WO 03/ 072789 PCT/ DE03/00471 5 M croorgani sns as carriers of nucl eotide
sequences coding for cell antigens used for the treatnment of tunors. 10
Field of the invention. The invention relates to a mcroorganismwth
foreign nucleqti S ces, to the use thereof as a Cgﬁ?icamsnt, in
particul ar VE ciﬁg/cfgggg asmd with the foreign nu€l P éﬁ§é83éﬁk%s and
a nethod for the 15 production of such a m croorgani sm Background of the
invention and prior art. The nmain reason for the in nost cases |ethal
consequence of malignant tunor diseases is the inability 20 of the body's
defense systemto detect and destroy malignant cancer cells. In the

i ndustrial countries, cancer diseases belong to the nost common di seases
with lethal course. In Germany al one, nore than 210,000 people die per
year because of malignant new formations 25 (source: WHO, figures of 1997),
whi ch corresponds ‘to a yearly rate of nore than 255 deaths per 100, 000

i nhabi tants. WD 03/072789 - 2 PCT/DE0O3/00471 The basis of this invention
are newer findings in the nolecular nmechani sns | eading to malignant
deformations. In an early stage already of the cancer formation, there are
characteristic changes of the 5 control of cell growth and/or cel
differentiation (Pronten, Cancer Surv. 32:5-35, 1998). Essentially

i nvol ved in the¥é catlrmmpanbgres prot eansiefst lod giupledotide sequences

coding for cell antigens used for the treatment of

tumors.

10 Field of the invention.

The invention relates to a microcrganism with
foreign nucleotide segquences, to the use thereof as a
medicament, in particular vaccine, to a plasmid with the
foreign nucleotide sequences and a method for the

15 production of such a microorganism.

Background of the invention and prior art.

The main reason for the 1in most cases lethal
consequence of malignant tumor diseases is the inability

20 of the body's defense system to detect and destroy
malignant cancer cells. In the industrial countries,
cancer diseases belong to the most common diseases with

lethal course. In Germany alone, more than 210,000

people die per year because of malignant new formations

25 {source: WHO, figures of 1997), which corresponds to a
yearly rate of more than 255 deaths per 100,000

inhabitants.



transduction and the cell cycle control, which were identified in the |ast

years, and all of which are also 10 tunor ant]i gens. Tunor antigens are
roughly divided into three groups (Pardoll, t. Med. 4:525-531, 1998):
tunor-specific neoantigens, which exist in the tunor cell in a nmutated
and/ or over-@xpresgexz2omm such as EGF2R, -HER-2, ii)pd% /DEDB-/Ipeei7fli c
enbryoni ¢ antigens, such as nenbers of the MAGE protein famly or CEA

iii) tunor- tissue- spe- cific differentiation antigens, such as

tyrosi nase, Mart-1/Melan-A and gpl00. For the effectiveness of a tunor
vaccine, an 20 effective induction of CD8+ T cells is decisive, since

tunor cells do i Ahrostaghses nothieprigsent MHC Qrgssneverndliseddegs dmd t he

intracel lul aghy exigsdidGui¥por RAUHOENS A€ 1028 cases Miraglhigsank

restringed. For tunor patients, the naturally occurring popul ations of 25
CD8+, cyt ot ofEEoTm@Hiany CTER, & ec8BVYoust3FRorisfady eferfil? 0c@8C&&t and

elimnate theotwaRiGel | St dad f €8re ABRarblc¥erAGAd.c SCihaB8§65670¢2, t1R99).

Furthernore, tunor-specific T cells cannot effectively attack the  tunor
tissue’ due tGoP&F°dus Hecraht SnsIFaNERgY 2780 ool &idnce, S hebEFarF2aLiion)
(Smyth et al .(prNaf el TMUN@Anc@r293ud99, 20913 -3 4, suasessful ¥asehne angt
therefore break_ this anertq% or tclqll erance and indgce a su;fit%i ent . nuq‘oer

of activatediP¥BaiTA cIBTLE MRS Sl AT &5&ci FTR
speci fi c ant thedisds: ctaivhe ageen tWe 080712789 cle3 PERADEQ3/ 0G4AL by welre

successful uzg g sTNQF ANALn 8N LA (IT0Ska 2937 Y WYL 2PLT 4998 Of
t he group (a)l such as the ¥ !
10 tumer antigens.

Tumor antigens are roughly divided into three groups

(Pardoll, Nat. Med. 4:525-531, 1298): i} tumor-specific
neocantigens, which exist in the tumor cell in a mutated
and/or over-expressed form, such as EGF-R, HER-2, 1ii)

15 tumor-specific embryoni¢ antigens, such as members of
the MAGE protein family or CEA, 1ii) tumor-tissue-spe-

cific differentiation antigens, such as tyrosinase,

Mart-1/Melan-A and gploo.

For the effectiveness of a tumor vaccine, an

20 effective induction of CD8+ T cells is decisive, since
tumor cells do in most cases not represent MHC class II
molecules, and the intracellularly existing tumor
antigens are in most cases MHC class I restringed. For

tumor patients, the naturally occurring populations of

25 CDB8+, cytotoxic T cells (CTL), are obviously not suffi-
cient to detect and eliminate the tumor cells (Jaffee,

Ann. N.Y. Acad. Sci. 886:67-72, 1999) . Furthermore,

tumor-specific T cells cannot effectively attack the

tumor tissue due to various mechanisms {anergy,
30 tolerance, neutralization) {(Smyth et al., Nat Immunol
2:293-299, 2001). A successgful vaccine must therefore

break this anergy or tolerance and induce a sufficient
number of activated, specific CTL as well as of sgpecific

antibodies. The role of specific antibodies can be seen
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al ready commercially avail able herceptin, a mAb agai nst HER-2 (Col oner et
al ., Cancer Invest 19:49-56, 2001). 5 It is already known that attenuated
intracellular bacteria are suitable as vaccine carriers against certain
bacterial infections, which in particular can be controlled by a so-called
Thl i mune r #@pohdd (HeFS &and Kauf nenn,3 FEVMS | munol by /& ivedi/ond 4 71

M crobi ol ogy 23:165 10 173, 1999) . This response is characterized by CTL
and the presence of specific IFNNg secreting CD4+ T cells (also T hel per
cells, Th) (Abbas et al., Nature 383:787- 793, 1996). O her groups have
shown that reconbinant bacteria can protect against a heterol ogous tunor
15 (Medi na ebralthe pfuccesaigdindise 29f gprggg omahganpgpodhes| (mAbgncer
Res. 59:52643348%st190%mo Y00l OCKe 86 @f . thd. JFaupOther, 233c8515#5%0e1999;
Paglia et al., Blood 92:3172-31/6, 1998; Paglia et al., Eur. J. Inmmunol.
27:1570-1575?1f99?? P&t T ot 21 Kat VaNed b e 4747499180 PooBAP paHaARSY | |
Cancer Res. HBRrAZ76-chblilidhed99b)a1ln chhese casest howeverssankoahs .were

i mmuni zed agai nst a surrogate antigen, and then tunor cells expressing
this ntigen were applied. These tunor t ens,_cannot however be_cqnpared
to 25?clinical Eunﬁﬂg,%;ﬁﬁﬁgyn "ifese ﬁé%lsa% %F%a§§9e h%tr?8F§%§§@§ f or
the tunor anbthgerriA conse desablteblwnbess of vairfthieeentcawmiberyacegressthave
al ready been c¢lini.cally.jnvesti . to . eak-t hrough
or the troaf SESA 0 o 5! o BbEas s thayy yidom SO Y FL o BEPReL Bedy
the tunor vaeoitmed ied ViEicchnaei-or lietdhotlsl inmypewrsfspdrise bHeRgr emdd,
there continggs shQnSXi e ExhiROELYyNs0ReaNeed Ofi NV 1 HTDGyt BET.3RY -

nmet hods.
10 173, 199%). This response is characterized by CTL and

the presence of specific IPFPN-g secreting CD4+ T cells
{also T helper cells, Th) (Abbas et al., Nature 383:787-
793, 19%6). Other groups have shown that recombinant

bacteria can protect against a heteroclogous tumor

15 {Medina et al., Eur. J. Immunol. 29:693-699, 1999; Pan
et al., Cancer Reg. 59:5264-52689, 1999; Woodlock et al.,
J. Immunother. 22:251-259, 1999; Paglia et al., Blood
82:3172-3176, 1998; Paglia et al., Eur. J. Immunol.
27:1570-1575, 1997; Pan et al., Nat. Med. 1:471-4717,
20 1995; Pan et al., Cancer Res. 55:4776-477%, 19%5). 1In

these cases, however, animals were immunized against a
surrogate antigen, and then tumor cells expressing this

antigen were applied.

These tumor systems cannot however be compared to
25 clinical tumeors, s8ince in these models there were no

tolerance for the tumor antigen.

A considerable number of different tumor vaccines
have already been c¢linically investigated. Up to now,
however, a break-through for the treatment of tumor

30 diseases could not be achieved with any of the tumor
vaccines or +vaccination methods. In wview of this
background, there continues to exist an extremely high

need of new tumor therapy methods.
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essediicn .t heemadmalai asmterocolitica and Vibrio cholerae.
Such secretion vectors contain the c¢DNA of an arbitrary
protein antigen coupled to the nucleotide sequence for
the HlyA signal peptide, for the hemolysin secretion
apparatus, hlyBE and hlyD and the hly-specific promocter.
By means of this secretion vector, a protein can be
expressed on the surface of this bacterium. Such
genetically modified bacteria induce as <vaccines a
considerably higher immune protection than bacteria, in
which the protein expressed by the introduced nucleic
acid remains inside the cell (Donner et al EP 1015023A;
Gentschev et al, Gene, 179:133-140, 1996; Vaccine
19:2621-2618, 2001; Hess et al PNAS 93:1458-1463, 1996).
The disgadvantage of this system is however that by the
use of the hly-specific promoter, the amount of the
protein expressed on the exterior surface of the

bacterium is extremely small.

