AbiIB0 1AGA6) CRRBEISAZ (NM
0211900 ARIARAGR YIS ALY oRRRIBRIE hflesoBeRI AR b RAPANAtERR S,
RPSBIKAS (NM 014496), RPSEIKB1 (NM 003161), RPSBKB2 (NM 003852), RPSEKC1 (NM
012424), RPSBKL1 (NM 031464), RYK (NM 002958), SBK (XM 370948), SCYL1 (NM
020680), SCYL2 (NM 017988}, SGK (NM 005827}, SgKU8S (SU SgK0BD), SgK085 (XM
473109), SgK110 {SU SgK110), SGK2Z (NM 016276), SgK223 (XM 281277), 5gK269 (XM
370878), SgK424 (CGP SgK424), Sgi493 (SU_SgKA483), SgK494 (NM 144610), $g§<495
(NM 032017), SGKL (NM 013257), SK681 (NM 001001671), SLIC (NM 014720), SMGT (NM
015002), SNARK (NM 030952), SNF1LK (N 173354), SNF1LK2 (NM 015191), SNIK (NM
006622), SNRIC(NM 017718), SRC (NM p05417), SRMS (NM 080823), SRPKT (NM
003137), SRPK2 (NM 003138), SSTK (NIM 032037), STK10 (NM 005990), STK11 (NM
000455), STK16 (NM 003691), STKI7A (NM QD4760), STI17B (N 004226), STK18 (NM
014264), STK19 (NM 032454), STK22B (NM 053006), STK22C (NM 052841), 8TK22D
(NM 032028), STK23 (NM 014370), STK24 (NM 003576), STK25 (NM 008374), STK3 (NM
006281), STK31 (NM 031414), STK32B (NM 018401), 8TKI3 (NM 030906), STK3S (NM
0B0O836), STK36 (NM 015680), STK38 (NM 007271), STK38L (NM 015000}, STK39 (NM
013233), STK4 (NM 006282}, STLKS (NM 001003787), STYK1 (NM 018423), SUDD (NM
003831), SYK (NM 003177), TAF1 (NM 138923), TAF1L (NM 153809), TAOT (NM
004783), TAOKT (NM 020781), TAOKS (NM 016281), TBCK (NM 033115}, TBK1 (NM
013254), TEC (NM 003215), TEK (NM 000459), TESK1 (NM 006285), TESK2 (NM
007170}, TEX14 (NM 031272), TGFBR1 (NM 004612), TGFBR2 (NM 003242), TIE (NM
005424}, TEF? (NM 003852), TLK1 (NM 012290), TLKZ (NM 006852), TNIK (NM 01 5028),
TNK1 (NM 003885), TOPK (NM 018492), TPE3RK (NM 033660), TRAD {NM 007064),
TRIB1 (NM 025195), TRIB2 (NM 021643), TRIB3 {NM 021158), TRIM28 (NM 005762),
TRIM33 (NM 015908), TRIO (NM 007118), TRPMG (NM 017662), TRPM7 (NM 017672),
TRRAP (N 003496), TSSK4 (NM 174944), TTBK1 (NM 032538), TTBK2 (NM 173500),
TTK (NN 003318}, TTN (NM 003319}, TXK (NM 003328), TYK2 (NM 003331), TYRO3 (INM
006293), ULKT (NM 003565), ULKZ (NM 014683), ULK3 (NM 015518), ULK4 (NM 0117886),
VRICT (NM 003384), VRK2 (NM 006296), VRIK3 (NM 016440), WEET (NM 003390), WeelB
(NM 173677), YANKT (NM 145001), YEST (NM 005433), ZAK (NM 016653), and/or ZAFTO

(NM 001079)".

The microorganism acgording to any of claims 1 to 5, wherein component (i1} Is selected
from the gﬁ)up consisting of "bacterial toxin, enterotoxin, exotoxin, type [ toxin, type H toxin,
type It toxin, type 1V toxin, type V toxin, RTX toxin, AB toxin, A-B toxin, A/B toxin, A+B toxin,
A-5B toxin andfor ABS toxiny". |
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The microorganism according to claim 8, wherein component (1) Is selected from the group
consisting of "Adenylate cyclase toxin, Anthrax taxin, Anthrax foxin (EF), Anthrax toxin (LF),
Botulinum foxin, Cholera toxin (CT, Cty), Cholera toxin subunit B (CTH, CixB), Diphtheria
toxin (DT, Dix), E. coli LT toxin, E. coli heat labile enterotoxin (LT), E. coli heal labile
enterotoxin subunit B (LTB), E. coli ST toxin, E coli heat stabile enterotoxin (87),
Erythrogenic toxin, Exfoliatin toxin, Exotoxin A, Perfringens enterotoxin, Pertussis ioxin (FT,
Ptx), Shiga toxin (8T, Stx), Shiga toxin subunit B (STB, SixB), Shiga-like toxin,
Staphylococous enterotoxins, Telanus toxin {TT), Toxic shock syndrome toxin (TSST—‘E)
Vero toxin (VT), Toxin A (TA} and Toxin B (TB) of Clostridium difficite, Lethal Toxin (LT and
Hemorrhagic Toxin (HT) of Clostridium sordelli, alpha Toxin (AT) of Clostridium novyi®.

