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M croorgani sm for genetic therapeutic treatnment of proliferative diseases.
Field of the invention. 10 The invention relates to a nicroorganisn1mﬁth

or ei gn nucl_eot es, by means of which anti ti v, or
cytotOX|caIhﬁ)a%??ﬁ§?%§§$555|on products can be expfgégé 1f6§éc)§£¥ﬁe use
of such mcroorganisns for the production of pharnaceutlcal 15
conpositions, to a plasmd and a nethod for the production of such a

m croorgani sm and to the uses of such m croorgani snms. Background of the
invention and prior art. 20 virul ence-reduced m croorgan ge-
netically nodified viruses, or virul ence-attenuated bacmmmmwmmmmMMMF
increasing inportance as carriers of foreign nucleic acid sggyghces to
used in the gene therapy. 25 For the gene therapy, the forelgn nucl ei ¢

acids are either inserted in vitro into tissue cells, an S are
adm nistered to the patient, or the WO 03/ 068954 "mlﬁmmmmmﬂ”"

*G00002*
5 Microorganism for genetic therapeutic treatment of
proliferative diseases.
{
Field of the invention.
10 The invention relates to a microorganism with
foreign nucleotide sequences, by means of which

antiproliferatively or cytotoxically acting expression
products can be expressed, and to the use of such
microorganisms for the production of pharmaceutical
15 compositions, to a plasmid and a method for the
production of such a wmicroorganism, 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 sequences 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



- 2 PCT/ DEO3/00470 m croorganisns are injected to the patient, expecting
that the m croorganisns transfer as gene ferries the foreign nucleic acid
into the desired tissue cell. Mcroorganisns are particles. After injection

into 5 an ofganishpstdese particles ane mainly receipied /By d Be o395 63l | ed
reticul oendothelial system In order to achieve against this elimnation

mechani sm neverthel ess an enrichnent of the m croorgani sns used as gene
ferries in atarget tissue, the mcroorganisns are provided with 10
cell-specific ligands. Up to now, in spite of this provision, the
elimnation of the m croorganisns by the reticul oendothelial systemcould
only slightlyidecotgdtceds Alresseniéateciesear eheai profehlie geppetbengpy is
the 15 therapy of proliferative djiseases - such as tunors, | eukem as
chronic infl tltg‘nes, "3 TR BT B eastd™ S ARl 1] e@ihs T8F “tdhs pPEnt ed
organs -, theote¢eabnmentledfc whiich iststthe Hasdfkidcitentsus ncspite of all
successes of the nedicanent therapy. For instance, in 20 spite of all

successes of surgery,.fadhotherapy. Ghe: Mofher apy and alsqdomgine;fherapy
for the treatnment o tunmors, there could not be achieved up to now a

heal i ig of awlvangedironorishotetherhésd eand tshemaeeky tiee<cemd aby heervous

system the JamR{yegl andk:1be1buRgochiRa 125 gas{Eekhtestipal doact, the
liver, the pancreas, the Kki dneg,§ the skin, the ovaries and the Frostate.

The reasons ¥Ot*ths 3FGdr SuctBss & tHE Ut "EREAADY "ar® Wahf F6f85&nd
not yet conpehensi¥ehynkn@in.chelonidieodByAnteasons,.edovevesne bekongesi)
bef ore in a target tissue, the microorganisms are provided with
10 cell-specific 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 inflammations, autoimmune diseases

and rejections of transplanted organs -, the treatment

of which is still insufficient, 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 tumors 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.

To the main reasons, however, belong, i) before
30 (primarily) exlsting resistances of the tumor cells
against the in vivo achievable concentrations of
chemotherapeutic agents, of irradiations or against

immunotherapeutic agents; 11) resistances against the



30 (primarily) existing resistances of the tunor cells against the in vivo
achi evabl e concentrations of chenotherapeutic agents, of irradiations or
agai nst i mmunot herapeutic agents; ii) resistances agai nst the WO 03/ 068954

- 3 PCT/DEO%&906§Q/6§§QQ§ ive therapeugi c_agent genepatedpizh{ 2epAss o

the therapy. These iIn

uced so-called secondary re- sistances are caused by

the genetic variability of the tunor cells permtting themto avoid the
effects of the 5 tunor therapeutic agents by the devel opnent of
mechani snms; 1ii) pharnmacoki netic and/ or pharmacodynam ¢ insufficiencies of
the up to now available tunor therapeutic agents, due to which the
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10 irrespective of whether there are primary tu

{ recidivations or metastases, is absolutely too

eliminate the tumor. To these insufficiencies

tumor therapeutic agents belong, iv) a

too

an
en
re

mors,

small to

of the

high

distribution wvolume; v) the insufficient enrichment at

15 the tumor or at the tumor cells; vi) the insufficient

penetration capability in the tumor; and/or

toxic effect on the total organism, which limits

crease of the dose for an increased enrichment

tumor.

vii)

the

an in-

at the

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

cyto

toxic

25 proteins, or to isotopes, did lead to an enrichment of

the cytotoxic active substances at the tumor,

compared

to the normal tissue, however this enrichment was in the

by far most cases not sufficient for a therapy of the

tumor (survevy: Sedlacek et al., Contributions to

30 Oncology 43:1-145, 1992; Carter, Nature Reviews Cancer

1:118-129, 2001).

As a consequence, amplification systems

designed, by means of which the concentration

have

been

of the



to the normal tissue, however this enrichnment was in the by far nobst cases
not sufficient for a therapy of the tunor (survey:. Sedlacek et al.,
Contributions to 30 Oncol ogy 43:1-145, 1992; Carter, Nature Revi ews Cancer
1:118-129, Z01)3 Assa cppsequence, _anplitication sy§ke£n)s Ve, Beens o

desi gned, by neans of which the concentration of the WO 03/068954 - 4

PCT/ DEO3/ 00470 respective active substance at the tunor could be increased.
An anplification sequence had the aimto introduce such enzynes in the
tunmor, which were not generally 5 accessible or foreign in the renaining
body, and which in turn could convert or split in the tunor a non-toxic
pre-stage ofredpadistati gctitye t Rayaoioxi cat | yeaet i vamoayt asé@idc. bdhe

i ntroduction of the nzyrres into the tunmor was performed either by

adni ni strat i*8if 'of> 1 10 cel | -specific ligands, coupled to these enzymes
(for instance in the form of the antibody derived enzynme- nedi ated prodrug
t her apy; ADEPT) Anorarbyltilﬁécaadmnni seqatnon dfagenes faoimthesel mhzydrseby
means of tlgmqrcil cglyl- InC QBenOT-_u%B‘?C'f&szl}!ﬁCtrQé?e(gr%‘E 1p. derlyed
enzyne- medi at ed prodrug therapy GDEPT) (Sedl acek et al., Contri utlons to
Oncol gy 43 aP-C% lb].1°992r Sl atek, i@r i thTaF cReVPERS i coladdy/ Henakol ogy
37:169- 215, ;200 , MQ@&%%onMM@rR%u@\AB 1GANCERL £ dnd30-a14don 2001 ¢
Carter, Nature Reviews Cancer 1:18-129, 20 2001). The prior clinical

i nvesti gat i &< A T38 ADBPT 2orC Y CTEPTT havé MEGr rﬁ%%eﬂ”ﬂ%ﬁf‘ﬁcé"rlérﬁ thketYpeutic

results, hewsestathsc eSS i dlngyoblensocowldd lbael deAtiyhiead, ihko the
tumor was performed either by administration of tumor

10 cell-specific 1ligands, 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 Dby 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,

1992; 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 enzyme; 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 large
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, 1i.e. the number of tumor cells of a tumor node,



t he i mmunogenicity of a foreign enzyne; ii) the 25 relatively small tunor
| ocalization rate of an anti body- enzyne conjugate (ADEPT); iii) the
technical difficulties to produce fusion proteins froma hunanized

anti body wi tdhoa ohymar genzyne in a suffisciently |argep@ppeity al cacgept abl e
costs; iv) the lacking tunor 30 penetration of the antibody-enzyne

conjugates or the gene vectors; and v) the too small transduction rate in
vivo, i.e. the nunber of tunor cells of a tunor node, WO 03/068954 - 5 -
PCT/ DEO3/ 00470 into which the genes for the enzynme coul d be expressed, was
too small for a tunor-therapeutic effectivity. i Another anplification
systemis baseth onntba t-J;cmadL@ériF]@ﬂ (BBr;irﬂ:Herﬂ"ﬂlrnﬁyrg@a]?thﬂ agal fblslt;r&ugea,
cells, in5 the cour se ich specific antibody-for cells an
cytotoxic cells prolllf‘%?at\gh “For Wﬁ?rnﬁﬁ%fl8ﬁ“5#caﬁf@lﬁ%ﬂhe 7 ¥action,

tunor antigens are admnistered in a suitable preparation. It is the aim
to break the inﬂuneth¢oleﬁﬁmbbi%g@¢DSQntruﬁxannmr tlsi s bawede twol er ahee 10

obviously exisiifgi bR LYmyy, p@fma&swe@l@c&/mn hfalml stance of1he tynor
agalnst the own i mMmune reaction. Wthin the decad es, nuner ous

t echnical \kﬂ?abeﬁéeOPqrﬂ$%ﬁhnﬁpﬁéééﬁﬁn?%ﬁlﬁﬁﬁé éPFWH&ﬂI%ﬁllS and

i nvesti gat ek pyo €ORDENatd DNs Of p b f f £E AL &1, unmrarttﬂéyerisldl&amaxh H uyants,
however w t hout achleV|qg the desired break-through jn the tunmpr therapy.

New appr oache&" *&cH © 3 19 additii st PAE81 °Sf %Bﬁmﬁﬁﬁﬁ%h§tﬁf Frmithogeni c

t unor - speci fd i taab 1 gens ewiatdn iew adf tivaat $heoraof €enbr@nid ith€el hdpnkoaded

with tunnr-gpeﬁégégcgntagglnst éﬁ ZotgggLeotkge ;Sequences thai engode
t unor - speci f ant | gens, have resuited TR firs prom sing cI|n caf

{ 10 obv1ously existing in tumor patients, and/or the

resistance of the tumor against the own immune reaction.

Wicthin 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 administration of combinations 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 c¢linical
results, however up to now there cannot be seen a break-

through in the tumor therapy here, too.

A technigue 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

technique is the Escherichia «c¢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



results, however up to now there cannot be seen a break- through in the
tunor therapy here, too. A technique has been devel oped to express
expression 25 products of nucleic acid sequences introduced into bacteria
on the cell wenbriangesefo 4 hese bacteri agor -.to have their see et ed Jwshhese
bacteria. The basis of this technique is the Escherichia coli henolysin
system hlyAs, which represents the prototype of a type I 30 secretion
system of gram negative bacteria. By nmeans of the hlyAs, secretion vectors
wer e devel oped, which permt an efficient discharge of protein antigens in
Sal nonel | a enterica, Yersinia enterocolitica and Vibrio WD 03/068954 - 6
PCT/ DEO3/ 004D Iodrod @r aencSucle sect 2bn Oneveoldr ond ah nthlee «aDNA of an
arbitrary pr I i | e t he | eot jd sequence for the hlyA
si gnal pept ia?fteb,el '?rofp% hggﬁce’grg%si gnttggceget ira%(rillpglpepéar a ous, ?ylsmé%ge%hl/geand
the hly-spe@sdwene pr bavt éhe Byl nkansJok 1t e teke et fom vdot oremal pedbei n
can be expressad ofok NEpalilacs ofniphsaBackaysim  dhis. genptigatly;.
nmodi fi ed bacteria induce as vaccines a considerably higher 1mune

prot eéti on PHATDERE er BY, THARRhicch tihes pFBE&ES {&pressbarhy a herp heisduced
nucl ei c 10 acidl s€mekps cisitedcel | vhar ky rERarnes s et hak. bR LO1BP23Th s

