WO 03/ 068954 PCT/ DEO3/ 00470 5 M croorgani smfor genetic therapeutic
treatnent of proliferative diseases. Field of the invention. 10 The
invention relates to a microorganismwth foreign nucleotide sequences, by

means of whi gh et 'o%ré’bgf gLratively or cytotoxically gg.ltpﬂE@@p/ 5§93 94

products can be expresse and to the use of such mcroorganisns for the
producti on of pharmaceutical 15 conpositions, to a plasmd and a nethod for
the production of such a mcroorganism and to the uses of such

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

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

elimnation mechan %@&ea"ne{érﬁ'e%g§sgeﬁgt?@r L GATaNe ¥ & N JL£HQREIERI STTB

used as gene ferrie
proliferative diseases.

Field of the inven-ion.

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, toc a plasmid and a method for the
production of such a microorganism, and to the uses of

such microorganisms.

Background of the invention and prior art.

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

therapy.

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

cells are administered to the patient, or the



|na térget ti ssue, the mcroorganisns are provided with 10 cell-specific
ligands. Up to now, in spite of this provision, the elimnation of the
m croorgani snms by the reticul oendothelial systemcould only slightly be
reduced. An essenti,al earch aimof the gene thera s th 5 t her apy
of proli fera?’i%egéi/ieeaégg"l- such as 'tur?ors', | eukem a ,CE‘I‘{%EB/]DO&?%
I nfl ammati ons, autoi mune di seases and rejections of transplanted organs
-, the treatnent of which is still insufficient, in spite of all
successes of the nedi canent therapy. For instance, in 20 spite of all
successes of surgery, radiotherapy, che- nmotherapy and al so i mune therapy
for the ”eahg‘é%o‘}f adidPL s, teheiﬁ"égg'eq noy, Q%eaCE'a%‘{%%t‘{p LQpRQV;d
healing of a vanced tunors of the Read and the nec , the dentr &l nervous
system the Famtaryhgl amdcrehegraAgmst her 285§ast r of i e ndle it , thige
liver, the paRek8as ot eid dpLYa theoSkhl. dlhs Q@rd £5s @0d:Lhe prostate.
The reasons for this poor success of the tunor therapy are manifold and
not yet conprehensively known. To the main_reasons, however, belong, i)
before 30 (pri maMiFyPoSGaRIHRyF r 83iestRMERSCOESt het tufor 10191 AYait iSO t he
in vivp achi avakleG00reent takben$ adft i haiod her apeulliyC Agedi Sed 0by the
i rradi ati ons _or agai nst _immunqQtherapeutic agents; ii) resistances agai nst
the VID 03/ 06885523 18% pot? BRG3RGGFAT TASHLt | vaYEREMpeut fe SUEHT® gonér at ed
i n response tehitehe tdesbpyt Thdse ¢ NouCLealt S0n Calelctth rsisoonolevgrtdeless
si stances are_caused t he ge ic.variabili.ty of th ugpr _cells.
permtting t 3me;ﬂ(5§%§\?§'lyedltt h%ge{'?gec %cof)ot%%gnls)("s udd¥ al §eheFerties
in a target tissue, the microorganisms are provided with

10 cell-specific 1ligands. Up to now, in s8spite of this
provision, the elimination of the microcorganisms 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 8till insufficient, in spite of all
succesgses of the medicament therapy. For instance, in

20 gepite of all successes of surgery, radiotherapy, che-
motherapy and alsc immune therapy for the treatment of
tumorse, there could not be achieved up te 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) existing resistances of the tumor cells
against the in vivo achievable concentrations of
chemotherapeutic agents, of irradiations or againsgt

immunotherapeutic agents; 1ii) resistances against the




5t unor t herapeutic agents by the devel opnent of resistance nmechani sns;
I11) pharnmacoki netic and/or pharnmacodynam c insufficiencies of the up to

now avail able tunor therapeutic agents, due to which the

concentration of

the respecti g t§8D1 ¢ peiapeutic agent 5 10 irrespectipy (ngng\@?t/%4t7t6ere
a

are prinmary tunors, reci divations or netastases S

sol ute

y too snall
to elimnate the tunor. To t hese |nsuff|C|enC|es of the tunor therapeutic

agents belong, iv) a too high distribution volunme; v) the insufficient

enrichment at 15 the tunor or at the tunor cells; vi) the

nsuffici ent

penetration capability in the tunor; and/or vii) the toxic effect on the
total organi sespwhitahrd i I&'hTeS‘a@)r&:Lﬂtﬂ-c cugase Ofehbeadese {Hr msgddeased

enri chnent a%Pthe t unor In t he,

trying to e |chﬁﬁﬂﬁﬁp%her5p%u?|c gg@ﬁ?& at® 1Ifé l

di fferent thods mgre used‘for
SEapfa _

cel |l -specifi eilsitgards, 4o0e icastseRcebmnthleod eset D¢ trlae_lfalbss'um ps ddedies
t her eof, COUFBL%%J%%HQ%?H&&-O% t%r.L.dd :{m Labl X Gk NG #9&' BES x pl0

CytOtOXIC 25 proteins I SO {0 an enric

ment of

the

cyt ot oXi ¢ actupersubsharees vdtic he aemnirs, c@wparéée tod#helmmmﬁﬂtt|9§ue

hovever thi s, QuhilsGhIRIY VRS chfd nlihns DY 86 )MOSEL GRRES oA Ul | C'aﬁ@t/of or a

therapy of the tunor (survey: Sedl acek et al., contributions to
Oncol ogy 43: EthEaQEﬁanW%ﬁteFPsNéﬁ&ﬁéq%ﬁA%ﬁw €ancethe 1: BPs- T?@, 28@1).

As a consequare@. ¥ | tuaald obheysbens ikavegbaer, deskgnesl, Wi dJaRs eof

whi ch the concentration of the 5 -

4
concentration of the respective tumor therapeutic agent,

10 irrespective of whether there are primary tumors,

recidivations or metastases, is absoclutely too small to

eliminate the tumor. To these insufficiencies of the

tumor therapeutic agents belong, iv) a

too high

distribution volume; v} the insufficient enrichment at

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

penetration capability in the tumor; and/or wvii) the

toxic effect on the total organism, which limits an in-

crease of the dose for an increased enrichment at the

tumor.

20 In the past, different methods were used

for trying

to enrich tumor therapeutic agents at the tumor.

Tumor cell-specific ligands, for instance

antibodies

or the fission products therecof, coupled to cytostatics,

to antitumorally acting cytokines, to

cytotoxic

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

the cytotoxic active substances at the tumor,

to the normal tissue, however this enrichment

was in the

by far most cases not sufficient for a therapy of the

tumor (survey: Sedlacek et al., Contributions

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

1:118-12%, 2001).

