1 8 MAY 2006 WD 03/ 068954 PCT/ DEO3/ 00470 5 M croorgani smfor genetic
therapeutic treatnent of proliferative diseases. Field of the invent By 200
The invention relates to a mcroorganismwith foreign nucleotide sequences,

by neans of } cta3)a51%i8rggj4i feratively or cytotoxical cha}c/tﬂ}ﬁg fé@p@gsd on
I or the

products can be expressed, and to the use of such microorganis

production of pharmaceutical 15 conpositions, to a plasm d and a nethod for
the production of such a mcroorganism and to the uses of such

m croor gani snms. Background of the invention and prior art. 20

Vi rul ence-reduced m croorgani sns, such as ge- netically nodified viruses, or
virul ence-attenuated bacteria gain increasing inportance as carriers of
foreign nucleic acid sequences to be used in the gene therapy. 25 For the
gene therapy, the foreign nucleic acids are either inserted in vitro into
tissue cells, and these <cells are admnistered to the patient, or the 1 8
MAY 2006 WO 03/068954 - 2 PCT/ DEO3/ 00470 m croorgani sns are injected to the
patient, expecting that the m croorganisns transfer as gene ferries the
foreign nucleic acid into the desired tissue cell. Mcroorgani sns are
particles. After injection into 5 an organism these particles are mainly
received by the so-called reticul oendothelial system In order to

5 Microorganism for genetic¢ therapeutic treatment of

proliferative diseases.

Field of the invention.

10 The inventiﬁn relates to a microorganism with
foreign nucleotide seqguences, by means of which
antiproliferatively oYr c¢ytotoxically acting expression
products can be expressed, and to the use of such
microorganisms for the production of pharmaceutical

15 compositions, te a plasmid and a method for the
production of such a microorganism, and to the uses of

such microorganisms.

Background of the invention and prior art.

20 Virulence-reduced microorganisms, such as ge -
netically modified viruses, or virulence-attenuated
bacteria gain increasing importance as carriers of
foreign nucleic acid seguences to be used in the gene

therapy.

25 For the gene therapy, the foreign nucleic acids are
either inserted in wvitro into tissue cells, and these

cells are administered to the patient, or the



achi eve against this elimnation mechani smnevertheless an enrichnent of
the mcroorgani sns used as gene ferries in a target tissue, the 18 MAY 2006
m croorgani sns are provided with 10 cell-specific ligands. Up to now, in

spite of thi opb%v}éie;%rb5£he elimnatign of the rricr%cg,.ngn_)i}?%@é%yo& §

reticul oendothel iral” systemcould only slightly be reduce ssentr al
research aimof the gene therapy is the 15 therapy of proliferative

di seases - such as tunors, |eukem as, chronic inflammtions, autoimune

di seases and rejections of transplanted organs -, the treatnment of which
is still insufficient, in spite of all successes of the nedi canent therapy.

For instancemidrZd-sRhiem@f abL sucresses afo sungeryackadicot hergpyeighe-
not herapy and al so i mmune therapy for the treatnent of tunors, there could
not be achi eVéd up ¢ nBWCE AEHAHFE "of HFRANCE tUhofs st £RETHESD BRE t he
neck, the cemdrdigmenvousisystcam i Mew@asysghkaadtitdend ungliithe 25
gastrointestinal tract, the liver, the pancreas, the kidney, the skin, the
ovaries and the B,[.ostate. The reasons fort this po%r Success oft the tupor
therapy are mani fol%f @t ABE 58t TompPékdnsi Vel y KidwT. ¥4 °Fié Hai h°t°
reason$, howeserqgrdehong, ithded oper80clpei rard |y3 igkyStrieng irvesd shbancks of
the tunor celdss o AOALAST I 1 ylyeo2a0h§uabl e, 6opERNt rathong ole, o

chenot herapeuti c agents, of irradiations or agains i mmunot her apeutic
agents; ii) redilstuncesaagd@itnsthiheel igimmt2006 "WORE3AFEBIEer Bheless

PCT/ DEO3/ 00470, reaspechh¥ et Ber apeutl & A0ent . gepREtal.ed d N d espPpNSLet piethe
t herapy. These induced so-call ed secondary re- sistances are caused bghthe

genetic Varid&|qtgﬁfﬁefhéissue, the micfoorganisms are provided wi
10 cell-specifiec 1ligands. Up to now, in spite of this

provision, the elimination of the microorganisms by the
reticuloendothelial system could only slightly be

reduced.

An essential research aim ¢of the gene therapy is the

15 therapy of proliferative diseases - such as tumors,
leukemias, chronic dinflammations, auvtoimmune diseases

and rejections o©f transplanted organs -, the treatment

of which is still ingufficient, in spite of all
successes of the medicament therapy. For instance, in

20 spite of all successes of surgery, radiotherapy, che-
motherapy and also immune therapy for the treatment of
tumors, there could not be achieved up to now a healing

of advanced tumcrs of the head and the neck, the central
nervous system, the mammary gland, the lung, the

25 gastrointestinal tract, the 1liver, the pancreas, the

kidney, the skin, the ovaries and the prostate.

The reasons for this poor success of the tumor

therapy are manifold and not yet comprehensively known.

ToO the main reasons, however, belong, i) before
30 (primarily) existing resistances of the tumor cells
against the in vivo achievable concentrations of
chemotherapeutic agents, of irradiations o©r against

immunotherapeutic agents; 1ii}) resistances against the



tunor cells permtting themto avoid the effects of the 5 tunor therapeutic
agents by the devel opnent of resistance nechanisns; iii) pharnmaco irp?t'
and/ or pharnmacodynam c insufficiencies of the up to now avail abl B

t herapeutic %n{,ﬁ [g g §o,Whi ch the Wfg}mcentrah on of, 4-h DrEeOs??%t V£, t unor
therapeutic agent, '1 |rrespect|ve of ether there are primary turmrs
recidivations or netastases, is absolutely too snall to elimnate the
tumor. To these insufficiencies of the tunor therapeutic agents belong, iv)
a too high distribution volume; v) the insufficient enrichnment at 15 the
tunmor or at the tunmor cells; vi) the insufficient penetration capability i
the tunor; an@syedtivet RmetOXéCr ebf efde O ihad:itada OrigaNkS@p oWRieCht bi m t
an in- crease of the dose for_an increased enrichment at the tunor. 20 In
the past, di e ert®TEtR8ds WEEE SusedPFHTe T ryFAGC 204 *Enr iSHF TMHDTY  *°-

t herapeutic agenisnadst heet WwDisedumyr wed | gspeeiifd cvit gandsicforod nsmance
ant i bodi es Qr thre fi ﬁl oneproq: cts t?greof coudolc?d L9 gyto; ostatl S8
antitumoral |y "A6tT ng® tyfoRiTAEs " TP Tyt 0EBxi"C 75 brot Bl fis o $°6 i Lot opes
did | edd to awrenwichiietapéutibhe cygobbxi c beti vtehsubsdmne,bgpaemthe ¢ finor ,
conpared to,the noroal t'nﬁé&@anbﬁmver ihis eonlLPoly1as iR (hg,apy far
nost cases not sufficient for era of the ™ tunor (survey; Sedrfacek et
al ., Contri berthiagive 94 802 Wagol o’gyswf%flciﬂsc i£992;°o€ar ttdre, NaPur & Reviews
Cancer 1! 118+k29,a #001)runfiSr @ tGRNSEUSNLE, aaémlﬁilca:twn 2y St:g@A% nhavge been
desi gned, by neans of which the concentratjon of the 1 8 MAY 2006 WD

03/ 068954 - &Onwﬁlmg?eogfothe respective tumor therapeutlc agent,

10 irrespective of whether there are primary tumors,

n
S

recidivations or metastases, 1s absolutely tco small to
eliminate the tumor. Toc these insufficiencies of the
tumor therapeutic agents belong, iwv) a too high
distribution wvolume; +v) the insufficient enrichment at
i5 the tumor or at the tumocr c¢cells; wvi) the insufficient
penetration capabkility in the tumor; and/orxr vii) the
toxic effect on the total organism, which limits an in-
crease of the dose for an increased enrichment at the

tumor.

20 In the past, different methods were used for trying

to enrich tumor therapeutic agents at the tumor.

Tumor cell-specific ligands, for instance antibodies
or the fission products thereof, coupled to cytostatics,
to antitumorally acting cytokines, to cytotoxic

25 proteins, or to isctopes, did lead to an enrichment of
the cytotoxie active substances at the tumor, compared
te the normal tissue, however this enrichment was in the
by far most cases not sufficient for a therapy of the
tumor {survey: Sedlacek et al., Contributions to

30 Oncology 43:1-145, 1992; Carter, Nature Reviews Cancer
1:118-129, 2001}).

As a conseguence, amplification systems have been

degigned, by means of which the concentration of the



respective active substance at the tunor could be increased. An
anplification sequence had the aimto introduce such enzynes in thgMaunos ,
whi ch were not generally 5 accessible or foreign in the renaining body, and
which in tu%cgg[/dogg@v5e t or split ip the tumor a g Béloc_,’ B4 age of
a cytostatic into the cyto oxically active cytostatic. e IntI’OSUCtIOI’l of
the enzynes into the tunor was perforned either by adm nistration of tunor
10 cell-specific ligands, coupled to these enzynes (for instance in the
formof the antibody derived enzyne- nedi ated prodrug therapy; ADEPT), or by
the admnistration of genes for these enzynes by neans of tunor
cel | -specifi ¢e@ipetali-vpechtteveeckans oane 1be dethved canrmpme-dmdi at ege
prodrug therapy; CGDEPT) (Sedlacek et al., Contributions to Oncol ogy
43:1-145, 1897r°S&Sfitvek, Critical Reviews in Oncol ogy/ Hemat ol ogy
37:169- 215, 2001, I\/tCormck, Nat ure Revi ews Cancer 1:130-141, 2001; Carter,
Nat ure Revi ews C&I:‘tlcea’mﬁ.liBiﬂ:H@,ionZOsQ@@é.)lce 2 dThehprizofm ckioniicat roduce
investigations wth ADEPT or e furn d i ff e utic
results, hO\Nev\éMr 9Essentl "al pr ob E1g%réms éouT’%§Eg |dg?1 |f+§lc:i r%3&gi:e{1€9)¢
i rrrruno@;enl ci ?was sd Hloy ePgn ferzynen in) the rephanivd yb@mllll agnprhich
| ocal i zation;pat,,f ap,aAt iRAdYer€NZYMEL§QRI UGatE: { APERL): alaanlmlc
t echni cal d| fficulties to produce fusion proteins froma humani zed
anti body wit BT& HRiPede ePfyfe I3 & S2F § F cit @il yhear get caRsdife 1dty axtlebtabl e
costs; V) thetackivig:t ume 3Q nRenaiyadi &n ft t Racanthboehe-«LNZIYAe the
conj ugat es or the gene vectors; .and v the too _snall transducti on, rate in
umor was performed eit by administration of
16 cell-specific ligands, coupled to these enzymes (for
instance in the form of the antibody derived enzyme-
mediated prodrug therapy; ADEPT) , or by the

administration of genes for these enzymes by means of

tumor cell-specific or not specific vectors (gene
15 derived enzyme-mediated prodrug therapy; GDEPT)
(Sedlacek et al., Contributions to Oncology 43:1-145,

19%2; Sedlacek, Critical Reviews in Oncology/Hematology

37:169-215, 2001; McCormick, Nature Reviews Cancer

1:130-141, 2001; Carter, Nature Reviews Cancer 1:18-129,
20 2001) .

The prior «clinical investigations with ADEPT or
GDEPT have furnished insufficient therapeutic results,

however. As essential problems could be identified, i)

the immunogenicity of a foreign enzgyme; ii) the
25 relatively small tumor localization rate of an antibody-
enzyme conjugate (ADEPT) ; iii) the technical

difficulties to produce fusion proteins from a humanized
antibody with a human enzyme in a sufficiently Jlarge
amount at acceptable costs; iv) the lacking tumor
30 penetration of the antibody-enzyme conjugates or the
gene vectors; and v) the too small transduction rate in

vivo, 1.e. the number of tumor cells of a tumor node,



vivo, i.e. the nunber of tunmor cells of a tunmor node, 1 8 MAY 2006 WO
03/068954 - 5 - PCT/ DE03/00470 into which the genes for the enzyne ﬁg:ﬂg,tﬁﬁ
expressed, was too snmall for a tunor-therapeutic effectivity. Anot A2

anplificati o%gyﬁt_f/nb%% 9?L?ed on the_ igduction of angiﬂﬂ% ({P;??toi‘lopo

agai nst tunor cell he course of "which specifi I bo orm ng
cells and cytotoxic cells proliferate. For the induction of an inmune
reaction, tunor antigens are adm nistered in a suitable preparation. It is
the aimto break the immune tolerance against the tunor, this immune

tol erance 10 obviously existing in tunor patients, and/or the resistance of

the tunor againisd #HecPWBLEeMBHIR: 4 easti efe \Widlide t Beubl asth dasasess s fduer ous
techni cal variations of thg tunor. vaccination were clinically investigated
by conbi nati &t Sof® Ut 11BF &ht *Pandr TANGGEME 4B Wt headif dvait's’ T Hovever

wi t hout achieving the desired break-through in the tunor therapy. New
approaches, suchanagHdwe adnipiiistircatt ioon of sgegEmat Lens od s ¢ dnmuregent ice

tunor -speci fi,G Antd 98NS W LR ngw, iu}éé‘QEﬁiio%r.a?aﬂ?QE dribic £8lis, %paded
with tunor-specific antigens, or of 20 nucleoti de sequences that ‘encode
t unor-&peci fitdre apiyensofhavel clesepeedfiin fintstbgionfskngnel iaflcded and

resul ts, howengl, W {o nQWthers Ganol 08, se.ft achreakssraugh Lr the
tunor therapy here, too. A technique has been devel oped to express
expressi on Z2B"YEduEeS b oFucl ERBCHC| A SEYEBACEST § nBrFHI $Hed Bact@ria

on the cell rmentyane ofrtpesathacteriv 0f tae hawe theprsawr alrd Hymddese
bacteria. The basis of this.  techni %e is the Escherichia coli em)lélsi n

system hl yASCVARiPH § ept 8REAES t h& pr StOt3/pe of R4St ypEmure tolerardce

10 obviously existing in tumor patients, and/or the

resistance of the tumor against the own immune reaction.