Gent schev et aI.,,GEPi 179:%33:140, 1996; Vaccine 19:2621-2618, 2001; Hess
et al., PNASSF9UBR 1463M°%1ddA)° TR dr atback™8F °Ehi € Smet T + RS Rowlver
that by usiogwpdide hdyigpedidher ptonoher pirloe carmiot ohabhhe akh: f D4 €1 Ain

expressed on, [ outer surtace of.Lhesbagterd um i s; gxLrguely spall.; A
Into

techni que for the introduction o asm
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 technique for the introduction of plasmid DNA into

mammalian cells by carrier bacteria such as Salmonella

and Listeria monocytogenes 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 1in the «cytosol of the

antigen-presenting cell - 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 proteins (Dietrich

et al., Nat. Biotechnol. 16:181-185, 1998 ; Vaccine
19:2506-2512, 2001).



manmal i an cells by carrier bacteria such as Sal nonella and Listeria
nonocyt ogenes has been devel oped. Genes 20 contained in these plasm ds
coul d be expressed in the mammalian cells, even when they were under the
control of ya eykarygpptdLy promoter. _Plasnids were inproduged 4 phe 4 fhsteria
nonocyt ogenes germs, said plasm ds containing a nucleotide sequence for an
arbitrary antigen under the 25 control of an arbitrary eukaryontic
pronoter. By introduction of the nucleotide sequences for a specific

|l ysis gene, it was achieved that the Listeria .nonocytogenes gerns dissolve
in the cytosol of the antigen-presenting cell and release their plasmds,
3? whi gh tgeg |Qf&d:$1_ltéhcﬁé<p£6|5§hﬁia,teﬂ!’ oe@ssiaﬁgsaﬂdfprﬁs@m&at;o_rh@ét%hﬁg

pl asm d-coded proteins. and clearly_ increases t [ nogenicity of these

D otel ne. (DigtRRie T et AP LY S ve Hpgedertiors Ta8 a1 TIHR . Y1868 " Vactt FE

19: 2506- 2512,2x2C0019s WO 03/s068954 moroPEFoRENZ/0D04701Wpnelércesat ¢ ehuat ed
variants of hacteria; 8ettLinng, & ntraee! Ll arbyshave been, dewsl onady For

i nstance such variants of Listeria nonocytogenes, Sal nonella enterica sv.
t yphi ruri umwanid t y§Ril eafd sBEG Werve al readyngsed agasngel | EvPErEt ed2Pflve
vacci nes agaiyid, dyphyiss andy ddibep gul 05 g iHhesa bagt endd ned udi ngetheir
attenuated nutants are generally immune stinulating and can trigger a
fair cellul &53Mihe® FesPpBRSE2IRGT H"HEtHHhce® 1™ L AbABEy Paderfds st haiFafes to
a special degreeavia the1lQaAactivahiee OfeEdbmal | s the prielddatad i on. of
cytotoxic | hocytes. These, bacteria supply secerned antigens, directly
into the cyf%ggTq% o%ﬁ?Faeﬁéﬁ?%ggﬁfFﬁg TRl 1% sfﬁﬁéfﬂhagfgﬁﬁageglgndghe
dendriPti c celdts)vamexhoifn Tt ncells the proliferation of cytotoxic

{ lymphocytes. These bacteria supply secerned antigens
directly into the cytosol of antigen-presenting cells
(APC; macrophages and dendritic cells), which in turn

express the costimulating molecules and trigger an

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

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

30 Mata and Paterson, J. Immunol. 163:1449-14456, 1999) 1is
induced, for which an antitumoral effectivity was
detected. For instance, by the administration of L.

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

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



express the costinmulating nolecules and trigger an 15 efficient stinulation
of T cells. The listeriae were in part degraded in phagosonal

conpartnments, and the antigens produced by these carrier bacteria can
therefore 09K5h§3qq95ggqg4be presentedgvia MHC cl asspldt s pRlespbes, agd thus
| ead to the induction of T helper 20 cells. on the other hand, the

listeriae replicate after release fromthe phagosone in the cytosol of
APCs; antigens produced and secerned by these bacteria are therefore
preferably presented via the MHC class | pathway, thereby CTL responses
agai nst these antigens 25 being induced. Furthernore, it could be shown
thialt b;(/ K;h@:ai;nt emMaat. i ﬁml af7 at- heml,: stierdsae wiatﬁﬁfcemacmmagessa sad usasokiller
cells (NK) and neutrophilic granul o ytes, _lthe expressi ch cyt oki nes
( TNF- al pha, PPNV garﬁﬁfp 29 rL- fici i cerdﬁ;?g % % mwsuné(;1 "?3%(%5 43,
1997; 30 MaBaaand Pater San:,er]soxh mmolrmri639144916154456921999)8 i s20¢mduced,
for which agqntid nw@rﬂtsmggydv' 5Y1¥BR.1 dgt eched, Ear Lps anee. Pytghe
adni ni stration of nmonocyt ogenes, wer e transduced

expression W@ﬂCﬁUnﬁPCéﬁpﬂgéhs SFM@%%%W&htéﬁtexbéﬁPﬁént%?m?ﬁnnﬁ%tB%eéﬁuld
anti gen- spegiafieCalple)s ibe sinthi i deda (Padbv €tid alcau D 034 068964 - Hatigen-

PCT/ DEO3/ 00470 Nat. Med, 1:471-477, 1995; Cancer Res. _ 59:5264- 5269 1999;
Voest et al SXPN&ISIRRNRAFEPASA L 872 5812686 2 IfGs: O T Bhatt Hhif Pal ki 8Bn, J.
| munol . 16%: 55025508 2000)ectVohul ggeenatt enudtred «Sad nenald aieatiesl ca
strains, into 5 mhlch cleotlde Sgequences that ncode 1 umoy have
been i nt r odi¢&S T coulé“%ause Ss tdhor gﬁ |geg{31 egpre55|ngng§%?2%%gfp§’
carrilers af r@rooor alzcadie ni sixdt i ©Onriatspedifi Emprordct i drf saged ©1&t3 €50 f er ent

experinental, o1, xiang et al., PNAS 97:5492-5497, 2000). Recombi-
nant Salmonella strains were also effective as
prophylactic vaccines against <virus infections (HPV)

(Benyacoub et al., Infect. Immun. 67:3674-3679, 1999)

15 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 tumor tissues (Murray et al.,
20 J. Bacteriol. 183:5554-5564, 2001) . Into these
Salmonella strains as well as 1nto Escherichia coli
strains, nucleotide sequences that encode selected
enzymes were Iintroduced, and these bacterial carriers
were successfully used for GEDPT in vitro as well as in
25 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
30 newly formed vessels, soluble as well as particulate
substances c¢an be enriched, provided they have a 1low

distribution volume and thus a relatively 1long blood
half-life. This enrichment (also designated ©passive

targeting) can be used for therapeutic methods



tunors (Medina et al., Eur. J. Inmmunol. 30:768-777, 10 2000; Zoller and
Christ, J. Imunol. 166: 3440-3450, 2001; Xiang et al., PNAS 97:5492-5497,
2000). Reconbi - nant Salnmonella strains were also effective as

prophyl acti gyageinegsagai nst virus_ingections (HPV)pcBepuacrpB et 4l - -
Infect. Immun. 67:3674-3679, 1999) 15 and for the therapeutic treatnent of

a nouse tunor immortalized by a tunor virus (HPV) (Revaz et al., Virology
279: 354- 360, 2001). For the system c tunor therapy, Sal nonella strains
were sel ected, which settle on specifically selected tunor tissues (Mirray
et al., 20 J. Bacteriol. 183:5554-5564, 2001). Into these Sal nonella
strains as weleldlas-dnt o E@ﬂ&ﬂd&hiamaﬁﬂew§trahns,oﬂueheggV@&ﬁﬁxﬁmﬁgﬁs

t hat encode ,sel ect en were introduced, and these bacterial carriers
wer e succesgﬁdﬁﬁ%'ﬁggﬁ'f%?gEEDPT invitro as well as in 25 vivo in
experinmental tunor systens (Pawel ek et al., Can- cer Res. 57:4537-4544,
1997). Inflanmation tissues and in particular tunor tissues are
characterized by an i ncreased angi ogenesis in nost cases chaotically

proceedi ng iR g dANMDE L & Bt BeS€h30 sRew W fpr med vessel's, soluble as well
as particul ate substances can be enriched, provided they have a | ow

distribution volume and thus a relatively long blood half-life. This
enric%nent (al sddesi gt WP pasEi 9& “0&r FSIFTNE chhv BREGSAEd EPorP i et dpeut i c
met hods WO @3/ §689%d ceud i RAT/ REGY 09700 f Sediracek, Haxdtiaal ievd&nsedn
Oncol ogy/ Heat.ql Qqy, . 37: 169-215, 2001). Technical ogggctpgglE@e i nvention.

. £.
51t is the object of the present |nvention to provi erativ

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: I) a nucleotide sequence that encodes a
directly or indirectly, antiproliferatively or
cytotoxically active expression product or a plurality
cf said expression products; II) a nucleotide sequence
that encodes or 1s constitutively active for a blood

20 plasma protein wunder the control of an activation
sequence that can be activated in the microorganism;
III) opticnally, a nucleotide sequence that encodes or
is constitutively active for a cell-specific ligand
under the control of an activation sequence ﬁhat can be

25 activated in the microorganism; IVv) a nucleotide
sequence 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 III) and that is



a pharmaceutical conposition, which has an increased effectiveness in the
treatnment of proliferative diseases, in particular in the tunor therapy.
10 Basic concept of the invention and findings the invention is based on.
For achi evi ngot hes aAbewes §achni cal ohj egly, the invent iEQ@T;/@%cdpgg @Na 7 0
envel oped m croorgani sm in whose genone the follow ng conponents are
inserted and can be 15 expressed: |) a nucleotide sequence that encodes a
directly or indirectly, antiproliferatively or cytotoxically active
expression product or a plurality of said expression products; I1) a

nucl eoti de sequence that encodes or is constitutively active for a bl ood
20 pl asma protef eirander tdensontueliveflyan aetivati onv) segwanchdhay can be
activated i nn&pfecr;rj:%gors%anui sm. H)Ir) optri otna.l I Yo o84N cleatide se uence
that encodes ' oF °7s constitut] Vel YOAchi v& For-h BEFF- $Pdci¥i T Fi §and P cunder
t he control wfcamcagtipvam odm segeenceotlrdt clanmben iact iosdiled andtHer

m Cr 00T gani S{R. | Vi 2a0UGhe0l de, . $eQUENce F0f, AnlRANSAQH! Systeminal,

i nduces expression of the expression products of components [) and | Ie) and
optionral Iy 197) ™"8F & heoBaPr&r sif f d¢e DFEt &) nFerbergani shiort tshat viseduces
secretion ofmidecSPgexREASSI HNa praducd s ak caepanant skluand exph £8si-qn of
conponent 11) and optionally conponent |I11) and that is W 03/068954 - 10
PCT/ DE0O3/ 00 pt ef g?’éﬁﬁ‘? canst in;Tp}tﬁi VBt §TaBFPRE S otTHNAT | yERat  is

nucl eoti de seguencesperid ipr,ot eifousett fOrspysisiof thencti €1 00pganicsm in

the cytosol of mammalian. ggl Lscand for tepcerierétsr.acgel Icu!nar re%Iteage of N
plasmds with a east one or "nore corrpoﬁ)ents Jf) and J\O/f))rl &Snt Al ned™"n the
| ysediO of components I) to VI) being able to be present either

{ single or several times, and either identical or

different.

For the purpose of the invention, preferably
enveloped microorganisms as carriers for gene
15 information and the use of said enveloped microorganisms

for the prophylaxis and therapy of a proliferative
disease are described. The invention is based on the

following experiences and technical developments.