A technique for inserting plasmid DNA into mammalian
cells by carrier bacteria such as Salmonella and
Listeria monocytogenes was developed. Genes contained in
these plasmids could also be expressed in the mammalian
cells, when they were under the control of a eukaryotic
promoter. Plasmids were introduced into Listeria
monocytogenes germs, said plasmids containing a
nucleotide segquence for an arbitrary antigen under the

control of an arbitrary eukaryotic promoter. By
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phagosonal conpartnents, and the
Virulence-attenuated, intracellularly settling

bacteria were developed. For instance such variants of
Listeria monocytogenes, Salmonella enterica BV.
typhimurium and typhi, and Mycobacterium bovis were
already used as well-tolerated 1live vaccines against
typhus and tuberculosis. These bacteria, including their
attenuated mutants are generally immune-stimulating and
can initiate a fair cellular immune response. For
instance, L. monocytogenes stimulates to a special
extent by the activation of THl-cells the proliferation
of cytotoxic T-lymphocytes. These bacteria supply
secerned antigens directly into the cytosol of antigen-
presenting cells (APC; macrophages and dendritic cells},
which in turn expreass the co-stimulating molecules and
cause an efficient stimulation ¢f T cells. The listeriae
are in part degraded in phageosomal compartments, and the
antigens produced by these carrier bacteria can
therefore on the cne hand be presented by MHC class 1II
molecules and thus lead to the induction of T helper
cells. On the other hand, the listeriae replicate after
release from the phagosome in the c¢ytosol of APCs;
antigens produced and BsBecerned by these bacteria are
therefore preferably presented by the MHC class I
pathway, thus CTL responses against these antigens being
induced. Further it could be gshown that by the

interaction of the listeriae with microphages, mnatural
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antigens produced by these carrier bacteria can therefore on the one hand
be presented by WHC class Il nolecules and thus lead to the induction of T
hel per cells. On the other hand, the listeriae replicate after 30 rel ease
fromthe phagosonme in the cytosol of APCs; antigens produced and secerned
by these bacweyi@sgreratizeyefore preferaply presentedo gy Ao ghass |
pat hway, thus CTL responses agai nst these antigens being induced. Further
it could be shown that by the 35 interaction of the listeriae with

m cr ophages, natural WD 03/072789 6 PCT/DE03/00471 killer cells (NK) and
neutrophilic granul ocytes, the expression of such cytokines (TNF-al pha,

| FN-ganma, | kil2er Lce2lsUndNge, ©uodr.n&pinophimirol gradudocd3edl99Fhe Mat a
and Paterson lTNE! o £ 1631449, 144 1 i | ndugced ch an
antitunor al gf%irgisency m%fs ggé:t%eég’e%ﬁ(%ge? hggggmaﬁ' gltar'at on %?Inﬁ?,""‘h—
nmonocyt ogenes, §hikh: wnenuegnseered Oerdin-helwnpressior? of5 t4udor 1997,
antigens, thg,@R0W L Opa LXPEERTEN.Al 1 ddiiDE 6. CQUbD1RG o I i t€dggg) 15
antigen-specifically (Pan et al., Nat Med 10 1:471-477, 1995, Cancer Res.
59: 526%- 52691n495g.d \oefpT etWhdich Napl . aaHnteimensl. SEGFIEEEy 1993,
Beatty and Rak@ks@¥. Jsy! MAHROl 2adh6R:i2902153908, 02000) . monocytogenes,
Virul ence-attenuated Sal nonella_enterica strains, into which nucleotide

sequences colPAGEf o ffort AP SR EF§Ens ERAd 5&&n iSHRTRELA™ afft ufymer
antigen- expaagiigr@shact@kl afr6athi 666, Gl HingddOvade tfd®Fs Olddula be

adm nistratiogn._a sge%ific r ot ection ainst different experinental tunors
. h n#$ﬁ - i .
(N@dlna et aﬁg,ledrg J.al %ﬂ.spe01?90a9§y {Pan et a§ Nat Med
10 1:471-477, 1995; Cancer Res. 59:5264-5269, 1999; Voest
et al., Natl. Cancer Inst. 87:581-586, 199%5; Beatty and

Paterson, J. Immunol. 165:5502-5508, 2000).

Virulence-attenuated Salmonella enterica strains,

inte which nucleotide sequences coding for tumor

15 antigens had been introduced, as tumor antigen-
expressing bacterial carriers, could provide after oral

administration a specific protection against different

experimental tumors {(Medina et al., Eur. J. Immuncl.
30:768-777, 2000; Zoller and Christ, J. Immunol.

20 166:3440-34450, 2001; Xiang et al., PNAS 97:5492-5497,
2000} .

Recombinant Salmonella strains were also effective
as prophylactic vaccines against virus infections (HPV);
(Benyacoub et al., Infect Immun 67:3674-3679, 1999) and

25 for the therapeutic treatment of a mouse tumor
immortalized by a tumor wvirus (HPV) (Revaz et al.,

Virology 279%:354-360, 2001).

Technical object of the invention.

30 It is the object o0of the present invention to provide
a medicament, which in particular represents in the

tumor prophylaxis and tumor therapy an improved vaccine
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tEQrachi eving this technical object, the invention teaches a

m croorgani smw th a nucl eoti de sequence coding for a cell antigen, in the
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| de sequence coding for at | east one epitope 10 of an antigen

i nvention. 5
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I de sequence

gg%hﬁ& £$} Q“éé@louh%ﬁgﬁyfafﬁ the genome of which the

following components are inserted and are expressible:
I) a nucleoctide sequence coding for at least one epitope
of an antigen or several antigens of a tumer cell and/or
a nucleotide sequence for at least one epitope of an
antigen or several antigens that is or are specific for
a tissue cell from which the tumor originates; II) an
optional nucleotide sequence coding for a protein that
stimulates cells of the immune system; IIIA) a
nuclectide seguence for a transport system, which makes
it possible to express the expression product of
components I} and, optionally, II) on the cuter surface
of the bacterium and/or secrete the expression product
of component I) and, optionally, of c¢component II);
and/or IIIB) a nucleotide sequence for a protein used
for lysing the microorganisms in the cytosol of
mammalian cells and for intracellularly releasing
plasmids, which are contained in the lysed
microorganisms; and IV) an activation sequence for
expressing one or several of components I) to IIIB},
gsaid activation sequence being selected among the group
consisting of "an activation seguence, which is capable
of being activated in the microorganism, is tissue-cell-
specific, but not cell-specific", and each of components
I} to IV} can be identically or differently arranged in
an individual or multiple manner, and uses of such a

microorganism for the production of a medicament.
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of the bacterium and/or secrete the expression product 20 of conponent 1)
and, optionally, of conponent 11); and/or 111B) a nucleotide sequence for
a protein used for lysing the mcroorganisns in the cytosol of nanmalian
cells and for intracellularly releasing plasmds, which are contained in
the | ysed 25Wd coddrganl7$ts; and | V) -an 8act-i vati on seRQ®@E 031/ 0 @%f@ressi ng
one or several of conponents |I) to I11B), said activation sequence being
sel ected anong the group consisting of "an activation sequence, which is
capable of being activated in the mcroorganism is tissue-cell 30
specific, but not cell-specjfic", and each of conponents 1) to IV) can be
i dentically or dFfPP&rentd4PIRGENGBYEFAT aRfi ndibf duAV Rt HBPt i BEE nilriner
and uses of &&@br@adﬂsﬁﬁ@orm@ﬂnfloépféleeﬂfod@@irweref afmduaaaer&tldevv}
03/072789 - 8 - PCT/ DE03/ Q0471 Thus, subject, matter qf i nvention are
m - croor ganfEREEARRThCPEAPEsTRT c &P er%n'bfgﬁﬁﬁl'ed‘f}}’u%h §é‘qu‘é‘h’6rés *¢&di ng
for cell anteger®sswi Clod nsletietare @Xprassedutle rSeakaibathion tdfe aliteer
merrbraﬂe of 'gnhe %orp croornganl e %nd t he use, gf tehemslec nggrroorggglssr}:s for
br eaki hg t he™i ¢ %01 et hhce® agalnstlfunnrs ta5dcn UnDT VAt nes 't hat
contain m cr boegikiingrsths clawmumee S todferrameeoagdengsquewmesscodw@ fnew cel |
antigens of  NQLTRl, £eLLgeandhaly OFohHIRG Gl d Soo PYahBEns Nl bBYx 321410
last an i nmufie réaction directed agai nst the tunor caused det ai |

t he m croor gafii specdeodridieng ste@uerece § nretiingn dom aucnltlhe aMIllmﬂng of
conponents: L), 3kl €4St ¢ 0ONga PUE! 80T LdRoSERUANGE GAAI ke T DhvahLLBAST a@NE

epi tope 15 of at |east one antigen of at |east one cell protein of .
last an 4immune reaction directed against the tumor is

caused.