Within the last decades, numerous technical
variations of the tumor vaccination were c¢clinically
investigated by combination of different tumor antigens

15 with adjuvants, however without achieving the desired
break-through in the tumor therapy. New approaches, such
as the adwministration of combinaticons of immunogenic
tumor-specific antigens with new adjuvants, or of den-
dritic cells, loaded with tumor-specific antigens, or of

20 nucleotide sequences that encode tumor-specific
antigens, have resulted in first promising clinical
results, however up to now there cannot be seen a break-

through in the tumor therapy here, too.

A technique has been developed to express expression

25 products of nucleic acid sequences introduced into
bacteria on the cell membrane of these bacteria or to

have them secreted by these bacteria. The basis of this
technigue 1is the Escherichia <coli hemolysin system

hlyas, which represents the prototype of a type I

30 secretion system of gram-negative bacteria. By means of
the hlyas, secretion vectors were developed, which

permit an efficient discharge of protein antigens in

Salmonella enterica, Yersinia enterocolitica and Vibrio



30 secretion system of gram negative bacteria. By neans of the hlyAs,
secretion vectors were devel oped, which permt an efficient di schpgagyofis
protein antigens in Salnonella enterica, Yersinia enterocolitica and Vibrio
1 8 MAY 2006 / 6 PCT/ DEQ3/ Q0470 chol er ae =1

vectors contgﬁ%)g éqgﬁﬁgﬁ% an arbitra?y protein ant?égﬁygoup ég%ﬁgp%he
nucl eoti de sequence for the hlyA signal peptide, for the henolysin
secretion apparatus, hlyB and hlyD and the hly-specific 5 pronoter. By neans
of this secretion vector, a protein can be expressed on the surface of this
bacterium Thus genetically nodified bacteria induce as vaccines a

consi dergblby clﬁiﬁg_hﬁfaé mgyaegprs@tcfxcgdmthaeéba@t &fdi aim tW@: lfizhallsimleoipzﬁ)ﬁ ein
expresse y the introduced nucleic 10 acid remains intracellu nner
ot ol CEP IGTR0ET I o SEhEy BEtAPeR CEREPI 148 140 190t Ak he

19: 2621- 2618 s e20@iceHeSsr et hal .h1:RPNASI 8821458468y, 1996 )t.heTHee s bwvbiack of
this method i V. usi h | y- ciflc. pronpter : unt
of the 15 prgégﬁﬁﬂgyﬁéeéggérgﬁufﬁeIg%¥%r§§§r¥ﬁ32?0%£§héﬂgag?€$i%%?g?gpg
extrenkly snaiklomoA ¢xchByques 3 Phe tihity otlacriednosf peashrd BN Fptoin
mammal i an celil,$, Bye carpl et Ractel i@, such a3 ctaldmnghba pvand dod SIfrihue
monocyt ogenes has been devel oped. Genes 20 contained in these plasmds could
be expresseddieRatthe 2 amal PaA Lé&r s PaAfaT henl RRBY Swerrd urithe?© 1S coht r ol
of a eukaryoRrbinG i<W Bf . hRLGASH dsni@hE bRLLQRAUCEASL | PLOn WaSttd@, in
nonocyt ogenes _ger.ns, _said plasm ds containing a nuc|eotide sequence for an

|
arbitrary antPd&t uhB&r BHet 250 cith ot s dF 2 arf Yar bPEr at§ = BARAFFONtFE° b bfiot er .

By 10 acid remains intracellularly (Donner et al., EP 1015023
A, Gentschev et al., Gene 179:133-140, 1996; Vaccine
19:2621-2618, 2001; Hess et al., PNAS 93:1458-1463,
1996). The drawback of this method is however that by

using the hly-specific promoter the amount of the
15 protein expressed on the outer surface of the bacterium

is extremely small.

A technigue for the introduction of plasmid DNA into
mammalian cells by carrier bacteria such as Salmonella
and Listeria monocytodenes has been developed. Genes

20 contained in these plasmids could be expressed in the
mammalian cells, even when they were under the control
of a eukaryontic promoter. Plasmids were introduced into
Listeria monocytogenes germs, said plasmids containing a
nucleotide sequence for an arbitrary antigen under the

25 control of an arbitrary eukaryontic promoter. By
introduction of the nucleotide sequences for a specific
lysis gene, it was achieved that the Listeria
monocytogenes germs dissolve in the cytosol of the
antigen-presenting c¢ell and release their plasmids,

30 which then leads to expression, processing and
presentation of the plasmid-coded proteins and clearly
increases the immunogenicity of these procteins (Dietrich
et al., Nat. Biotechnol. 16:181-185, 1998; Vaccine

1%:2506-2512, 2001} .



i ntroduction of the nucleotide sequences for a specific |ysis gene, it was
achieved that the Listeria nonocytogenes gerns dissolve in the cytosol of
the antigen-presenting cell and release their plasmds, 30 which 1heny@ads
t o expressiog,~ PLQC I nd presentation of the pl i g I i ns
and clearly %ﬁkcégégéiégﬁgéinnunogenici y of these prg?@?ﬁgg?ﬁfg??ﬁgﬁ? et
al., Nat. Biotechnol. 16:181-185, 1998; Vaccine 19:2506-2512, 2001). WD
03/068954 - 7 1 8 MAY 2006 PCT/DEO3/00470 Virul ence-attenuated variants of
bacteria settling intracellularly have been devel oped. For instance such
variants of Listeria nonocytogenes, Salnonella enterica sv. typhinurium and

typhi and BCG weke ralleady. dsednascoaweld-t ohepated Iy yacgi nas agai st
typhus and tuberculosis. These bacteria jncluding their attenuated nutants

are gener al |y tmAnTe St #t At ifig anB®8Bn 45 YRR e d 49T ceFFORAF S ittirie
response. FowairAstmancect. 1 igmrRaCc)d ogenesy sbyluleat,ess4 bmanspeeai anwegree vi a
the 10 activation of, THL cells the proliferati of _cyt o1 oxi | ynphocyt es.
These bacterlsé{'s&ﬁﬁf@lg%ﬁé?ﬁedﬁnantfg%ﬁé a&ﬁd?e}%:(??ywieﬁt% ?%@e?:;&/f'oélglrg%ofay
anti gen- presertliing cellkgsatEAPC, limer ophagesnand demeinsicc ceybBys whmh in
turn ~expressg fb;g%cqﬁqsotginy' a&r.@genvéae&eﬁleﬁaamctfu'dqqg fReld efdfidb]eteq
stimulation of cells. The [isteriae were in part degraded in phagosonal
conpar t ment sMu&d ttshed r and ¢ gens 1 proddeed sbys THeska BRI ep dbacterti Tl LT
therefore onsthegone hagd;he  present e Vi e MienGleass #dr mMheculnes angd, thus

| ead to the induction of T helper. 20 cells. On the other hand, the listeriae
replicate af PeROcYytogenes stimulates to a special degree via the

10 activation of TH1 cells the proliferation of cytotoxic
lymphocytes. These bacteria supply secerned antigens
directly into the c¢cytosol of antigen-presenting cells
(APC; macrophages and dendritic cells), which in turnmn

express the costimulating molecules and trigger an

i5 efficient stimulation of T cells. The listeriae were in
part degraded in phagosomal compartments, and the
antigens produced by these carrier bacteria can

therefore on the one hand be presented via MHC class I1I
molecules and thus lead to the induction of T helper
20 cells. On the other hand, the listeriae replicate after
release from the phagosome 1in the c¢ytoseol of APCs;
antigens produced and secerned by these bacteria are
therefore preferably presented via the MHC class I
pathway, thereby CTL responses against these antigens
25 being induced. Furthermore, it c¢could be shown that by
the interaction of the listeriae with macrophages,
natural killer cells (NX) and neutrophilic granulocytes,
the expression of such cytokines (TNF-alpha, IFN-gamma,

Il1-2, IL-12; Unanue, Curr. Opin. Immuncl. 9%:35-43, 1997;

30 Mata and Paterson, J. Immunol. 163:1449-14456, 1999) is
induced, for which an antitumoral effectivity was
detected. For instance, by the administration of L.

monocytogenes, which were transduced for the expression
cf tumor antigens, the growth of experimental tumors

35 could antigen-specifically be inhibited (Pan et al.,



rel ease fromthe phagosone in the cytosol of APCs; antigens produced and

secerned by these bacteria are therefore preferably presented via,the M
b iy

class | pathway, thereby CTL responses agai nst these antigens 25

i nduced. Furher gBrey g kly scpul d be showngt hat by
listeriae wth macrophages, natural killer cells (NK) and neutrophilic

granul ocytes, the expression of such cytokines (TNF-al pha, |FN gamm,
11-2, 1L-12; Unanue, Curr. Opin. Immunol. 9:35-43, 1997; 30 Mata and

Pat er son, J.

anti t unor al

| munol . 163: 1449- 14456, 1999) is induced, for which an

effectivity was detected. For instance, by the adm nistration

the bpier Bl PNoQls 1h1e

of L. nonocykagengsd . whiitch 7nerss 1 r ansduced claarc ehe rReXr e @ 6 015 1ampr
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i nhibited (Pan’et” al.
Med. 1:471-4%#2tXx3952narfeere Resn . 59:..5200m 5260
Cancer | nst.
165: 5502- 5508, 2000).
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2001; Xiang et al., PNAS 97:5%5492-5497, 2000). Recombi-
nant Salmonella strains were also effective as
prophylactic vaccines against wvirus infections (HPV)
(Benyacoub et al., Infect. Immun. &7:3674-3679, 1999)

and for the therapeutic treatment of a mouse tumor
immortalized by a tumor virus (HPV) {Revaz et al.,
Virology 279:354-360, 2001). For the systemic tumor
therapy, Salmonella strains were selected, which settle
on specifically selected tumcocr tissues (Murray et al.,
J. Bacteriol. 183:5554-5564, 2001} . Into these
Salmonella strains as well as 1inte Escherichia coli
strains, nucleoctide sequences that encode selected
enzymes were introduced, and these bacterial carriers
were successfully used for GEDPT in vitro as well as in
vivo in experimental tumor systems (Pawelek et al., Can-

cer Res. 57:4537-4544, 1997).

Inflammation tissues and in particular tumor tissues
are characterized by an increased angiogenesis in most
cases chaotically proceeding in the tumor. In these
newly formed vessels, soluble as well as particulate
substances can be enriched, provided they have a low
distribution volume and thus a relatively long blocd
half-1life. This enrichment {also designated passive

targeting) can be used for therapeutic methods

ly be

Nat .
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immortalized by a tunor virus (HPV) (Revaz et al., Virology 279: 354- 360,
2001). For the system c tunor therapy, Salnonella strains were selected
which settle on specifically selected tunor tissues (Mirray et aIJ,BﬁéfﬁMB

Bacteri ol . _1% 5§§Ayl-0565§@,5 gQOl). I nto t_@es_e Sal nonel b%Ts}f)@iogas 8g el | as

into Escherichia coli strains, nucleotide sequences that encode sel ected
enzynmes were introduced, and these bacterial carriers were successfully
used for GEDPT in vitro as well as in 25 vivo in experinental tunor systens
(Pawel ek et al., Can- cer Res. 57:4537-4544, 1997). Inflammtion tissues and
in particular tunor tissues are characterized by an increased angi ogenesi s
in nost caseseahacidical | ¥ raricesdi N@ evii e t WRDr . ochBol bese HEh el o5+ or ned

vessel s, sol ybl e as I rticulate substances can be enriched,
provi ded thegg g&%"éﬂﬁ%mlgg?g?ribution volume and thus a relatively |ong

blood half-life. This enrichnment (al so designated passive targeting) can
be used for therapeutic nmethods WO 03/068954 - 9 (Sedlacek, Critical Reviews
in 37:169-215, 2001). Technical object of the invention. 18 MAY 2a06

PCT/ DEO3/ 0043Q -0aq Q! 00Y4 He0BtE 0L 99y 13 ity e, 418, Obj ect of the present
invention to provide a pharnaceutical conposition, which has an increased

effectiveness in the treatnent of proliferative diseases, in particular in
the tuhor therapy® 16 Bds§ coRdheEpP fofPEh@ GGt | DAY ERE 1PPndich g Thied e

invention i SabagsrRdrAlceutical composition, which has an increased
effectiveness in the treatment of proliferative

diseases, in particular in the tumor therapy.

10 Basic concept of the invention and findings the

invention is based on.

For achieving the above technical object, the
invention teaches an enveloped microorganism, in whose
genome the following components are inserted and can be

15 expressed: 1) a nucleotide segqguence that encodes a
directly or indirectly, antiproliferatively or
cytotoxically active expression product or a plurality
of said expression products; II}) a nucleocotide segquence
that encodes or is constitutively active for a blood

20 plasma protein under the control of am activation
sequence that c¢an be activated 1n the microorganism;
III) optionally, a nucleotide seguence that encodes or
is <c¢onstitutively active for a cell-specific 1ligand
under the control of an activation seguence fhat can be

25 activated in the microorganism; IV) a nucleotide
seguence for a transport system that induces expression

of the expression products of components I) and II) and

optionally III} on the outer surface of the
microorganism or that induces secretion of the
30 expression products of component I) and expression of

component II}) and optionally component III1) and that is



For achi eving the above technical object, the invention teaches an

envel oped m croorganism in whose genone the follow ng conponents quM
e

inserted and can be 15 expressed: |) a nucl eotide sequence that enco

S

directly or dipectdygoapiproliferatiyely_ or cytOtoﬁbqg}bEO%ﬁf?¥%7o
u a

expression product "or a plurality of sald expression pro

cts;

AY 2006

a

nucl eoti de sequence that encodes or is constitutively active for a blood 20
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single or several times, and either identical or
different.