Ags a consequence, amplification systems

designed, by means of which the concentrat

compared

to

Cancer

have been

ion of the
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PCT/ DEO3/ 00470 respective active substance at the tunor could be
I ncreased. WD 03/068954 An anplification sequence had the aimto introduce
such enzymes in the tunor, which were not generally accessible or foreign
in the remai giggy ?9‘3’68@%‘11 which in tyn could conveﬁ(t:T?rnéglji t [%Q.ﬂohe
tunor a non-toxic ‘pre-stage of a cytostatic into the cy OtOXIég1 y active
cytostatic. The introduction of the enzynmes into the tunor was perforned
either by admi nistration of tunor 10 cell-specific |igands, coupled to

t hese enzynes (for 15 instance in the formof the antibody derived enzyne-
medi at ed prodrug therapy; ADEPT), or by the adm nistration of genes for
these enzynegelyemant Ofact 1w®r gebbtspeei fiak oreHwt spretfi eoueat obe
(gene derived enzyne- nedi at ed prodrug therapy; GDEPT) (Sedlacek et al.,
Contri buti ond "8 °&¥¢S8 'ogy 43: 1-145, 1992; Sedl acek, Critical Reviews in
Oncol ogy/ Hemat ol ogy 37:169-215, 2001; MCorm ck,' Nature Reviews Cancer
1:130- 141, 2001; AGarameg ] i f\nt at coRe\aeaeeCaencpdl tlBe 129m 20 200ty odutlee
priorcl ini cgl, hnvegLiAaL ong WAL ANGET or GRPT JAgve Lukni 506d,a11y
insufficient therapeutic results, however. essential probFens could be
identified, BFcessdblmupdgdmirgiitan ofnather eigm emkyaeboidy). téed 28hich
relatively sgglle ol PEabbadlr@n J¥al& Of ¢ aDn aRLIDA N £NZY HBCOBRYGAL €
(ADEPT); iii) the technical difficulties to produce fusion proteins froma
humani zed aREPBEGP I thE a2 hGHaR sériFyirfe IRt 2 EHFfHﬁR&ﬁ?@ﬂ?%fbé active

cytostatic. The introduction of the enzymes into 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 by means of
tumor cell-specific or not specific vectors {gene
15 derived enzyme-mediated prodrug therapy: GDEPT)
(Sedlacek et al., Contributions to Oncology 43:1-145,
1992; BSedlacek, Critical Reviews in Oncology/Hematology
37:169-215, 2001; McCormick, Nature Reviews Cancer
1:130-141, 2001; Carter, Nature Reviews Cancer 1:18-12%,
20 2001).

The prior «clinical 4investigations 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 antibeody-
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, i.e. the number of tumor cells of a tumor ncde,
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~amount  at acceptabl e costs; iv) the lacking tunor 30 penetration of the
anti body-enzyne conjugates or the gene vectors; and v) the too smal

transducti on rate in vivo, i.e. the nunber of tunor cells of a tunor node,
WO 03/ 068954 _ - PCT/ DEO3/ 00470 i nto which the genes _for_ the en;%ne could
be expressed"© V\%Q/too% 2rdi | for a tunot-therapeutic Pe‘?Téaﬁ:Q/?t/fo A8t her

anplification systemis based on the induction of an i mune reaction

agai nst tunor cells, in 5 the course of which specific antibody-form ng
cells and cytotoxic cells proliferate. For the induction of an imune
reaction, tunor antigens are admnistered in a suitable preparation. It is
the aimto bygalk L8 diming ok gg' G aNGe 3021 D3k he ML nd Mok
t ol erance 10 obvrou y exl St PRg in tunor patreﬁt an resi stance
of the runorvagaitest %Wﬁikwﬁp¥nﬂuﬁempeaébﬁeﬁpﬂwqwﬂrﬁﬁﬁﬁﬁtasttdecades,
numerous technical variations of the tunor vaccination were clinically

investigated by gaakhRati ogmpel;dithenent t te@Nt 15gENSHigeW t No@d] Whants,
however w t hout achleV|q9 the desired break-throuygh in the tunor therapy.

New approachdB83ushden Rt /B ABMUFSstT7SAT ohPDf 288 ABENati BT of 1 hflundgeni ¢
t unor -speci f k& eanrtdgaens MEthhﬁ@Wiﬂbdb&ﬁHé aft iBbdgeFording Cc€el bsanlkioaded

wth tunnr-sgeglfbgdaptlgeqs pro FZQ nuclegtldet§gqueqfes fhat e code
t unor - speci fré &Rt i‘gensS, "hdvePF 85 &35 1 P&t prom’sing CEtPRi H

results, homememn@p eanommhherEumann@mtbenseenaaebreakanthteugh iimthe

t th
umor _erapég proc}uc O@&QE Bhqug ch Ss Raen g?MEIt%p%drcftaqc eﬁ?ée?ﬁrgune

expressi on nucl el ¢ acr sequences introduced Into bacteria
on the cell ﬁeﬁbwameaﬁ agrekes hact ke atgmoge this immune tolerance

10 obviously existing in tumor patients, and/or the

resistance of the tumor against the own immune reaction.

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

15 with adjuvants, however without achieving the desired
break-through in the tumor therapy. New approcaches, such
as the administration of combinations of immunogenic
tumor-specific antigens with new adjuvants, or of den-
dritic cellas, loaded with tumor-specific antigens, or of

20 nucleotide seguences that encode tumer-specific
antigens, have resulted 4in first promising clinical
results, however up to now there cannot be sBeen 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 c¢ell membrane of these bacteria or to

have them secreted by these bacteria. The basis of this
technique 18 the Escherichia c¢oli hemolysin system

hlyAs, which represents the prototype of a type 1

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

permit an efficient discharge of protein antigens in

Salmonella enterica, Yersinia entercocolitica and Vibrio



‘have them secr et ed by these bacteria. The basis of this technique is the

Escheri chia coli

henol ysin system hlyAs, which represents the prototype of

a type | 30 secretion system of gram negative bacteria. By neans of the

hlyAs, secrepiPn, oGt g 8suere devel opeq, which pernig, @2&&65206'6‘&70

di scharge of protein anfigens in Salnonella enterica

rsin

enterocolitica and Vibrio WO 03/068954 - 6 - PCT/ DE03/ 00470 chol erae. Such
secretion vectors contain the cDNA of an arbitrary protein antigen coupled
to the nucl eotide sequence for the hlyA signal peptide, for the henolysin
secretion apparatus, hlyB and hlyD and the hly-specific 5 pronoter. By

nmeans of thi gnseeraled .OMVeEt BEcratRiodt Bidtt£&ad H6neYRPheTIR] Ofind heesuif ace

of this bacteri
consi der abl y A

p

um Thus genetically nodified bacteria inpduce as vaccines a

JiréP SV ot e A otP than® B3Rt 8Fi at%i ntBGhi BACLA&EPAGt ei n

expressed bystha enmter on:bmedhaumllemc sllQ;]rBacl dpéﬁmiil'lls Ifrd aciee | hkabhys@iBonner

et al., EP 19%502%10A, alGe ng em el 1% n%3 "5]9*9 99§p Va%m ne
19: 2621-2618" 5061 HFes ' 9458146379 ¢ ThéP§rawback of
this nethod pgomewavrer Ehamebyls usf nghtike stﬁ%gqommfwecplocmoter prhéeedmount
of the 15 pr%‘ﬁ' € ;ﬁﬁé?&'e&mohh%h@tsﬂ{rﬂ'&éa% @ stsh 8, PACL LE L MM Th e

extrenely small

Ate for the introduction of plasmd DNA into

manmal i an ceBF§'et§y'°@d-r1r31 er‘“‘tﬁbfhﬂia Bachead aSalifitely a andverstapea 2

nonocyt ogenegohas dkean devel gred. i@Res 2&&9@&@1 ped tinad heser ot agm ds
coul d be expressed in the mammalian cells, even when they were under the

control of XPégRarydht iPFE Prévhibt EP‘Prlglséserﬁ dBY werl hPFEd’L?t’:’é:ch nP8C1EiSteri a
nNONOCYE Ogeneacdar Memaiaid phasacds 1@qniraiyni Movner 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 controcl

of a eukaryontic promoter. Plasmids were introduced into

Listeria monocytogenes germs, said plasmids containing a

nucleotide sequence for an arbitrary antigen under the

25 control of an arbitrary eukaryontic promoter. By

introduction of the nucleotide sequences for a specific

lysis gene, it was achieved that the Listeria

monocytogenes germs dissolve in the cytoscl of the

antigen-presenting c¢ell and release their plasmids,

30 which then leads to expression, processing and

presentation of the plasmid-coded proteins and clearly

increases the immuncgenicity of these proteins (Dietrich

et

al., Nat. Biotechnol. 16:181-185, 1998; Vaccine

19:2506-2512, 2001).