The microorganism according to any of claims 1 to 7, wherein compenent (1) and component
(1) are linked together to enable the expression and/or secretion of a fusion prolein encoded

by both components,

The microorganism according to clalm 8, wherein the fusion protein is selecled from the
group cansisting of* 'CixB-P SA, CixB-B-Raf VEO0E KD, CtxB-B-Raf VBOOE kinase domain,
CixB-B-Raf VE0OE kinass domain KD, CixB-B-Raf, CtxB-B-Raf KD, Cth B-Raf kinase
domain KD, CixB-HA1, CxB-HA' 20",

The microorganisim according to any of clalims 1 to 9, wherein component (1) a) is selecled
from the group consisting of "type | secration system type Il secration system, type i
secretion system, type IV sacretion system, type V secretion sysiem, hemolysin transport
system (signal) of Escherichia coli (nucleolide sequences containing HiyA, HiyB and HiyD
under the control of the hiy-specific pmmoter) hemolysin transport system (signal) of
Escherichia coli (nucleolide sequences containing HiyA, HiyB and HiyD under the controt of
a not hly-specific bacterial promoter), transport signal for the S-layer (Rsa A) protein of
Caulobacter crescentus, transport signal for the TolC protein of Escherichia coli, secration
signal Vigss and/or secretion mgnais derived from listeriolysin, pGO andfor ActA" and
wherein component (lit) b} is selected from the group consisting of "endolysins, lytic prolein

of gram-positive bacteria, Iytic protein of Listeria monocytogenes, PLY551 of Listeria

. monocytogenes and/or holin of Listeria monocytogenes”.
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11. The microorganism according to claim 10, wherein component (M) a) is at least one
nucleotide sequence coding for only one transport system, which enables the concomitant
expression of the expression products of compon@t (1) and component (H) on the outer
surface of the microorganism and/or enables the concomitant secretion of ihe expression
products of component (1) and component (H), wherein such componant (1) a) preferably is
at least one nucleotide sequence coding for the hemolysin transport system (signal) of
Escherichia coli {nucleotide sequehces containing HiyA, HlyB and HiyD under the conltrol of
the hiv-specific promoter) or the hemolysin transport system {signal) of Escherlchia coli
{nucleotide sequences containing HiyA, Hlyi3 and HivD under the control of a not hiy-

speciflc bacterial promoler).

12, The microorganism according to any of claims 1to 11, wherein according to component (i}

a) the expression products of components (1) and component (ll) are secreled.

13. The microorganism according to any of ctaims 1 {o 12, wherein

component {1} is selected from the group consisting of B-Raf VBOOE, B-Raf VB00E kinase
domain, B-Raf VB0OE KD, B-Raf VB0OE kinase domain KD, B-Raf KD, B-Raf kinase
domain, B-Raf kinase domain KD, prostate specific antigen (PSA), hemagglutinin HA
(preferably from Influenza A virus (AfThailand/1 (KAN-1}2004(HEN1), hemagglutinin HA1Z
(preferably from Influenza A virus (AThailland/1 (KAN-1)2004(H5N 1), hemaggiutinin HA12C
(preferably from influenza A virus (A/Thailand/T (KAN-1)2004(H5N1)";

component (11} is selected from the group consisting of “Cholera toxin subunit B (CTB,
CixB), E. coli heat-labile enterotoxin subunit B (LTR), tetanus toxin (TT)"

componeant (11} a} is selecled from the group consisting of “HiyA hemolysin transport signal
of Escherichia col together with components of the Hly secretion system (nucleotide
sequances containing HiyA, HiyB and HIyD under the control of the hly-specific promoter)

i,
+

component (V) s selected from the group consisting of "endogenous promoter of the E,

coli hly locus”,

wherein component (i} and component (It} are linked logether to enable the expression of a

fusion protein encoded by both components and wherein the fusion protein is secreted,
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14. Pharmaceutical composition comprising at least one micreorganism, preferably at least one

15.

16.

17.

18.

lyophilized microorganism, according to any of claims 1 to 13 and a pharmaceutically
acceptable carrier, preferably capsules.

medicament comprising at least one microorganism according to any of claims 110 13 or at

least one pharmaceutical composition according to claim 14,

Use of a microorganism according to any of claims 1 to 13 for the production of a
medicament for the treatment and/or prophylaxis of physioclogical and/or pathophysioiogical
conditions selacted from the group consisting of "uncontrolled cell division, malighant
tumors, benign tumors, solid tumors, sarcomas, carcinemas, hyperproliferative disorders,
carcinoids, Ewing sarcomas, Kaposi sarcomas, brain tumors, tumors originating from the brain
and/or the nervous system and/or the meninges, gliomas, neurobiastomas, stomach cancer,
kldney cancer, kidney cell carcinomas, prosiate cancer, prosiate carcinomas, connective
tissus tumors, soft tissue sarcomas, pancreas tumors, liver tumors, head tumors, nack
tumors, oesophageal cancer, thyrold cancer, osteosarcomas, raiinoblaétomas, thymoma,
testicular cancer, lung cancer, bronchtal carcinomas, breast cancer, marma carcinomas,
intestinal cancer, colorectal tumors, colon carcinomas, rectum carcinomas, gynecological
tumors, ovary tumors/ovarian tumors, uterine cancer, cervical cancer, cervix carcihomas,
cancer of body of uterus, corpus carcinomas, endometrial carcinomas, urinary bladder
cancer, bladder cancer, skin cancer, basallomas, spinaiiomas; melanomas, intragcular
melanomas, leukemia, chronic leukemia, acute jeukemia, lymphomas, infection, viral or

bacleral Infection, influsnza, chronic inflammation, organ rejection and/or autoimmune

diseases”,

Plasmid or expression vector comprising components (i) to (V) according to any of claims 1

to 13.

Process for the production of a microorganism according to any of clalms 1 to 13, wherein a
plasinid or expression vaclor according to claim 17 is produced, and a microorganism is

transformed with this plasmid ar expression vector. .
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19. Pharmaceutical kit cormprising at least one microorganism according to any of claims 1 o 13
or a pharmaceutical composition according {0 claim 14 or a medicament according {o claim

15 and a pharmacoioglcally acceptable buffer, preferably a carbonate buifer.