For the purpose of the invention, preferably
enveloped microorganisms as carriers for gene

information and the use of said enveloped microorganisms

for the prophylaxis and therapy of a proliferative

disease are described. The invention i1is based on

following experiences and technical developments.

the

Subject matter of the invention are therefore

preferably enveloped microorganisms as carriers

for

nucleotide seguences for the treatment of proliferative

diseases, the following components having been inserted

into the microorganisms: I) at least one nucleotide

seqguence that encodes at least one directly

or

indirectly, antiproliferatively or c¢ytotoxically active

expression product; II) at least one nucleotide segquence

that enccdes at least one blood plasma protein under

the

control of at least one activation sequence that can be

activated in the microorganism; I1I) optionally,
least one nucleotide sequence that encodes at least
cell-specific ligand under the contrel of at least
activation seguence that can Dbe activated in

microorganism; IV) at least one nucleotide seguence
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10 of components |I) to VI) being able to be present either single or
several tinmes, and either identical or different. For the purpose pf8| I
i nvention, preferably enveloped m croorganisns as carriers for gene'1

i nfornation 5] sai d envel op m croorgani s t

prophyl axi s 2‘]2% ?Ee/rdajtgg 98%4a proliferat ?ge di sease arg’é efsg?iob%}dap 0'?h7e0
invention is based on the follow ng experiences and techni cal devel opnents.
Subj ect matter of the invention are therefore 20 preferably envel oped

m croorgani sns as carriers for nucleotide sequences for the treatnent of
proliferative diseases, the follow ng conponents having been inserted into
the m croorgani smeast) cile | €2sh s Nugheotnder h S€quaNGa: t pak seBaedeshat

| east one direct Iey or 25 indirectl \{) anti proli fgrati vel y or cytotoxi caBI |y
active exprESHST PrtulE; 11§ SEPrEES BheP hOerESEi fef sEGTEREE ™ that
encodes at | east one) bl cod pl asma prot ei mhendesutbe ocontfoate of ot |ast one
activation s ce that_can_b activated in _the m croorganisn. |l
optionally, g'g%%ﬂregaag?l %rpleorrluglheeot?e(jééresg%}ﬂ%ngéf t%oatp%rﬁ%%geg)ét IIfe)asazn%ne
cel | -speci fi & Uh)garitt umieicrhéluonttr dleaoft aind emst loné idgctsiemtd rote sequence
that can be agtijatad ife tHe, ¢ BLEGr oQrgansM1J M s akb ¢l east ang Juicl £0fd e
sequence for 1 8 MAY 2006 03/068954 - 11 PCT/ DEO3/ 00470 at |east one
transport sysfemtPi§at cH&eESL oSy bime el L &k preski ®n 2t e Bxpressidh

products of genpeNaniSai) redRdsdld )oangllshyi AN tBerautea sukf ase ofyddie

m cr oorgani sm.,or the secretion of c)o onent ), 11) atr:1d 5t|_| 1) ; \Q
optional |y afYELa" Gt Wil 886 def sefuendsfoon® activation sequence
10 that can be activated in the microorganism or at least
one tissue-specific, tumor cell-specific or not cell-
specific activation seguence, for expressing component
1).
15 Preferred embodiments of the invention.

Component I).

Component I} is at least one nucleotide sequence
that encodes at least one directly or i1indirectly,
antipreoliferatively or cytotoxically active expression

20 product. Directly, antiproliferatively actlve expression
products in the meaning of the invention are for
instance interferons, such as IFN-alpha, IFN-gamma, IFN-
beta, interleukinsg, which inhibit immune cells or tumor
cells, such as IL-10, IL-12, proapoptotic peptides or

25 proteins, such as TNF-alpha, fas 1ligand, TNF-related
apoptosis inducing ligand (TRAIL) , antibodies or
fragments of antibodies, which act inhibitingly on or
cytotoxically for an immune ¢ell, a tumor cell or a cell
of the tissue, from which the tumor originates, such as

30 antibodies directed against 1) a tumor-associated or
tumor-specific antigen, ii) an antigen against

lymphocytes, such ag against the T cell receptor, the B



at least one protein used for Iysis of the mcroorganism in the cytosol of
mammal i an cells and for the in- tracellular release of plasmds contajned_in
the | ysed nicroorganisn1 and VI) at |east one activation sequence OéPHB&mﬁ
can be activated 52& ggrggroorganl sm oy, at | east one E jﬂﬁosafo}aﬁ'of'fo

t unor ceII-speC|?| or not cell - speC|f|c activation sequ nce

expressing conponent 1) . 15 Preferred enbodi nents of the invention.
Component |). Conponent 1) is at |east one nucl eotide sequence that encodes
at least one directly or indirectly, antiproliferatively or cytotoxically
active expression 20 product. Directly, antiproliferatively active

expressi on peQduUGle:dgtdhe ﬂgan&@ge@ftotrherdf\veméi enoane 4faQfa, 1sd ancer
interferons, such as |IFN-al pha, IFth | EN- beta, . interleukins, which

i nhi bit i muRé &eli% Fh?uﬁﬁFeP&éﬂ sEOBUER dSHaTiRP kiR 150¢ rd"aspo]b‘to tic
peptides or 23,prateins, ssch-as THE- ahphawafa51¢|gamd" TNE-relat ed 14,
apoptosis indycing_li d ( RAIL) antlbodles or, s_of antlb di es,
whi ch act |nh#%|tgnglg§§n o} cytofﬁ & aIch?or an |nnunégce S tuﬁ%r cel
or a cell ofecketdrssire; 4rohewhakdhet, hefotmrﬁmStoatngenabesRPsims,aSﬂGOF
antibodi es d,rect.qd, agai RSty i). ofa | UL @SSORL S pEL 01 LUAIDE - SPECi 1oy

antigen, ii) an antigen agai nst ocyt es, such” as agai nst the cel |
receptor, théipll & M&ﬁ%ﬁ%f&SPEF@SF@GS@@$LQ%Q1- P@WﬁDE@E/O@Qﬁ}RﬁﬂI a

receptor, the;L@eentdfed Of:thgnC4Qel g@mdthéh%e% 1 oprm%m%,ryt hgelarrﬁf»@pt or

for an |nterleuk|n such as IL-1, -2, -3, -6, -8, -9, -10, -11,
-12, -13, -143d neﬁ?wNHEKS tHﬁP?%%EﬁtoFW%ﬁohﬁ Pﬁﬁ&qﬁwoﬁuﬁﬁcﬁhémcosa
10 gastris, ovaries, cervix, vesica urinaria, an
antiproliferatively active protein, such as the
retinoblasteoma protein (pRb = pll0), or the related pl07

and pl30 proteins, or antiproliferatively active mutants
of these proteins, the p53 protein and analogous
15 proteins or antiproliferatively active mutants of these
proteins, the p21 (WAF-1) protein, the p27 protein, the
plé protein, the GAAD45 protein, antiproliferatively

active proteins of the Bel2 family, such as bad or bak,

cytotoxic proteins, such as perforin, granzyme,
20 oncostatin, an antisense RNA or a ribozyme, specific for
an wWRNA, which participates in the growth or the

preliferation of a cell, for instance specifiec for the
mRNA that encodes a receptor, for a signal-transmitting
enzyme, for a protein, which participates 1in the cell
25 cycle, for a transcription factor or for a transport
protein. Indirectly, proliferatively active proteins are
for instance inductors of acute inflammations and immune
reactions, such as chemckines 1like RANTES (MCP-2},
monocyte chemotactic and activating factor (MCAF), IL-8,
30 macrophage inflammatory protein-1 (MIP-1l-alpha, -beta),
neutrophil activating proteimn-2 (NAP-2), interleukins,
such as IL-1, IL-2, IL-3, 1IL-4, 1IL-5, human 1leukemia
inhibiting facter (LIF), IL-6, IL-7, IL-9, IL-11, IL-13,
IL-14, IL-15, IL-16, c¢ytokines, such as GM-CSF, G-CSF,

35 M-CSF, enzymes for the activation or fission of the in-



5 receptor for a chenokine, for instance for RANTES, MCAF, M P-al pha,

M P-beta, IL-8, MSSA Go, NPA-2 or IP-10, iii) a tissue-specific antizam.im
such as against a tissue-specific antigen of the cells of mammary gl ands,

ki dneys, nevigq pbgs/t@gg,gggyr oi d gl andsy,tunica rrucosap%of;gﬁﬁtorj';o 0QuRg I es,
cervix, vesica urinaria, an antiproliferatively active protein,” such as the
reti nobl astona protein (pRb = pl110), or the related pl07 and pl30 proteins,
or antiproliferatively active nutants of these proteins, the p53 protein
and anal ogous 15 proteins or antiproliferatively active nmutants of these
proteins, the p21 (WAF-1) protein, the p27 protein, the pl6 protein, the
GAADAS protekrtiad i ppobitenatl valyy acttye oflcdid NSsebsthacBcl2 fuyn |y,
such as bad or bak, . cytotqgxic IProt ei ns,, such as perforin, granzyme, 20

oncostatin, &N &fti%ense S i bdANE, S$PENTIT f6F1%h nRNA, Whtch
parti ci pat esdienxretde-tgroant h or thenspeohséeradi anydfodacel | prfosa i nNgdamce

specific for MRNA that encqdes_a receptor. fog g signal -transmt{ing
enzyme, for g&%%(?tleel n, \%\ﬂ?ch Sﬁlé:r ic?%%ﬁ’ggsi n the cfél Flﬁgggfc 6, ¥ or aIg
transctipti ogaflacttors ptader @livamsporxiqrot ei mldaldiy edelyydrogenase,
proliferatively Gld V& PAQLEI NS K8 n @, INSIaNCe,h DAUEHQLS (O 2 ACIE £ o
i nfl anmations and i nmune reactions, such as chenokines |i’ke RANTES ( MCP-2),
nonocyt e cheRBE&OMYC RARIE BERF Fat CAG fFactoord MONEY § & |48 03 dfeict ophalie
i nfl ammat or y npre@t,ei ety MiPnd- akphas e betid)paseut pephisl agiioAihHase,
protein-2 (NAP-2), interleukins, such as IL-1, IL-2, |L-3, IL-4, IL-5
human | eukenfd * 3% t i RGOFEEAFA S F) , KEER2ES 1 L- 7°UT RS, | 299te9§ids,
| L- 1410 | L- 15p hlolsph r €4 0K| ng$ucs_lscéh cas da\d €CSF a € EBE r 038 dM<ESF, 1 #nzytes f or
the mﬂlvatlggi%%JéFSB%%fgiipgnlQIlhdg asgpl%gnicillin G amidase,
lisczyme, P-lactamase, aminopeptidase, carboxypeptidase
A, B or G2, nitroreductase, cytochrome P450 oxidase. Ac-

cording to the invention the enzyme can originate from a

15 virus, a bacterium, a yeast, a mollusk, an insect or a
mammal. Preferably such enzymes are used, which
originate from man. Furthermore, such nucleic acid
constructs are preferred in the meaning of the
invention, which encode a fusion product of a cell-

20 specific ligand with an enzyme, and/or proteins, which

inhibit angiogenesis, for instance plasminogen activator
inhibitor-1 {PATI-1), PAI-2 or PAI-3, angiostatin or
endostatin, interferon-alpha, ~-beta or -gamma,
interleukin 12, platelet factor 4, thrombospondin-1 or -
25 2, TGF-beta, TNF-alpha, vascular endothelial cell growth
inhibitor (VEGI). In the meaning of the invention, the

component I} may represent one or more nucleotide

segquences that encode one or more identical or
different, directly or indirectly, proliferatively or
30 cytotoxically active proteins. Preferred are
combinations of proteins, which have amn additive or

synergistic effect. Additive or synergistic effects can
for instance be expected for the following combinations
of differently active proteins: cytotoxic proteins and

35 proapoptotic proteins, enzymes and cytotoxic and/or



WO 03/068954 - 13 PCT/ DEO3/ 00470 active pre-stage o f a cytotoxic substance
into a cytotoxic substance, said enzynes being an oxi- doreductase, a
transferase, a hydrolase or a |yase. Exanples f o r such enzynes ArBeMAT 2006
0-gl ucuronid , I osi dase, glucpse oxi dase, a r ase,
Iactoperoxidggg,ogﬁgkggéggé ti ssue plasnftnogen-acti vat ﬁgpggﬁg§£z883%ﬁ$dase,
cyt osi ne deam nase, deoxycytidine ki- nase, thym dine kinase, |ipase, acidic
phosphat ase, al kal i ne phosphat ase, ki nase, purine nucl eoside 10
phosphoryl ase, glucose oxi dase, | actoperoxidase, |actate oxidase,
penicillin V am dase, penicillin G am dase, |isozyne, P-lactanase,

am nopept i dagg.c GATPOXYPEPt Hdase i v, B Or {Gng DhEEALEAUCT 358, ¢ £ OCHL pge
PA50 oxidase. Ac- cording to the invention the enzyne can originate froma
15 virus, a BAEC&HI U £30a%F, BFABPPESREi&n PASSAITY a imdimaprs of
Preferably suelen@ydesorse used, ewbl6Bs 0birgi Bake thram man r Sk d hes e e,
such nucleic acid constructs are preferred in the nmeaning of the

i nvention, WAPSH Sencttie’ A" F h8P6R SHrsdRct® Bt ™ cel | 20 specific ligand with
an enzyme, and/or proteins, which inhibit angiogenesis, for instance

pl asm hogen activator inhibitor-1 (PAI-1), PAI-2 or PAI-3, angiostatin or

endostatin, interferon-al pha, -beta or -gamm, interleukin 12, platelet
factor 4, thpeyespandipz) or 25 2, TG--beta, TNF-al pha, vascul ar
endot helial cell growth i1nhibitor (VE@) . In the meaning of the invention,

the conponent |) may represent one or nore nucleotide sequences that
encode one or nof@mPdetiitteal Ior 15diF frEeprotdideectt YuoR CEnditredctgncodes

proliferatively nda80 enlotioid &l bY adeta Er PEOL 81 RS a P efRET @G A& 1 of
' an activation segquence that c¢an be activated in the

10 microocrganism. Preferred are human blood plasma
proteins, namely those, which have an average dwell time

in the blood of more thamn 24 hours. To these belong in

particular for instance albumin (nucleotide 1-2258;

Hinchliffe et al., EP 0248637-A, 9/12/1%87), transferrin

15 (nucleotide 1-2346; Uzan et al., Biochem. Biophys. Res,.
Commun . 119:273-281, 1984 ; Yang et al., PNAS-USA
81:2752-2756, 1984), ceruloplasmin (Baranov et al.,

Chromosoma 96:60-66, 1987}, hapteoglobin {(nucleotide 1-

1412; Raugei et al., Nucleic Acids Res. 11:5811-5819,
20 19583; Yang et al., PNAS-USA 80:5875-5879, 1983; Brune et
al., Nucleic Acids Res. 12:4531-4538, 1984), hemoglobin
alpha (nucleotide 1-576; Marotta et al., PNAS-USA
71:2300-2304, 1974; Chang et al., PNAS-USA 74:5145-5149,
1977}, hemoglcocbin beta (nuclectide 1-626; Marotta et
" 25 al., Prog. Nucleic Acid Res. Mol. Biol. 19:165-175,
1976; Marotta et al., J. Biol. <Chem. 252:5019-5031,
19877), alpha2-macroglobulin {nucleotide 1-4589; WO
9103557 A, 21/3/199%1). Thereto belong, however, other

blood plasma proteins, too, such as alpha-1l-lipoprotein,
30 alpha-2-lipoprotein, beta-1l-lipoprotein. The expression
of at least cne of these ©plasma proteins by the
microorganism according to the invention has as a

congeguence that the microorganism is received after



conmbi nati ons of proteins, which have an additive or synergistic effect.
Additive or synergistic effects can for instance be expected for tﬁ]@t ¥ 9008
foll owi ng conbi nations of differently active proteins: cytotoxic p r‘«%n?s
and 35 proap (o) 4N i ps, enzynmes and cytotoxic ang/ WO
03/ 068954 - -%6‘?@%?/'80470 pr oapop?gti C proteins, g&ﬁ‘{{%%g"!\%gﬁg?f%
proteins and cytotoxic and/or proapoptotic proteins, inductors of

i nfl ammati ons and enzynes or cytotoxic, proapoptotic and/or

anti angi ogenetic proteins. 5 Conponent I11). Conponent Il) is a nucleotide
sequence that encodes at |east one blood plasma protein under the control
of an acti vayiserrefueasent Batr adanhe- aghi vatad du sheat@ M cf Ops gandsm
Preferred are humaq1 bl ood &)I asma _proteins, nanmely those, which have an
average dwel Mg "9 P 1% bf 66§ UdF Trifie THENED4 hb8r &, 1PF Thete® bRt o in
particul ar f ehaignstyancei ay bariln s(,nuchest icder 1s 22p8loddenchl nf ftvectb Bbod EP
0248637-A, 9/.12/1987),., transferrin 1 nucl eotide 1-2346; Uzan et. al.