nucl eoti de sequence for an arbitrary antigen under the 25 control of an

arbitrary eukaryontic pronoter. By introduction of the nucleotide
sequences for a specific | ysis gene, it was achieved that the Listeria

and 1ol oace TE P IBORAPRE 50 whi cir L on 1 cads (o e BATTBAC 3 DAL

cel l
ng

and presentation of the plasm d-coded proteins and clearly increases the

i mmunogenicity of these proteins (Dietrich et al., Nat. Biotechnol.
16: 181- 185, 1998; Vaccine 19:2506-2512, 2001). WD 03/068954 - 7 -
PCT/ DEO3/ 00470 Virul ence-attenuated variants of bacteria settling
intracel lularly hayg,heen daetvteéape@@edFQIa M@@C%éuggct\@ﬂa&% ¢ in

Li steria nonocytogenes, Sal nonella enterica I muri um an typhlg
BCG were al ré&(ﬁ)?ati’seéd“&i]sa@mepla"teollé?%t'éeéei"le\lémﬁa’cm Fes dgeiraece yshgd

t uber cul osi sy Fhesa Pact eLia tieRGlaUudhdido dPebeatbenyaligthndif ANk 8 c@k8 ca
generally imune stinulating and can trigger a fair cellular inmune

response. Fof Vi'nstRitE™ 1 1 uhpadcyt DiRhbs 286 Mfl%t BeT €0 24 *&HY arsgegrde
the 105activakirlan otoTkHtaceldl s 1heepr a}adcenﬁés on a3fa yd Ot Oy hd yy Nphaay

These bacteria suppl y secer d an direc I ntQ the c sol of
anti gen- presén NG e ﬁE rracrop ages”éﬁé] éenarlttlc te fzg \ﬁA%egh

turn expres&utthet@oanm@mrmgl hpl éomhes and muliaggerg aand Scehf n:a:uemer
stimulation gf Edaclexl'scelbslg&stqmngﬁwer,gyggﬁnp@rt degr adeg, { 0, pbaggso

conpartnents t he antl gens pro uced ese carrier acterla can
t her ef or e on™PRE G IRARE bé thmaslatfiesl Fica AHER$@L3l| [degmtecics &he

lead t® the LRQYLitGRPOfod H@1PEEe11s the proliferation of cytotoxic
lymphocytes. These bacteria supply secerned antigens
directly into the c¢ytosol 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 1II
molecules and thus lead to the induction of T helper
20 cells. On the other hand, the listeriae replicate after
release from the phagosgome in the cytosol of APCs;
antigens produced and secerned by these bacteria are
therefore preferably presented via the MHC «class I
pathway, thereby CTL responses against these antigens
25 being induced. Furthermore, it could be shown that by
the 1interaction of the listeriae with macrophages,
natural killer 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) is
induced, for which an antitumoral effectivity was
detected. For instance, by the administration of L.

monocytogenes, which were tranasduced for the expression
cf tumor antigens, the growth of experimental tumocrs

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

and
and
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20 cells. On the other hand, the listeriae replicate after release from
t he phagosone in the cytosol of APCs; antigens produced and secerned by
t hese bacteria are therefore preferably presented via the MHC cl ass |
pat hway, thegebyp §Tlg 6 #8RQNISEs agai nst ¢ hese antigensP@§/Qjaé:ﬂg /igeiuged.
Furthernore, it could be shown that by the interaction of the'listeriae
wi th macrophages, natural killer cells (NK) and neutrophilic granul ocytes,
t he expression of such cytokines (TNF-al pha, |FN-gamma, 11-2, [L-12;
Unanue, Curr. Opin. Imunol. 9:35-43, 1997; 30 Mata and Paterson, J.

| munol . 163: 1449- 14456, 1999) is induced, for which an antitunoral
effectivity was. detact ed.: sFar4i7nst anees ;byctheeadnkakst rabi opsaf skss,
nonocyt ogene i re trapsduced. for _the expression r tigens,
the growth o ngge&%éE%eﬁttﬁgbfs§§g1605F8c§ﬁtﬁj@ﬁfsﬁggi ?gé%gg?bé%gs’

I nhi bited (Paragttyaland WBal3 10680547~ ZmrRGK DE03LBO4BE® 2Nkt50ed2000) .

1: 471- 477, 1995, 1 CANGEN, R0y, 5O 8264 289011 199% ¢ MOES! Gl Alins Nlihieo
Cancer Inst. 87:581-586, 1995; Beatty and Paterson, J. Innun51.

165: 5502- 55082 i2B00yuclepEddencee ar eBABAL ceh Sal roRtd s EfmerT cansipginss,

into 5 whichhpyel eptiede $8EY¥EAGES d,halkc@NGOde kWD 23Nt LgRBS BAvEgkaen
I ntroduced, could cause as tunpr _anti gen- expressing bacterial carriers

after oral aBffPACSErad dhacheEpadi 193¢ Prdiect f bATagditst2eNt FaPERRTLOD
experinmental a tgpees fiMedprateictilon BEYainkst | MiEWeresd: 763p€F¥Imeh@22000;
Zoller and Carist, J. | nol . 166:3440-3450, . 2001: Xi ang ~al., _PNAS
97:5492-5497?“5866).(ﬂéggﬁﬁi-eﬁanﬁlsaln%HérlaJStrgT%%n&zre g%sgsgfﬁégfive
as pilophyl agvioe ;vaceilles agaidstChhirass, | nfectimomsn¢ HPV)166 :3440-3450,
2001; Xiang et al., PNAS 97:5482-5497, 2000). Recombi-
nant Salmonella strains were also effective as

prophylactic vaccines against wvirus infections (HPV)

{Benyaccub et al., Infect. Immun. 67:3674-3679, 18599}
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 s8sBystemic 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 into Escherichia coli
strains, nucleotide seguences that encode selected
enzymes were 1introduced, 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 t-ssues 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 can be enriched, provided they have a low
distribution volume and thus a relatively 1long blood
half-life. This enrichment (alsec designated passive

targeting) can be used for therapeutic methods
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(BénYaboub et al., 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
t her apy, Sal € i wer e sel ectged,_ which sett idically
sel ected tunoﬁlrai]tél’gzﬁé?@uq?r ay et al., 930 J. Bacteri OE}@T{%\E@E??%%@?