Subject matter of the invention are therefore
20 preferably enveloped microorganisms as carriers for
nucleotide sequences for the treatment of proliferative

diseases, the following components having been inserted

into the microorganisms: I) at least one nucleotide
sequence that encodes at least one directly or
25 indirectly, antiproliferatively or cytotoxically active

expression product; II) at least one nucleotide sequence
that encodes at least one blood plasma protein under the
control of at least one activation sequence that can be
activated in the microorganism; III) optionally, at
30 least one nucleotide sequence that encodes at least one
cell-specific ligand under the control of at 1least one
activation sequence that can Dbe activated in the

microorganism; IV) at least one nucleotide sequence for



m croorgani sm and VI) an activation sequence that can be activated in the
m croorgani sm and/or that is tissue-specific, tunor cell-specific,
function-specific or not cell-specific, for expressing conmponent |), any
10 of compo t bei ng abl.e @ be present ei f i ngl

several ti rrerbg@ gnﬂd) g}é?s%’?hi dentical or lqdi fferent. Forpt('?ﬁéD&ﬁc? ggé’? %? ot he

i nvention, preferably envel oped m croorganisns as carriers for gene 15
information and the use of said envel oped m croorganisnms for the

prophyl axis and therapy of a proliferative disease are described. The
invention is based on the follow ng experiences and technical

devel opnent sat Subject onbt efrnisgdec i pyetdwncane tdek €f 0L s 20, s etarabl y
envel oped m croorgani snms as carriers for nucl eoti de sequences for the

tr eat ment ofe’iﬁ%???é?ﬁti e “BF sE3EFS S THR® 1 BEIPOWSTS c%ﬁp&rﬁ’é’m%ﬂ%‘iﬁ ng’been
inserted immdtheIm crootgarmisns: bh attHeasbuere nuctedhtde SsEquenee
that encodes, &l, d eagLa00R Ud BEELY QL 23 iy ectly, gatiorgl | fepatiyaly or
cytotoxically activ expressi on proauct; 1) at T €8St “One rucl eoti §é
sequedce tHatllenchlespat cingdsty cite bt ot phasmucpesttdide tirkerethe feantrol
of at |east pne agtivahion Sequencesddatocanybes At iat et i th8aniam

m croorganism I11) optionally, at 30 | east one_nucl eotide sequence that
encodes at |'dastthe cxe?feSpett fit2rTyhhd undert 1fhe286nt £8F of &t [&ast
one activatifdcsequenee ddiada €anolie @cd 4 wak €d cioh taith e dli €ROAIANL $BE 4l V)

at | east one nucl eotide sequence_ for WO .03/068954 - 11 - PCT/ DEO3/ 00470 at
| east one transpdrt?eysf8m tHat Whked “pd<Séii et e ® X pPds'sibn® oA ERES
expredsi on prroductsnofbecoaponentsdl )in antel micarbdddnion bhe out eeasurface
qof the

one tissue-specific, tumor cell-specific or not cell-
specific activation sequence, for expressing component
I).

15 Preferred embodiments of the invention.

Component 1I).

Component I) is at least one nucleotide sequence
that encodes at least one directly or indirectly,
antiproliferatively or cytotoxically active expression

20 product. Directly, antiproliferatively active expression
products in the meaning of the invention are for
instance interferons, such as IFN-alpha, IFN-gamma, IFN-
beta, interleukins, 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 cell, 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 as against the T cell receptor, the B



m croorgani smor the secretion of component I), II) and 5 111); V)
optionally at |east one nucleotide sequence for at |east one protein used
for lysis of the mcroorganism in the cytosol of nmanmalian cells and for
the in- tragghl gbgrog@lge@@e of plasmi dgycontained in ther h¥seth /00470
m croorgani sm and VI) at |east one activation sequence 10 that' can z)e
activated in the mcroorganismor at |east one tissue-specific, tunor
cell-specific or not cell- specific activation sequence, for expressing
component 1) . 15 Preferred enbodi nents of the invention. Conponent 1).
Conmponent 1) is at |east one nucleotide sequence that encodes at |east one
directly or dendi nestéytorantipr dlddaredt veby ©OheCyhot Qxigeald y @cdive. 1
expression 20 pg_pdyct D| rectel angsl Qrol i feratl veI% active LEXpr i i on
products in the meahi ig of The [ Avent T o “ard standé St
such as | FN-&l.phda3 . IFNrgaﬁrra 6l,FN-7 bet&, 19t efleukl ng, whixch 111311 bt 14l mune
cells or tumar ls,, Suc I r 0apoy tides 25
pr ot ei ns, sggﬁ agbeLJTNF laslsph[';lufaes J-Eié%pan%jl_ T rgt eg’w%{bg?)?ggl sg?ndu{él ng
| i ganél (TRAIrIE‘)CePa'mli bber e Ghem@grﬁent%mbflmwbeau €S r BHINIEACIMCAF,
i nhi bitingl wan Orph&yt aiexigakhy feor-an ivedngcesl |, yaatymog cel}_ o a
cell of the tissue, from whi ch the tunor originates, such as 30 anti bodies
directed agdinst i3 a°tuiBF- 89S Hied ?ﬂtl?%‘f‘mréﬁéél fid¢ at9yehstii} an
anti gen agaitristsud yaphocytes arﬂ:iJl(‘d’br&SoﬂgalhBStcet]hEs To eehlammaGgptHrand e B WO
03/068954 - /12, PCT/ DEQ3/ 00470 cel L receﬁ% or s éhe rec s‘pt or for the C40
ligand, the BFTY%r B7 3, the°ree&ptor 1oroah iTmdrt euki R SGch™ 38 T - 1,

10

gastris, ovaries, cervix, vesica urinaria, an
‘ antiproliferatively active protein, such as the
retinoblastoma protein (pRb = p110), or the related p107

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 Bcl2 family, such as bad or bak,

cytotoxic proteins, such as perforin, granzyme,
20 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
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 chemokines like RANTES (MCP-2) ,
monocyte chemotactic and activating factor (MCAF), IL-8,
30 macrophage inflammatory protein-1 (MIP-l-alpha, -beta),
neutrophil activating protein-2 (NAP-2), interleukins,
such as IL-1, IL-2, IL-3, IL-4, IL-5, human leukemia
inhibiting factor (LIF), IL-6, IL-7, IL-9, IL-11, IL-13,
IL-14, IL-15, IL-16, cytokines, such as GM-CSF, G-CSF,

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



-2, -3, -4, -5, -6, -7, -8, -9, -10, -11, -12, -13, -14, -15 or -16, the
receptor for an interferon or the 5 receptor for a chenokine, for instance
for RANTES, MCAF, M P-alpha, MP-beta, I1L-8 MSSA Go, NPA-2 or |IP-10,
iii) a tissygy sgggld‘éggaﬂfi gen, such ag;against a t|§§3t¢e §E%c§jbg4a7né| gen
of the cells of mammary gl ands, ki dneys nevi, prostate, yroi d gl ands,
tuni ca nmucosa 10 gastris, ovaries, cervix, vesica urinaria, an
antiproliferatively active protein, such as the retinoblastom protein
(pRb = p110), or the related pl07 and pl30 proteins, or
antiproliferatively active mutants of these proteins, the p53 protein and
anal ogous 15cprietei Nsr&F s aALEpr @d f eg at Ey@b)to&(itci Ves iblg aahaeof itthese a
proteins, the p21 (WAF-1) proteln the p27 roteln tg rotei n, the
GAAD45 pr ot &YﬁOté’ﬁ‘t’]cpr ofPPE TRl y &S v Brzé’t"‘& ns Fltnﬁ’e B ’12 fE Ty,
such as badderreliale ta oyt ota)xwo:apfrs)termse su&h rasdip@:ci@m Ne r granzyyese 20
oncostatin, tisen a ecifi TRNA, ich
parti ci pat egagﬁ%[lhessgr%\%trh oru%'[ e éhpgfgg‘eara?%on Ofgjé. ce Iogql‘d ns}tl\é;nce
specific fopatletamRNGR that Ercoes a’&lécaeqm:or 2 lfcgrh ogl sﬁgrlﬂalirtqmamﬂl ng

enzyme, for ;3 -RQleSidkiddieh RabkiiGlaRat esidsdde, €8k i 38 gl f Pt S
transcription factor or for a transport rotein. Indirectly,

proliferati ¢8I et iRAP pt OF BFns CHF€ S 16t d5Rstheeei nBGerCY T idtut et -
inflammati oas sand igARHEd i feackiflas.e , Suah @ss £henvkiaes | lpkl%swtli&e,
(MCP-2), ﬁ?‘ )a/l e cherm actic and actlvatl n% fact or ( MCAF),

macr ophage PAfIaret or yPPPEPERATAE (M P- 12 ARFRa, - HBtE)"e ned‘turc e}ﬁsll ©
acti \I@.tl ng photseibo-2 (NP 2§ 1 uknter loaildasss Bmho_aSrbk-lld,asleL 2ZLaddat3e
I,L-4, Ieu K bidi or | +6, lL-7.. -9,
I[L-ll IL 1§qu% 14, lﬁ’%rLH %5 ‘{I]ll}l’ 16‘; 2‘3%0 |5tnes (p;euc% isfb%r C%F,amé%f,g’

1lsozyme, B - lactamase, amlnopeptldase, 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
sequences that encode one or more identical or
different, directly or indirectly, proliferatively or

30 cytotoxically active proteins. Preferred are
combinations of proteins, which have an 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 c¢cytotoxic and/or



35 M CSF, enzynes for the activation or fission of the in WO 03/068954 - 13
- PCT/ DEO3/ 00470 active pre-stage of a cytotoxic substance into a
cytotoxi ¢ substance, said enzynes being an oxi- doreductase, a transferase,

a hydrol ase ;g3 @l3{{)é@§%.95§xarrpl es for sych enzynes ar gcpﬁgfg#%tgpgl)?%ggge 35

gal act osi dase, ¢ ose oxi dase, al cohol "dehydrogenase oper

ur oki nase, tissue plasm nogen-activator carboxy peptidase, cytosine
deam nase, deoxycytidine ki- nase, thym dine kinase, |lipase, acidic
phosphat ase, al kal i ne phosphat ase, ki nase, purine nucleoside 10
phosphoryl ase, gl ucose oxi dase, | actoperoxidase, |actate oxidase,

penicillin Y- ¥agasest peni girbleien nG am fdasLangl b§02¥ B R @tABSe, ang

am nopept i dase, carboxyﬁe Eidase A, B or &, nitroreductase, cytochrone
P450 oxi das&Y "AR=C%oT di hytt BF t BT PARERECEMH t h@ F@TAME® cant Bt g Ahfe PFfom a
15 virus, aibaatsainaniofsyeast, anBPhlkdSkporanci,Bse6ki®y, a pdBHEBtotic
Preferably such(gn;ynes are used, .which ori?inate from man. Furthernore,

such nucl ei €°8did TohSEFEEPIArs 5t 6t t%tFTh the neaning of the

i nvention, which encode a fusion product of a cell 20 specific ligand with
an enzyne, and/or proteins, which inhibit angiogenesis, for instance

pl asm nogen activator inhibitor-1 (PAI-1), PAI-2 or PAI-3, angiostatin or
endost ati n, ciortgyd&es®©nr al pha, -beta or -gamma, interleukin 12, platelet
factor 4, thronmbospondin-1 or 25 2, TGF-beta, TNF-al pha, vascul ar

endot hel i al celb %%SMﬁh inhibitor (VEG). In the neaning of the invention,
the conponent O°TR{FFEPrésént Sont BFCAEPE 1G] 0T BRC e s EGFén e 2 hat
encode one er nbsestdemte cal coa pdiafsfrer et o t €i i e@inlde ror t hadicoeaidd), of

proliferatively,or ;30 5ot QdLallye aghive protelns. Preferied are .
10 microorganism. Preferred are human blood plasma
proteins, namely those, which have an average dwell time

in the blood of more than 24 hours. To these belong in
particular for instance albumin (nucleotide 1-2258;
Hinchliffe et al., EP 0248637-A, 9/12/1987), 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), haptoglobin (nucleotide 1-

1412; Raugei et al., Nucleic Acids Res. 11:58B11-5819,

20 1983; ‘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), hemoglobin beta {nucleotide 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,

1977), alpha2-macroglobulin {(nucleotide 1-4599; WO
9103557 A, 21/3/1991). Thereto belong, however, other

blood plasma proteins, too, such as alpha-1-lipoprotein,

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

consequence that the microcorganism 1is received after



conmbi nati ons of proteins, which have an additive or synergistic effect.
Additive or synergistic effects can for instance be expected for the

foll owi ng conbi nations of differently active proteins: cytotoxic proteins
and 35 proapapt @t3i7/co g £hns, enzymes agd cytotoxic ap@i©fp¥3 P3oR68984 -
14 - PCT/ DEO3/ 00470 proapoptotic proteins, antiangiogenetic proteins and
cytot oxi c and/ or proapoptotic proteins, inductors of inflammtions and
enzymes or cytotoxic, proapoptotic and/or antiangiogenetic proteins. 5
Conmponent 11). Conponent I1) is a nucleotide sequence that encodes at

| east one bl ood plasma protein under the control of an activation sequence
t hat can be sacttdatat €datifithe c2G v f oor ganigsat £¥ ef e¢r ad care iwiyma:bbaod
pl asma prot.eins, nang t hose, ich have an average dwell time in _the
bl ood of rmrlentt%atnhe%blh%ﬁfls.clfgut%haetsleorbeﬁ%sntge?‘n' 53r i c"ar" féo?gfﬁgtgﬁce
al bum n (nueoheatd det ds 2258;celHnchkhhfe wtn abt ayER ORABE3Yn AL 1 181 4887)
transferrin ( | .eot | ; 46; . Loch i ophys ,
Cormun. 119:%’\;53-%,@%9%%?1%% S‘tn aﬁﬂ. E[, %IN%\% u‘éiglsg%: %%2%‘?5%? i@§§§?