Bi ochem Bi oﬁﬁ%}s.eaﬁes}%e %%]ﬁ%rﬁﬁfedlig: %‘}% %é‘foﬁ@éi?s?gngsyéstteanf O PNASE A
81: 2752- 2756 e5%84)s, «eral opkasnicn iBdraamat etnal .,  Chronpsonma 96: 60- 66,
1987), haptogl obin (nucleotide 1- 1412; Raugei et al., Nucleic Acids Res.
11:5811-5819, 20 1983; Yang et al., PNAS-USA 80:5875-5879, 1983; Brune et
al., Nucleic Acids Res. 12:4531-4538, 1984), henogl obin al pha (nucleotide
1-576; Marotta et al., PNAS-USA 71:2300-2304, 1974; Chang et al., PNAS-USA
74: 5145-5149F°™PFFART hkhbht obi n beta (nucl eotide 1-626; Marotta et 25 al .,
Prog. Nucleic Acid Res. Mol. Biol. 19:165-175,

Component III) is a nucleotide sequence that encodes

a cell-specific ligand under the control of an

10 activation sequence that can be activated imn the
microorganism. The specificity of this ligand depends on

the kind of the preocliferative disease, for which the
microorganism is used, and on the cells or the tissue,

with which component I) is to be brought into contact in

15 the microorganism, in order to achieve the therapeutic
effectivity. For instance, 1in tumor diseases, ligands
with specificity for tumor cells are used, i.e. for

tumor-associated or tumor-specifie antigens or tumor
endothelium cells or for tissue cells, from which the
20 regspective tumor originates, for instance for cells of
the thyroid gland, the prostate, the ovary, the mammary,
the kidney, the tunica mucosa gastris, the nevi, the

cervix, the vesica urinaria; for chronic inflammations,

cellular autoimmune diseases and rejections of
25 transplanted organs, ligands either with specificity for
macrophages, dendritic cells, T lymphocytes cr for
activated endothelium cells. Such ligands are for
instance specific antibodies or antigen-binding
fragments of these antibodies, growth factors, inter-
30 leukins, cytokines or cell adhesion molecules

selectively binding to tumor cells, to leukemia cells,

to tumor endothelium cells, to tissue cells, to



1976; Marotta et al., J. Biol. Chem 252:5019-5031, 1977),

al pha2- macr ogl obul i n (nucl eotide 1-4599; WD 9103557 A, 21/3/1991)181&ﬁ@ﬂ%0
bel ong, however, other blood plasma proteins, too, such as -
aIpha-I-Iipog’F@tﬁl og%g%,ﬁ)ha -I|poprog_g|n betal-ligg&a/&b?& '5%%70
expression l‘east "'one of these plasma proteins b e nlc{oorganism
according to the invention has as a consequence that the m croorgani smis
received after 1 8 MAY 2006 WO 03/068954 - 15 - PCT/ DE03/ 00470 system c
adm nistration - in particular after injection into the blood circulation
system- to a | ower degree by phagocytosing cells, thus can stay longer in
the bl ood and canpibegenrichedidnde tuehsvessel sysbeBLOL &sh the oo
vessels of a chronic I nflammtion. Conponent 111). Cbnponent [11) is a

nucl eot i de séﬁwéﬁﬁFT%a?n8H588é§uﬂaﬁﬁﬂ#sspeC|f|c ligand under the control
of an 10 activation sequence that can be activated in the mcroorganism
The specificity of this ligand depends on the kind of the proliferative

di sease, for which the mcroorganismis used, and on the cells or the
tissue, wth which conponent I) is to be brought into contact in 15 the

m croorganism in order to achieve the therapeutic effectivity. For
instance, in tunor diseases, ligands wth specificity for tunor cells are
used, ?.e. f&omruUnDrt at¥bei ated or tunor-specific antigens or tunor
endotheliumcells or for tissue cells, fromwhich the 20 respective tunor

originates, for igawst@dcenf orveelils anutclmeottmareolﬂegbaﬂge e Prost i és the

ovary, the mamar the kidney, the, tunica nucosa gastris, the nevi, the
cervix, the VesitHIRPhEr iFXS W?ﬂ CHRHAP c PR At F HngXPression of the
expression products of components I), II) and/or III) on

the outer surface of the microorganism. The respective
10 component c¢an as an option either be secreted or
expressed on the membrane of the microorganism, i.e.
membrane-bound. Components II} and III}) are preferably
expressed membrane-bound. Such transport systems are for
instance the hemolysin transport signal of E. coli
15 {(nucleotide seguence containing hlyA, hlyB and hlyD
under the control of the hly-specific promocter,
Gentschev et al., Gene 179:133-140, 1996). The following
transport signals can be used: for the secretion, the C-
terminal hlyA transport signal, in presence of hlyB and
20 hlyD proteins; for the membrane-bound expression, the C-
terminal hlyA transport signal, in presence of the hlyB
protein; the hemolysin transport signal of E. c¢coli
{nucleotide sequences containing hlyA, hlyB and hlyD
under the control of a mnot hly-specific bacterial
25 promoter); the transport signal for the S-layer protein
{Rga A) of Caulobacter crescentus; for the secretion and
for the membrane-bound expression, the C-terminal RsaA
transport signal (Umelo-Njaka et al., Vaccine 19:1406-
1415, 2001); the transport signal for the TolC protein
30 of Escherichia coli (the TolC protein was described by
Koronakis et al., Nature 405:914-919, 2000) and by

Gentschev et al., Trends in Microbiclogy 10:39%-45,



cel l ul ar aut oi nmune di seases and rejections of 25 transpl anted organs,
| i gands either with specificity for macrophages, dendritic cells, EPAMZM%
| ynphocytes or for activated endotheliumcells. Such |igands are ﬁ '

i nstance specific_anti ies or antlgen inding frag

ant i bodi es, aémﬁﬁ /f]éégg;?és‘? inter 30 l?l ns, cytoki ngg%f/@fg‘lqt?ggﬁélsﬁ%n

nol ecul es selectively binding to tunDr ceIIs, to leukem a cells, to tunor
endot heliumcells, to tissue cells, to 1 8 MAY 2006 WD 03/068954 - 16 -

PCT/ DEO3/ 00470 macrophages, dendritic cells, T |lynphocytes or to activated
endot hel i um celI's. 5 Conponent [V). Conponent V) is a nucleotide sequence
that encodes, @ fanspppt. System, xvgabgg pBELTS e EXBLESSION Aftd Ney.
expressi on pro ucts of conponents | ITT) on "the outer surface
of the m crodreganits Thenpegpéctsihar 210 conponent can as an option either be
secreted or expressed on the menbrane of the mcroorganism 1i.e.
menbr ane- bound. Conponents 1) and I11) are preferably expressed
menbr ane- bound. Such transport systens are for instance the henolysin
transport signal of E. coli 15 (nucleotide sequence containing hlyA hlyB
and hlyD und&™RHEEonttol of the hly-specific promoter, Gentschev et al.
Gene 179:133-140, 1996). The followng transport signals can be used:. for

t he segretion, tb@d&oﬁéﬂmimal hé yA tmenspetidsi giajuyend de prasencenodd et yB
and 20 hlyD protelns for % jrenpr ane- bound expre§5|9nl;:éac%eéerg1nal

hl yA transport S|gn ? 'R prsence of %t Ré °n1 ﬁ? protein; the ysin
transport si gried otyEpsedll otnueleomadaasequencesléont%nmlngyhkyﬁ, theyB and
hl yD

microorganism for the release of the plasmids in the

cytosol of the host cell. Such lytic proteins
10 (endolysins) are for instance Listeria-specific lysis
proteins, such as PLY551 {Lcessner et al., Mol.
Microbiol. 16:1231-41, i995), the Listeria-specific
holin wunder the control of a 1listerial promoter. A
preferred embodiment of this invention is the
15 combination of different components V), for instance the

combinaticn of a lysis protein with a holin.

Component VI).

Component VI) represents an arbitrary activator

:20 sequence, which controls the expression of component I).
For the expression of component I} on the outer surface

of the microorganism, component VI) is one of
activations seguences that c¢can be activated in the
bacterium and that is known to the man skilled in the

25 art. Such activation seguences are for instance
constitutively active promoter regions, such as the
promoter region with ribosomal binding site (RBS) of the
beta-lactamase gene of E. coli or of the tetAR gene

(Busby and Ebright, Cell 79:743-746, 1994}, promecters

30 that can be induced, preferably promoters that become

active after reception in the cell. To the latter



under the control of a not hly-specific bacterial 25 pronoter); the
transport signal for the S-layer protein (Rsa A) of Caul obacter cre CEP\W%UB
for the secretion and for the nmenbrane-bound expression, the CGtermhn y

RsaA transpgrg g%glr@%g(ﬁ l'o-N aka et al., Vaccine 19 é%41() DEcb%l’s?P%O’%olc

the transport si e Tol C protetn 30 of Escherf

protein was described by Koronakis et al., Nature 405:914-919, 2000) and by
Gentschev et al., Trends in Mcrobiology 10:39-45, 1 8 MAY 2006 WD 03/ 068954
- 17 - PCT/ DEO3/ 00470 2002)); for the nmenbrane-bound expression, the N

term nal transport signal. Conmponent V). 5 Conponent V) is a nucleotide

sequence that, .gnGedes, nat a'e%%s'f Aot YL Sff Qr, anprﬁé’&?lcgge%' chyd Se &XPLgssed
in the cytosol of a mammalian ceII and |yses the croorganl smfor the

rel ease of tKé& prhasmi d8ti-n Bheteehrodol 16 : the hdH3t dAA8) SPEh thy jRASC

proteins 10 gerdRtesd Nt aILe faanb@@&%@%éd St@inrSPECI fl € d ¥ SI Szmal 01 €1 NS,
such as PLY551 (Loessner al M crobiol. 16:1231-41, 1995), the

Li steri a- speirfi’é 2 3hol 1 h° un88r° 1t)he Pc’b‘?ff?’éfeﬁf az ¢ 3T bt VAF Opr Gt eFices -
prefersed enbadicment a ot etrhise i &iweat icn tBet ha dbn coOabiotat t Ba o:fadzha‘ﬁﬂent

conponent s V) for i nst ance nati on of aI protein wt
hol i n. Conponéit Vi) . lrtonh ‘éﬁ? @P;ﬂ réEprtesen ESEN arB;L?rarayreac G|tv"La""t'3‘orM120

sequence, whiich oht r gles 1t -heFexpriessi oncof cowpoment elnhartosrt hehexprmsi on
of conponent L), .Qn &he Quter §Yhf ace, n 9 e EN& M GLQOr gaRksm , copBRAgNt, M) i's

one of
enhancer segquence known to the man skilled in the art

10 can be wused. Preferred are further cell-specific or
function-specific activator segquences. The selection of
the cell-specific or function-specific activator
sequence depends on the cell or the tissue, wherein the
bacterial c¢arrier or the plasmids released £from the

15 bacterial carrier are to express component I). Such
activator sequences are for instance tumer cell-
asgociated activator segquences (thereto belong activator
sequences of the genes for midkine, GRP, TCF-4, MUC-1,
TERT, MYC-MAX, surfactant protein, alpha-fetoprotein,

20 CER, tyrosinase, fibrillary acidic protein, EGR-1, GFAP,
E2F1, basic myelin, alpha-lactalbumin, osteocalcin,

thyroglobulin and PSA (McCormick, Nature Reviews Cancer

1:130-141, 2001) , endothelium cell-specific activator
sequences of the genes for proteins, which are
25 preferably expressed by endothelium cells (Sedlacek,

Critical Reviews in Oncology/Hematology 37:169-215,

2001}, such as VEGF, von Willebrand factor, brain-
specific endothelial glucose-1 transporter, endoglin,
VEGF receptors, in particular VEGF-R1, VEGF-R2Z, and
30 VEGF-R3, TIE-2, PDECGF receptors, B61, endothelin-1,

endothelin-B, mannose 6é-phosphate receptors, VCAM-1 and
PECAM-1, activator seguences of the genes for proteins,
which are preferably expressed in such tissue cells from
which the tumor cells of a patient originate {(thereto

35 belong proteins expressed in cells of the breast tissue



activations sequences that can be activated in the bacteriumand that is
known to the man skilled in the 25 art. Such activation sequences ar¢gfuy 20t
i nstance constitutively active pronoter regions, such as the pronoter

region with rw(pog% lglgw,gi;eng site (RBS)gof the beta- ?ﬁf;g@s&iggﬁ)@l% E.

coli or of the tetA gene Busby and Ebrlght Cell 79:

pronmoters 30 that can be induced, preferably pronoters that becone active
after reception in the cell. To the latter 1 8 MAY 21106 WD 03/ 068954 - 18 -
PCT/ DEO3/ 00470 bel ongs the act A pronoter of S. nonocytogenes (Dietrich et
al., Nat. Biotechnol. 16:181-185, 1998) or the pagC promoter of L.

monocyt ogenes s(Bumaiik t 4 é €Ctmub MUN. 2 168274%33+000:m 2O0]) . t Reef enyediare
activator sequences, 5 whi ch, after rel ease of the pl asm ds of the bacteri al

carrier in t et oddon f1Pﬁ§aP&FgthEéP51°§W@”db%1véf%ﬂ PFRSHRIYE c&FPT For
i nstance, thanGM4erdhancer]likheiaMy, phamﬁdgentfEhé%@ﬂoﬁEQﬁDPeA)or any
ot her pronoter_ or enhancer sequggce knomn to th din the ﬁrt 10

can be used. “Fréter r et ar " FUFt her el 5§€ff'c%6? O?uncflgh spBEi f [ &
activat or seguenoes. Iheumﬂmnnlaaqoéncbhe«@Elhhspeyeﬂea dror proteins,

function-specjfig agtivat ence t he r, t I SS
wherein the 9Jlbalcctq-ler%ﬁiﬂ %a’%rl%gggg P?}le “q%ggﬁﬁgggrgel ea%%g&%rgr%ct ge 1]|55S ot
bacteri al cadrimahegetee. expresshconpeﬁent iptSudieukdicts vat orcseghénees are

for instance ik CoLL; asm0ci abed arid ¥@l ok, Seﬂ&‘@é‘?f’éréh@“%@c@ﬁk@%
activator sequences of the genes for m dkine, CRP, MJC- 1 TERT,

MYC- MAX, sur £2c% arftt HF beBiAR 34 ﬁﬁ&q@wot%bﬁmozenem Ctryrb%*fﬁaé'érons

fibrihdary a@dﬁi»#ﬂ@&fﬂghqﬁﬁi%&s CGRAPi chE2F3e bastevayehi nby nypoxia,
al pha-1 act al bum_n, osteoggIC|
such activator sequence for VEGF or for

erythropoietin.