2001). Into these Salnonella strains as well as into Escherichia col
strains, nucl eotide sequences that encode selected enzynes were

i ntroduced, and these bacterial carriers were successfully used for GEDPT
invitro as well as in 25 vivo in experinental tunor systens (Pawel ek et

al ., Can- cernsBasacek ,453¢r4%44a1199€}vikhkl andat | hdd BS4epraRdtblogy
particular tunor tissues _are characterized by an increased angi ogenesis in
nmost cases CRAGEPcANY FHbteeding in the tunor. In these 30 newy formed
vessel s, soluble as well as particulate substances can be enriched,

provi ded they have a low distribution volune and thus a relatively |ong
blood half-life. This enrichnent (al so designated passive targeting) can

be used for thenaneuli G JElhods: VWQ,034068994.n 9 PCT/ DE03/ 00470 (Sedl acek
Critical Reviews in Oncology/ Hemat ol ogy 37:169-215, 2001). Techni cal

object of the invention. 51t is the object of the present invention to
providd a phar mh&edi CA® CHMRST tPONTRRNPERSKAS AR YRy EaRellc provide
ef fectiveness ipnhbRateaatitRnt Qbmplo@liitfiymt i vaii i SeaFeSanl N1RBERRGELWAr in
the tunor therapy. ,10 Basic concept of the invention gnd fin | ngs t he
effectiveness in the treatment o] proliferative

diseases, in particular in the tumor therapy.

10 Basic concept of the invention and findings the

invention is based on.

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

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

20 plasma protein under the control of an activation
sequence that can be activated in the microorganism;
III) optionally, a nucleotide sequence that encodes or
is constitutively active for a cell-specific 1ligand
under the control of an activation seguence that can be

25 activated in the microorganism; Iv) a nucleotide
sequence for a transport system that induces expression

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

optionally II1) 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
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I nvention is based on. For achieving the above technical object, the
I nvention teaches an envel oped m croorganism in whose genone the
foll owi ng conponents are inserted and can be 15 expressed: |) a nucl eotide

sequence thayceng@dessgosdirectly or_ingjrectly, anti grevi/foEasi el y76r
cytotoxically active expression product or a plurality of sald expression

products; 1) a nucleotide sequence that encodes or is constitutively
active for a blood 20 plasma protein under the control of an activation
sequence that can be activated in the mcroorganism [1l) optionally, a

nucl eoti de sequence that encodes or is constitutively active for a
cel |l -speci fi grkifgand1yundebnklie taeritaealy of aaniaet;i vat) on ocgauai€EL § hata can
be 25 activahgd, il e M eLooLgans J ). & Jue! goblde o seyence. (or,a
transport systemthat 1nduces expressicorl = oicthe"&Xpr essi on’ prodict S 6f
conponents | pigm@olrigardredn opt Fbraldwntdsd]l) oh themeltiem sig¥bereanfl the
m croor gani sphar ;that, d HUCES, Seeh ehisan Hf g%ﬂgsﬁ?dsm&%&g pLogych of
conponent |) and expression of conponent 11) and optionally conponent 111)
and that is WO 0% D83FSAPONERt PCE)DENBAOYA?0 praterasidy EBnsihg udiveedy
active; V) OpkieBaldgani ssucheat ivile S£HURRGES i h PERLAERA WSeEh {0 ch¥si s
of the mcroorganismin the cytosol of mammalian cells and for.  the
i ntracel | ul aP®r ePE&SE 31 DI aki d&P6i t MLGEOPESER 6T 5 B ndFe EBAPondfts 1)
and VI) cont aisedei-@pda 4 ksed t ulioer 0o¢ JRNssatiand, Vijubdt Ach¥akkc@ic
sequence that can . be agtiyated in the meroorganism andior thay i,
tissue-speciPlc, tunor ceFP-specf?ic, unction- specrfi'€ ' Y

10 of components I} to VI) being able to be present either

single or geveral 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 developmente.

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
seguence that encodes at least one directly or
25 indirectly, antiproliferatively or cytotoxically active

expression product; II) at least one nucleotide seguence
that encodes at least one blood plasma protein under the
control of at least one activation sequence that can be
activated in the microorganism; II1T1) optionally, at
30 least one nuclecotide sequence that encodes at least one
cell-specific ligand under the control of at least one
activation sequence that can be activated in the

microorganism; IV} at least one nucleotide segquence for
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or not cell-specific, for expressing conponent 1), any 10 of conponents I)
to VI) being able to be present either single or several tinmes, and either
identical or different. For the purpose of the invention, preferably

envel oped m @ipof ganiegpsas carriers forg gene 15 i nf org@pi/¢rg @8¢ otde74yse of
sai d envel oped m croorganisns for the prophylaxis and therapy of a

proliferative disease are described. The invention is based on the
foll owi ng experiences and techni cal devel opnents. Subject matter of the

i nvention are therefore 20 preferably envel oped m croorgani sns as carriers
for nucl eotide sequences for the treatnent of proliferative diseases, the
fol |l ow ng comaporesd st hawengt beespbrserdyettem Nkt@atthemakes oproganisnes: thle at

| east one nugleotide sqggen e that encodes at least one dlrectéthrI§5

. . expressi. . the "eXpression. T . compon
indirectly, anplprollféra I vely orpcy?o%OX|5hf1y active exﬂ?e33|on

product; I1)aa# | ekt omadnucl €bli densequieace outlsat emsodeseat dfasthene

bl ood pl asm,RLebLSI Y NGRS épeth‘e‘oﬁtercqjetqorﬁtokeéﬁkp%%nacﬁi)v,ati?g agguence
that can be activated in the mcroorganism 111) optionally, at 30 | east

one nutl eoti d&Ideqidn@® tirfakhtotbslapsresde s latiidepeearprcei §a4d

under the cogtrQlea®fc aind 6asdt &N uaehi ¥aki A s3@IWANGERd Nl c£8BrB8nism
activated in. the n1crooE%an|sn1 V) at | east one nucl eoti de sequence for

WO 03/ 06895412 18he pE¥FPES3/ 06470™AF™PedEP o€ 1tiPandPsht ESFst &Mt haf “nakes

possi bl e t hetraxpnassiaan péltheee)yf essadnipBoduitSa Die € OAPONEWE S1k s edand

1) and 111)_on_the qut.er surf€§§1 f the*?nicroorgani&n1or.the secretion of
a

microo¥ iyan .at ast ope’activation s efice
conponent 1), FF) aﬁ§3§ﬁql); option y at FEasdt® one nuct edfirdé
sequeﬂbe forthat can be activated in the microorganism or at least

one tissue-specific, tumor cell-specific or not cell-

specific activation =sequence, for expressing component

I).