In detail, the microorganisms according to the
invention contain the following components: I) at least
one nucleotide sequence coding for at least one epitope

15 of at least one antigen of at least one cell protein of
a tumor cell and/or, optionally, at least one nucleotide
sequence for at least one epitope of at least one
antigen that is specific for the tissue cell from which
the tumor originates; II) optionally, at least one

20 nucleotide seguence for at least one protein that
stimulates cells of the immune system; IIIA) at least
one nucleotide seguence for a transport system for
expressing or secreting the «cell antigen coded by
component I) on the membrane and for secreting the

25 immune-stimulating protein coded by component; IIIEB)
optionally, a nuclectide seguence for a lysine 1lysing
the microcorganism in the c¢ytosocl, so that plasmids,
which are contained in the microorganism, are released
into the cytosol; 1IV) at least one nucleotide sequence

30 for an activation sequence that 1is capable to be
activated in the microorganism or activated not cell-
specifically, but tumor c¢ell-specifically, tissue cell
specifically or function-specifically for expressing

components I) and II).




a tunor cel
| east one ep
cell from wh

| mmune syste
system f or

by conponent

and/or, optionally, at |east one nucleotide sequence for at

Itope of at |east one antigen that is specific for the tissue
ich the tunor originates; I1) optionally, at |east one 20
nucl eoti de sequence for at |east one protein that stinmulates cells of the

|9BAO B2 718ast  one nucl &otide sequend®CTIDEOB/EHIA

expressing or secreting the cell antigen coded by conponent

on the menbrane and for secreting the 25 i mune-stinul ati ng protein coded
; 111B) optionally, a nucleotide sequence for a |lysine lysing
the mcroorganismin the cytosol, so that plasm ds, which are contained

the mcroorganism are released into the cytosol; |IV) at |east one

nucl eoti de sequence 30 for an activation sequence that

activated in
tunor cell-s
for expressi

Preferred enbodi nents. Int

according to
Conponent 1)

is capable to be
Prried enirerdoamgegd smeot sact i vated not cell- specifically, but

pecifically, tissue cell specifically or function-specifically

Ng GRMAGNENt §y %)éwﬁggl,' lhre MROPLDLAEEY o % - PEILPEGIHQAQ47 1
agke riddvienttiort e el geseEipadars deraniber Compdakat 1) .

represents at |east one nucleotide sequence for at |east one

epi t ope of aboh?%%%ﬂQan antigen of at |east one cell protein or at | east

one oncogen

i ca

mutation of the cell protein may have caused a Joss or a gain i%°%é%e

original cellul aF°PaRAETns. DIFur-eRiftsr e, 1hi s't@ft pPBEei AYE

sel ected anp

10

15

20

25

30

Bgquk@ice for at least one epitope of at 1least one
antigen of at least one cell protein or at least one
oncogenically mutated cell protein of a tumor cell. The
oncogenic mutation of the cell protein may have caused a
loss or a gain of its original cellular functions. Fur-
thermore, this cell protein can be selected among the
group consisting of "receptor molecules or parts
thereof, namely extracellular, transmembranic cr
intracellular parts of the receptors; adhesion molecules
or parts therecf, namely extracellular, transmembranic
or intracellular parts of the adhesion molecules; pro-
teins of the signal transduction; proteins of the c¢ell
cycle control; differentiation proteins; embryonic
proteins; and virus-induced proteins". Such cell
antigens perform in the cell the control of the cell
growth and of the cell division and are presented on the
cell membrane of nermal cells, for instance by the MHC
class I molecule. In tumeor cells, these cell antigens
are freguently over-expressed or specifically mutated.
Such mutations can have function limitations of oncogene
suppressors or the activation of proto-oncogenes to
oncogenes as a consequence and can be involved alone or
commonly with over-expressions in the tumor growth. Such
cell antigens are presented on the membrane of tumor
cells and thus represent antigens on tumor cells,
without however causing an immune reacticon affecting the

tumor disease of the patient. Rapp (US-5,156,841) has

oW ng, the conponents of a m Croorgani sm

ly mutated cell protein of a tunor cell. The 10 oncogenic



group consisting of "receptor nolecules or parts thereof, nanely
extracellular, transnenbranic or 15 intracellular parts of the receptors;
adhesi on nol ecules or parts thereof, nanmely extracellular, transnenbranic
or intracellular parts of the adhesion nolecules; pro- teins of the signal
transducti onWQroBdihz288 2 he cell cyclld control ; di fE@TdMEABI/AP471
proteins; enbryonic 20 proteins; and virus-induced proteins". Such cel
antigens performin the cell the control of the cell growh and of the
cell division and are presented on the cell nmenbrane of normal cells, for
i nstance by the MAC cl.ass I, _nolecule. In tunor_cells, these cell antigens
25 are frequ8htlfdver SERFFeLEEd of "Epect T calfly nlP&CEFC Sttt nutaffi'ons
can have funeikipaf dlsirdrt apiredscafs o8E£0gaie ocadpprea:IQr Sadr dmheiaauinvatenon of
prot o- oncogengs 19, ONcogenss. 8s g consequence And can pe Lovel ved gligne or
commonly with over-expressions in FrReEUmor gro M. Suen? 38°€el I ar i"gens
are present edogmmelred .nenbrane of tunor cells and thus represent antigens
on tunor cells, wthout however causing an inmune reaction affecting the
tumor i sease of gl nald eoy RAD { USade156r341ladtns YR 03/ 0227885510 -
PCT/ DEO3/ 00471 a reagy escribed the use of oncoproteins, I.e. eXxpression
products of MHé&agHiEdFenesceadiag ivmuhbgeri nveott 1R reackh nEsceREPEBence
is explicitly,rgdgd qrddiSs/ nd@CUIRAL ogRnEXAMRIAS f Ore £€}bgant keers cand
their oncogenic nutations according to the invention are Im)a receptors,
such as Her-?‘Fﬁé&,neancTFdﬁéﬁ?’écepq%‘?, ®ityeh r eBBPESr, ERPERI‘ne TRECEPL or,
EG- recept or reRBRE2 r ERBBA, TIRALLphhegeRkdtorhAS i )TNFBdPaR-teaaptak;inig )
si gnal -t ransduci n . . :
10 proteins and their oncogenic mutations, such as c¢-Raf
(raf-1), A-rRaf, B-Raf, Ras, Becl-2, Beg¢l-X, Becl-W, BEfl-1,
Brag-1l, Mcl-1, Al, Bax, BAD, Bak, Bel-Xs, Bid, Bik, Hrk,

Bcr/abl, Myb, C-Met, IAP1l, TIAO2, XIAP, ML-IAP LIVIN,

gurvivin, APAF-1; iii) proteins of the cell cycle
15 control and their oncogenic mutations, such as c¢yclin
p{i-3), E, A, B, H, c¢dk-1, -2, -4, -6, -7, Cdeg25C, P16,

pls, p21, p27, pls8, pRb, plo07, pl30, E2F(1-5), GAAD4S5,
MDM2, PCNA, ARF, PTEN, APC, BRCA, P53 and homologues;
iv) tramscription factors and their oncogenic mutations,
20 such as C-Myc, NFkB, c¢-Jun, ATF-2, Spl; v) embryonic
proteins, such as= carcinoembryonic antigen, alpha-
fetoprotein, MAGE, PSCA; vi) differentiation antigens,
such as MART, Gpl00, tyrosinase, GRP, TCF-4; wvii) wviral
antigensg, sguch as of the following wviruses: HPV, HCV,

25 HPV, EBV, CMV, HSV.

Alternatively or additicnally, component I) may
represent at least one nucleotide sequence for at least
one antigen that is gpecific for a normal tissue cell,
from which the regspective tumor originates. Such

30 specific antigens are for instance i) receptors, such as
androgen receptors, estrogen receptors, lactoferxrin
receptors; 1i) differentiation antigens, such as basic
myelin, alpha-lactalbumin, @GFAP, PSA, fibrillary acid
protein, tyrosinase, EGR-1, MUC1.




10 proteins and their oncogenic nutations, such as c-Raf (Raf-1), A Raf,
B-Raf, Ras, Bcl-2, Bcl-X, Bcl-W Bfl-1, Brag-1, Ml-1, A, Bax, BAD, Bak
Bcl - Xs, Bid, Bik, Hk, Bcr/abl, Mb, CMt, |IAP1, [A02, XIAP, M-IAP
LIVIN, survivin, APAF-1; iii) proteins of the cell cycle 15 control and
their oncogeMi& PAYATBAL Y such as cycl it D(1-3), E, BCTEDEP3EAQA71 2,
-4, -6, -7, Cdc25C, P16, pl5, p21, p27, pl8, pRb, pl07, pl30, E2F(1-5),
GAAD45, NMDM2, PCNA, ARF, PTEN, APC, BRCA, P53 and honol ogues; ivV)
transcription factors and their oncogenic nutations, 20 such as C Myc,
NFkB, c-Jun, ATF-2, Spl; v) enbryonic proteins, such as carcinoenbryonic
antigen, alpha- fetoprotein, MAGE, PSCA;, vi) differentiation antigens,
such as MART, (100, tyrosinase, GRP, TCF-4; vii) viral antigens, such as
of the foll o@emgonenisest) HPV, HCV, 25 HPV, EBV, CW, HSV. Alternatively
or additionally, conponent |I) may represent at |east one nucl eotide
sequence for at E%ﬁ%ﬂ:ne@ﬁe anhi geR phhale s SRRCI TG shOr 0@ NOLTRN eblcS34E
cell, fromwhich the respective tunor originates. Such 30 specific
anti gens aref®fAuensst adC& | Ptred8pBSEr sON§uchr ket aAndr BB/ Pr cBEPPYLGEES
estrogen recephalss, okactod eriinund €GeRIQNS, Bly) €héfayendéalban anticgens,
such as basic nyelin, alpha-lactal bumn, GFAP, PSA, fibrillary acid
protein, tyrBSPhEs®  EREL1YEE TeRD-63P072P788Re PIET 95 TEOBF G4 FE
Conmponent |1 pf Gapesdc | I) caprasenistahsl easti amel /uic| €01 éAeedsaguence
for at |east gng,protein, , phigh 3t iipy ales 2 Qebls «Ffe the lITHDC SNSLE™ BY
reaction} or to the activation of Th2 cells (for the