The insertion of components I) to VI) into the
microorganisms is made by molecular biological methods

15 known to the man skilled in the art. For instance, for
the use of bacteria as carriers, the man skilled in the

art 1s familiar with how the components are inserted

inte suitable plasmids, and how these plasmids are

introduced into the bhacteria.

20 According to the present invention, these mi-
croorganisms are administered to a patient for the
prophylaxis or therapy §f a proliferative disease, such
as a tumor, a leukemia, a chronic¢c inflammation, an
autoimmune disease or the rejection of an organ

25 transplant. For treating such a disease, the
microorganisms according to the invention are
administered in a suitable preparation locally or
systemically, for instance into the blood circulation,
into a body cavity, inte an organ, into a joint or inteo

30 the connective tissue. In order, with systemic ad-
ministration, 1n particular with administration into the
blood circulation, to reduce the undesired reception of

the microorganisms by the so-called reticuloendothelial



t hyrogl obul in and PSA (McCorm ck, Nature Reviews Cancer 1:130-141, 2001),
endot helium cel | -specific activator sequences of the genes for prot e,i ?ﬁ 0
whi ch are 25 preferably expressed by endotheliumcells (Sedl acek, Cri éé\?

Reviews in Ongsl oay/ blened ohogy 37:169-21s, _2001), such@s ¥EG: /W7o

Wl ebrand factor, brain- specific endothelial glucose-1 transporter,
endoglin, VEGF receptors, in particular VEG--Rl, VEG--R2, and 30 VEG-- R3,
TIE-2, PDECGF receptors, B61, endothelin-1, endothelin-B, nmannose
6- phosphat e receptors, VCAM1 and PECAM 1, activator sequences of the genes
for proteins, which are preferably expressed in such tissue cells from
whi ch the tumpfstcehl e@bnd paid edf f Ot goRatn(ddes et 0135 kal dngo peotenas
expressed in cells of tpe gﬁe%%% tissue 1 8 MAY 2006 WO 03/068954 - 19 -
PCT/ DE03/ 00470 (ot ° P Ast4fde 21,0 bha- TAEF 8PBEA M) ™ T he" ThyTdFE°°E and
(for instancegamysogl cul | hg, fdwrgrdsd atie (dosoliutsiance tkathbkrenne?,
androgen 1 ecepiOfs, pBYA) 1ot NG R OVRIYoal NG, d1EVT ((FQ" 15T RGE LYLOShDRSE)

n fth t ich are

and the 5 kidney, activator sequences o e genes for proteins,
expres8ed i n frreckophagas,inderithtii¢e- cEhks sorspdyhphocpnds, i mughe ason of

interleukins, fytQKkiPesyrgaGhemRKki Nes, £adhesian JWl ecykes paiidderf £ Pnsoa
receptors for interleukins, cytokines, chenokines, or interferons, 10

activat or seqUeht®y, CRhiPdlPost e Bkt Tvall8§ By RApvKi an 2&Gch ek hel @kt i Fat or
sequence for nN&Ev OF belk £ eI OO ebkReaThe | NSELLE BAsOfo CONPERHERhSek) tO
VI) into the mcrqorganisns _is nmade by nolecul ar biol ogi cal ., net hods 15

known to the Sfan SRS T n°tfhemhi‘i:?‘rﬁ%r ?hs AR 2FOF S t MM U8R dF Facferi a

as caneiers, ltdweg menoski | dedliin Hiwe. To these substances belong for
instance albumin, transferrin, prealbumin, hemoglobin,
haptoglobin, alpha-1-1lipoprotein, alpha-2-lipoprotein,
beta-1l-lipoprotein, alpha-2-macroglobulin, polyethylene

glycol (PEG), PECG conjugates with natural or synthetic

15 polymers, such as polyethylene imine, dextran,

polygeline, hydroxyethyl starch.

By the suspension and incubation in such a solution,
an adsorption of the substances to the surface of the
microorganisme according to the invention takes place. A

20 coating of the microorganisms with these substances can
however also be achieved by conjugaticn. The methods of
the c¢onjugation are summarized 1in Sedlacek et al.,

Contributions to Oncology 32:1-132, 19%88.

The coating by adsorption takes place for instance

25 by suspension of the micrdorganisms in a solution
preferably containing 0.1 to 50% of the coating
substances over a pericd of time of preferably 10
minutes to 24 hours and a temperature of preferably 4

degrees Celsius.

30 According to the invention, as microorganisms,
preferably bacteria are used, the virulence of which has
been reduced. Further preferred are bacteria selected

from a group containing Escherichia c¢oli, Salmonella



art is famliar wth how the conponents are inserted into suitable ¥ oo
pl asm ds, and how these plasm ds are introduced into the bacteria. k@#ﬂftﬁm
According to the present invention, these m- croorganisns are adm ni stered

to a patient fey @@94)@gg@ﬁylaxis or ;heé@py_of a_pr0|i&ﬁf@ytﬁﬁng%Qﬂ§ﬁo
such as a tunor, a leukema, a chronic inflammati on, an autoi mmune di sease

or the rejection of an organ 25 transplant. For treating such a disease, the
m croorgani snms according to the invention are admnistered in a suitable
preparation locally or systemcally, for instance into the bl ood
circulation, into a body cavity, into an organ, into a joint or into 30 the
connective tissyerilr orgersiibhheaystremicd iadtc&) NVsbidtd afhol Airpart Leuklar
with adninistgatLon into the bIoodS%ch Hgtion, to reduce the undesired
reception of -tRe*m"&roorgan? hE by “thé °so-tal | ed reticul oendothelial 1 8
MAY 2006 WD 03/068954 - 20 - PCT/ DE03/ 00470 system beyond the effect of
conponent Il) and to extend the blood dwell tinme of the m croorganisns, the
m croor- gani sms can be suspended in a solution of substances, which have a
| ong bl ood dwell time. To the suspension 5 follows an incubation. The
suspensi on and i ncubation of the mcroorganisns can for instance take place
in blood plasma or blood serum The suspension and incubation is however
preferably performed in solutions of substances or solutions of mxtures of
subst ances, which have a 10 I ong blood dwell tinme. To these substances

bel ong for instafBBIZBumttEFansPerrithe prigal BARE AT hérfdyl obfAicament
hapt ogl obi n, gkpbaxlatiiqaOpr ebaica.indlmRhar Re | mpeprcaied 4n i shet ard cd £ POoPg ot ei n

aIpha-2-nacrongbuﬁAQéngngetgxéeQ%e use of this medicament £for the

’ 10 prophylaxis and/or therapy of a proliferative disease. A
proliferative disease in the meaning of the present
invention is a disease with an escalating or
uncontrolled cell proliferation, for instance a tumor
disease such as a carcinoma or a sarcoma, a leukemia, a

15 chronic inflammation, an antoimmune disease or the
rejection of an organ transplant. For the prophylaxis or
therapy of a disease, the microorganisms according to
the invention are locally or systemically administered

to a patient in the medicament preparation in a dose of

20 prreferably 100 germs to 100 million germs.

The term enveloped means that on the outside of the
membrane of the microorganism, a multitude of identical
or different molecules (expressed and/or selected
according to one or more of features I) to III}), as

25 described above, can be provided, the geometric coverage
rate beling between 0.001 and 1, in particular between
0.01 and 1, for instance between 0.1 and 1. The geo-
metric coverage rate can be calculated from the ratioc of
the total area 6f all molecules, in a radial {(related to
30 a center of the microcrganism) projection into the
surface of the microorganism, divided by the surface
area of the microorganism. Usually, as a simplification,

a spherical surface of the microorganism is assumed, and



gl ycol (PEG, PEG conjugates with natural or synthetic 15 polymers, such as
pol yet hyl ene im ne, dextran, polygeline, hydroxyethyl starch. By the
suspensi on and incubation in such a solution, an adsorption of t hel 8 MAf 2006
substances tgdhgisusfaces #f the mcrogpgani sms accor gicng, Hhe dhegipnvent i on
t akes place. A 20 coating of the mcroorganisns with these substances can
however al so be achi eved by conjugation. The nethods of the conjugation are
sumari zed in Sedl acek et al., Contributions to Oncol ogy 32:1-132, 1988.
The coating by adsorption takes place for instance 25 by suspension of the
m croorganisnms in a solution preferably containing 0.1 to 50% of the coating
subst ances ouwere a peticadaafidd neief weded abloyn 10thBl NUieBuke® 24 thoutke and a
tenmperature of, preferably 4 egrees Cel sipys. 30 According to the jinvention,
as m croor gaﬁnllsc%so,or%ar%%%’Pabl@h%agtegrtiuarear geﬁ‘s'sgf’pteﬁg vil?ulfteanccl“ep%?t%?th has
been reduced.ifFurdlercpbéerred are bacteria selected froma group

contai ning Escherichia coli, Salnonella 1 8 MAY 24G WO 03/068954 - 21 -
PCT/ DEO3/ 00470 enterica, Yersinia enterocolitica, Vibrio cholerae, Lis-
teria nonocyt ogenes, Shigella. 5 Subject matter of the invention are

medi canent  preparations containing the m croorgani sns according to the

i nvent? on and*3® ke of eKPSUfddincanent for the 10 prophyl axis and/ or
therapy of a proliferative disease. A proliferative disease in the nmeaning
of the presemtxandgventi on dsnst ghsease Wi haam£scataki N H{in for the

membrane-bound expression of human albumin

and beta-glucuronidase.

In this example, the way to the bacteria strain

10 St21-bglu is described. This attenuated Salmonella typhi
Ty2la strain (carrier approved for human use) expresses

by means of the hly secretion machinery of E. coli
membrane-bound fusion proteins of human beta-
glucuronidase and hlyA and human albumin and hlyA. The

15 construction is based on the already published plasmids
pMOhlyl (Gentschev et al., Behring Inst. Mitt. 57-6§,

19%4) and pGP704 (Miller and Mekalanos, J. Bacteriol.

1706:2575-2583, l1988). The strain permits by passive
targeting (Bermudes et al., Adv. Exp. Med. Biol. 465:57-
20 63, 2000) an enrichment of beta-glucurconidase at the

tumor and thus a fission restricted to the tumor tissue

of predrugs to be activated by beta-glucuronidase.

A membrane-bound expression can take place in
salmonellae by fusion of the protein to the C-terminus

25 of the hlyA secretion protein in presence of the hlyB
protein, however in absence of a completely functional

hlyD protein. However, the hlyD must not completely be
missing, since otherwise there will not be generated a
connection between the secretion machinery and the TolC

30 protein of the outer membrane (Spreng et al., Mol.