15 Preferred embodiments of the invention.
Component I).

Component I} is at least one nucleotide s8sequence
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 inducirg ligand (TRAIL), antibodies or
fragments of antibodies, which act inhibitingly on cor
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 i) a tumor-associated or
tumor-specific antigen, ii} an antigen against

lymphocytes, such as against the T cell receptor, the B
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at |east one protein used for lysis of the m croorganism in the cytosol

mammal i an cells and for the in- tracellular release of plasm ds contained
in the |lysed nicroorganisn1 and VI) at

that can be
ti ssue-speci

?g ?é #e mcrmngaq§n1m'atleaﬁ ? 2 ?3 00470
nor ceI specific or not cell- speci activation

sequence, for expreSS|ng conponent 1) . 15 Preferred enbodi nents of the

i nvention. Conponent 1). Conponent |) is at |east one nucl eotide sequence
that encodes at | east one directly or indirectly, antiproliferatively or
y active expression 20 product. Directly, antiproliferatively

cyt ot oxi cal

active expregsnan refe@dtnt s ¢het HEcBBARENGoQf tihhe daweni§onaar enkosr . 1

i nstance interferons, such as | FN-al pha, | FN-

| FN- bet a,

i nt er | euki ns®*wWhi’cHt i Nt Di FEFRRGRE &A1Y sa‘bri?gﬁﬁfleué‘él“l s, S%GRha8s Ik 10,

| L-12, proapeptot-i3¢ papti-ces o6, 257pr esei RS, suoh a&JINF-Bipha13fa51h|gand
ﬁEBOptOSIS |ndug%ng Ilgan QTRAIL) antib d| s el fragn%nts of
|ngfy 6h “6r cyfotOX|caP y “ah iofmuié Scel

TNF-r el at ed
anti bodi es,
a tuno¥ cell

rch act i nhi bi
regceatoal |fowfa tdiwendkine, fp@nuwmuﬂnQdmianmmNmﬁEglN§B§s

such as 30 apbpbadipgs, di heet el agal N3l d) AU ASSQUALLd Y 1p-1o,

tunor-specific antlgen 1) an antlgen agalnst |'ynphocyt es, such as

agai nst the

Fidel | ar eddpftvic - 2hecBIWD 081669954 - sprh PO/ DEB8L 06470 2cel |

receptor, the;see@Ptsediofid hs:n@«ﬂgelnl gasnchhé h@eBZs oformﬁzmgrytaeaha@ept or
for an |nterleuk|n such as IL-1,

-9, -10,

-11, -12, -1%5idngxs. Agvy, PR "c%tee're;'iééhr&ldfo? %lﬁdf’nt é:r“frb‘r‘b"‘h B <thé
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gastris, ovaries, cervix, vesica urinaria, an
antiproliferatively active protein, such as the
retinoblastoma protein (pRb = pl10), or the related ple7
and pl130 proteins, or antiproliferatively active mutants
of these proteins, the p53 protein and analogous
proteins or antiproliferatively active mutants of these
proteins, the p21 (WAF-1) protein, the p27 protein, the
plé protein, the GAAD45 protein, antiproliferatively
active proteins of the Becl2 family, such as bad or bak,
cytotexic proteins, such as perforin, granzyme,
oncostatin, an antisense RNA or a ribozyme, specific for
an mRNA, which participates 1in the growth or the
proliferation of a cell, for instance specific for the
mRNA that encodes a receptor, for a signal-transmitting
enzyme, for a protein, which participates in the cell
cycle, for a transcription factor or for a transport
protein. 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,
macrophage inflammatory protein-1 (MIP-l1-alpha, -betal},
neutrophil activating protein-2 (NAP-2), interleukins,
such as IL-1, IL-2, 1IL-3, IL-4, IL-5, human leukemia
inhibiting factor (LIF), IL-6, IL-7, IL-%, IL-11, IL-13,
IL-14, IL-15, IL-16, cytokines, such as GM-CSF, G-CSF,

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

| east one activation sequence 10



5 feceptor f

such as agai
ki dneys, nev
cervix, vesi
the retinob
proteins, or

or a chenokine, for instance for RANTES, MCAF, M P-al pha,
M P-beta, IL-8 MSSA Go, NPA-2 or IP-10, iii) a tissue-specific antigen,

nst a tissue-specific antigen of the cells of mammary gl ands,

be B ERER €2 ant 1 prol i 12 actvel y act o b S04 B/ ¥ Bos ™

| astoma protein (pRo = pl10), or the related pl07 and pl30
antiproliferatively active nutants of these proteins, the

p53

protein and anal ogous 15 proteins or antiproliferatively active nutants of

these prote
protein, the
Bcl2 famly,

ins, the p21 (WAF-1) protein, the p27 protein, the pl6

aE0APES By :‘E-eds@a%@nt berold ferptdvekyc aghingg SHA e Pge8f Lhe

such as bad or cytotoxic proteins, such as perforin,

granzyme, 20°¥REESKAL n, Baﬁséﬁt’ﬁ%ensesRN@\ ore‘hzﬁ”f‘ﬁ%zyr%el%?)emafq c P&A- an

MRNA, whi ch
i nst ance spe
signal -trans

aa&bualcrt&ts@s i 2 theaghdwh, t e hpaellifayat |oQ:n af ayagkl.,
cific for the nRNA that encodes a recgeptor,

for

FEEPPAGS enSe, SP6P a 0% H, dhfch pe?r]t“icc“irp"a‘l’e%a?ﬁ th&cel |

25 cycde, fogadatranscragy, onluaciser okifiesea tanospolt dgnpdebhenase,
Indirectly, proliferati vdelsye actlyge; proteins are for nrllnnst ance, | gduckﬂrs of
acute infl amvati ofs and Jmmune - Feactrons, "SUch 5 HOKI nes T 1 NTES

(MCP-2), no
macr ophage |
actlvatlng p
| L-4, IL-5,

IL-1140 | L- 13phokbhbdylldaeld gllcdbe 6¥10KERES 1 aT U Ao AULSE, GaEBELe35

necypeycm@mﬁkﬂﬁsQ,aﬂﬂtaeunvaﬂﬁﬁglha@mn q¢n¥¥§yti@18§ BO-
HEE@mmttWanﬁilq{ee' nE:E'nSMP' 11@&::9}3% l%Q.Ilac’)lc W&Egﬂghgse,
rotein-2 8 2), interleukins, such as IL- IL-2, I'L-3,
H&#ﬁﬁlméukerﬁ*aosPhﬁFBPFvng f}h’dt%ﬁe(u Fpuriines, |pugleppide

M CSF, enzynes for the activation or fission of the in
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oxidase, penicillin V amidase, penicillin G amidase,
lisozyme, [B-lactamase, aminopeptidase, carboxypeptidase
A, B or G2, nitroreductase, cytochrome P450 oxidase. Ac-
cording to the invention the enzyme can originate from a
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-
specific ligand with an enzyme, and/or proteins, which
inhibit angiogenesis, for instance plasminogen activator
inhibitor-1 (PAI-1), PAI-2 or PAI-3, angiostatin or
endostatin, interferon-alpha, -beta or -gamma,
interleukin 12, platelet factor 4, thrombospondin-1 or -
2, TGF-beta, TNF-alpha, wascular 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
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

proapoptotic proteins, enzymes and cytotoxic and/or



| WO 03/068954 - 13 - PCT/DEO3/00470 active pre-stage of a cytotoxic
substance into a cytotoxic substance, said enzynes being an oxi -
doreduct ase, a transferase, a hydrolase or a | yase. Exanples for such

enzynes are a-gl ronj dase, 0 5 gal act.osi dase, gl ucose igg ., al cohol
dehydr ogenasg,Og #Igzpoé;%gg)ﬁ dase, uroki e, tissue pl }s‘?ﬁé’ igé&aq '%/290r

carboxy peptidase, cytosi ne deam nase, deoxycytidi ne ki- nase, thym dine

ki nase, |ipase, acidic phosphatase, alkaline phosphatase, kinase, purine
nucl eosi de 10 phosphoryl ase, gl ucose oxi dase, |actoperoxi dase, |lactate
oxi dase, penicillin V am dase, penicillin G am dase, |isozyne,