10 humoral immune reaction). Immune-stimulating proteins

are for instance i) cytokines, such as M-CSF, GM-CSF, G-

CSF; ii) interferons, such as IFN-alpha, beta, gamma;
jii) interleukins, such as IL-1, -2, -3, -4, -5, -6, -7,
-9, -10, -11, -12, -13, -14, -15, -16, human leukemia
15 inhibitory factor (LIF), iv) chemckines, such as RANTES,

monocyte chemotactic and activating factor (MCAF) ,
macrophage inflammatory protein-1 (MIP-l-alpha, beta),

neutrophil activating protein-2 (NAP-2}, IL-8.

20 Component IIIA}.

Component IIIA) is at least one nucleotide seguence
coding for at least one transport system, which makes it
possible to express the expression of the expression
products of components I) and, optionally, II) on the

25 outer surface of the microorganism. The respective
component can as an option be either secreted or ex-
pressed on the membrane of the microorganism, 1i.e. is
membrane-bound. Such transport systems are for instance
i} the hemolysin transport signal of E. coli ({(nucleotide

30 sequences containing Hl1lyA, HlyB and HlyD wunder the
control of the hly-specific promoter}); the following

transport signals are to be used: for the secretion -



10 hunor al

| FN- al pha, beta, gamma; iii) interleukins, such as IL-1, -2, -3, -4,
-9,

-6, -7,

protein, the immune reaction to the expresSioh product of conponent 1) can
be intensified and/or oriented nore to the activation of Thl cells (for
the cel |l ul ar

i Mmune reaction) or to the activation of Th2 cells (for the
nmune reaction). Imrune-stinulating proteins are for instance
i) cytokinesWosueR /a@s7 3W8SF, GW CSF, -G 1@SF;- ii) interH@TIRE03AD 431

-10, -11, -12, -13, -14, -15, -16, human | eukem a 15

inhibitory factor (LIF), iv) chenokines, such as RANTES, nonocyte
chenotactic and activating factor (MCAF), macrophage inflammatory
protein-1 (MFPe1-8r pREMiBELA) E1YReut FIPAPPT ActIVER* hg pidt ETREETNAPLS) |
I L-B. 20 Conperent hhkA).uloppongpbtkhihd) iscfat | eest Oonpedbehgfetbdand
coding for, at | east one transport§3¥sten1 whi ch makes i{ in

sequence

possible to EXP

ESE 1 axpritsiof 86t eRpY Bssi ot S PP Hluct T bt

conponents | prak@nceptoonaiiys birprenn,hei2b otter hewoflyed of tthesport
m crooggani s TG LGSRECIYE, FRTRONent 4820 83 AN PLLON. DNy,

secret

on° the rane o M croor ganm sm

-5,

nmenbr ane- bourdyBSuchd t HAyPportdsystténes aeetfol iafstancet idlyherkendliysi n
transport signal Qf; & §9L{noég¥9'.90149)e 2 e S QAUENGES, CORL Y 'f‘%;k%ly%’h_eH' yB
R rol °of t he Hi ), the fo

and H yD under the™ co

y-specific pronoter); | ow ng

transport si§gndlyear ecrotpénusi@da bl e Srekerrohe r\WO T 07789 - the .

PCT/ DEO3/ 00421, 141G 1Grdt ek WaRdlp JEY Astil@nIROr bl 008! bé N JUESENGR0f ¢hidlyB
and HlyD proteins; for the nenbrane-bound expression - the Ctermnal
transpdrt si §a&Fetiien ppradentBeofmHrYBaproPRPAY i $FPFRESALHDI ysith® r &nsport
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terminal RsaA transport signal, iv) the transport signal
for the TolC protein Escherichia c¢oli; the following
transport signals are to be used: for the membrane-bound
expression - the N-terminal transport signal of TolC
{the integral membrane protein TolC of E. coli is a
multi-funectional pore-forming protein of the outer
membrane of E. c¢oli, which serves - in addition to
functions such as the reception of colicin E1 (Morona et
al., J. Bacteriol. 153:693-699, 1583) and the secretion
of colicin V (Fath et al., J. Bacteriol. 173:7549-7556,
1991) - also as a receptor for the U3 phage (Austin et
al., J. Bacteriol. 172:5312-5325, 1990); this protein is
not only found in E. coli, but also in a multitude of
gram-negative bacteria (Wiener, Structure Fold Des
8:R171-175, 2000) ; the localization in the outer
membrane and the wide occurrence make TolC to an ideal
candidate to present heterologous antigens, in order

e.g. to cause an immune reaction.

Component IIIB).

Component IIIB} is a nucleotide seguence coding for
at least one 1lytic protein, which is expressed in the

cytosol of a mammalian cell and lyses the microorganism

HLy A



5 signal of E. coli (nucleotide sequences containing HyA  HlyB and H yD
under the control of a not hly-specific bacterial pronoter), iii) the
transport signal for the S-layer protein (Rsa A) of Caul obacter
crescentus; the following transport signals are to be used: for the 10
secretion angd hezpmrps amey bound expressizon - the C teep/gd o Ryab 471
transport signal, i1v) the transport signal for the TolC proteln
Escherichia coli; the following transport signals are to be used: for the
menbr ane- bound expression - the N-term nal transport signal of TolC 15
(the integral nenbrane protein TolC of E. coli is a multi-functional
pore-form ngfplrotxeéheminhetdiﬁeplamm‘msarﬁa: othE. «otdgoWhiodh siee vasst in

addition to _f [ S . & Je6ep fs¢9khcin E

J. Bacteriol. %g é§§§h93§pig8§f cf%%eiégg?g |onséoﬁﬁec% ICIHQ% %ﬁath et
al ., J. Bacténﬁ@hrikﬁﬁpﬁﬁKEVGSBys1&991Pte1absoSﬂpmiaec%@t@ﬁlfdboehs -U3
phage (Aust i e8! efl a1 ImoBaCkELLObs o172 231250323, 10904 L&y P OLFN 19

not only foun col | I'n a nu tude’of " gram negative
bacterta (WéneﬁerStarmwefrelhiobes RBA8IREPE- KPRt DPDOYEL; at hesterial

| ocal i zation,iRubheQuter menbrane and the wide occurrence make TolC to an
| deal candldate to present heterol ogous antigens, in order e.g. to cause
an inmune reaction. 30 Conponent |11B). Conmponent [11B) is a nucleotide
sequence codi ng PorPraferEss SREOLYMEA tyr Gfe AN 1fhi AR ViEd tddlt edded tHS t he

cytosol of aconmimlitancebt and tleyset tdenpd €008 ganizsm WG &8/ 042¢8%ce 13 -
PCT/ DEQ3/ 00471 for releasing the plasmds in the c ngoggl gflthe host cell.
Such lytic pFBEeirE (éﬁﬁ&ﬁ?glﬁg) 3ol €51 8r PrRSEARc s the ho

10 The components IIIA and/or IIIB may be con-

stitutively active.

Component IV).

Component 1IV) represents at least one nucleotide
15 sequence for at least one activation sequence for the

expression of component I) and, optionally, II).

If the expression is membrane-bound on the outer
surface of the microorganism, the activation sequence

has preferably to be selected such that it is capable of

20 being activated in the microorganism. Such activation
sequences are for instance: 1) constitutively active
promoter regions, such as the promoter region with

*ribosomal binding s8ite” (RBS) of the beta-lactamase
gene of E. coli or of the tetA gene (Busby and Ebright,
25 Cell 79:743-746, 1994); ii)}) promoters, which are capable
of being induced, preferably promoters, which bhecome
active after reception in the cell. To these belong the
acth promoter of L. monocytogenes (Dietrich et al., Nat.
Biotechnol. 16:181-185, 199%8) or the pagC promoter of S.
30 typhimurium (Bumann, Infect Immun €69:7493-7500, 2001).



p- _
Listeria-specific lysis proteins, such as PLY551 (Loess- ner et al Mol
M crobi ol 16:1231-41, 1995) and/or the 5 Listeria-specific holin under the

control of a listerial pronoter. 10 A preferred enbodi nent of this

invention is the conbination of different conponents I11B), for instance
t he conbi nat Won ®f /@ 1y3i8® protein anrd tlke holin. The RPOTPOEMNEE 0104 Al
and/or 111B may be con- stitutively active. Conponent |V). Conponent 1V)

represents at |east one nucleotide 15 sequence for at |east one activation

sequence for the expression of conponent 1) and, optionally, I1). If the
expression i s nmenbrane-bound on the outer surface of the m croorgani sm
the activation s&§uéiee phasmpief argblse keabed séredt dh suehcrparIppisg
capabl e of 2Q¢bgi-ng;agti Y3tad i Anthe Fher 00LgARILIM oPUChKACt k¥ati oneye
sequences are for instance: i) constitutively active pronoter regions,
such as the PFSANREL MegESHWGTIE 'isi bBSSNaFe bt naPA§ ifiite” PRBS) t6Ff Stke

beta-lact anage119epRR Afrife, COLi10Eyelet BBebalrA gte (BUSHYoRNEpEBRIEGRL, 25

Cell 79:743-746, 1994); ii) pronmoters, which are capable of belng&induced,

preferably pPBREEERL I Ynhi cH PecohBti%BELR afttd™ S steht i BNTi n®EhE
t hese bel ongwhhen achAepr opRieic@fiak1ynongeytogeras (bhetrmgbrephabes, Nat.