Microbiol. 31:1596-15%98, 1999). In these examples one of



uncontrolled cell proliferation, for instance a tunor disease such as a
carcinoma or a sarcoma, a |leukema, a 15 chronic inflammtion, an autod W%B
di sease or the rejection of an organ transplant. For the prophyl axi s or
t her apy of a%s%%s tghes i croor gani sngzaccording to @‘F/bgl P'o%rhﬁée
local Iy or systeni ca? Fy admnistered to a patient in the canment
preparation in a dose of 20 preferably 100 gerns to 100 mllion gerns. The
term envel oped neans that on the outside of the nenbrane of the
m croorganism a mnultitude of identical or different nol ecules (expressed
and/ or selected according to one or nore of features |) to Ill)), as 25
descri bed abawe sassbelpr Ol\/ddllﬂfhcﬁhﬁ)ogeomﬂI’i:EeC(h\lL@fIagﬁroltatia b Nge het ween
0.001 and 1, in artl cul ar _bet ween % for tancte etvveentO. 1 and
1. The geo- M ToVerale FaF&© asnmnne lcEaI Rt he g firo e ratf o' of *°the
total area oferaidlyroipeculies, consarnadied, (walaataedx t oo30fancenvern lof hihe
m cr oor gani s ctLo t he r e C g S d ed by
t he surface rpé:rog% 'f EI'ileBrﬁloc%looerdg;an’iﬂ(zjlfjn Lﬁg Ilpho én é??ﬁ;l ?O]LEI c{a&?ohﬂ/g
spheri tal surefeace of st he emicrodr gdmiogm |'33h‘asst§G0rande18hWAY 2006 W&
03/ 068954 - 22,q0.Ri{ PEDSL 00470sthe cRhculati on A basedson £ fig: vol Upen of
the mcroorganism The feature "envelo is facultative, if applicable.
5 Exanpl es of? i@&tiutidn: tBeanpres 127 CorttFaetF8n Sof &' bact SFAEE + 2R FEf o
the menbranerhounde expr,essi oppef ﬂw@\ﬁb@i buwgi rkeﬁf@labeaa gdww@@éﬁlasﬁ. I'n
this exanpl e, .the \/\/ﬁ% Sﬁ t he ba eria s ra| n 190 Zdl blgl u descrl bed.

n

This attenuatiéf S&f & "ty pHi dd%e ¥t vector
10 in-frame to the hlyA gene. For this purpose, the cDNA of
bglu {(GenBank Accession (Gb}): M15182) from a c¢cDNA kank

wag amplified with the following primexrs by polymerase

chain reaction (PCR}:

bglu 5': ATGCATTGCAGGGCGGGATGCTGTACC

15 bglu 3': ATGCATRAAGTAAACGGGCTGTTTTCCAAAC

The regions being complementary to the ¢DNA of beta-
glucuronidase are underlined, the information for the
generated Nsgil position 1s in italics (this kind of
representation will also be used in the following; the

20 oligonucleotide sequences are shown here, as in the
following, as 5'-3'}). The primers are selected such that
the gene is amplified without the signal sequence. The
product (1,8%9 bps) is subcloned with a suitable PCR
cloning kit, and then the 1,890 bps fragment is

25 extracted via Ngil digestion.‘ Subsequently, the Nsil
fragment 1is c¢loned into the NsiI-cut wvector pMOhly DD.
Thig results in the vector pMO DDbglu (Fig. 1). (When
the NsiI fragment is c¢loned into the Nsil-cut vector
pMOhlyl, the plasmid pMO bglu is obtained permitting a

30 secernation of the fusion protein). In the second part
the integration vector for the chromosomal integration
of the albumin hlyA fusion is produced. In a first step,

the wvector pMOhly alk 1is produced. This vector being



Ty2la strain (carrier approved for human use) expresses by nmeans of the hly
secretion machinery of E. coli nenbrane-bound fusion proteins of hunpmay 206
bet a- gl ucuroni dase and hl yA and human al bumin and hl yA. The 15 construction
is based on tft¢ alypady Pyblished plasnpds _pMohlyl (Genisehevy 8y 0dla 70
Behring Inst. Mtt. 57-66, 1994) and pGP704 (MIler and kal anos, J.
Bacteriol. 170:2575-2583, 1988). The strain permts by passive targeting
(Bermudes et al., Adv. Exp. Med. Biol. 465:57 20 63, 2000) an enrichment of
bet a- gl ucuroni dase at the tunor and thus a fission restricted to the tunor
tissue of prodrugs to be activated by beta-glucuroni dase. A nenbrane-bound
expressi on candakeopl ageoh Dy lsaldmnied & aa ud Ush o fof thbe qanoineim tonkhe
C-termnus 25 .of the hlyA secreti rofein_in ese of . the hl .
prot ein, homévvlgtrh iér}h%blélé‘n/@‘eggfnea %gorrplce%%ﬁ/n?(lng%ieor‘fa%l%e‘q K50 BF o?%?ﬁf"ln
However, the ddn mst: naew scorpl etfeloyn be wwssengiadilnceavkhiérnlze th¥ke
wi |l not be at.ed cli b n e retion chj t he
Tol C 30 prot & of the S8tar rembrane  (aprerss o &l Vol * oM oy obr o 1o
31: 1598- 1598 priigumss ganepesd nexdipl s one of 1 B MAY 2006 WD 03/ 068954 - 23
- PCT/ DEO3/ 00470 the possible nodifications of the hlyD protein for the
menbr ane- bound expr £sst+Opairg cichdiac@iethatiFfSécthe vector pMohly DD is
constructed, wherein no functional hlyD protein is produced. For this
pur pose, part of %'he %??ﬁgﬁ%ﬁgﬁiﬁmme vector pMohlyl by the
endonucl eases Dralll and Apal. After the restriction digestion, the ends
are digested by Ihsd' 1examuchbeasefragmnenthei 40,043 bpse fir agn@ntt hie:  cut
\r/gl:'tg?ted- Syhssaugntly, Hhe bet g»ql uguroni dase. gene; 1 s (¢l oned Jntg this
10 NsiI-digested pMOhlyl. The completed plasmid pMOhly alb

thus expresses hlyB, hlyD and a fusion protein from
albumin and hlyA. For experiments regarding the dwell
time, the NsiI fragment c¢an alternatively also be
inserted into the vector pMO DD, this wvector has the
15 name pMO DDhalb. In the further course, a modificatiocn of
the already described cloning strategy is used for the
integration in the salmonella chromosome (Miller et
Mekalanos, J. Bacteriol. 170:2575-2583, 1988). For this
purpose, first the arcocA gene of salmonella was cloned

20 into the vector pUC18 (PCR with the following primers:

primer 5': ATGGAATCCCTGACGTTACAACCC,

primer 3': GGCAGGCGTACTCATTCGCEC

blunt cloning of the 1,281 bps fragment into the

HincII interface of pUClB). Subsequently, a 341 bps

25 fragment located in aroA was removed by HineII digestion
and subsequent religation. This wvector was called pUC18

aroA'. Then the alb-hlyA fusion gene was cloned together

with the promoter seguence located on pMOhly into the

vector pUCl8aroA'. For this purpose, the vector pMOhly

30 alb is digested with AacII and Swal and then treated
with a 3'-5' excnuclease. The 3,506 bps blunt fragment

is extracted and ligated in HincII-digested pUCl8arocA'.



10 in-frane to the hlyA gene. For this purpose, the cDNA of bglu (GenBank
Accession (Go) : ML5182) froma cDNA bank was anplified with the follow ng
primers by polynerase chain reaction (PCR): bglu 5': 18 MAY 2006
ATGCATTGCAGCHGGEAT, 15 bglu 3': TGQATAAGTAAAC%%] T W%The
regi ons bei ng conpl eneggs% to the cDNA2§‘f beta- gl ucuroni d%-g) ';é-re
underlined, the information for the generated Nsil positionis initalics
(this kind of representation will also be used in the follow ng; the 20

ol i gonucl eoti de sequences are shown here, as in the followng, as 5-3").
The prinmers are selected such that the gene is anplified w thout the signal
sequence. Thern i oguetiulck 890 HPFk dtSoSUPEL RS aWist.h Mo Ui traldd ea PERh1ghoni ng
kit, and thenf the 1,890 bps fragnment is 25 extracted via Nsil difesti g/%]
Subsequent | y S NeF I EPRRGTEht 1% cPORBD ittt o TheRR&i | Y¢d® vettor pReniy
DD. This resudtiisvatiot he ey@eingre M bbghe (Fedrod)pufWhen alitheimsé | the

fragnment is ¢Joned in e il-cut _vector I\/[hg] |, the plasmd glu
i s obtained geerc%ﬁi%ggg%% s’\gzocrer%g%isoﬁugpotsheg’ f%s?%ﬁopflg?eiln n%l?gg?ﬁg
secondSpart witer i Btiegilat] omrnvdectbenf orreheechroibional - ht egreatioheast t he

album n hi YA fS1RN | S5REQEYER% 1l G dddBlaPheRy s NG VaakOfo PVR) Y, ghb 1S
produced. This vector being 1 8 MAY 2096 WO 03/068954 - Z4 'PCT/ DEO3/ 00470
based on pMOWIBA cary¥es Bregsesh of st héigpB&d n oA Sie h EaeRhl §ACHEne.

For cloning, thecDONA1ofethesahRuddy o8Mes 4 (B cRARGRTT)e 4P @ copmegeial |y
av_ai | able cDNA bank is anplified by neans of PCR anql the follow ng 5
primers geneFﬁFﬂng ﬂﬂq: integratioll vector pGParo-alb (Fig. 2 is
10 obtained. The vector is transformed inte the E. coli
strain SM10ilpir. This strain permits the vector to
replicate, since it forms the P protein necessary for
replication. The vector is now transferred via
conjugation 1into the acceptor strain Salmonella typhi
15 Ty2la not permitting a replication of the wvector.
Therefore, by tetracycline selection, only those
bacteria are selected that have integrated the vector
chromosomally. The verification of the cytoplasmic al-
bumin production takes place by Western blot analysis of
20 the bacterium lysate. This strain St21-alb expresses the
alb-hlya fusion, but ¢an neither secern nor express it
on the membrane in this form. For this purpose, for the
membrane-bound expression, in addition a plasmid with
functional hlyB {(as pMO DDbglu) or functional hlyB and
25 hliyD (as pMO bglu} needs toc be present,.

In this example, the plasmid pMO DDbglu with the
strain 8St2l-alb is used. This results 1in the strain
St21-alkb pMO DDbglu expressing by means of the hly
secretion system human albumin as well as human beta-

30 glucuronidase on the membrane. This strain can then be
used for the prodrug conversion in the meaning of the

patent.



5': ATGCATGGGTAACCTTTATTTCCCTTC 3': ATGCATAGCCTAAGGCAGCTTGACTTG The 1, 830
bps fragnment is subcloned and then cut wth Nsil. The 1,824 bps fraqnga%-{ Qﬁﬁﬁ
now ligated in 10 Nsil-digested pMohlyl. The conpleted plasmd pMohly a

t hus express%ohloy /o%leﬁe)s%nd a fusion Rr0t ein from almé%%gé:bln% oFor

experinments regarding t well time, the Nsil fragnent ¢ 1vely
also be inserted into the vector pMO DD, this vector has the 15 nanme pMO
DDal b. In the further course, a nodification of the already described
cloning strategy is used for the integration in the salnonella chronosone
(MIller et Mekalanos, J. Bacteriol. 170:2575-2583, 1988). For this

purpose, firsxifeiaroA gesendt rsakieneldn sasackened 2040 theeveptar
pUC18 (PCR with the follow ng priners; priner 5 : ATGGAATCCCTGACGITACAACCC,

primer 31: GGCAGGCGTACTCATY TRYHER HoRt nd Y6 Yhet 2T 28 B 7 BghBhit
into the Hincll interfacegohepcl8).iSibseguennl y, af 341 npsar?5 f bagaent

| ocated in aroA was renoved qulgﬁongldl qai gestion and subsequent religation.
This vector was called pUCﬂé aF R “Tifen the al b- hl yA fusion gene was

cloned together wth the pronoter sequence |ocated on pMohly into the
vect or 5pUCI Bar oA'Théorb & dti er par poses 1t helesert Dre pMIH y £30 =l I xiagirdiegested
with Aacll and, qwaheandot ReR firLaledhe ML Nod BnedpSanucl €258+ THE 3nr06

bps blunt fragment is extracted and ligated in Hncll-digested pUCl8aroA' .
1 6 MAY 21306 03A06895Y bupsn. 3 DEDBF BO2TO IFHies P HAUCHEL T heevéet or

pUCaro-al b. Nawich hgral be b ¥Atd regmenty dfdsankedi BY oA Lgoel anerth wi t hnal |
the activator sequences fromthe vectqr pUCaro-alb into _the
order to obtain a strain beiling particularly easy to
10 handle, in this example a slightly modified strain asg in
Example 1 is used for the membrane expression of
albumin. The gene that encodes albumin-hlyA as well as
the information for hlyB is to be chromosomally

integrated. Thereby, this strain expresses

15 constitutively membrane-bound albumin.

For this purpose, the vector pMOhly alb described

above is digested by BsrBI and EcoRI and then treated

with 5'-3' exonuclease. This digestion produces a 5,815

bps fragment with blunt ends containing the complete

20 prokaryontic activation seguence and the genes hly(C,
alb-hlyaA and hlyB, not however hlyD. This fragment can

now bluntly be inserted into the HinclI interface of the
vector pUCl8arocA' described above. Thereby the vector
pUCarc-alb-B is obtained. By an EcoRI-Nrul digestion,

25 the 6,548 bps fragment can again be inserted into the
EcoRI-EcoRV-digested vector pGP704 (Fig. 3}). The further
procedure (replication and integratiom in 8. typhi

Ty2la) corresponds to the above strategy. The resulting

strain St2l1l-alb-B expresses constitutively membrane-

30 bound albumin-hlyA fusion protein. If a vector that
encodes hlyD 1is transfected, the albumin-hlyA fusion
protein is secerned. The plasmid for supplying the DNA

that encodes beta-glucuronidase is based on the



vector pGP704. For this purpose, pUCaro-alb is digested 5 with Hndlll and
then treated with 5 -3" exonucl ease (blunt). Subsequently, EcoR di?%gsmi{(?m
is perforned, and the 4,497 fragnent is ligated into the EcoRI/Eco i
(blunt) di gesjgdqverh @ls P&F704 (ECORL/ Ryfragnent: 6, 3861 hpwo3 f®4 70
integration vector pGParo-alb (Fig. 2) 1s 10 obtained. The vector is
transforned into the E. coli strain SMLOlpir. This strain permts the
vector to replicate, since it forns the P protein necessary for
replication. The vector is now transferred via conjugation into the
acceptor strain Sal nonella typhi 15 Ty2la not permtting a replication of
the vector. cHiaieforgllhy dweiinLycti e Sl echbicovbedd v (these edract erba are
sel ected that_have integrated the vector, chronosonmally. The verification of
The Cytopl aciEE a2  DLERRE BPBduCIT keSS DPBC BT by Medihh BT oF Ahahyais of
20 the bactersammdtysate.sfdmsl stmasn JHL21uzlel .expgmessdgd st hexaaplehl yphe
fusion, but it ern.naQr, ex SS. Jt he e ane ;ign ig.form
For this pur%gis%e%]ﬁf opgﬁaﬁged%neﬁ%rgr{leﬁ bggﬁd%egxepﬁ%]ggsl?%n?n i'm addi tion tfa‘:hp asni d
with functi orfedd hl yBhias pMEDBBgl BWemtridencrieomdlt il yB armRrrbculgDlyas
PMO bgl u) negdsr £0; bt PLESRNct 14k t RinG exaPLei ohhe Pl 25\1id PV HDODGLY W th
the strain St2l-alb is used. This results in the strain St21-alb pMO

DDbgl u expr efhg b9rABanst ¥ £HEIRIDYY SRcretfiigh Sys§tém hiufan Sal n°fs
wel | as human et ap30 cghvucuropi dase20n the srpbrianed T stst rald o bhen be
used for the prodrug conversion infdis man ng;gf the, atent 1.8 MY 2006

10 following primers wvia PCR (amplification with bklunt

generating polymerase) :

5': GCGGCCGCAGGGAAGGAGCAAGCCGTGAATTT

3': AGCTTAGATCTGGCTCCTCTTCTGAATC

The generated 166 bps fragment is ligated into the

15 HindIII-digested, 5'-3' exonuclease-treated commercially
available vector pcDNA3 {(Invitrogen). The ligaticn is
made in the forward orientation. Thereby, the region

that encodes tPR signal sequence can completely be cut
out wvia a NotlI digestion from the generated plasmid
20 pCDNAtp. This 237 bps fragment is now ligated with the
3,760 bps fragment of the wvector pCMVbeta after NotlI
digestion (contains vector backbone). The generated
plasmid pCMVtp (3,972 bps) can now be used for the
expression of heterologous fusion proteins. For the
25 generation of the plasmid pCMV bglu, a bps fragment of
the bglu (Gb M15182) gene (without sequence for signal
peptide) from a suitable ¢DNA bank is amplified with the

following primers generating Spel:

5': ACTAGTCAGGGCGGGATGCTGTACCCCCAG

30 3': ACTAGTCTTGCTCAAGTAAACGGGCTGTTTTC.