R-1 act amase, ,2BLRERRRMI14ASE, r SRL PRXYPERMLIESG i e B 1 c G rHLLERECAYGLASE,
cytochrone P450 oxidase. Ac- cording to the invéntion the enzynme can

originate fr6WtateFif r gEA/PHa " HIRARL At YRastro e kBl usknddRtioggecPfor a
mammal . Pref ehabhhmSuGh mNzWms e Hees, i dyeoidHioat epf6QPbPBBLic

Furt her nor e, sg9h nucleic acid constructs are preferred in the neaning of
the inventidR%/ R &R SPEHL L TS OnPPPEAARE "of a cell 20 specific |igand
wi th an enzyne, and/or proteins, which inhibit angiogenesis, for instance
pl asmfogen activator inhibitor-1 (PAI-1), PAI-2 or PAI-3, angiostatin or

endostatin, interferon-al pha, -beta or -gama, interleukin 12, platelet
factor 4, thpgpBasrandifyyl or 25 2, TG--beta, TNF-al pha, vascul ar
endot helial cell growh ‘inhibitor (VE@) . In the nmeaning of the

invention, the conponent Lz may represent one or nore nucl eotide
sequences that efREBHERERE orIhoteé Pdet9legtife aPAPERSSt tRhAT eeRFgdEF

indirectly, peohidsyaténel p1@oB0 Cysnh Opiredleih actaye RhQt eddw:r &1 eberred

are an activation seguence that can be activated in the
10 microorganism. Preferred are human blood plasma
proteins, namely those, which have an average dwell time

in the blcocod 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, 1584 ; 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. 11:5811-5819,

20 1983; Yang et al., PNAS-USA B80:5875-5879, 1983; Brune et
al., Nucleic Acids Res. 12:4531-4538, 1984), hemoglobin

alpha {nucleoctide 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. 252:501%8-5031,

19771}, alpha2-macroglobulin {(nucleotide 1-4599; WO
9103557 A, 21/3/1%91). Thereto belong, however, other

blood plasma proteins, too, such as alpha-l-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 microorganism is received after



conmbi nati ons of proteins, which have an additive or synergistic effect.
Additive or synergistic effects can for instance be expected for the
foll owi ng conbi nations of differently active proteins: cytotoxic proteins

and 35 proapgpt ot ins, enzynes d cytotoxic a /.06 -
14 - PCT/ DEO@ oo‘ﬁégf’gﬁ[%é\gépt otic protei “ant i angi og%néef/é?\eg?g? ‘ggﬁ
cytot oxi ¢ and/ or proapoptotic proteins, |nductors of |nflannat|ons 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

that can be Q?Ek%ﬂ&%dddhiﬁ%%é@a@lBBoorQﬂP'ég}t?Eﬁﬁﬁrr?%ﬁ%f’PH?EQtQBQOd

pl asma proteins, nanely those, which have an average
bl ood of nor éntRafkb2s HARS . Cﬂ%ﬁ?hé§é°BeP6ﬁ§emn'[ﬁﬂtﬁ(ﬁﬂ%ﬁrféﬁgrﬁ§taﬁce

albumr1(nuc%gg%bq§t%gg ; cel BOhldH e @&nahtaﬁﬂﬁ£gé§§3ﬁnAtﬁMlgg}8§7)

transferrin nucl eot i de 1-2346 Uzan at al Bi ochem Bi ophys.

Commun. 119: 278- 583, fgﬁfrﬂﬁﬂﬁﬂainthe PNRSrU§RS%£B:ﬁ¥ﬁF?W58r 1984} e
cerul opl asm neeBananat af droni&hinpDsAAEtIGN60-66, 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 at al., PNAS-USA 71:2300-2304, 1974; Chang et al., PNAS-USA
74:5145-5149ComporERt Heidgl obi n beta (nucl eotide 1-626; Marotta et 25 al.,
Prog. Nucleic Acid Res. Mol. Biol. 19:165-175,

Component III) is a nucleotide sequence that encodes

a cell-specific ligand under the control of an

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

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

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

15 the microorganism, in order to achieve the therapeutic
effectivity. For instance, in tumor diseases, ligands

with specificity for tumor cells are used, i.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 mnevi, the

cervix, the vesica urinaria; for chronic inflammations,

cellular auntoimmune 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




i Ty TR
St R

AR S AT

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

al pha2- macr ogl obul i n (nucl eotide 1-4599; WO 9103557 A, 21/3/1991). Thereto

bel ong, however, other blood plasma proteins, too, such as _
al pha- 1 _-I I PORIPtEL ?10 B8qalpha- 2-11 paprqtein, bet a- I —PéTE%@g 9|0rb4ﬂ3e_
expression of at [east one of these plasma proteins by the

according to the invention has as a consequence that the m croorganismis

m Cr oor gani sm

received after WO 03/068954 - 15 - PCT/ DE03/ 00470 systenic adm nistration -

in particular after injection into the blood circulation system- to a
| ower degree by phagocytosing cells, thus can stay |longer in the bl ood
and can be enbacebetaiged.,he denveivesselceyisd emdr LRmbhcxraLssets ab a
chronic inflanmation.. Conponent, 111). nponent 111) is a nucleotide
sequence tha?céﬁggggg %§g§§%§£b %i%e%g?rgand under the control of an 10
activation sequence that can be activated in the mcroorganism The
specificity of this ligand depends on the kind of the proliferative

di sease, for which the mcroorganismis used, and on the cells or the
tissue, wth which conponent I) is to be brought into contact in 15 the
m croorganism in order to achieve the therapeutic effectivity. For
instance, in tunor diseases, ligands wth specificity for tunor cells are
used, 1.e. fBP™PLHAFH™ dsFoci ated or tunor-specific antigens or tunor
endotheliumcells or for tissue cells, fromwhich the 20 respective tunor

originates, for caspaneatf aavcelks aofnudheotd hy¢ Ovdggleaned dier peosvate, the

OvarY’ the ng é&%’ﬁPJJFE§%99§¥’ %%%Jﬂﬂ?é?ﬁ?ygo§ﬁeg%§ﬂg§%sf@g Q?thethe
cervix, the vesica drinaria; of chroni I NT 1 ammtl ons,
expression products of components I), II} and/or III) on
the outer surface of the microorganism. The respective
10 component can as an option either be secreted or
expressed on the membrane of the microorganism, i.e.

membrane-bound. Components II) and III) are preferably

expressed membrane-bound. Such transport systems are for

instance the hemolysin transport signal of E. coli
15 {nucleotide 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 sBecretion, 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
preotein; the hemolysin transport signal of E. coli
{nucleotide sequences containing hlyaA, 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 i(Umelo-Njaka et al., Vaccine 19:1406-
1415, 2001); the transport s=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 Micreobiology 10:39-45,
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“cel l'ul ar autoi mmune di seases and rejections of 25 transpl anted organs,
| igands either with specificity for nmacrophages, dendritic cells, T
| ynphocytes or for activated endotheliumcells. Such |igands are for