cer ul &pl asnivit S(Barandl @t ckon 1 cCHmdnpsuhat D8260- 66, 1987), hapt ogl obin
(nucl eotide 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 %I., PNASE UﬁA 71:2300- 2304, 1974; Chang et al., PNAS-USA

74: 5145-514G5°"PIFFA" hdfbgl obi n beta (nucl eotide 1-626; Marotta et 25 al .,
Prog. Nucleic Acid Res. Mol. Biol. 19:165-175, 1976; Marotta et al., J.
Biol. Chem 252:%0CrbH84,6 III) is a nucleotide sequence that encodes

i a cell-specific ligand under the control of an
10 activation sequence that can be activated in the
microorganism. The specificity of this ligand depends on

the kind of the proliferative disease, for which the
microorganism 1s 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, in tumor diseases, ligands
with specificity for tumor cells are used, 1.e. for

tumor-associated or tumor-specific antigens or tumor
endothelium cells or for tissue cells, from which the
20 respective 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 or 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



1977), al pha2-macrogl obulin (nucleotide 1-4599; WO 9103557 A, 21/3/1991).
Theret o bel ong, however, other blood plasma proteins, too, such as

al pha-1-1ipoprotein, 30 al pha-2-1ipoprotein, beta-|-Iipoprotein. The
expression @b af3leasigane of these pligsma proteins by, &D%E@Egroodaig%m sm
according to the invention has as a consequence that t e'mcroorganismis
received after WO 03/068954 - 15 - PCT/DEO3/00470 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 blood
and can be enriched in the tunor vessel systemor in the 5 vessels of a
chronic infleawpsbbageConponendrLEL). Gempanentr! | b niphod yiucd eopide
seqguence that encoge? adcell-spe0|f|§ | i gand under the control of an 10
activation sequence th&fCat Yt HetF¥ht8d in the nicroorganism 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. for tunDr-aSSOC|ated or tunor-specific antigens or tunor
endotﬁellun1%%W?%n6P f &M 't'i ssue cells, fromwhich the 20 respective tunor
originates, for instance for cells of the thyroid gland, the prostate, the
ovary, the ﬁammﬂquohEEtkhﬂmeyistEEnmuMdﬁiﬂﬂmosaqga&h@5%h£$6eHBMHesthe
cervix, the veglgg urlnar f or ons

aut oi mune di seasestan iyexfloncgrog25mtwgh§bl5%?e8‘8f§ﬁﬁf t|%5na§e

either with %@@@¢$§eppypﬁ@ﬁucts of components I), II) and/or III) on

the outer surface of the microorganism. The respective

10 component can as an option either Dbe 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 sequence containing hlyAa, hlyB and hlyD
under the control of the hly-specific promoter,
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. coli
(nucleotide sequences containing hlyA, hlyB and hlyD
under the <control of a not hly-specific bacterial
25 promoter); the transport signal for the S-layer protein
(Rsa A) of Caulobacter crescentus; for the secretion and
for the membrane-bound expression, the C-terminal Rsah
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 Microbiology 10:39-45,



macr ophages, dendritic cells, T Ilynphocytes or for activated endothelium
cells. Such ligands are for instance specific antibodies or
antigen-binding fragnents of these antibodies, growh factors, inter 30

| euki ns, cytpki nes, el £685l; adhesi on _nolecules sel ect ip/@erD@@gi/QgO%got unor
cells, to leukema cells, to tunor endotheliumcells, to tissue cells, to
WO 03/068954 - 16 - PCT/ DEO3/ 00470 macrophages, dendritic cells, T

| ynphocytes or to activated endotheliumcells. 5 Conponent |V). Conponent
V) is a nucl eotide sequence that encodes a transport system which
permts the expression of the expression products of conponents ), I1)
and/or 111) Dno2t he outoer stitié aceeaib rahee 18 Qr0Dr garpbs@s siha f espreti we 10
conmponent capepgigglogg:ia%%pe()ir'tthesri br?a ecreted or expressed on the nmenbrane
of the m croorganism i.e. menbr ane: bound. Conmponents I1) and I11) are
preferably expressed nenbrane-bound. Such transport systens are for

i nstance the henolysin transport signal of E. coli 15 (nucl eotide sequence
contai ning hlyA, hlyB and hlyD under the control of the hly-specific
pronoter, Gentssheycetyal., Gene 179:133-140, 1996). The foll ow ng
transport signals can be used: for the secretion, the C termnal hlyA
transport signal, in presence of hlyB and 20 hlyD proteins; for the

menbr dne- bound €xXPIRIEFBA, the'l- & eFNfhaPEARYA 1T ANEPOFt HidfnaPrcpAes
presence of 4thelbhyB opreoteitict herhenalysidt 4 r anspent i ghapr 0 sEa Gal |
nucl eoti de seque s. containi ng_ hl yA,_ _hl.yB and hlyD under the control of
gi not hly- sptzré? fi gglgé)cstoglri aIOrEZS r o¥rf§tménra)l;lat%e f?ééspo??gsi graic ¥ or “t'ffe

S-1 ayer protweiqro¢RganApmof £ Caultobactrerl egrsescefit ushef arlddrei decrist i oheand

{ cytosol of the host cell. Such lytic proteins
10 (endolysins) are for instance Listeria-specific 1lysis
proteins, such as PLYS551 (Loessner et al., Mol.
Microbiol. 16:1231-41, 1995), the Listeria-specific

holin under the <control of a listerial promoter. A

preferred embodiment of this invention is the

15 combination of different components V), for instance the

combination 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 vVI) is one of
activations sequences that can be activated in the
bacterium and that 1s known to the man skilled in the

25 art. Such activation sequences 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 tetA gene
(Busby and Ebright, Cell 79:743-746, 1994), promoters
30 that can be induced, preferably promoters that become

active after reception in the cell. To the latter



for the nmenbrane-bound expression, the Ctermnal RsaA transport signal
(Unel o- Ny aka et al., Vaccine 19:1406- 1415, 2001); the transport signal for
the TolC protein 30 of Escherichia coli (the Tol C protein was described by

Trends | M3 oBPd] D6y 101 39. 45, D 031068954 - 17 PCRTEDTO0R70 FbY))

for the nenbrane- bound expression, the N termnal transport signal.
Conmponent V). 5 Conponent V) is a nucl eotide sequence that encodes at

| east one lytic for a protein, which is expressed in the cytosol of a
manmal i an cell and |yses the mcroorganismfor the release of the plasmds

in the cytosolodfsthrehQsteCellonsbED ¥ IL, nwsseggoggn(eesndpw&pﬂhare
for instance Listeria-specific lysis proteins, such as PLY551 (Loessner et

al ., Mol. Mirobiol Nafg: 1832E8§009d95)16 t hal 1t &Fer ik SPlecPfi ¢ PhoPRACunder
t he control pfontotd St &5 alL pr ety t Aye ps €f ergath enpodi i@t £ of thasn .

i nvention |s t he nbi nati on of different conponents V), for instance
the conbinati 27n % gg)? Vi szoporltr}t ei Flrﬁnffﬁrﬁghc?l 5. *ChipanERt AT BBfbonent
VI') répresentisi @n apffitterrar ye aetbeatof tBe setpentés whi chheordaotsrthe
Expressl o Wy Sorponeqt ok, £Ql e SXNIRESLop o cQmmonal, ) o0, bgaout ef
surface of the m croorgani s onent 2°6ne 0 activat i ons
sequences thHat thhAsbecskcti vabed imsthrcebadther i GMVarmhitdmters KridwnCHE t he

man skilled gahddiee 25 ante SWGH agtbMatieen §§%¢ﬂce%t@reer f 9t olRsteance

constltutlvely active pronoter regions, such as the
erthancer sequence known to the man skilled in the art

10 can be wused. Preferred are further cell-specific or
{ function-specific activator sequences. The selection of
the cell-specific or function-specific activator

sequence depends on the cell or the tissue, wherein the
bacterial carrier or the plasmids released <£from the
15 bacterial carrier are to express component I). Such
activator sequences are for instance tumor cell-
associated activator sequences (thereto belong activator
sequences of the genes for midkine, GRP, TCF-4, MUC-1,
TERT, MYC-MAX, surfactant protein, alpha-fetoprotein,
20 CEA, 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-R2, and
30 VEGF-R3, TIE-2, PDECGF receptors, B61l, endothelin-1,

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

a5 belong proteins expressed in cells of the breast tissue



pronoter region with ribosomal binding site (RBS) of the beta-lactanase
gene of E. coli or of the tetA gene (Busby and Ebright, Cell 79:743-746,
1994), pronoters 30 that can be induced, preferably pronoters that becone
active afterggegap the cell. _To the_latter WO

PCT/ DEO3/ 0047% gg@%g? ﬁ‘é act A pronot e% of S. mnocy?%ﬁﬁgg%?ggt%%%%
al., Nat. Biotechnol. 16:181-185, 1998) or the pagC pronoter of L.
nonocyt ogenes (Bumann, Infect. Imun. 69:7493-7500, 2001). Preferred are
activator sequences, 5 which, after release of the plasmds of the
bacterial carrier in the cytosol of the target cell, are activated in
this Cell F(Cfroxi nsltraertcaencéhaa@/vlenhamgﬁra 1taiaea@hb\émmprmt@me t hey SY4Q

pr onot er ﬂ‘ey(f Q% rom)ter or tenhangI sequence known to the nan
skilled |n Fhett t ‘TG canBE20SEd. EPY EPEr PEY f uFtRerPEBFF2&Feci FPE or
function-specifianaet i vat dbikseduences anfiregzel eatdarpodrst hersrb | - speeific
or function- fic.acti r ue nd the cgj ! or the tissue,
wherein the s’p:lsé{ eri a gcaé/%?gr 6?%%%?5%&?&5 r% Ic%e%asslteh %riomtia"le 15" cht

bact efi al carirdngy ar ectd vexXrressegoaporentol ) tBactve et i ¥atrorr seyatnees are
for instanceumracel lex@ssoct at eq a,{;;weggagéequec@@ér(wer el Pel gpg
activator sequences of the genes for m dkine, GRP, MJUC-1, TERT,
MYC- MAX, surfa@bttY p? ot ei n, S&FpBha- féFoprot’“éFﬁrlZ’O‘kGEﬁ' tyro”sif%%t%enesf
fi.brillary oacanohlclrpé@t eidn&EFod, o(FARul ELFL, 1 hast € AyRk| n,receptors

al pha-1 act alctbum nd aI cin, Q%r oe[gl obulin gnd PSA (McCor mf Nat ure
Revi ews Can 15 t'1?’,’6 ?LH In500 £y etidbthel T URTRELPEEpedi i 'd Bt f VAP BF
sequences ofa dthier gemes sfmu@nQEel, nsyhwhhchaaee 2&t preferdabby exppressed by

endot hel i um ed| v acELL | ckn |l o | ogy,
endot hel | umGgl s ( §edlarek, . OiiLieal Revlguscln Qusol oggktemaol ogy

erythropoietin.

et

The insertion of components 1I) to VI) into the
microorganisms 1s 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 is familiar with how the components are 1inserted

into suitable plasmids, and how these plasmids are

introduced into the bacteria.