After Spel-digestion, the 1,899 bps fragment 1is
ligated into the Spel-digested <vector pCMVtp. The



Exanpl e 2: construction of a bacteria strain envel op
fusion for supplying the

5 The bacteria strain described in this exanple is

genetic information of human bet a-

ed wth al bum n-hlyA

glucuLgﬁbﬂgﬁﬁ.

neans of theyf@s%vcﬁ? E

for tunor ce
order to obtain a strai
exanple a slightly nodi
expression of al bum n.
information for hlyB is
strain expregs8sralh£0
pur pose, the vector
EcoRl and thér’fstlrc’éht‘gﬂ
5,815 Dbps fmagred wt
activation seqyence and.

hl yD. This fragneﬁ?lgﬁ%

i ntended to su
rggoeal ng DNA tha‘r2 encodes hurranpl&ef?D%JderP%qip@se
are then to be expressed in the tunor cell's.” In
n being particularly easy to 10 handle, in this
fied strain as in Exanple 1 is used for the nmenbrane
The gene that encodes al bum n-hlyA as well as the
to be chronbsomally integrated. Thereby, this
staistnqtdi nyvf@nbgaae -k &l U nun ROrc é A Snal
y alb described ahove is digested by BarBl and
T PR S SRAONHEPEAgE. TS HBedEtN b HLERE a
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the g%ne% IyC aIb hl yA and hlyBﬁ not hPmeve

Bow®BI urkt y 56 |nserteé FAfS e Hithel IPTHE ST ace

of theS vect ecMHpUCE edcdA d&sar.i bad abevetr Ihefebyetdheivgot orhepUCaroial b- B

i s obtained. By .an EEoR - Nyl Qh9§§tﬂ08er
EcoRl - EcoRV—

pr o¢edurkee (Eapleitcat i dRuandY mefat Pén Har StveySRirgenizig) and
corresponds t@ et hexahQue iHd abegye nd N&NESHIt | PPanStkitR oSt 2hwdlb-B11s

expresses constitutively
vector that PEFCHdEs TP PscPPrIfLFeQe®t thel GrBURi BXRIYASUsi on

be inserted into the
further

is secerned. The plasm
10

Example 3:

5

Cafa again

h 548
£5he & 548.h e

ﬁ§vector peP7o§§6&{3g52§ﬁe

i geste

menbr ane 30 bound al bum n-hl yA fusion protein. If a

protein
d for supplying the DNA

construction of a strain enveloped with

albumin-TelC fusion with membrane-bound

expression of the extracellular domain of

fas and of an enzyme converting

supply
prodrug.

The strain shown in this example unites the features

shown in E
cells
this

20 tumor

et al., Hi

expression

mechanism

eliminate actively attacking,

25 (Muschen

the

problematic

and then
mechanism.

30
Thereby,
achieved.

extracellu

expressing fas ligand
strain,

cells,

et

strain

on a fusion of albumin with the TolC protein of E.

a

xample 2 with a sgpecific targeting at (tumor)

(faslL)., It is possible, with

to specifically attack fasL-expressing

such as in certain breast tumors (Herrnring

stochem. Cell. Biol. 113:189-1%94, 2000}, fasL

by tumor cells was postulated as a potential

for immune escape, since these «cells can

fas-expressing lymphocytes

al., J. Mol. Med. 78:312-325, 2000). With

shown here, these tumor cells being very

for a therapy can specifically be attacked
apoptosis-independent

based

by an

gtrain

eliminated

The carrier is in this example

coli.

membrane-bound expression of albumin is

The membrane-bound expression of the

lar domain of fas takes place wvia the plasmid



t hat encodes bet a-gl ucuroni dase is based on the 1 8 MAY 2006 WD 03/ 068954 -
27 PCT/ DEO3/ 00470 commerci al |y avail abl e vector pCwbet a (d ont echy MAFAHL
the construction, first a fusion of the bglu gene with a secretion signal
nmust be used.; \n thj %zgaggl e, the sigpgl peptide of the;

nol ecul e is t‘%ébgig)gge .~ Thi s signal pggti de permts a pagtBi@c(&ggr%ll‘b;&sDES
efficient production and secretion of fusion proteins. For cloning the
fusion, in a first step the 5 UTR of the tPA cDNA (Gb E02027) is anplified
up to the end of the region that encodes the signal peptide with the 10
following prinmers via PCR (anplification with blunt generating pol ynerase):
51l: G CGG C udifGFpEAAG RAGC EcAACEREG EGpPALTT thdEl: plasmid pcMV-bglu
AGCTTAGATCTGGCICCTCTT%ITGAATC The gener at eg‘ 16$,b$s fra%?nrgnt is |igat e? into
the 15 H ndl992Hi tRELedP B C 3™ Sexthtie! edSE- t F ArEd ToMer&MRTY Saf ' 8bl e
vector pcDNAZddawatfogen)ef Thehki gatdonies mademim thephemswandy Tolc
orientation. Thereby, the_regi t hat encaodes .t,PA signal sequepce._can

conpl etely bealr:bu%m%m g%asg Ng?’le d?ﬁéiseti %r?rf rotr%et heélgselncé? at%’éoprégm' d° 20
pCDNAt p. Thi 9 287rbpsdfr agrenthies rndvid i gated i t hntheraled60 dbpsofdagaent
of the vector, pOMVpet a gffar NofLn dlgestian (contalns yect ol packbone). The
generated plasmd pCwtp (3,972 IBps) can now be used for the expression of
het er ol ogous HWU&H OPA pr d2éi REP TPdr it 25h genet BPPGR 16f gt ashitel PO
bglu, a bps fyagrent of g t hes D@l U 1(HE MLEIE2) HIENG 2t AOUL rSRQGURNCE for
signal peptide) froma sujtable cDNA bank is arqlgl ified wwth the  fol] ow ng
primers generpaﬁ‘?%"g“%péln: the plaswmid pBRtolC. his was amplified by

10 means of the following primers generating Sall from the
vector pAXé29 (contains tolC gene, region in the vector

corresponds to Gb X54049 pos. 18-195%14):

5'tol: TAACGCCCTATGTCGACTAACGCCAACCTT,

3'tol: AGAGCGATGTCGACTCGAAATTGAAGCGAGA.

15 The 1,701 bps fragment was inversely ligated after
fission with 8alI into the SalIl interface of the vector
pBR322 (Gb J01749), thus the tet gene being intexrrupted.
Due to the known crystal structure of TolC (Koronakis et
al., Nature 405:914-919, 2000) , the insertion of

20 heterologous DNA into the singular Kpnl interface in the
tolcC gene permits the expression of the encoded
heterclogous fusion protein in an extracellular locop on
the outer membrane. For the expression of albumin, the

albumin gene is amplified from the c¢cDNA (Gb A06977) by

25 means of the following primers generating KpnlI:
BE': GGTACCCGAGATGCACACAAGAGTGAGG
3": GGTACCTAAGCCTAAGGCAGCTTGACTTGC.

After KpnI digestion of the 1,770 bps fragment, the

DNA can be inserted into the Kpnl-cut vector pBRtolC.

30 The reverse orientation {(in frame to tolC) results then
in the vector pBRtoll-alb. The gene for the tollC-albumin

fusion 18 ligated now in reversed orientation wvia EcoRV



5': ACTAGICAGGGCGGCGATGCTGTACCCCCAG 30 31: ACTAGICTTGCTCAAGTAAACGGECCTGITTTC.
After Spel-digestion, the 1,899 bps fragment is ligated into the «+; LAY 2006
Spel - di gested vector pCwtp. The 1 8 MA'? 2006 WD 03/068954 - 28 - =~ ™
PCT/ DEQ3/ 004 e asm d pCwt p,hgl u encodes n

fusi on of thép?Pigs{g%;%?g%heptl de with tﬁ@ regi on of th?%ﬁzytﬁéegéwo(?g{o of
bet a- gl ucuroni dase. After determ nation of the correct position, the
plasmd 5 pCwtp bglu (Fig. 4) is transforned into the strain St21-alb-B.
This strain permts now a supply of the DNA to the tunor tissue by neans of
passive targeting, and the expression of the DNA by transfected tunor cells

permts then shcoyeLsi QR rahmeid abl €7 Pregeugsn 10 ceeanpl ©c 8t caBstEHeki on
of a strain enveloped with album n-Tol C fusjion,with nenbrane-bound

expressi on of°% hePextFEEaT B4 *Hdfai n 16F° T8 4REYsUSH SR of PRA2ERZ B -
converting J:ﬁ:]prodrags Bresistiai foshavimddrihes examplriamites theateatures

shown in Exanp 3%2 wgh %emfl C tarﬁgt ﬁg at I(:_]t usrg%rc% wﬁ%'é?eﬁ?reﬁ«ﬁ' ng

fas ligand (fa is p055|ble TS Strain, 0 specl |caIIy att ack
fasL- eXpressisng 20 thtrm)r foeldme ntsuchs ashiem ceémts&int &t edstt o umbres EBleREAr i ng

et al. , Hi stmdﬁggteﬁl Qle-c eBh3: g@&&?%%goo)s; Fasde e £XPLESSHQR:BY

tumor cells was postulated as a potenti al anismfor inmmune escape,
since these c@lq‘“so%%hngel Foi nEcemBeei vely BReackinginf a8t ekptedsiadd

| ynphocytes 2 {Misehienwety @he pladila Medys48: 312-33h MQ}anwwunhhe

strain shown here, these tunor_ cel I s bei n% very
expression of a fas (CD95) 1ya fu51on protein by means

10 of the hlyB component of the E. c¢olli type I secretion
machinery. For this purpose, first the section that
encodes the extracellular region of the fas gene (Gb:
M67454) is amplified with the following primers

generating Nsil:

15 5': ATGCATTATCGTCCAAAAGTGTTAATGC

3': ATGCATTAGATCTGGATCCTTCCTCTTTIGC.

The 477 bps fragment 1is digested with NsiI and
inserted into the NsiI-digested vector pMOhly DD in
frame to the hlyA gene. The obtained wvector pMO DD-fas

20 {Fig. 6) thus produces after transformation inte a
galmonella strain a membrane-bound fas fragment, which
with suitable folding can bind to fasL-expressing cells.
Thus, these salmonellae can be enriched at fasL-ex-

pressing cells, such as tumor cells.

25 For killing the fasL tumor c¢ells, now the plasmid
pCMV bglu (Example 2) is also ¢transfected into the
salmonellae. Thereby, as 1in the above example, after

expression of the beta-glucuronidase by tumor cells, a
prodrug-drug-mediating tumor therapy 1s possible. The
30 better effectiveness of this example compared to the
previous example depends in a decisive way on the
correct folding of the extracellular domain of £fas. In

lieu of fas, fasL-specific fab fragments of monoclonal



problematic for a therapy can specifically be attacked and then elim nated
by an apoptosi s-i ndependent nechanism The carrier strain is based i mat s
exanpl e 30 on a fusion of albumin with the TolC protein of E. coli.

Thereby, a meggr angs pewwls gxpressi on_of zal bumn is actp@y?e@}EJ@ 00470
menbr ane- bound expression of the extracellular domain of tas takes place
via the plasmd 1 9 MAY 2006 WD 03/068954 - 29 - PCT/ DEQ3/ 00470 pMohl yDD,
and for the supply the plasm d pCW-bglu described above is used. The first
step conprises the generation of the carrier strain expressing TolC

al bumn. First the gene for the fusion protein is 5 generated, and then this
gene is integmat todaeeordiingeh t 0 ahhe alxover examel esw&éa siuccesskeeiaghoni ng
in pUCaroA and GP704 |n he sal monel | nQ e . _E
coli, incl udlcﬁg the naFur a}’ pihom) ae“}e T&P %?ggenged Stchel p?l%slrlnggngt'R‘%fC
This was anpléfieellepy 40cweanshef the fotiowi ngfprihkss genbragiueg Sakke from
the vector W@Z@r&@@%ﬂ' '8% tsQ'rQﬁ%‘eleﬁghQQr'l%rtaQ%ce&AA spEPIEGSPEYds to
Gb X54049 pos. 18-1914 3'tol:
AGAGGAT GTCGAGTOGAPRAT T & @CGB(G&. 1S eThen g€ 702 fbp§ U FRGient WRSC i AVEr Sépry
ligated aftersr{48shep.Wth Sall into the Sall interface of the vector
pBR322 (CGb J01749), thus the tet gene being interrupted. Due to the known
crystal structure of Tol C (Koronakis et al., Nature 405:914-919, 2000), the
insertion of 20 heterol ogous DNA into the singular Kpnl interface in the

tol C gene permts the expression of the encoded heterologous fusion protein
in an extracellular loop on the outer nenbrane. For the expression of

al bum n, the



al bumn gene is anplified fromthe cDNA (Gb A06977) by 25 neans of the
followng primers generating Kpnl: 5 : GGITACCCGAGATGCACACAAGAGTGAGG 3':
GGTACCTAAGCCTAAGGCAGCTTGACTTGC. After Kpnl digestion of the 1,770 b@svaf 2006
fragnent, the DNA can be inserted into the Kpnl-cut vector pBRtol C. 30 The
reverse orientation (in frame to tol C)_q,esults then in the vector

pBRt ol C-al b. The gene for the tolCalbumn fusion is ligated now in
reversed orientation via EcoRV 2006 WO 03/068954 - 30 PCT/ DE03/00470 and
PshAl (fragmsn;ém%?o bps) into the Hincll interface of the vector ,
pUCar oA . The ed vector pUCaro-alb- tol (7,596 bps) is now |linearized
with Hndlll, treated wth 51-3'" exonucl ease and then digested with EcoRl.
The 5 4,961 bps fragnment is then inserted into the EcoRlI- EcoRV-di gested

vect or H@ﬁoﬁlcf@r%isﬁ?s in v@{())tsgpne i l:dlo?&llbﬁiﬂg c%n‘ﬁ?ﬁr?é | ng iﬁsga%(or taﬁ] b exbRSsed:

strain St2l-to _ IS use
membr ane- beund 5 RYdMARES s8LeREe Pal éﬁo&e@@@ecw Mﬁn&#b%h?%nf?ﬁr@lﬁf@r’af\re@’orﬁeans 10

of the hlyB conponent of the E. coli type secretion machinery. For this
pur pose, first QYF%O’%‘@H! F‘@Weteﬁ%fﬁss"é’}ﬁ%}@é D'E%E'Uéﬂk'fyroéé@ﬂ I%P@FS’?%@P%"W the fas-
gene (CGb: 7454) lified with the foll ow ng priners ener Nsi | :
15 5': ATGEATT glﬂﬁ@éo deg: for &Aﬁ@&w {{sipeey ﬁ%t%ﬁd@?‘%ﬁ‘?? . The