I nstance specjfi t] i es or antigen-pinding frag se

ant i bodi es, Ejpomfﬁa;baébgggsﬁ inter 30 | i ns, cytoki nggt?Dﬁ?%l}z’%@gPon
nol ecul es selectively binding to tunor cells, to |l eukema cells, to tunor
endotheliumcells, to tissue cells, to WD 03/068954 - 16 PCT/ DEO3/ 00470
macr ophages, dendritic cells, T |lynphocytes or to activated endot helium
cells. 5 Component V). Conponent IV) is a nucleotide sequence that encodes
a transport . | p It r l oNn . ressi,on . _
products of géﬁ%grr?én}tl\?(%l, ?Hén aﬁ,ﬁ%ﬁ{)@%ﬁﬁ&’t hgfxgbrggsr“ggl}?ﬁ‘ acghgf tNhe

m croor gani sife rfi@aledpeat s ver 10 Eonpdnent can as an option either be
secreted or expressed on the nmenbrane of the mcroorganism i.e.

menbr ane- bound. Conponents Il1) and I11) are preferably expressed

menbr ane- bound. Such transport systens are for instance the henolysin
transport si gnal of E. coli 15 (nucleotide sequence containing hlyA hlyB
and hlyD unH8FPERE Font ol of the hly-specific pronoter, Gentschev et

al ., Gene 179:133-140, 1996). The followng transport signals can be used:
for the secretionpmpleae@t ter mimal a hhyAlewparisiportegugnak, timaypr esende sof
hl yB and 20 BLyD el efng: 1 {05 ot i o1l a0e: POUNG g Xir 6551 oy L0 - i
term nal hl yﬁ t ranspor sigﬁall, i'n presencée of 't he hl yl?;L protern; the

henol ysin tr&hspore¢ysdgnal off E acolnammalian cell and lyses the

microorganism for the release of the plasmids 1in the

cytosol of the host cell. Such lytic proteins
10 {endolysins) are for instance Listeria-specific 1lysis
proteins, such as PLY551 {Loessner et al., Mol.
Microbiol. 16:1231-41, 1895}, the Listeria-specific
holin wunder the <contrel of a 1listerial promoter. A
preferred embodinent 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 VI} is one of
activations sequences that can be activated in the
bacterium and that is known to the man skilled in the

25 art. Such activation sBequences are for instance
constitutively active promoter regions, such as the
promoter region with ribosomal binding site (RBS) of the
beta-lactamase gere 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 Jlatter




(nucl eoti de sequences containing hlyA, hlyB and hlyD under the control of
a not hly-specific bacterial 25 pronoter) ; the transport signal for the
S-layer protein (Rsa A) of Caul obacter crescentus; for the secretion and
for the marrbrane-b9und expressmn the C-term nal RsaA _trans ort S| naI

i Unel o- Nj aka¥& &F/ 06&26i4ne 19: 1406- 1815 2001); th& FFARERD { 084h81 for

the Tol C protein 30 of Escherichia coli (the Tol C protein was descri bed by
Koronakis et al., Nature 405:914-919, 2000) and by Gentschev et al.,
Trends in M crobiol ogy 10:39-45, WO 03/068954 - 17 - PCT/ DE03/ 00470 2002));
for the nmenbrane-bound expression, the N- term nal transport signal.

Conponent V){’u §0P8fp%$pf) Aal %m%m%‘éc' L044 dg. S%Qg%@%%odr}%}e ?89§§rf1@51

| east one |y ern, i ch s expresse yt 0SO
mamral i an ceklt anid yses t e o trei ook gahﬁsﬁﬁﬂorlBtShe ¥%9éhs@roft11¢1eppbssm ds

in the cytogplmQkeN€sR0SE CehdnoSYeBgkyEEC PBQIthHS 19n€gRdol yehRgh . are

for instance Listeria-specific lysis proteins, such'as PLY551 (Loessner et
al., Ml. MeérdBi®adr 751’6’ 128904} . Pogferaate H%tél"l‘:&"saﬁéb‘i f$@AUBBFEA - under

the control Qhiadnlisieréal RNUMILr oA Y ebehkad a@mhodi Mt Phctbisal
invention is the 15 conbi nati on of different conponents V% for instance
t

the conbinafPdRi6F 47 ydis PFo?ePh WFt hhE REF9SE CSiponette VR §E1EBRHBnent

VI) represenis ahidd btknary B6ti Vakthanc2) segeencs;, ¥hhahceentraies the

expressi on of conp onent@g)ﬁ ‘plothe ex ressmn of coJ onent Io) n the outer
i S

surface of PRE8™M-EFdor FFSTEN® W i s> Bhe O

enhancer seguence known to the man skilled in the art
10 can be used. 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 segquences are for instance tumor cell-
associated activator seguences (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,

thyreglobulin and PSA (McCormick, Nature Reviews Cancer

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

Critical Reviews in Oncology/Hematology 37:169-215,
2001), such as VEGF, von Willebrand factor, brain-
specific endothelial glucose-1 transporter, endoglin,
VEGF receptors, in particular VEGF-R1, VEGF-R2Z, and
30 VEGF-R3, TIE-2, PDECGF receptors, Bel, endothelin-1,
endothelin-B, mannose 6-phosphate receptors, VCAM-1 and
PECAM-1, activator segquences of the genes for proteins,
which are preferably expressed in such tissue cells from
which the tumor cells of a patient originate (thereto

35 belong proteins expressed in cells of the breast tissue



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

[ i th 'b I RB. f th b f E
coti Cor "of B (T ACGHE5 Y Busby and EBP ofit ool I 7orFab PRD T1804 78

pronoters 30 that can be induced, preferably pronoters that becone active
after reception in the cell. To the latter WD 03/ 068954 - 18 -

PCT/ DEO3/ 00470 bel ongs the act A pronoter of S. nonocytogenes (Dietrich et
al ., Nat. Biotechnol. 16:181-185, 1998) or the pagC promoter of L.

nmonocyt ogenegs 6 BUNBAR ahRleeCUud-AMUN .21 8% 74X D001 #P01) e nBr ek gy £edaare
activator sequences, 5 which, after release of the plasm ds of the

bacterial c8FPPEr [FPThdASHTEE SR YERS8 ot kel €Sy BTREEAFE edE0Fn
this cell. Foastaste@ncealtiha M -enhanatirodde GMLept 688t er pshhe SwAe
pronot er or other promter qr. enhanger sequence known to th

skilled in tﬁ‘égﬁi{t' 16P&an ™68 lused °pr e PR Sr & ¥R T HRF OB Ar | -spgm Fc or
functisdn-spekiflheyactdval vt sequercesicekheoSeltdet i penet ftdre pebtespecific

wheroin tho TBLehert oy CAPEPar o Tho AT ASIag el caCea™FaR e 2 PrU®

wherein the acteri carrier or t
bacteri al cat¥mphogiéeso exprasdt confFdnent imtergurohkingt | vat@)YtgéaBEFices

are for instapeRokymRls, Cethe§359C|@$§gc§§EbvatPﬁt§§9H§Bﬁ%S (£beegtorhel ong

activator sequences of the genes for m dkine, GRP, TCF-4, MJC-1, TERT,

MYC- MAX, sur £8Et ARE ST T & ol PRECK LR BPr oF BERC X3 GEA, © % y’r%’é?ﬁﬁ%é“s '

fibrildary agtdi¢apoet eb8queaidel, ChARch E2rd, bHasieampa i By hypoxia,

al pha-1 act al burTLn ost eogal cin
suc activator sequence for VEGF or for

erythropoietin.