20 According to the present invention, these mi-
croorganisms are administered to a patient for the

i prophylaxis or therapy of a proliferative disease, such

as a tumor, a leukemia, a chronic 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 instanee into the blood circulation,
into a body cavity, into an organ, into a joint or into
30 the connective tissue. In order, with systemic ad-
ministration, in particular with administration into the
blood circulation, to reduce the undesired reception of

the microorganisms by the so-called reticuloendothelial



2001), such as VEGF, von Wl ebrand factor, brain- specific endothelial

gl ucose-1 transporter, endoglin, VEG- receptors, in particular VEG--RL,
VEG-- R2, and 30 VEGF-R3, TIE-2, PDECGF receptors, B61, endothelin-1,

endot hel i n- Bio MBANOSE 56y gajposphate receppors, VCAM 1 ap¢r PEEAM 1o Oqo;bvat or
sequences of the genes for proteins, which are pref erabl?y expressed |

such tissue cells from which the tunor cells of a patient originate
(thereto 35 belong proteins expressed in cells of the breast tissue WD

03/ 068954 - 19 PCT/ DE03/00470 (for instance MJUC-1, al pha-Ilactal bumn), the
thyroid gland (for instance thyroglobulin), the prostate (for instance
kal |'i krein- &,ysa;rwlrr ogepoﬁacezmteoreSﬁfE&é\)oft R mpMR 1Vt the aev ddJ oext &sgance
tyrosi nase) %the 5 ggeé actl vat.or sequences t he genes, for
proteins, KPF ¢"e °rFactr*beph"é€g%’§°°8%ﬁ8hSt’“| ¢ 9 ShFTeer -
Iyrrphocyt es gasudmasmamteméeukusrpee,ncmyd okinnes, sothenwld ne§, adhesiones,

mol ecul es, internfe e or r gl Juerl ns,. cy i ki nes,
or mterferéﬂls Jlogggtgl vi[at E%Béeqié%%:gs Jv%h?lchgglr% aCT"[QI vgtggdr%i %&B%Q?a
such &s the fadtliose of nséquerrce or - VEGF 6 seem s eyt Ardpdinetulnt iidre of
insertion Ofth%orm98§8£§g5}uts% sVIdad NEY,t H%stfyn(‘creootw@é“ S8 cleS fTRAST DY g

nol ecul ar bi ol ogi cal nethods 15 known to the man skilled in the art. For

i nstance, f®l2%e Y8ePoPBacteFiB aSPeartisaad s e faf SKHAIFE it the art
is fam |iar nudd howp tBe «camNaNend St aF Re iNSEr tad ut NéAsSWitt ahles P asek ds,
and how these pl aim ds are mtrogluced m}o tQ)e tbact eri a. 20 ) Aceor di ng to
the present 9'nvERCIPGA° The8& nfixtures stances, ave

10 long blood dwell time. To these substances belong for
! instance albumin, transferrin, prealbumin, hemoglobin,
haptoglobin, alpha-1-lipoprotein, alpha-2-lipoprotein,

beta-1l-lipoprotein, alpha-2-macroglobulin, polyethylene
glycol (PEG), PEG cbnjugates 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
microorganisms according to the invention takes place. A

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

! Contributions to Oncology 32:1-132, 1988.

The coating by adsorption takes place for instance

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

degrees Celsius.

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

from a group containing Escherichia coli, Salmonella



croorgani sns are adm nistered to a patient for the prophylaxis or therapy
of a proliferative disease, such as a tunor, a |leukema, a chronic

i nfl ammati on, an autoi mmune di sease or the rejection of an organ 25
transpl ant. Ror ohreag kg guch a diseasg; the microorgani sPE ACLOHA NP tO
the invention are admnistered in a suitable preparation locally or
systemcally, for instance into the blood circulation, into a body cavity,
into an organ, into a joint or into 30 the connective tissue. In order, '
With systemc ad- mnistration, in particular with adm nistration into the
bl ood circulation, to reduce the undesired reception of the m croorgani sns
by the so-caldted r&ef) cubsendothelnital r JH D3¢ D6895¢1 b r2Q@ ~nRAHED3/00470
system beyond t he effect of conponent Illf and to extend the blood dwell
time of the 5ot YNt $hRICPRE midY'SSi-" Yani sns can be suspended in a

sol ution of substances, which have a long blood dwell tine. To the
suspensi on 5 foMiepws argamesbat iion.cofhe nsusipensy bhhahd ei doptratt iorm ofret he
m croor gani $nE Gan feL.LDghaneq Lake & acs 15, bl 09dgnplasme o plpod, serum
The suspension and incubation is however preferably performed in solutions
of subst ance&s i sgrindl it ¢ BASTER FSSUr 1 DF BTUHRT AREe§ P VRHICHT hadves af1b | ong

bl ood dwel | tigw.Jo §hssgcsubstances kel @ngefLrosikpsbance al bumin,

transferrin, preal bum n, henogl obin, haptoglobin, alpha-I-Iipoprotein,
al pha-2-1i poprotein, beta-I|-I|ipoprotein, alpha-2-macr og%l obul i n,
pol yet hyl ene gify®ole{PEG 2 PEE c&ifj uddtes W IR hathraP s NAfthetTer s

pol ynmers, suoateasr 901 yes hyloerne iid de, t deximrian,o o ol ygeh s ne c chydrioxyet byl
S"[ arch. t B%hteheiggrsepx%qsoinonaraigd élpgupl%tei ngi r{:hsiusChm%d%ocla%einotn’ for the
l 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 autoimmuné 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 preferably 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, c¢can be provided, the geometric coverage
rate being 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 ratio of
the total area of all molecules, in a radial (related to
30 a center of the wmicroorganism) 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



an adsorption of the substances to the surface of the m croorganisns
according to the invention takes place. A 20 coating of the m croorgani sns
wi th these substances. can however al so be achi eved by conjugation. The
met hods of Whe TdNpegAE ban are sunmari2zzed -i n Sedl acele®t /alE03 /00470
Contri butions to Oncol ogy 32:1-132, 1988. The coating by adsorption takes
pl ace for instance 25 by suspension of the mcroorganisnms in a solution
preferably containing 0.1 to 50% of the coating substances over a period
of time of preferably 10 mnutes to 24 hours and a tenperature of
preferably 4 degrees Celsius. 30 According to the invention, as

m cr oor gani shse  [Fridfetabt o bactier i abaseduserh théevi rupenoe ofofhi chehas
been reducedsi Ut BeL nRef ervgd e, enl I d .fro

cont ai ni ng Escheri cﬁi a coli, Sal m)neglllﬁigé V\Deglél%géj ga'tSCﬁ -3 ’fg‘%t%%ggﬁfoomo
enterica, YetsihPR'éff@lScolitica, Vibrio cholerae, Lis- teria

nonocyt ogenes, Shigella. Mcroorganisnms in conjunction with the invention
are further nmenbrane envel opes, so-called ghosts, of live or 5 existing
m croor gani sns. Such nmenbrane envel opes are for instance produced

accordi ng ta;.ERA, P540325 . ,.ulject, matter of the invention are nedi canent
preparations containing the m croorgani sns according to the invention and
the use of this nedicanment for the 10 prophyl axis and/ or therapy of a
proliferati ec¥fReasé: A CPRBFFrfEfarivectli seakectarihe neaming ofr t hee
present invention is a disgRBsEnW-bludm esgalatingn0r, s URGALY oL} 4 66l
proliferation, for instance a tunor _ di sease such as a carcinoma or a
sarconmm, a Ieukenia, a and beta-glucuronidase.

In this example, the way to the bacteria strain

10 St2l-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. 57-66,

1994) and pGP704 (Miller and Mekalanos, J. Bacteriol.

170:2575-2583, 1988) . The strain permits by passive
targeting (Bermudes et al., Adv. Exp. Med. Biol. 465:57-
20 63, 2000) an enrichment of beta-glucuronidase at the

tumor and thus a fission restricted to the tumor tissue

of prodrugs to be activated by beta-glucuronidase.

A membrane-bound expression can take place in
gsalmonellae 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 TolcC

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

Microbiol. 31:1596-1598, 1999). In these examples one of



15 chronic inflammati on, an autoi nmune di sease or the rejection of an
organ transplant. For the prophylaxis or therapy of a disease, the

m croorgani sms according to the invention are locally or systemcally

adm ni steredwot @ a/pad est4 i n the nedi carent prepar at ipdTi/HRo 95 2F ¢ 20
preferably 100 gerns to 100 mllion gernms. The term envel oped nmeans that on
the outside of the nenbrane of the mcroorganism a nultitude of identical
or different nolecules (expressed and/or selected according to one or nore
of features I) to Ill) ) , as 25 described above, can be provided, the
geonetric coverage rate being between 0.001 and 1, in particular between
0.01 and 1, #Bf Pestsdites bepdedr Gutlicerd ¢f TFhe gebyD mpiroite icoves age heat e
can be cal cuhakgdaheamddits rati P 0f 1 ohhe st Qtal; area of  al L mplgeyles, in a
radial (related to 30 a center of the mcroorganis projection into the
surface of tPECRFEr doP galni sHOTdi S bRt By tHeesuitace dreatdfondie hlyp

mi croor gani sprotlsual liy, msodustapl icbircald 0N, pudpspberical. syuffage af Jfhe

m croosrgani smis assumed, and WO 03/ 068954 - 22 - PCT/DEO3/ 00470 the

cal cul’ation 75" baséd on"tHEV6l urfeg OF thi8S miCIoutganPdmbh 1iHe fRut urde
"envel oped" é¢sddacualkatsievwe, Driafl Iamplain@abh@aISf EX&HE|r€StQﬁb6¥@§HE|iQ@50n
Example 1: c cLion a_bacteria strai or_the K nenbrane-boun
exprgssi on O?P%%%rggggl'bu%% egﬁé bet a- élll?&#(?ndi d2 eS ' th?’éoaﬁﬁﬂrﬁlaé,e't he
way to the baederir® si?aPR3 KPSt 2iabglenti sigeselibed.edThi suattenuated

Sal monel | a typhi LTW2l -8 Sid@fnf §aLL egre@@pﬁgvecqc{rpefd hygen %ﬁ?%%ﬁﬁgrcg%%es

by meagns of the hly secrethl onhlmachi nery of E. coll nenbrane- usi on
proteins of hﬁhﬁﬁaﬁétép the YA gene. For this purpose, the cDNA of
{ bglu (GenBank Accession (Gb): M15182) from a cDNA bank

was amplified with the following primers by polymerase

chain reaction (PCR) :

bglu 5': ATGCATTGCAGGGCGGGATGCTGTACC

15 bglu 3': ATGCATAAGTAAACGGGCTGTTTTCCAAAC

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

20 oligonucleotide segquences are shown here, as in the
following, as 5'-3'). The primers are selected such that

i the gene is amplified without the signal sequence. The
product (1,899 bps) is subcloned with a suitable PCR
cloning kit, and then the 1,820 bps fragment 1is

25 extracted wvia NsiI digestion. Subsequently, the NsilI
fragment 1is c¢loned into the NsiI-cut vector pMOhly DD.