Bi ot echnol .

(Bumann, | nf 8EPSFMT 66 740

16:181-185, 1998) o he pagC pronoter of S. 30 typhinurium
ﬁ%o%ymgga%y_te\m 03/ 072789 - 14 -

PCT/ DEO3/ 00471 If the plasm ds are released fromthe m croorganism after
its lysis into thécepbes@nicing héncelle twhening of the invention are
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viruses, bacteria or unicellular parasites, which are
usually used for the transfer of nucleotide sequences

being foreign for the micrcorganism.

In a special embodiment of this invention, the
microorganisms represent gram-positive or gram-negative
bacteria, preferably bacteria, such as Escherichia coli,
Salmonella, Yersinia enterocolitica, Vibrio cholerae,

Listeria monocytogenes, Shigella.

Preferably, such bacteria are used, which are

attenuated in their wvirulence.

The components according to the invention are
introduced into the microorganisms by methods well known
to the man skilled in the art. If the microorganisms
represent bacteria, the components are inserted into
plasmids, and the plasmids are transferred inte the
bacteria. The techniques suitable for this and the
plasmids are sufficiently known to the man skilled in

the art.

Subject matter of the invention are medicament
preparations containing the microorganisems according to
the invention or however membrane envelopes of these
microorganisms. The preparation of these membrane
envelopes takes for instance place according to the

method described in EP-A-0,540 525, Such medicament

&Ar. To



activation sequence is not cell-specific, but tissue cell-specific, cell

cycle-specific or function-specific. 5 Preferably, such activation

sequences are selected, which are particularly activated in macrophages,

dendritic cells and Iyrrphocyt es. Mcroorganisns in the nmeaning of the
i nvention ar®¥0 v B2 7Bt eria or uni @8l | ul ar parasiR@E/DEW 1 04710
usual ly used for the transfer of nucleotide sequences being foreign for
the m croorganism In a special enbodinment of this invention, the

m croorgani sns represent grampositive or gramnegative bacteria,
preferably bacteria, such as Escherl chiia coli, 15 Sal nonella, Yersi n| a
ent er ocol i ti BASPHTBLi® thol 8F e, 17 st éFF&aﬁﬁﬁocy?‘baﬁﬁﬁémgﬁl getfa. the
Preferably, &uehob&@bﬁfﬂ@:areau&ed,dlwy chtaretnatt eﬂﬂaéﬁdlbrﬁ t hen r the
virul ence. The corrponent%i}“ ccordi ng I nvention are gér od

into the nmi cF8OPFAMT s Jn]eﬁrﬁds 9vel Fg‘ﬁnomatré"at%e # fvan %‘HF?

art. |f the angeearigani sns represent bacteria, the conponents are |nserted
into plasmds, and the plasm ds are transferred into the bacteria. The

technlgues surtaQI e .har thlu% %Ecbj tec"{atzt lE)I asgn Iil]glre §9ff£%gntl)é kégwn to

the nman skill ed Ré art. i nvention aré€ ne

|canent

prepar at i onsadmnMarsrtrmg::tcne mfcreorrgamsmeaccmdtngraolomhecpnnmnugﬂ or

novever MmenbigRe LSRR O s A0ES8. 20 HGL00LAAN B, . REERAT Al hgR Of

t hese nenbrane envel opes ta ®s for Instan
descri bed i naBRipi@ 340 526, Suchmadsli cenent 1 ¥W\O 98/ Oygggemicaily, for

PCT/DEO3/OO4letance into the epidermis, into the subcutis, into the
10 musculature, into a body cavity, into an orgam, into the

tumor or into the bloeod circulation.

A particular subject matter of thie invention is the
peroral or rectal administration of the medicament
according to the invention for the prophylaxis and/or

15 therapy of a proliferative disease. The administration
can be made once or several times. In each
administration, approximately 10 to 10%9 microorganisms
according to the invention are administered. If the
administration of this number of microorganisme ac-

20 cording to the invention does not cause a saufficient
immune reaction, the number to be injected has to be

increased.

After administration of the microorganisms according

to the invention, the tolerance for a cell presenting

25 component I), for instance for a tumer cell, or for a
tissue cell, from which the tumor originates, is broken,

and a cytotoxic immune reaction directed against the

tumor and/or its tissue cells is triggered.

Depending on the selection of component I), this

30 cytotoxic immune reaction is directed either exclusively
against the tumor or also against the tumor cells
including the tissue c¢ells, from which the tumor cells

originate.

e place accordlng to the “method



preparations are for instance suspensions of the m croorganisns according
to the invention in the solutions famliar to the pharmacist, suitable for
injection. 5 Another subject matter of the invention is the admnistration
of a nmedi canment preparation containing the mcroorgani sns according to the
invention. The @gdnignstraiion is nmade ligecally or systemroadgys /foa71

I nstance into the epiderms, into the subcutis, into the 10 nuscul ature,
into a body cavity, into an organ, into the tunor or into the bl ood
circulation. A particular subject matter of this invention is the peroral
or rectal admnistration of the nedi canent according to the invention for
t he prophyl axi s 8ndferctls naktapy off a phel i fiervadnticoni séase.tHhe the

adm ni stratigg,;¢an e, Jmgde gpcg qrredsiee/ﬂ@rhttwgﬁarla@i%%chac@s@m;t kation,
approximately 10 to 10A9 m croorgani sns accordihg to the 1nvention are
admi ni st eredthef th@enddiiti sharat itdre of PR Y hawber of nFieserPganicdns aac 20
cording to tRheghRventdon J0gssBakeCayse 18 St £4 €Nlai sleBUE fLACELRAR, the
nunber to be injected has to be increased. After adm nistration of the

m cr oot gani sAd 388E86edi nd ¢ ukE ™S [ nVéARildY, FRESEH efaAce SRl ackEppic
presenting 23n¢qnp@d@ntodsd, fjdasignse &or aringpiaaekl, Bk ghQls aanki ssue
cell, fromwhich the tunor originates, is broken, and a cytotoxic immune
reaction di r BB ™IGE Nt 292 Funor and/or its tissue cells is triggered.
Dependi ng on the sel ection of conmponent I), this 30 cytotoxic inmune
reaction is direched ekpbet aexcdmseé ¥LhynagaifNSthifie imwr@it iosn Al sReagannst

t he tunor ceLIs '

omponent 1) represents at least one cell antigen, which
10 is expressed by a tumor cell and the tissue cells, from
which the tumor originates, the medicament according to
the invention is administered for the prophylaxis or
therapy of a tumor of the glandula thyroidea, the mamma,

the stomach, the kidney, the ovarium, the nevi, the

15 prostate, the cervix or the vesica urinaria.

In the following, the invention is explained in more

detail, based on examples representing embodiments only.

Example 1: induction of an immune response in BxB mice
20 by immunization with salmonellae expressing
c-raf.

Raf is a normally cytosclic serine/threonine kinase

{PSK}), which in conjunction with other proteins of

signal cascades controls the c¢cell growth and survival

25 {Kerkhoff and Rapp, Oncogene 17:1457-1462, 1998;
Troppmair and Rapp, Recent Results Cancer Res. 143:245-

249, 1997). A binding of a growth factor to a respective
receptor normally leads via an activation of Ras, the
subsequent activation of Raf via several phosphorylation

30 steps via the PSK and tyrosine kinase MEK and the PSK
ERK to an activaticon of the replication machinery in the

cell nucleus (Kerkheoff and Rapp, Oncogene 17:1457-1462,



including the tissue cells, from which the tumor cells originate. WO

03/ 072789

- 16 -

PCT/ DEO3/ 00471 Subject matter of the invention is thus the

adm ni stration of a medi cament preparation according to the invention for
the prophylaxis or therapy of a proliferative disease. Proliferative

di seases areywlgn®s /o g 9@ases, |eukem ag;y virally causedrdipse@sgs o £hnonic

I nfl amat i
In a speci

ti ssue cel

ons, r

ej ections of transplanted organs and autoi mune di seases.

al enbodi ment of this invention, wherein conponent |) represents
at | east one cell antigen, which 10 is expressed by a tunor cell and the

ls, fr

om which the tunor originates, the nedi canment according to

the inventionsiosladmhe stiered fonkthe phdphyhaxins orhe téeadpyGobratedmor of
the gl andul aRfa@i’g%de ebDEMAT T nLAEr§LAMRL LI Kidneye M‘fnﬂéﬂﬂéwm

t he nevi,
fol | ow ng,

10

t he

prostate, the cervix or the vesica urinari a.