477 bps fragnendctivationisg@sinee that tan tesdctivaiadlin the sdré@ganisth, @r tHae isNehstitetivgigst ed
vect or pMohly DD in frame to the hlyA gene. The obtai ned vector pMO DD-fas

20 (Pig. 6) t hSt per'oduces after transfor mat ion into a
1ty optionally, a nucieotide sequence that encodes for a cell-specific ligand under the controi
of an activation sequence that can be activated in the microorganism, or is constitutively

active,

V)  anucleoctide sequence for a transport systerﬁ that induces expression of the expressibn :
products of components |} and 11) and optionally 1) on the outer surface of the
- microorganism or that induces secretion of the expression products of component |} and
expression of component 11} and optionally [11) and that is preferably constitutively active,

V) optionally a nucleotide sequence for a protein used for lysis of the microorganism in the
cytosol of mammalian cells and for the intraceliular release of plasmids with at least one or .
- more components 1) and V1) contained in the lysed microorganism, and

VI)  an activation sequence that can be activated in the microorganism, and/or that is tissue
cell-specific, tumor cell-specific, function-specific or not cell-specific, for expressing
component ),

wherein any of components ) to V1) is present either once or several times, and either identical or

different.

2. The microorganism according to claim 1, wherein the microorganism is a virus, a bacterium or a

monocellular parasite.

3. The microorganism according to claim 1 or 2, wherein the virulence of the microorganism is

reduced.

4. The microorganism according to any of claims 1 to 3, wherein the microorganism is a gram-

positive or gram-negative bacterium.



sal nonel l a strain a nmenbrane-bound fas fragnent, which wth suitable
folding can bind to fasL-expressing cells. Thus, these sal nonell ae can be
enriched at faslL-ex- pressing cells, such as tunor cells. 25 For killf Migiltthe
fasL tunor cells, now the plasmid pCW bglu (Exanple 2) is also transfected
into the salnonellae. Thereby, as in_the above exanple, after expression
of the beta-glucuroni dase by tunor cells, a prodrug-drug-nediating tunor
therapy is possible. The 30 better effectiveness of this exanple conpared to
the pr'evious exanpl e depends in a decisive way on the correct folding of
the extracellular domain of fas. In lieu of fas, fasL-specific fab

fragment g Of'v\%:ﬂi&ﬁé‘dr%{h@m écc%rdlld%/ y%p{@m\é@ltgﬁl 9&&%4& m%%roupggﬁéggg% 00470

ant i bodi es correct n bacterla In the
sanme appr oadischerichiasel IS?é'doﬂﬁéiﬁeYeFS?WE entegocaliish eVisHo olleraatlisigriaraentsytogerehi s
t echni que, gﬂpsmggggtructlon of strains wwth nearly any cell specificity 5
IS possible via the use of suitable specific fab fragnents. 1 6 MAY 2006
-32 Cains 1. A mcroorganismin whose genone the foll ow ng conponents are
i nserted and can be expressed: 1) a nucleotide sequence that encodes a
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m cr oor gani §famoRhed; SirfiOPsldraHEANREY or enzymes that originate from a yeast, a mollusk, a
mammal or man for the activation or fission of an inactive pre-stage of a cytostatic substance inte
the cylostatic substance; fusion products from a cell-specific ligand and an enzyme; and inhibitors

of the angiogenesis”.

7. The microorganism-according to claim 6, wherein component 1) encodes at least one protein
selected from the group consisting of "IFN-zalpha, IFN-gamma, IFN-beta, IL-10, 11-12, TNF-alpha,
fas ligand, TNF-related apoptosis inducing ligand {TRAIL), antibodies and antibody fragments
directed against i) a tumor-associated or tumor-specific antigen, ii) an antigen against
lymphocytes, such as against the T cell receptor, the B cell receptor, the receptor for the C40
ligand, the B7.1 or B7.2, the receptor for an interleukin, such as IL-1, -2, -3, 4, -5,-6,-7,-8, -9, -
10, -11, =12, -13, -14, -15 or -16, the receptor for an interferon or the receptor for a chemokine, for
instance for RANTES, MCAF, MIP-alpha, MIP-beta, {L-8, MGSA/Gro, NPA-2 or [P-10, iii} a
tissue-specific antigen, such as against a tissue-specific antigen of the cells of mammary glands,
kidnsys, nevi, prostate, thyroid glands, tunica mucosa gastris, cvaries, cervix, vesica urinaria, an
antiproliferatively active protein, such as the retinoblastoma protein (pRb = p110), or the related
p107 and p130 proteins, or antiproliferatively active mutants of these proteins, the p53 protein
and analogous proteins or antiproliferatively active mutants of these proteins, the p21 (WAF-1)
protein, the p27 protein, the p16 protein, the GAAD45 protein, antiproliferatively active proteins of
the Bcl2 family, such as bad or bak, ¢ytotoxic proteins, such as perforin, granzyme, oncostatin,
an antisense RNA or a ribozyme, specific for an mRNA, which participates in the growth or the
proliferation of a cell, for instance specific for the mRNA that encodes a receptor, for a signal-
transmitting enzyme, for a protein, which participates in the cell cycle, for a transcription factor or
for a transport protein; RANTES (MCP-2), monocyte chemotactic and activating factor (MCAF),
IL-8, macrophage inflammatory protein-1 (MIP-1-alpha, -beta), neutrophil activating protein-2



active, IV) a nucleotide sequence for a transport systemthat induces
expression of the expression products of conponents |) and I1) afg
optionally Il11) on the outer surface of the mcroorganismor tha WH&G@@S
secretion of the expression products of conponent I|) and expression of
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encodes at{VE&H3t one prot ein selected fromthe group consi sting of .
"interferons; interleukins; proapoptotic proteins; antibodies and anti body
fragments, which act inhi bi tingly on or cytotoxi caI ly for an imune cell, a
tunmor cell_or for cells of the tissue, fromwhich the tunor OI’I‘?I nat es;
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9. The microorganism according to any of claims 1 to 8, wherein cbmponent Ill) encodes at least
one ligand specific for a target organism selected from a group consisting of "tumor cells; tumor
endothelium cells; tissue cells, from which originates a tumar,; activated endothelium cells;

macrophages; dendritic cells; and lymphocytes”.

10. The microorganism according to any of claims 1 to 8, wherein component Ill) encodes at least
one ligand specific for a tissue cell type of tissues selected from a group consisting of "thyroid
gland, mammary gland, salivary gland, lymph gland, tunica mucosa gastric, kidney, ovary,

prostate, cervix, vesica urinaria, and nevus”.

11. The microorganism according to any of claims 1 to 10, wherein component V) encodes the
hemalysin transport signal of Escherichia coli (nucleotide sequences containing HiyA, HlyB and .
HiyD under the control of the hly-specific promoter), the hemolysin transport signal of Escherichia
celi (nucleotide sequences containing HIyA, HiyB and HlyD under the control of a not hly-specific
bacterial promoter), the transport signal for the S-layer (Rsa A) protein of Caulobacter crescentus

and/or the transport signat for the TolC protein of Escherichia coli.



of the angiogenesis". 7. The m croorgani smaccording to claim®6, wherein
conponent 1) encodes at | east one protein selected fromthe group
consisting of "IFN-al pha, | FN-gamma, |FN-beta, |L-10, IL-12, TNF glMapadle fas
| i gand, TNF-rel ated apoptosis inducing ligand (TRAIL), antibodies and ,
anti body fragnments directed against [}sa tunor-associated or tunor-specific
antigen, ii) an antigen against |ynphocytes, such as against the T cell
receptor, the B cell receptor, the receptor for the C40 Iligand, the 87.1 or
B7.2, the receptor for an interleukin, such as IL-1, -2, -3, -4, - 5, -6,
-7, -8, -9, - 10, -11, -12, -13, -14, -15 or -16, the receptor for an
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such as the retinoblastoma protein (pRb = pl110), or the related pl07 and
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protein-1 (M P-1-al pha, -beta), neutrophll activating protein-2 1 8 MAY 2006
-34 (NAP-2), IL-1, IL-2, IL-3, IL-4, human | eukenia inhibiting factor (LI F)
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pharmaceutical composition.

17. The use of a microorganism according to any of claims 1 to 13 for the production of a
pharmaceutical composition for the prophylaxis and/or therapy of a disease, which is caused by
an uncontrolled cell division, in particular a tumor disease, for instance a prostate carcinoma, an
ovary carcinoma, a mamma carcinoma, a stomach carcinoma, a kidney tumor, a thyroid gland
tumor, a melanoma, a cervix tumor, a bladder tumor, a salivary gland tumor and/or a tymph gland

tumor, a leukemia, an inflammation, an organ rejection, and/or an autoimmune disease.

18. The use according to claim 17 for the removal of a tumor as well as of the healthy tissue, from

which originates the tumor.



4, thronbospondin-1 or -2, TGF-beta, TNF-al pha, vascul ar endot helial cel
growmh Inhibitor (VEA)". 8. 9. The m croorgani smaccording to any of
claims 1 to 7, wherein conponent Il) encodes at |east one bl ood Iasn%A‘
protein selected froma group consisting of "albumn, transferrin, 6 MAY 2006
hapt ogl obi n, henogl obin, alpha-1 -1ipgorotein, alpha-2-1ipoprotein, beta-1
-lipoprotein and al pha-2- nmacrogl obulin”. The m croorgani smaccording to any
of clainms 1 to 8, wherein conponent 111) encodes at |east one |igand
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cells; tumor _endotheliumcells; tissue cells, fromwhich originates a
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wherein co n 1) encodes at |east one ligand specific for a tissue

ope
cell type©% ’mﬁgéﬂﬂgag@ﬁﬁﬁﬁgﬂlfron1a group consisting of "thyroid gland,
mammary gl and, salivary gland, |ynph gland, tunica nucosa gastric, kidney,
ovary, prostate, cervix, vesica urinaria, and nevus". 11. The m croorgani sm
according to any of clainms 1 to 10, wherein conponent |V) encodes the
henol ysin transport signal of Escherichia coli (nucleotide sequences
containing HHyA, HyB and HIyD under the control of the hly-specific
pronoter), the henolysin transport signal of Escherichia coli (nucleotide
sequences containing HyA HyB and H yD under the control of a not
hly-specific bacterial pronoter), the transport signal for the S-layer (Rsa
A) protein of Caul obacter crescentus and/or the transport signal for the
Tol C protein of Escherichia coll. 1 8 MM 2006 -35 12. The m croorgani sm
according to any of clains 1 to 11, wherein conponent V) encodes a lytic
protein of grampositive bacteria, |lytic proteins of Listeria nonocytogenes,
PLY551 of Listeria nonocytogenes and/or holin of Listeria nonocytogenes.
13. The m croorgani smaccording to any of clains 1 to 12, to which a
substance is bound that has a long blood dwell tinme, in particular at |east
one substance sel ected anong the group consisting of "albumn, transferrin,
pr eal bur ni n, henogl obi n, hapt ogl obi n, al pha-1-1ipoprotein, alpha-2 S
| i poprotein, beta-I-1ipoprotein, alpha-2-macroglobulin, polyethylene glycol:
(PEG, PEG conjugates with natural or synthetic polyners, such as
pol yet hyl ene i m ne, dextran, polygeline,



hydr oxyet hyl starch and m xtures of these substances”, wherein the binding
of the substances takes place by physisorption, chem sorption OF 1 & MAY 2006
covalently. 14. A plasmd or expression vector, conprising conponent's I%
1), I'V) and ) tdpnally one or nore of conpo I . 15.
A net hod forwae@873§%§?ﬁg§ of an orgafdi sm accordi ng tgggﬁiDgf“%4gP%QM% to
13, wherein a plasmd according to claim114 is produced, and a

m croorganismis transformed with this plasmd. 16. The use of a

m croorgani sm according to any of clains 1 to 13 for the production of a
phar maceuti cal conposition. 17. The use of a mcroorgani smaccording to any
of claims | tegehd EPreHeheiqireducti on of a pharnaceutical conposition for

t he prophyl axi s and/or therapy of a disease, which is caused by an
uncontrolled cell division in particular a tunor disease, for instance a
prostate car o, “&H X oVar y €4t ci noma, a manma carci nona, a stonach

carci noma, a kidney tunor, a thyroid gland tunor, a nelanoma, a cervix
tunmor, a blagggrzguag&brawﬁ%kggﬁgy gl and tunor and/or a |ynph gland tunor,
a |l eukem a, an”inflanmmation, an organ rejection, and/or an autoi nmune

di sease. 18. The use according to claim17 for the renoval of a tunor as
wel | as of thejheal tdvs, bissie, from which originates the tumor. 1 8 MAY
2006 -36 19. A nmethod for the production of a pharmaceutical conposition
according to any of clains 16 to 18, wherein an envel oped m croorgani sm
accordi ng toradfy «0f p@h@bNBg1h to 13 is prepared in a physiologically
effective dose with one or nore physiologically tolerated carrier substances
for the oral, IM IV or IP admnistration. 1 8 MAY 2906 WD 03/068954 37
PCT/ DED3/ 004 F0g Legepabagb-sretbigures. 5Fig. 1: vector pMO Dbglu Fig. 2:
vector pGParoalb Fig.3: pGParo-alb-B Fig. 4: pCWitp bglu 10Fi g. 5:

pGParo-al b-tol Fig.6: pMO DD-fas
Fig. 6: pMO DD-fas