This results in the vector pMO DDbglu (Fig. 1). (When

the NsiI fragment is cloned 4into the NsiI-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 vector pMOhly alb is produced. This vector being



gl ucuroni dase and hlyA and human al bum n and hlyA. The 15 construction is
based on the already published plasmds pMohlyl (Gentschev et al., Behring
Inst. Mtt. 57-66, 1994) and pGP704 (M Il er and Mekal anos, J. Bacteriol.
170: 2575- 25880 10B3Y.6 Fh6 4strai n peryn t=t by passi ve tmargemimgl(Ber audes et
al ., Adv. Exp. Med. Biol. 465:57 20 63, 2000) an enrichnent 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
expression can take place in salnonellae by fusion of the protein to the
Ctermnus 25 of the hlyA secretion protein in presence of the hlyB
protein, how¥efdi PrabBEABE vaf @ EHRPF etdel §u s bABt iThakhehlaid pr bt ecANA
However, thewhtyDrAESh1RQ! £LOMD!| €f8LYcPBniALSSiNG SN PLOREW, B THEr e

w [l not be enera} ed a connection between the secretion machinery and the
TolC 30 prot@fhcof ‘The Sthet” rentheHe @spfergesciailly vBla i lmbdroobraNA

31: 1596- 159824099 s lamglhesee €Xxaipl as aanre ?E xﬂlﬁl?:/a(}ﬁﬁ%cﬂie- zfsliowﬁng

PCT/ DEO3/ 004.70. passi bl e nodi fications of the yD protein for the
rrerrb??ne- bou‘%gl&e‘ggrse %ingﬁ:al s |Sc%1?'ed. First the vector pMohly DD is
constructed, wherein no functional hlyD protein is produced. For this
purpose, part of3therRFYPTECETIR ST TENRTBACEFEM t he vector pMohlyl by the
endonucl eases Draill pa2pd A@lce™XNitdcidbertgstripeti on  digestion, the ends
are digested by 3' -5 exonucléase, and the 10,923 bps fragnment is
religated. Subsequently the beta-glucuronidase gene is cloned into this
vector 10 in-fram®td the’ hiAPA gEREITEGT t Afs PP pbSBedt eREDNA ST cSBdl u
(GenBank Accesshongh): ™MH182)s far obpa cONAghank was ! itfiiged o t hnt he

fiol | OW ng prl\ifsrrlef —Sle?geQ%le)érregl‘?él’?ly?haiTlger ecaocrr}gpilpentég)up?)l:asmid pMOhly alb

thus expresses hlyB, hlyD and a fusion protein from

albumin and hlyA. For experiments regarding the dwell
time, the NsilI fragment can alternatively also be
inserted into the wvector pMO DD, this vector has the
15 name pMO DDalb. In the further course, a modification 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 aroA gene of salmonella was cloned
20 into the vector pUC18 (PCR with the following primers:
primer 5': ATGGAATCCCTGACGTTACAACCC,
l' primer 3': GGCAGGCGTACTCATTCGCGC

blunt cloning of the 1,281 bps fragment into the

HincII interface of pUCl8). Subsequently, a 341 bps

25 fragment located in aroA was removed by HincII digestion
and subsequent religation. This vector was called pUCL1S8

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

with the promoter sequence 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' exonuclease. The 3,506 bps blunt fragment

is extracted and ligated in HincII-digested pUClB8aroA’.



bgl u 5' : ATGCATTGCAGGGCGGGATGCTGTACC 15 bglu 3':
ATGCATAAGTAAACGGECTGITTTCCAAAC The regi ons being conplenentary to the cDNA
of beta- glucuronidase are underlined, the information for the generated

Nsi | positiowo sodioid@bises (this kind of representatpen mihb 33§45 used
in the follow ng; the 20 oligonucleotide sequences are shown here, as in
the follow ng, as 51-31). The priners are selected such that the gene is
anplified without the signal sequence. The product (1,899 bps) is

subcl oned with a suitable PCR cloning kit, and then the 1,890 bps fragnent
is 25 extracted via Nsil digestion. Subsequently, the Nsil fragnment is
cloned into ThésNginradueevedthor pMOhPy DUCarkHsll estotws | thé he lwectiora pMO

DDbgl u (Fi g. £l gmEWRen ¢ 1 gy Nei | bfyr agieit isgcl gggqednt o,fhe Nséd cut, .
vector pMohlyl, the plasmd pMO bglu is obtained permtting a
secernation dFCEHaPEsi B PPBEREN) oM it hheveetond pptaro thkeb i Anagr atticon

vect or for t hec eBrORRSON®] . | Rbegration &L"e ?'UQLMPJIJEQ’Aléuﬁ'l%%s't%d
produced. In a irst te the vector p i s _produced. This vector

bei ng 03/ 968 54?“n Pd*?f)EO%‘??)‘bﬁG%a% &t SVOAI'Y 1P "caf kP8 ca efest on
of the al buminleBNA. wiubsddesht yA generiFarn gelsanidyg, i h@eeE)N/Am@fd tmeld

albumn geng, . (&, AQGSC):%L) r?féJ '?{Pea comerci al %y aval I apLe CcDNA ﬁéElﬁé}Rlv g .

anplified by nmeans o fol I ovm%g prl hers gener%lff’lR
ATGCATGGGTAACETFTATTREGEFTC d 3 & ¢ ATCCATAGLET AAGEBAGEIV GACTJGe The ]5,,83%07 bps

fragment is subel onedeandntbgRatUlon Wil Nsi | pem%ol £24 bps; Jragﬁ
now Ilgat ed in 10 Nsil -d| gested pMohl yl . The conpl eted pl asm Iy aI b

obtained. Th vector is transformed into the E. coli

{ strain SM10lpir. This strain permits the vector to
replicate, since it forms the P protein necessary for
replication. The vector is now transferred via
conjugation into the acceptor strain Salmonella typhi

15 Ty2la not permitting a replication of the vector.
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 St2l1-alb expresses the
alb-hlyA fusion, but can 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 hlyD (as pMO bglu) needs to be present.

In this example, the plasmid pMO DDbglu with the
strain St2l-alb 1is wused. This results in the strain
St21-alb 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.



t hus expresses hlyB, hlyD and a fusion protein from album n and hlyA For
experinents regarding the dwell tine, the Nsil fragnment can alternatively
al so be inserted into the vector pMO DD, this vector has the 15 nane pMO
DDal b. In theof wripers £verse, a nodification of the aceadysdeyardhbed
cloning strategy is used for the integration in the sal nonella chronosone
(MIler et Mekalanos, J. Bacteriol. 170:2575-2583, 1988). For this
purpose, first the aroA gene of salnonella was cloned 20 into the vector
pUC18 (PCR with the following primers: prinmer 5 : ATGGAATCCCTGACGITACAACCC,
primer 3': GGCAGGCGTACTCATTCGCGC bl unt cloning of the 1,281 bps fragnent
into the HherrriLatérfacecos tpucrs)on Subseqbentley,iaa Bdda bpseds efipagrent
| ocated in aroA was removedchy Hnghlqdigesticon ; and:subseguent  rel igation.
This vector was called pUCl8 aroA . Then the alb-hl gA fusion gené was
cloned together with thedpP6idter séfberBatisdat ed®bn pMItaL i nt &etthre
vector pUC 8aroA' . For thgsupurpeseadde vector pMohly 30 alb is digested
with Aacll and Swal and then treated wth a 3 -5 exonucl ease.OI T[lJ(e:1 3,506
bps blunt fragmept is extracted and ligated. in_Hi ncll-digested pUC 8aroA' .
V\% 03/°068954 ’ 2@“‘? PCT7 DED3F 00470 Thi scgepsf%’ah’%%‘é the Véttor SPcH B al'ls.
Now, the al bihtyAdefir agnempdlarnkednbynar oA ithecClporedi we t haabbtrtihg bpya
activator se c t ct -alb.into t vector pGRP704. For
this pur pose‘?yg%c%?lo{%ﬁg i g%g%glesk?%aggggmﬁgﬁ@ﬁ?ﬁ&%sie agﬁrt hen ¢ f egfel Wit h
51-3' exonucteask a4 uhk¥nr Subseguettdse s wOREnditgest Fomoirs pekiorndd, and
the 4,497 fragaent ds |dpad ed iant@ttrl'&elﬁcg@li{n%cogyrtgglﬂrgglpl Qest dt\éef:'éor
F‘IC:T);OI%Z§ E-Cgl:ﬂérll:{é/lgr agrrrlert]:th'i 56’e3x8a7mp {)gsg. sir?ghltr]!gfe%roac{[il foine é/egl!_ ggig a%r ?_na
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 1is 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 sequence and the genes hlycC,
alb-hlyA and hlyB, not however hlyD. This fragment can

i now bluntly be inserted into the HincII interface of the
vector pUCl8aroA' described above. Thereby the vector

pUCaro-alb-B is obtained. By an EcoRI-Nrul digestion,

[3°]
w

the 6,548 bps fragment can again be inserted into the
EcoRI-EcoRV-digested vector pGP704 (Fig. 3). The further
procedure ({replication and integration in §. typhi
Ty2la) corresponds to the above strategy. The resulting
strain St2l-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



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 acc@dt od3gtor@dns3al nonel |l a typht 15 Ty2l a notp@er/MmitbinNg 8470
replication of the vector. Therefore, by tetracycline selection, only
those bacteria are selected that have integrated the vector .
chronosonmal | y. The verification of the cytoplasmc al- bumn production
takes place by Western blot analysis of 20 the bacteriumlysate. This
strain St21-alb expresses the alb-hlyA fusion, but can neither secern nor
express it ®ATRRE chdibrranavied lefbils foeAF oForp aNVise par pasmnfochi he For
menbr ane- boupde €¥PR@SSIAL 1 4, addition a pliasmid K\;d}% ?%yﬁ‘cé'eg@a'wi@'fy% (as
pMO DDbglu) or functional hlyB and 25 hlyD (as pMO bg needs to be
present. | n TRAFESEX&QMp| &1 9PRS plesH d°PMD DBBgl UL Wi tth itshe e xstmmalin Stt2d al b
I's used. Thisigesul tsepnidbecstrans c3a21pakb,pVO-DORY] L. £XRT 6SSi E‘g A
nmeans 5of theuQLé{ seIcgle;ti on ,system human al bumn as well as hur_nanl etla 30
gl ucuroni dasé” on 't he hehbr A7 2Thi sPEPFARR cattiMbhSbe @ usRATFF ulRE 1y
prodrug convef§iomnent theodeaning ofnd heecpatantn MO @3/:068954 rv 26 s .

PCT/ DEO3/ 00470, Bxanpl &, £ - ganstfuction,of a bacteria strajn envel oped with

[

al bum n-hl yA fusion for™ suppl yi ng The genetic fgf osrt_rﬁft i bA°of° 'h_u}lrﬁ _ 5t a-
gl ucur oni das®e?®5Phe Dt el PR Y%A 37 deser iaved iifi d¢dhi spexanpites | sndi rtrended

to supply bycaeanse®fohhe passive-dasgeting NA L fhat gncodes human

bet a- %Fu%:/uroni dase?ocr) tunor cells, which are then to be eexprwelssed in the
tunDrlceIIs.f?thWlng primers via PCR (amplification with blunt

{

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 ligation 1is
made 1in the forward orientation. Thereby, the region

that encodes tPA signal sequence can completely be cut
out wvia a NotI digestion from the generated plasmid
20 PCDNAtp. This 237 bps fragment is now ligated with the
3,760 bps fragment of the vector pCMVbeta after NotT
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 cDNA bank is amplified with the

following primers generating Spel:

5': ACTAGTCAGGGCGGGATGECTGTACCCCCAQ

30 3': ACTAGTCTTGCTCAAGTAAACGGGCTGTTTTC.

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



order to obtain a strain being particularly easy to 10 handle, in this
exanple a slightly nodified strain as in Exanple 1 is used for the
menbr ane expression of albumn. The gene that encodes al bum n-hlyA as wel |l

as the infowmato ey dosollyB is to be ciyonpsomal ly iptegrated., @gr Y,
this strain expresses 15 constitutively menbrane-bound al’bum'n.” For this
purpose, the vector pMohly alb described above is digested by BsrBlI and
EcoRl and then treated with 5 -3' exonuclease. This digestion produces a
5,815 bps fragnment with blunt ends containing the conplete 20 prokaryontic
activation sequence and the genes hlyC, alb-hlyA and hlyB, not however

hl yD. Thi s fgagaeatedarelaow 8§l gaMv:pbeod nseeheddieBt mduea i RClie dditer f ace

of the vectegy 8ar oA, d ri baove.. Thereby.t vector p ro-al b-B
i s obtai ned. Bspzljl}{r%1 Eco%lari?\lr S?gdisggglta‘lalo%e%%l?%ewé?é&%%bépsr??éﬁﬁe#%c%w
agai n be i nsB#tBdCi nt o R ARt ERORI - BfoRV- dPgest ed ueactoori pGRY04 (Fiag.t<3) .

The further aptecnduae ildrepldcatipn apd LRLROr 3t an {4y, S. Eg%hi lpl-gézmli
corressponds to the above strategy. The resulting strain St2I-afb- N
expresses cohSEVERtivety nERbPanet 30 Woukd a@shmite | YA fusitdre preotreiim | f

a vector thatt2ensodes .hlyfl é ssteansf @(étradli,t_st hﬁoﬁ-l Q%@@J}beéu%hgn DNA
rotein is secerned. The plasmd for supplying the L at encodes

Eet a- gl ucuroﬁfgdégee i 5 hAse losr?utehebWGf%F‘GGS@’gﬁgs27"961'9’3[@%?BGﬂ?Oan_d
commer ci al | ytavaidxabt €s yeethoro HCWllzet avf Cliont echa)ns feart e d he GonNst krQtiison,

first a fusionef:thedbal u gane wihop oseqralign signal mist be used. In

this exanple, the signal peptide of the t precur noletule is to be 5

used. This signal peptide permits a particularly efficient production and

secret’i on of fusion pr ot ei ns.