, themomperitZaorhas expl ApardidrspoCa itdetRay, Qmsed- oe@ranpl-es
representing,gniedi;ient s . L Exanpl gl oleRAUGL 0N O & d MURE 36
response in BxB mce by inmmunization with salnonellae expressing c-raf
Raf is%a norRakBgnéyt 630l #8 sef¢ne?thresnrAe kPABseln (PSKFULRHitAHf not
conj unction Wyt nOteh§lo JY OL10d D Rh el @NAl, GRGAHESRLHNI € Q| ahBercRkls .
grow h and survival 25 (Kerkhoff and Rapp, Oncogene 17:1457-1462, 1998;
Troppmai r and4Rapp” Rédentl F8Ut ts Cancer Res. 143:245- 249, 1997). A
binding of a growh factor to a respective receptor normally | eads via an
activation of Ragprth€he test in the mouse model, transgenic mice

were used, which over-express the complete molecule or

the

constitutively active kinase domain (BxB) (Kerkhoff

et al., Cell Growth Differ 11:185-190, 2000). Therewith,

the

mice spontaneously develop lung tumors approx. half

a year later.

For the generation of the vaccines, the human c-Raf

15

20

25

30

¢cDNA was cloned by means of PCR in-frame with HlyA into
the plasmid pMOhly 1 (Fig. 1). Subsequently, the plasmid
pMO-Raf was transfected into attenuated salmonellae (5.
typhi murium SL7207), which carry a defect in the aroc-
matic metabolism (Hoiseth and Stocker, Nature 291:238-
239, 1981} . In the immune blotting by means of
antibodies directed against c-Raf, the c-Raf Hlyas
fusion protein could be detected in the bacterium lysate
as well as in the culture supernatant of SL7207 bacteria

transfected with PMOhy-Raf.

BxB transgenic mice were orally immunized at an age
of 7 - 10 weeks with the salmonellae (dose 5 x 10%9),
and the vaccination was repeated twice in an interval of
[ days. 45 days after the last immunizatioeon, an
intravenous refreshing vaccination with 5 X 10*5
gsalmonellae was made. For control purposes, naked c¢-Raf

coding DNA was intramuscularly administered to the mice.

5 - 7 days after the last immunization, now serum

samples were taken, and the antibody response was



subsequent activation of Raf via several phosphorylation 30 steps via the
PSK and tyrosine kinase MEK and the PSK ERK to an activation of the
replication machinery in the cell nucleus (Kerkhoff and Rapp, Oncogene

17: 1457- 1462, WO 03/072789 - 17 - PCT/DE03/00471 1998). The first link in
this chain, wite spyld7%57@rootein Ras,- i 98present in a potdi/DRols3 /foor4eriin 30%
of all human tunors (Zachos and Spandi dos, Crit. Rev. Oncol. Henmatol.

26: 65-75, 1997). Raf is an effector of Ras and is 5 present in an
over-expressed formin a nultitude of human tunors (Naumann et al., Recent
Resul ts Cancer Res. 143:237-244, 1997). For the test in the nouse nodel,
transgeni ¢ nmhoelvwerde higetie awsi hf oveMedtsrassbine- cApl etlel wrobPeerbécor 10
the constituthyehy, %@”d&i&%@@SEeQQHHhQs(ﬁ§%k1%ﬁ%@ﬁ“§§a1§&tahembgﬁhhs
Gowh Dffer 11:185-190, 2000). Therewith, the m ce spontaneously devel op
| ung tunors Hﬁﬁlhoxsehalfﬁteé yEﬁ?tPaPeran¢orb%%tﬁ%né’rraﬁqWof°ft hé- \é&ém nes,

the human c- Béfanski&w YRS fdonedahy reeaRy o PCR-1B-f ree wethcHipd into
the plasmd pMohly 1 (F 1). Subsequently, the plasmd MO Raf was

transfected Pt o“é?té’ﬁd’é’cdeds§5il‘|‘?0n%’|‘?h€°(1$es t"}fb‘Hf RS Fm ¥7XFARS Wi ch
carry a def eghtiiboldi@ aAr 9pedaitiic ned abaliusa (t@cset:hl aBdnS&'@@lterto Nather e
291: 238 20 239, 1981). |In the, i nmune gsottlng % antlb di es

directed agafRet elRaf"iG%e LFAFRHFGAs “AG& or‘i}&pc’ Yellﬁ"'l ou ﬁaBS §6€E& ed

i n the bact esLamol7ysaterads spddi faisc | ra:ttheocalﬂésur & S updrenatiantt ygfe SII'g207
bacteria tr%g%E%Ct%%\MfJ& h@?y %%us it has been shown that an
10 immunization with the described salmonellae can break
the self-tolerance and induces CD4+ T cells, which are

necessary for the antibody iscotype change to IgG.

For the analysis of the CD8+ T cell response, C57BL-

6 mice were immunized following the same protocel. 7

15 days after the 1last immunization, 8pleen cells were
isolated, and they were gstimulated with Raf-over-
expressing EL-4 cells. 1 h after beginning the
stimulation, the <vesicular transport was blocked by

Brefeldin A, and after another 4 h, the cells were
20 stained with CD8 and IFN-g-specific antibodies and

analyzed by flow cytometry (Mittrucker et al., Infect

Immun 70:199-203, 2002). ©Only in one pMO-Raf-immunized
mousge, a Raf-specific antibody response could be
detected.

25 For detecting the tumoricidal actiwvity, 10, 12 and

14 months o0ld immunized and not immunized BxB mice were

killed, and the lung mass was weighed. The lung mass is

a direct measure for the size of the tumor. 1In the
group, immunized with SL-pMO-Raf, after 14 months
30 clearly more freguently mice with a reduced lung mass

could be found than in the control groups including the
group, which has been immunized with naked DNA coding
for ¢-Raf (SL-pCMV-raf). Normally, the tumor growth on

not treated animals is not reversible (Kerkhoff et al.,




BxB transgenic mce were orally inmunized at an age of 7 - 10 weeks with
the sal nonel l ae (dose 5 x 10"9), and the vaccination was repeated twice in
an interval of 5 days. 45 days after the last immnization, an

i ntravenous refreshing vaccination with 5 x 10"5 30 sal nonel | ae was nade.
For control parpd3¢9,7nal8ed c-Raf codi g DNA was i nt rROTEOB @B/W0471
admnistered to the mce. 5 - 7 days after the last inmunization, now serum
sanpl es were taken, and the anti body response was WD 03/072789 - 18 -

PCT/ DEO3/ 00471 anal yzed by neans of a Western blot. For this purpose, the

1: 200 diluted serum was hybridi zed agai nst nmenbranes w th separated
protein and BE&tt &F Priok ePA fdfere- Rht i 18F ah8Pect®P bF - ndhetrantt et E8us

bacteria. Thgndetegdoni® ehi eh%mﬂdnew um aaticheditasd 0pke pl aeephy -means
of anti bodies speC|f|c for nmpuse In contrast to the control m ce,

i mruni zed wi BA pWBHI"S?lﬁaf“t‘f]a‘?ls?’é%’E%ﬂt &§r 9807 hec JeeTHet?ti et ahtPBoGies of
the isotype hg® t&@ulihbentndtcadscHibed thdws beeBuihamld had anthbor

i mmuni zation with the described sal nonellae can break the self-tol erance
and i nduces EHF¥'Tells, which are necessary for the antibody isotype
change to 1gG For the analysis of the CD8+ T cell response, C57BL- 6 mce
were i nmuni zed fohkeow ngxmmisrears:qorcﬁm@ier7 dlhodayshaft ethehechaster

| mruni zat i on l.een oI t.ed, h g st mylated Wet h
Raf - over - exp?’%ggﬁng %ﬁ“ﬁgcel s. htglflfserlg.ggfl%ﬁ?%gm?% st [Tyrru?at ?gn,e th
vesi cul ar trhamepdrtthas g5 btkedl pyanBeefaidli Anfucendiaf terRafothdrrant, the

cells were 29n§h§ilr§edawct-maq3-85€@gifflz\l' Q‘rﬁﬁ%c{}i Cr@@tpiotﬁ%qg egndndr cel1

10 response.

By means of the same experimental systems,
salmonellae can be produced as vaccines, which express
isoforms of C-Raf (such as for instance B-Raf and A-
Raf), mutated C-Raf, B-Raf or A-Raf, epitopes of normal

15 or mutated C-Raf, B-Raf or A Raf, or combinations of
epitopes of normal and/or mutated C-Raf, B-Raf or A-Raf.
Examples for a mutation coming along with a loss of the
activity of Raf are mutations of the Ras-binding domain,

the kinase domain and/or the phosphorylation sites.
20

Example 2: induction of an immune response in BALB/C
mice by immunization with salmonellae

expressing PSA.