Example 3: construction of a strain enveloped with
albumin-TolcC fusion with membrane-bound
expression of the extracellular domain of
fas and supply of an enzyme converting

15 prodrug.

The strain shown in this example unites the features
shown in Example 2 with a specific targeting at (tumor)
cells expressing fas ligand (fasL). It is possible, with
this strain, to specifically attack fasL-expressing

20 tumor cells, such as in certain breast tumors (Herrnring
et al., Histochem. Cell. Biol. 113:189-194, 2000). fasL
expression by tumor cells was postulated as a potential
mechanism for immune escape, since these <cells can
eliminate actively attacking, fas-expressing lymphocytes

25 (Muschen et al., J. Mol. Med. 78:312-325, 2000). With
the strain shown here, these tumor cells being very
problematic for a therapy can specifically be attacked
and then eliminated by an apoptosis-independent

mechanism. The carrier strain is based in this example

30 on a fusion of albumin with the TolC protein of E. coli.
Thereby, a membrane-bound expression of albumin is
achieved. The membrane-bound expression of the

extracellular domain of fas takes place via the plasmid



For cloning the fusion, in a first step the 5° UTR of the tPA cDNA (G
E02027) is anplified up to the end of the region that encodes the signal
peptide with the 10 following prinmers via PCR (anplification WI:[h bl unt
generating pdloyn@BdLed 8 o5 4 GCGECCCGAGEEAAGGAGCAACCCGTEARTDIE 03' f004 70
AGCTTAGATCTGGECTCCTCTTCTGAATC The generated 166 bps fragment is ligated into
the 15 Hindlll-digested, 51-3' exonuclease-treated commercially available
vector pcDNA3 (Invitrogen). The ligation is made in the forward
orientation. Thereby, the region that encodes tPA signal sequence can
conpletely be cut out via a Notl digestion fromthe gener’at ed plasm d 20
PCDNAt p. Thi B¥237YBps f ragherftod s wiow Idgerled witd theas8id60pkpy -fogagment
of the vectoaeptMybelia abbee Nof | ysdiwgestion(oqnt aé@égvffco}nggrf%gskb%ee)-
The generated lasmd pCWtp (3,972 bps) can now be use I the

expr essi on o?eﬁgféFdloélgou%ffuﬁ pFBEERRS. Fofrihe 25Xparration dfliche
pl asnid pCWabghuina bps fstagnend afend hesbgl u L0 M5182) gene (W t hqut

sequence for_gj peptide) froma suitable cDNA bank is anplified with
the fol | ow %é*‘%? ?Irtrgrdé gaerh(grgthieﬁlg 'Shet : 987 AT AGTEACEECEATEEFETACCECCAG

30 3': ACTAGIET T@@'FCAR@I’#@‘\CG@@@?@TE‘ETC. Afder sSpeles(iiig&SC}Vinnon%_Eg \%\8&99
031 068084 - 382" BEY) BEOSFODATD. gEneraf ot ALn HCMAL b b BACodE Sow
an N-ternina¥®"fusivhn & theltPA sighafipeptime wiathitdle pegiren«of, the
mat ure prot ej fle 8k nbetiar gkueuroni dase. A& - det.grm £L°’lg.°§1j{thfef Orbg’te(r:;i .
pOSIthOﬂ,tfﬁégkgsgkdéiéx%@q oegkg %Qf%ef? égnggggingngil£nfgom %he

f vector pAX629 (contains tolC gene, region in the vector

corresponds to Gb X54049 pos. 18-1914) :

5'tol: TAACGCCCTATGTCGACTAACGCCAACCTT,

3'tol: AGAGGATGTCGACTCGAAATTGAAGCGAGA.

15 The 1,701 bps fragment was inversely ligated after
fission with SalI into the SalI interface of the vector
PBR322 (Gb J01749), thus the tet gene being interrupted.

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 KpnI interface in the
tolcC gene permits the expression of the encoded

heterologous fusion protein in an extracellular loop on
the outer membrane. For the expression of albumin, the

albumin gene is amplified from the cDNA (Gb RA06977) by

25 means of the following primers generating Kpnl:
5': GGTACCCGAGATGCACACAAGAGTGAGG
3': GGTACCTAAGCCTAAGGCAGCTTGACTTGC.

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

DNA can be inserted into the KpnI-cut vector pPBRtolC.

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

fusion is ligated now in reversed orientation via EcoRV



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 tumor cells permts then a conversion of suitable prodrugs. 10
Exanpl e 3: cofst®adti®noa4 a strain envedoped with al b@m/bﬁ_@|3955§.'ﬁd‘
wi th menbrane-bound expression of the extracellular domain of fas and
supply of an enzyme converting 15 prodrug. The strain shown in this
exanpl e unites the features shown in Exanple 2 with a specific targeting
at (tunor) cells expressing fas ligand (fasL). It is possible, with this
strain, to specifically attack fasL-expressing 20 tunor cells, such as in
certain brea3fdt GBS (Heragméemy 3eP 748l bpshi strochemhe RihcIBi Anterface
113 189- 194, 02000 Jfestor €XBEESY:0N by, UBBE GRS Y8 PoSLUlated ag a
potential nechanism for inmune escape, since these cell's can el te
actively attatkird, Pds-Rxptedsi P4 yhphoeyt esd2m i(WusehedI e, altreakedbl .
Ved. 78 312-826p 2000). difdihuicthesstkaln csbon hess e dhesent IR, Celds,
bei ng wvery r enptic for a therapy can specifically be attacke _
thengesl i m na?'eg%y A apopt BEF RS ntiepeTitht *ifechiahf sm ™ The w1 iBse Rt T ai n
is based in EfApBVeradnplse 30 wrncaof ustenoaf (alilbums wih;&becxgljgﬁgrtqtog; nTﬁf
E. coli. Th rane- expression_of albumin is achieved. e
nenbr ane- bouﬁ%ggﬁﬁgggsg?ggoof Ef(%g‘gqceéxt )rigce?ﬁﬁl ar 968&& n°6f ' a takes pisace
via the plash? b2 Werd3/ 968954:e pDhasmpPETiBDEO8LA0AZC: pGh| BB rand - dche
e e T
i str
COMNhFeS thgf %%@N§§;gncgmgo§2§9rLge%he E. cofg 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': ATGCATTAGATCTGGATCCTTCCTCTTTGC.

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

20 (Fig. 6) thus produces after transformation into a
salmonella strain a membrane-bound fas fragment, which

i with suitable folding can bind to fasL-expressing cells.
Thus, these salmonellae can be enriched at fash-ex-

pressing cells, such as tumor cells.

25 For killing the fasL tumor cells, now the plasmid
pPCMV  bglu (Example 2) is also transfected into the
salmonellae. Thereby, as in the above example, after
expression of the beta-glucuronidase by tumor cells, a
prodrug-drug-mediating tumor therapy is 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



al bumin. First the gene for the fusion protein is 5 generated, and then
this gene is integrated, according to the above exanples, via successive
cloning in pUCaroA and pGP704 into the sal nonella genone. The Tol C gene
for E coli, YAcPddi hg8tHednatural prondler; is presentdnothes phasm
pBRtol C. This was anmplified by 10 neans of the follow ng prinmers generating
Sall fromthe vector pAX629 (contains tolC gene, region in the vector
corresponds to Gb X54049 pos. 18-1914): 5'tol:
TAACGCCCTATGICGACTAACGCCAACCTT, 3'tol: AGAGGATGICGACTCGAAATTGAAGCGAGA. 15
The 1,701 bp%nftri%%r’ge,nt was_inversely ligated after fission with Sall into
the Sall intérface of°t hé“Peéctorc 2 HBRIFT ¢ YJ01F4F)p,l ddvlisihhe feate gene
being interrgpnede BueitontbrekBawe GRBStAlcStLICIUEE,9F [01G (HKoranaki s
et al., Naturg 495 914-919, 2000), the insertion of 20 heterol ogous

into the singul'af Kpnl interface i % h&eYFLCFené pér mittes hHeT expr estsd on
of the encodé@"shétiertologous $tishonspwateei mdaran £x§rasehl gba_,rcilchboign

the out er nembrape.sshqy;dh pr i 0 f albumin, the albumn gene is
anplified fromt%e cDNAeEva%wg%g b)E/lS%S r?efgnssuolftiweefoFPS\ﬁ/ilr‘fglcprift?é?s
generating KPphP9™S™E SGGTACCCGAGATGCACACAAGAGTGAGG 3 :
GGTACCTAAGCCTAAGGCAGCTTGACTTGC. After Kpnl digestion of the 1,770 bps
fragnent, the DNA can be inserted into the Kpnl-cut vector pBRtol C. 30 The
reverse orientation (in frane to tolC) results then in the vector

pBRt 01C-al b. The gene for the tolC-albumn fusionis ligated nowin
reversed orientation via EcoRV WO 03/068954 - 30 - PCT/ DEO3/00470 and PshAl
(fragment 3,970 bps) into the Hincll interface of the vector pUCaroA . The
obt ai ned vector pUCar o-al b-



tol (7,596 bps) is now linearized with Hndlll, treated wth 51-3
exonucl ease and then digested with EcoRI. The 5 4,961 bps fragnent is then
inserted into the EcoRl - EcoRV-di gested vector pGP704 (Fig. 5). After

conj ugati on wpaczaydiggota Exanple 1) tfwe strain St21'ﬁ@g'@$ﬁoi3s/0047o
obtained.. Now the plasmd is used for the nenbrane-boun expression of
fas (CD95) -hlyA fusion protein by neans 10 of the hlyB conponent of the E.
coli type |I secretion nachinery. For this purpose, first the section that
encodes the extracellular region of the fas gene (Gb: M7454) is anplified
with the following prinmers generating Nsil: 15 5':
ATGCCATTATCCTECAAAAGEGREART.GC  3' . ATGCATTAGATCTGGATCCTTCCTCTTTGC. The 477
bps fragnment is digested with Nsil and inserted into the Nsil-digested
vector pMohly DD in frame to the hlyA gene. The obtained vector pMO DD-fas
20 (Fig. 6) thus produces after transformation into a salnonella strain a
menbr ane-bound fas fragnent, which wth suitable folding can bind to

fasL- expressi ng tells. ® ThiSToPHEse is41 nohelhasecar ivaent i ehéd Lab wfiasd - ex-

pressing celtsmpsuehtas atrrn et t 84 28aFeh nkidd idlg, thesfasl tunor cells,
now the plasmd pCW bglu (Exanple 2) is also transfected into the
sal nonel | ae. Thereby, as in_the ahove exanple, after expression of the
bet a- gl ucur oni dase by tundf ¢8I %a ° POt Ug- Pag- FEdifs hg? t diBe Sther apy
i s possi bl e.oThe 130 ilratately ef f ecttiiwendsist ofa t hivs1exam e €pppasedcha ithe
revi ous ex ep i ecl.si way on the orrect folding of the
gxt racel | ul gém%g\ﬁgi n%% Srféasrsls.latf% F?S\é%(gft fas, fast Psbléfcalﬁfli Y fabtfr&Gent s
of nonocl onat *®8® 031068934 ducxHs - PCT/ DEO3/ 00470

II) a nucleotide sequence that encodes for a
10 blood plasma protein under the control of an activation
sequence that can be activated in the microorganism, or

that is constitutively active,

III) optionally, a nucleotide sequence that encodes
for a cell-specific ligand under the control of an
15 activation sequence that can be activated in the mi -

croorganism, or is constitutively active,

IV) 4 nucleotide sequence for a transport system
that induces expression of the expression products of
components I) and II) and optionally III) on the outer

20 surface of the microorganism or that induces secretion
of the expression products of component I) and
expression of component II) and optionally III) and that

is preferably constitutively active,

V) optionally a nucleotide sequence for a

25 protein used for 1lysis of the microorganism in the
cytosol of mammalian cells and for the intracellular
release of plasmids with at least one or more components

I) and VI) contained in the lysed microorganism, and



anti bodi es (which can correctly be folded in bacteria) can be used in the
sane approach as described here. This exanple shows that by neans of this
techni que, the construction of strains with nearly any cell specificity 5
i's possible woa dh¢ouwseosefs suitable speg fic fab fragnenysgo Y 034068954
- 32 - PCT/ DEO3/ 00470 Patent clainms. 1. A mcroorgani smin whose genone the
follow ng conponents are inserted and can be expressed: 5 1) a nucleotide
sequence that encodes a directly or indirectly, antiproliferatively or
cytotoxically active expression product or a plurality of said expression
products, I1) a nucleotide sequence that encodes for a 10 bl ood plasm
protei n under theéltontrat eoftaradcidnvaseonesegquerioett hah den betacthitweat ed
in the nicrooggaphsm nQlerddafadh Ss§ONSLhtybively, actiyve, []L), optiqQrally, a
nucl eotide sequence that encodes for a cell-specific |igand under the
control of afPa8*&dfivAtiTE sEqhéné® sHdt! ccant BeCcadPivared ifil ¢ her mnot
Croorgani smcer1ispeenstiid,utidel yx@etk¥engl Vb JHG €0f)J de sequence for a
transport system that induces expression of the expression products of
conponents 1) angd II%.and optio allg [11) on the outer 20 surface of the

ni crodr gani sm or” that “i'ndti€és 8&cr 8PMBR™°8f 5t hé ' expPesdifon prodBEES =Bt
conponent |)eapderexpression ofveoaponented | ) aadd opthenalilaeddidaandt hat
is preferably; gppstitutively active, V) optionally a nucleotide sequence
for a 25 protein used for lysis of the mcroorganismin the

{ 2. The microorganism according to claim 1,
10 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.

15
4. The microorganism according to one of claims
1 to 3, wherein the microorganism is a gram-positive or
gram-negative bacterium.
:

20 5. The microorganism according to one of claims
1 to 4, selected among a group consisting of
"Escherichia coli, Salmonella, Yersinia enterocolitica,
Vibrio cholerae, Listeria monocytogenes, and Shigella",

25 6. The microorganism according to one of claims

1 to 5, wherein the microorganism 1s the envelope of a

bacterium.



cytosol of mamulian cells and for the intracellular release of plasm ds
with at |east one or nore conponents [) and VI) contained in the |ysed
m croorgani sm and WO 03/068954 - 33 - PCT/DE03/00470 VI) an activation
sequence thawocan3lje@ egbisvated in the 3d croorgani sm Bag/afgbhdtg b § 71 ssue
cell- specific, tumor cell-specific, function-specific or not
cell -specific, for expressing conponent 1), 5 wherein any of conponents I)
to VI) is present either once or several tinmes, and either identical or
different. 2. The microorgani smaccording to claim1, 10 wherein the
mcroorganismis a virus, a bacteriumor a nonocellular parasite. 3. The
m croorgani smaccording to claim1 or 2 wherein the virulence of the
m croorgani smis reduced. 15 4. The m croorgani smaccording to one of
claims 1 to 3, whereingdenTlcd VLN $M LE B AHG POSI LI OF ciaims
gram negative bacterium 20 S. The m croorgani smaccording to one of clains
1 to 4, selettedanbng Worolp cH6ABPEPEAG of) " ES€Réeischird caleiast one
Sal nonel | a, Messtmha enterectdd titErom Vi MO chol&gge, Lbﬁgg!’sltqntg Or?ef of
ogene n higella"., 25 6. The m croorgani smaccording to _
(r:nl)gti()(r:r)é5t % to%?%ﬁg?éioﬁst"he rﬁ%‘f%’é%a‘ég?gﬁ’i s PHE ERRT DpeS of BF°H&LEREFI um
WO 03/ 06895430t 840dPEF/ DEOBAO047 0 17t i Hh@y mi cricorgedi s&n accanidyy toaene of
claims 1 to;8,;uheraiyn comporentc)), enepdes, gt Jgast one  proteip, sel ected
fromthe group consisfing of

tumor cell or for cells of the tissue, from which the
tumor originates; antiproliferatively active proteins;
i 10 cytotoxic proteins; inductors of an inflammation, in

particular interleukins, cytokines or chemokines; wviral,
bacterial enzymes 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
15 substance into the cytostatic substance; fusion products
from a cell-specific ligand and an enzyme; and 1inhibi-

tors of the angiogenesis".

8. The microorganism according to one of claims

20 l to 7, wherein component II) encodes at least one blood
plasma protein selected from a group consisting of
"albumin, transferrin, haptoglobin, hemoglobin, alpha-1-
lipoprotein, alpha-2-lipoprotein, beta-l-lipoprotein and

alpha-2-macroglobulin".
25

9. the microorganism according to one of claims
1 to 8, wherein component TIII) encodes at least one
ligand specific for a target organism selected from a
group consisting of "tumor cells; tumor endothelium

30 cells; tissue cells, from which originates a tumor;



5 "interferons; interleukins; proapoptotic proteins; antibodies and

anti body fragnents, which act inhibitingly on or cytotoxically for an
imune cell, a tunor cell or for cells of the tissue, fromwhich the
tunor origi naves;,3 Adigsoki feratively agtive protei ns;pclﬁ{@ﬁ(pﬁ % Ea70
proteins; inductors of an inflanmation, in particular interleukins,

cyt oki nes or chenokines; viral, bacterial enzynes or enzynes that
originate froma yeast, a nollusk, a nmanmmal or man for the activation or
fission of an inactive pre-stage of a cytostatic 15 substance into the
cytostatic substance; fusion products froma cell-specific Iigand and an
enzyne; and aqthibatetior :nafo ttihel gl ogerldsi S" . m8crdhe aieGr;00r §anb st ic
according tao of ai 0 to, 7, wherein conmponent |1) encodes at

| east one blcoegl 731 a%ﬁrg 6?@?&%@’;@5&’[ ed froma group consisting of

"al bum n, transferrin, haptoglobin, henoglobin, alpha-1- |ipoprotein,

al pha-2-1ipoprotein, beta-|-Ilipoprotein and al pha-2-nmacroglobulin”. 25 9.
t he m croorgani smaccording to one of clains 1 to 8, wherein conmponent
I11) encodes at 1gast ane higabdrgReGisii Catobraiharaed egnganismseglhget ed
from group consisti n}ﬂ of "tunor cells; tumpr endothelium 30 cells;
tissué cells, fPon?whithebFifi na?BROASFhnot ! W THVbBY5AE 35ast one
PCT/ DEO3/ 00470y axcd | vap edi éndot Melri um celilsssuemacraaphagesye desdri tigsueel | s;
and | ynphocytes’ . dhe m croorgani smaccording to one of clai lto
9, wherein csoerGrlsp%cnte%ctQ I%rf?men%o er'soq%{"[> | East* one"Pi g%gd speefeid fg?aﬁﬁfi ssue
cell type ofmanmzyes sselecied frlomd grlowphcoadksdi ngmehmatlyyr okdngkand,

mucosa gastris, kidney, ovary, prostate, cervix, vesica

10 urinaria, and nevus".
11. The microorganism according to one of claims
1 to 10, wherein component IV) encodes the hemolysin
transport signal of Escherichia coli, the S-layer (Rsa
15 A) protein of Caulobacter crescendus, and/or the TolCcC

protein of Escherichia coli.

12. The microorganism according to one of claims

1 to 11, wherein component V) encodes a lytic protein of

20 gram-positive bacteria, lytic proteins of Listeria
monocytogenes, PLY551 of Listeria monocytogenes and/or

holin of Listeria monocytogenes.

13. The microorganism according to one of claims

25 1 to 12, to which a substance is bound that has a long
blocod dwell time, in particular at least one substance
selected among the group consisting of "albumin,
transferrin, prealbumin, hemoglobin, haptoglobin, alpha-

l-lipoprotein, alpha-2-lipoprotein, beta-1-lipoprotein,



manmary, salivary gland, |ynph gland, mammary, tunica nucosa gastris,

ki dney, ovary, prostate, cervix, vesica 10 urinaria, and nevus". 11. The

m croorgani sm according to one of claims 1 to 10, wherein conponent |V)
encodes t he Wénod ¥<iors 8 rsansport si gnalzef Escheri chi ®&el/iprbhe ¢ haver
(Rsa 15 A) protein of Caul obacter crescendus, and/or the TolC protein of
Escherichia coli. 12. The m croorgani smaccording to one of clains 1 to
11, wherein conponent V) encodes a |ytic protein of 20 gram positive
bacteria, lytic proteins of Listeria nonocytogenes, PLY551 of Listeria
nmonocyt ogenes_and/or holin of Listeria nonocytogenes. 13. The

m cr oor gani sft BBR6RAMAGE 1P oneu binel abpbyeRBylene 121yto lnhi(elEca ,sulpstance
i s bound tha&ohaagatb@ngﬂbt90¢4¥M¥41tbgesﬁdlﬁgﬁﬁécphﬁkﬁ%%slea§£c n%a
substance sel ect eg anong the group consisting of "afbumn, ‘transferrin,
preal bumi n, Iﬁ%ﬁﬁ F BBt P Shaptodl obi e v B9} yopt beein, hydroxyethyl

al pha- 2-1i popt atehn,ahet arilxdd poPr oteei tine WO Q368954 5 + 36 7, SCT{ PEQY/00470
al pha-2- macr ogl ﬁg)ul i ¢ ptokllg/et h)él ene gel col (PEG, PEG conjugates with
natural or synthetrc “pol yier 82 PSHAR AT PoFFet RYPERe H¥vimiay s deREPARCD

pol ygel i ne, dlyendxyebrhyilon starcdvanednaixt ures of these substances”, wherein
the 5 binding of the substances takes place by physisorption,

chem sorption or covalently. 14. A plasm d or expression vector, conprising

conponents 1) , Il) , 1V) and VI) , and optionally one or 10 nore of
conponents 111) 1and V). 15. A nethod for the production of an organism
according to one'bf cl dt n®1P¥BH43 owhereitess ppasniect accordpngrte ickai m
1{4 i s produceshpandnasniorooLgani SM) and vI), and optionally one or
10 more of components IIIL) and V).
15. A methcd for the production of an organism
according to one of claims 1 to 13, wherein a plasmid

according to claim 14 is produced, and a microorganism

15 is transformed with this plasmid.

16. The use of a microorganism according to one
of claims 1 to 13 for the production of a pharmaceutical

composition.

20
17. The use of a microorganism 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
25 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



15 is transforned with this plasmd. 16. The use of a m croorgani sm
according to one of clains 1 to 13 for the production of a pharnaceuti cal
conposition. 20 17. The use of a mcroorganismfor the production of a
phar maceut i intd for the prophylaxis and/o
di sease, mhﬁ@# ?gq@gégégggy an uncgntgglled cel | div%éﬁgﬁ?%3%3gépﬁﬁ%alar a
tunor 25 disease, for instance a prostate carcinoma, an ovary carcinoma, a
manma car ci nona, a stonmach carcinoma, a kidney tunor, a thyroid gland
tumor, a nelanoma, a cervix tunor, a bladder tunor, a salivary gland tunor
WO 03/068954 - 37 - PCT/DEO3/00470 and/or a |lynph gland tunor, a |eukem a,
an inflamatiQor an pf,ggn 58Ja8G 1¢Qfho ANG{ Of e AR AYLOI TUNG, [N SLRASE; o48. The
use according to claim17 for the renoval 5 of a tunor as well as of the
heal t hy ti sdfe O 4¢dn Whi BRL10M giafat/e¥r the FuRBLm™¥se ALFHft for the
production of a phar- maceutical conposition according to one of clains 16
to 10 18, wherein an envel oped m croorgani smaccording to one of clains 1
to 13 is prepared in a physiologically effective dose with one or nore
physi ol ogi cal ly, fol ergted carrier sybstances. for,the Qral N 1Y.00,!P
adm ni stration. 15

5 of a tumor as well as of the healthy tissue, from which

originates the tumor.

/ 19. A method for the production of a phar-
maceutical composition according to one of claims 16 to

10 18, wherein an enveloped microorganism according to one

of c¢claims 1 to 13 1is prepared in a physiologicaily

effective dose with one or more physiologically

tolerated carrier substances for the oral, IM, IV or IP

administration.

15