The existence of tissue-specific antigens, in

25 particular of those, which are synthesized and expressed
to a high degree by tumor cells, is, beaide the
diagnostic usability of these markers, also a possible
starting point for therapeutic approcaches. For the
prostate carcinoma, up to now three antigens worth

30 mentioning have been identified: PSA (prostate-specific
antigen), PSMA (prostate-specific membrane antigen) and

PSCA (prostate stem c¢ell antigen). Whilst PSA exists




anal yzed by flow cytonmetry (Mttrucker et al., Infect |Imun 70:199-203,
2002). Only in one pMO> Raf-inmuni zed nouse, a Raf-specific antibody
response could be detected. 25 For detecting the tunoricidal activity, 10,
12 and 14 nonths ol d i mmuni zed and not i muni zed BxB mice were Kkilled,
and the | ungwrass3vasy eisghed. The |lungomass is a di reet /masuye d o1 1t he
size of the tunor. In the group, imunized with SL-pMO> Raf, after 14
nonths 30 clearly nore frequently mce with a reduced |ung nass could be
found than in the control groups including the group, which has been

I mmuni zed with naked DNA coding for c-Raf (SL-pCW-raf). Normally, the
tunor grow hadmeadat itrr e ety animaksfpgsmaot nr eviersidat ee XiKee kbhofif matinalr. , WO
03/ 072789 - Aat:PULDESY 0QAT, Cobl & OMADI 885, bnl89:190¢.2900%,

These data thus showt in this experinent a vaccination wth

Raf aninmals &88d p¥anegctetr ot t he Ryerrrat ¢ or? :0f2 1Umor s1,2 8 land ante Fh\?éntlon

described heggpics ipHtead! £68S A AdiMYma Sa¥2G0bRG s TNESEr EXPRSH r@pt s further
show that the carrier systemrepresented in this invention can

princible bFESR -the?TePterBParartes At i ABUBE L f 42 Rat 288 er a"n‘Ee SﬁFﬁ‘al s a

c- Raf - speci f kgpalsishedy riasponse mdk T £olds 1On1pSponseeaBrameans @het he
sane experinental systens, salnonel]ae can be groduced as vaccines, which

express i sof8Ffe taf C?‘??é?nfgach LN TR GhR e B- REAP And™ A 2 REFP 1 2/t at ed
C- Raf, B-Raf tQmof Rat agepi tepese ©f anar,mabni¢bgenenut at ed s€-Rafse B- Raboor A

Raf  or conbinations of ,epitopes qf, normpl andior mygfed, O Rall, Byl or
10 1998). The organ specificity makes PSA as well as PSCA

to a potential target antigen for the development of

immune therapies against the prostate carcinoma (Reiter

et al., Proc. Natl. Acad. Sci. USA 95:1735-1740, 1998;
Hodge et al., Int. J. Cancer 63: 231-237, 1995;
15 Armbruster, Clin. Chem. 39:181-185, 1993).

In this first experiment, it was intended to show
whether PSA-secerning salmonellae on the base of the
vector pMOHLY 1 can induce an immune response in BALB/c
mice. For this purpose, first two Nsil interfaces were

20 introduced by polymerase chain reaction (PCR) into the
c-DNA seguence of PSA, in order to make an in-frame in-
sertion of the amplified fragment into the target vector

possible., For the amplification, a fragment cof 645 base

pairs {bp) was selected. As primers served 51 -
25 GTGGATTGGTGATGCATCCCTCATC-3 " and 5'-
CAGGGCACATGCATCACTGCCCCA-3'. The PCR product was first

cloned blunt-end into the vector pUC18 and later ligated
via NsiI interfaces with the target vector pMOhlyl. The
correct insertion was controlled by means of restriction

30 digestion and confirmed by sequentiation (Fig. 2).

By means of this salmonella strain, BALB/c mice were
now nasally immunized three times in an interval of 3

weeks with a dose of 1x107. The immune response is



Exanples for a nutation comng along with a loss of the activity of Raf
are nmutations of the Ras-binding domain, the kinase donmain and/or the
phosphoryl ation sites. 20 Exanple 2: induction of an immune response in
BALB/ C mce by imunization with sal nonell ae expressing PSA. The

exi st ence of Wd s8B¢-5p2TIBFa ¢ antigens, i1 25 parti culeTg¢DE hege o ahiich
are synt hesi zed and expressed to a high degree by tunor cells, is, beside
the diagnostic usability of these markers, also a possible starting point
for therapeutic approaches. For the prostate carcinoma, up to now three
antigens worth 30 nentioning have been identified: PSA (prostate-specific
antigen), PSHRtEStEst avétEpekesterpefbrdhne 2aftlivde®d and Pschacphdsdare
stem cel | anti@gemkine WHdStibpA exists WO 03/072789 - 20 - PCT/ DEO3/ 00471
already in early tunor fornms I n an over-expressed manner (Watt et al.,
Proc. Natl. Acad. Sci. USA 83:3166-3170, 1986; Wang et al., Prostate
2:69-96, 1981) and thus contributes for carcinoma diagnosis (Labrie et
al., J. 5 Uol. 147:846-851; discussion 851-842, 1992), the PSCA
expression is in nost cases only increased in the |ocally advanced,
dedifferenti ated and netastasized tunor stage (Gu et al., Oncogene
19:1288- 1296, 2000; Reiter et al., Proc. Natl. Acad. Sci. USA
95:1735-1740, 10 1998) . The organ specificity nakes PSA as well as PSCA
to a potential target antigen for the devel opment of i mrune therapies
agai nst the prostate carcinoma (Reiter et al., Proc. Natl. Acad. Sci. USA
95:1735-1740, 1998; Hodge et al., Int. J. Cancer 63: 231-237, 1995;



15 Arnbruster, din. Chem 39:181-195, 1993). In this first experinent, it
was i ntended to show whether PSA-secerning sal nonellae on the base of the
vector pMOHLY 1 can induce an i mune response in BALB/c mce. For this
purpose, first two Nsil interfaces were 20 introduced by pol ynmerase chain
reacti on (PCRO img¢g ahe78® DNA sequence2af RSA, in ordeCTY@®HE®BEE 0a0nd 71
in-franme in- sertion of the anplified fragnent into the target vector

possi ble. For the anplification, a fragnent of 645 base pairs (bp) was
selected. As prinmers served 5 25 GIGGATTGGTGATGCATCCCTCATC-3' and 5' -
CAGGGCACATGCATCACTGCCCCA- 3' . The PCR product was first cloned blunt-end
into the vecPér’iep‘@CP@aaEmF{ater ligated via Nsil interfaces with the
target vector pMohlyl. The <correct insertion was controlled by nmeans of
restriction 30 digestion and confirnmed by sequentiation (Fig. 2). By neans
of this salnonella strain, BALE/c mce were now nasally inmunized three
tinmes in an interval of 3, weeks with a dose of 1x107. The_inmmune response
is WD 03/072789 1-21 2 PRIFBEEIGELAM def 2EFed3wi P AR et %e bl BEIHABCYses
and intracel huharng cg/ctﬂklanecéstal ahmg.geW) 084 023%8958%1@@t ol ammsch th2 -
PCT/ 3/ 00471 # m croorg‘%m smwith a nucl %lotldq(i seguence gbng for a
cel | antigen, P G STIRC DY Whi 8RSt B SSTES ¢ ceon%’éﬁ’éﬁfg g
inserted and are expressible: I) a nucleotide sequence coding for at |east
one epitope of anh amtingerlert sdversdqunidgersdimea fomprat least one

epitope of an antigen or several antigens of a tumor
cell and/or a nucleotide sequence for at least one
epitope of an antigen or several antigens that is or are
10 specific for a tissue cell from which the tumor

originates;

II) an optional nucleotide sequence coding for a

protein that stimulates cells of the immune system;

IITA} a nucleotide seguence for a transport system,

15 which makes it possible to express the expression
product of components I) and, optionally, II) on the

outer surface of the bacterium and/or to secrete the
expression product of component I) and, opticonally, of

component II); and/or

20 IIIB} a nuclecotide sequence for a protein for lysing
the microorganisms in the cytoscl of mammalian cells and
for intracellularly releasing plasmids, which are

contained in the lysed microorganisms; and

IV) an activation sequence for expressing one or

25 several of components 1I) to IIIB), said activation
sequence being selected from the group consisting of "an
activation sequence, which is capable of being activated

in the microorganism, or which is tissue-cell-specific,

or which is not cell-specific",



cell and/or a nucleotide sequence for at |east one epitope of an antigen
or several antigens that is or are 10 specific for a tissue cell fromwhich
the tunor originates; 11) an optional nucleotide sequence coding for a
protein that stinulates cells of the inmmune system I111A) a nucleotide
sequence for W t0AdID2 7 8Yystem  15-whi2@h makes it pdGTUIDE® Y /&t 23s the
expressi on product of conponents |) and, optionally, Il1) on the outer
surface of the bacteriumand/or to secrete the expression product of
conmponent 1) and, optionally, of conponent I1); and/or 20 IlIB) a

nucl eoti de sequence for a protein for lysing the n1croorgan|sns in the
cytosol of mammalP&#edd I%a%hd°ff o?°'f‘H‘E’P§EEF‘I Ular F§ rVeastfg Bt adfrds,

whi ch are ceftailned ididderdyspdafliCeaengahties®nt akd \Yranudehibyat.i on
sequence for expressing one or 25 several of conponents I) to IIIB), said
activation sequence being selected fromthe group consisting of "an
activation sequence, which is capable of being activated in the

m croorgani sm or which is tissue-cell-specific, or which is not
cell-specific", WO 03tDF2%W82 roo2aniREl/ DEOSLO04F 1 twherled im echwbkrein
conpon nts |l5%0 1%%&%?54%3 geps LIGQE gr qlffﬂﬁgyl @n aggrgrgﬁgg once
or i ple Phe n1croorgan|sn1accor to c er
nicroorganlsm|9¥%ﬂvw¢mst138ba%meswam memqﬁywqchhaﬁealgwan}pasfsrvéldr

gram negati vghacterd womrﬁtgrepwp e6h8eked nfyf YR thes O OUP-F2RSEShiiNg Of

"Escherichia coli Sal nonel | a, ” Yersi ni a enterocolltlcab Vibrio chol er ae,
Listeria nnnéé&ﬂ@@@ﬁé§ afE i | #nteogalitica, vibrio cholerae,
Listeria monocytogenes, and Shigella™, or is a
10 unicellular parasite, the virulence of the microorganism

preferably being reduced.

3. The microorganism according to claim 1, wherein

the microorganism is the envelope of a bacterium,.

15

4. The microorganism according to one of claims 1
to 3, wherein component I} 1B a nucleotide seguence
coding for an epitope or several epitopes of an antigen
or several antigens of a protein or several proteins,

20 cptionally mutated, of a tumor cell, wherein this
protein is preferably selected frcom the group consisting
of "extracellular, transmembranic or intracellular part
of a receptor; extracellular, transmembranic or
intracellular part of an adhesion molecule; signal-

25 transducing protein; a protein controlling the <cell
cycle; transcription factor; differentiation protein;
embryonic protein; and wviral protein", the protein
preferably being an oncogenic gene product or a
suppressor gene product, in particular c-raf, A-Raf, B-

30 Raf or a homologousg protein of c¢-Raf, A-Raf or B-Raf.



10 unicellular parasite, the virulence of the microorganism preferably
bei ng reduced. 3. The m croorgani smaccording to claiml, wherein the
m croorganismis the envel ope of a bacterium 15 4. The m croorgani sm
according to one of clains 1 to 3, wherein conmponent I%l i S a nucleotide
sequence colithg? B40 BA7EA tope or severd epitopes ofPGR/BRPILP 0471
several antigens of a protein or several proteins, 20 optionally nutated,
of a tunmor cell, wherein this protein is preferably selected fromthe
group consisting of "extracellular, transmenbranic or intracellular part
of a receptor; extracellular, transnenbranic_qgr,_intracellular part of an
adhes on ol ecul 8¢ of REI IS T HARTE o BPSF RS Xy SO X LoRrEIP g ¢ he
cell «cycle; terahscrélptronnf acdponentf e¥lentisat ronnprdeeicide erbayenice
protein; and ylGaly PEOL el 2 DEDROLGIL  PL e AN ¥ DeBy &y, ONEQQeRiC
gene product or ‘a” suppressor ge%e proc?uct, in particular c-raf, A Raf3, B
30 Raf or a Reddl.ogousPpréisiviasf eeRatteA- Raforpr t BeRefrouwaD 631618 ¥899- 24
- PCT/DEO3/ 00471 v31 a Ll 1 Cr oy Pah s, acgohdiaRd af O it £fi &) il GBahauh@ 3,
wherei n conponent 1) is a nucleotide sequence. coding for an antigen that
is specific P8LivAE 1% ssh@IuEelymPlye ifks cuP ARS8 &ct A" 3 Oh! t hEUGA63p
consi sting 5makos@l angud@rt hyroikdeme gl anshh i RNy s Wl wedul 8ervix,
salivaria, nodus |ynphoi deus,&ﬂs: andul a, manmmaria, tunica nucpsa gazt,rhs,

i dé*&nd

ki dney, ovar FUR Fr o¥ERP282 ¢&AASE® BRARRA12&r G vBEVESE ruriTali
nevus", fromwei echndrhedidbiaoesgi nates. 10

10

€. The microorganism acceording to one of claims 1
to 5, comprigsing a component I) according to claim 4 and

a component I) according to claim 5.

15 7. The microorganism according to one of claims 1
to 6, wherein component II} codes for at 1least one

cytokine, interleukin, interferon and/or chemokine.

8. The microorganism according to one of claims 1

20 to 7, wherein component IIIA) codes for the hemolysin
transport signal of Escherichia coli, for the S-layer

(Rsa A) protein of Caulobacter crescentus or for the

TolC protein of Escherichia coli.

25 9. The microorganism according to one of claims 1
to 8, wherein component IIIB) codes for a lytic protein
of gram-positive bacteria, for a 1lytic protein of
Listeria monocytogenes, for PLYS551 of Listeria
monocytogenes and/or for the holin of Listeria

30 monocytogenes.



6. The m croorgani smaccording to one of clains 1 to 5, conprising a
conponent 1) according to claim4 and a conponent |) according to claimb5.
15 7. The m croorgani smaccording to one of clains 1 to 6, wherein
conponent I1) codes for at |east one «cytokine, interleukin, interferon
and/ or chemo®ithe? 3.0 183 &R cr oor gani sm @8cordi ng to oRCEY B AR 44720 to
7, wherein conponent IIl1A) codes for the henolysin transport signal of
Escheri chi a coli, for the S-layer (Rsa A) protein of Caul obacter
crescentus or for the TolC protein of Escherichia coli. 25 9. The

m croorgani smaccording to one of clains 1 to 8, wherein conponent I|11B)
codes for a lytic protein of grampositive bacteria, for a lytic protein
of Listeria nonocytogenes, for PLY551 of Listeria nobnocytogenes and/or
for the holin of 1Ri-stBhéard@nrmuaarnt ogenascoWDidd/ 072 789e- X5 claims 1

PCT/ DE03/ 004¢} 19, TheeTLehoOLGABLAENCCARYI NGoka 0N ool ghal fBelvat8rd,

wher ei n conponent |V) codes for an activator sequence capable
activated |nsﬁﬁéer¥|c@ro‘€)?lgahi?-9mt°5 ba pactivaies todédef omlar?aﬁﬁﬁnlsm:

cell-specifign tdssufcutsl! -snecd fiser NRCRLQRANIAIC8RECIEHleGific, tissue
dendrite- speC|f|c |y hocyte specific, function-specific activataor

sequence or SAIACEPFAGT SeqUEHCECBBRAS - BBECIfdE sﬁ%%?q¥bﬁfr995€fﬁﬁﬁved

to 11. The Ni¢npab@gtiesBEREeDf UéNY t 0 eaacefiosl-aigecilfid 0 10, avberaidr
conponent ) codes f or at Ieast two different BFOtEInS
equence activator segquence being cell-non-

specifically activated.
10

11. The micrcorganism according to one of claims 1
to 10, wherein component 1I) codes for at 1least two

different proteins.

15 12. The use of a microorganism according to one of
claims 1 to 11 for the production of a medicament, in
particular for the prophylaxis and/or therapy of a
disease, which is caused by uncontrolled cell division
or an infection, preferably a tumor disease, in

20 particular a prostate carcinoma, an ovary carcinoma, a
mamma carcinoma, a stomach carcinema, a kidney tumor, a
tumor of glandula thyrocidea, a melanoma, a tumor of
cervix, a tumor of vesica urinaria, a tumor of glandula
salivaria or a tumor of nodus lymphoideus, a leukemia, a

25 viral or bacterial infection, a chronic inflammation, an

organ rejection and/or an autoimmune disease.

13. The use according to c¢laim 12 for the removal
of a tumor as well as of the healthy tissue, from which

30 the tumor originates.




15 12. The use of a m croorgani smaccording to one of <clains 1 to 11 for
the production of a nedicanent, in particular for the prophylaxis and/or

t herapy of a disease which is caused by uncontrolled cell division or an
i nfection, preferabl tunor disease, in 20 particular a pro

carci noma, af%vafy 0}:Lél?&arﬂ)rna a marmma 2ar ¢i noma, a SR%M&F%Q?&%)FH a
ki dney tunor, a tunDr of gl andul a thyroidea, a nelanonma, a tunor of

cervix, a tunor of vesica urinaria, a tunor of glandula salivaria or a
tunmor of nodus | ynphoi deus, a | eukem a, a 25 viral or bacterial infection,
a chronic inflammtion, an organ rejection and/or an autoi rmune di sease.
13. The use according to claim12 for the renoval of a tunor as well as of
the healthy tissue, fromwhich 30 the tunor originates. WD 03/072789 - 26
- PCT/ DEO3/004711%4. The wke aecordiddigda otel dilmi® 3R 18r \¥fer evhereha

medi cament | gpRr 6p@d £CahOhet hes | 99%|p’arwef‘ggreghe Q'b%lalor f)ﬁi:teﬁ'teral

adm ni stration. 5 15. A nethod for the production of a nedi cament

accordi ng to°8fé OF dAsfitis! 12drbn 18 rakdPEi-n a mi croorgani smaccording to
one of claims 1 to 11 is prepared in a physiologically effective dose with
one ors 10 several physiologically tolerated carrier substances for the

oral, IM 1V, IP, rectal or local admnistration. 16. A plasm d or
expressi on vect or risi onen to 1V) accordi to claim
TR TN TR T T 28 L grr?ldé‘l)'c':olr"d'énlsfa 2acRERArAReRS one
of clainms 1 twockidiwhgereinn aopkaswifd crlaims 12 to wherein a

microorganism according to one of claims 1 to 11 1is
prepared in a physiologically effective dose with one or
10 several physiologically tolerated carrier substances for

the oral, IM, IV, IP, rectal or local administration.

16. A plasmid or expression vector comprising the

components I) to IV} according te claim 1.

15
17. A method for the production of a microorganism
according to one of claims 1 to 11, wherein a plasmid or
expression vector according to claim 16 is produced, and
a microorganism is transformed with this plasmid or
20 expression vector.

25



expression vecfar a:ccordi' ngt od claim 16 is produced, and a mcroorgani sm
Is transformed with this plasmd or 20 expression vector. 25 WO 03/072789
Legend of the figures. Fig. 1 Fig. 2 27 PCT/DE03/ 00471 5

WO 03/072789 - 27 - PCT/DE03/00471

Legend of the figures.

Fig. 1

Fig. 2