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

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

art 1is familiar with how the components are inserted

into suitable plaasmids, 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
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 instance intoc the blood circulation,
intoc a body cavity, inte 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



t hyrogl obul in and PSA (McCorm ck, Nature Reviews Cancer 1:130-141, 2001),
endot helium cel | -specific activator sequences of the genes for proteins,
which are 25 preferably expressed by endotheliumcells (Sedlacek, Critical
Reviews in Gyeolpgyhpldeigtal ogy 37:169-235, - 2001), sughpsp¥RI/ovdho
Wl ebrand factor, brain- specific endothelial glucose-1 transporter,
endoglin, VEGF receptors, in particular VEG--Rl, VEG--R2, and 30 VEG-- R3,
TI E-2, PDECGF receptors, B61, endothelin-1, endothelin-B, nmannose
6- phosphat e receptors, VCAM1 and PECAM 1, activator sequences of the
genes for proteins, which are preferably expressed in such tissue cells
from which shectunmpleyeald stioé arfpaticertt ordmp sundet (tther etrat 350 bekoagd
protei ns exp Egsgq io Q\TI‘___‘Ilsl f. theopregstmti‘:§s%¢: %1033[{5068@554 e
PCT/ DE03/ 00470° ( Por °FnsSt'ance - 1°F af pha™t aECAFEGH"D " t he" ThyT 6f 8° gl and
(for instanceathymeglobul be) ,stheepdedt dire §f golutistmned kahbpskaeras2,
androgen, recept 05S n3) » kg OKab%a W IEVE 1hle0r +OSLACE Lyponk nBRE) .
and the 5 kidney, activator sequences of the genes for proteins, Ich are
expressed i nfehépsphagesineiepdriehne ddle Ewireryhphodpdesi naiht han of
i nterl euki NS¢ heY Mk ga ENERPKERRS £ 030NGS 1O dD| egUkeH1ddY ef 4 €5 0884
receptors for interleuklns, cytokines, chenokines, or interferons, 10
acti vat or se&héﬁ@és,“'\/\/rﬁjc%"%rEeél'}f“i'vé“thé’d HERGPOXPR, 27Guc P ht*Act Pvat or
se?uence f(r)]rhb/EGEeer P e SAlyI JIr ppeifelrimed The s65€tibar @ff compenentssl) to
VI) into the _mcroorganisns is,nmade b | ecul ar_bi ol ogi cal pethods 15
known to thec’ﬁansc’sﬂ’fg%lasi ik hglgftu.re%rg?nsﬁu}n%a?n?%?'gt"fi%l%}éethoafveba%t eria
as cakriers,lbthg Mampski Adwed i ncthe. To these substances belong for

instance albumin, tramnsferrin, 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, hydroxvethyl starch.

By the suspension and incubatien in such a soclution,
an adscrption 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 &sre summarized 1in 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

degreesg Celsius.

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

from a group containing Escherichia celi, Salmonella




art is famliar with how the conponents are inserted into suitable
pl asm ds, and how these plasm ds are introduced into the bacteria. 20
According to the present invention, these m- croorganisns are adm ni stered
to a patientwbor(JgZ%sg)nghyl axis or_ thgrapy of a pr O'Eéfyﬁtéd/? digsease.
such as a tunor, |'eukénmi a, a chroniCinflammation, an aut0|énune

di sease or the rejection of an organ 25 transplant. For treating such a

di sease, the microorganisnms according to the invention are adm nistered
in a suitable preparation locally or systemcally, for instance into the
bl ood circulation, into a body cavity, into an organ, into a joint or into
30 the conneght¥@ikiaSSWRrdihf deMteWobtH18YSEAN ¥ idG-idNIUSIEALEONLiEN
particular with adm nistration into the. _blood circulation, to reduce the
undesi red reE8ptFoR°GP EHIREI TR 00T JAATSHE by the so-call ed

reticul oendot helial WO 03/068954 - 20 - PCT/ DEO3/ 00470 system beyond the

ef fect of conponebhtrbbygamd stma eixt etenj ihet bboodidhwelthe itevedtibe are

m cr oor gani s he nmi_croor-_ gani n _ d ' SOk ut i

SUbst ances, - TRAFBA T ATE Y 4o ar by Shoe hel For B oo 4 W poh ol 088k

foll ows an i asib&tipanmitrecuspehsnon dndhi meabatingn egfve kdee fri @roofgani sns
can for instapge.hake HAGRdd DLOOHa;i RhAsERESA Blsqadserum The suspension
and incubation is however preferably performed in solutions of substances
or solutions of m xtures of substances, which have a 10 | ong bl ood dwell
time. To these stiBBd&ftes "Wy fOF Fhet ahBE=ArERH n,2 1% anBf ]t FRAAENE
preal bum n, pespghkakiidne hedh0giAbhY, tAlepPhRrdérddPORhOERIsN.according to
glomgt ﬁy: ;ﬁgg{lgt eilnnw}enl?fgraf larlc‘i prEOtuGAQ’ o%l ptr:]g'i g- nrf?'ecgfgén?grlil!:l r-k'or the

10 prophylaxis and/or therapy of a proliferative disease. A

proliferative disease in the meaning of the present
invention is a disease with an escalating cr
uncontrolled cell proliferation, for instance a tumor
disease such as a carcinoma or a sarcoma, & leukemia, a
15 chronic inflammation, an autoimmune 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, 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 raze can be calculated from the ratio of
the total area of all molecules, in a radial (related to
30 a center of the microorganism) projection into the
gurface of the microorganism, divided by the surface
area of the microorganism. Usually, as a simplification,

a spherical surface of the microorganism is assumed, and
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kvﬁglyéol'(PEG), PEG conjugates with natural or synthetic 15 polynmers, such as
pol yet hyl ene i m ne, dextran, polygeline, hydroxyethyl starch. By the
suspensi on and incubation in such a solution, an adsorption of the

subst ances tﬁ??ﬁ;g@@gg@f the mi_crggrgani sms accorr_,qg.flthEqL§?goi41y§nti on
0c ubs

t akes pl ace. oating of the m croorganisns with these s ances. can
however al so be achi eved by conjugation. The nethods of the conjugation
are summari zed in Sedl acek et al., Contributions to oncology 32:1-132,

1988. The coating by adsorption takes place for instance 25 by suspension
of the mcroorganisns in a solution preferably containing 0.1 to 50% of the

coating subghancesmMveraeiferi ot of phsER Oforpretgeabl yol@mem ikt esthe 24
hours and a tenperature of preferably 4 degrees Celsigs. 30 According to

the inventi of: A8°RPEPISMyant Bfis,f ST or abPY HLR%T " at8r £ ISRYT 2 HEe”

virul ence ofishagbilhaabilleeen reduced. Fur--her preferred are bacteria
selected froma group containing Escherichia coli, Sal nonella WO 03/ 068954
- 21 - PCT/ DEO3/ 00470 enterica, Yersinia enterocolitica, Vibrio cholerae,
Li s- teria nonocytogenes, Shigella. Mcroorganisns in conjunction with the
invention are further nmenbrane envel opes, so-called ghosts, of live or 5
exi sting nm cEevarpinissef. St tvebr ane envel opes are for instance produced
according to EPA 0540525. Subject matter of the invention are nedi cament

preparati onsg£QRbaieNihing t REnBleGHLRAHUAN SES ACEREHERYat Ost heni ANt kag and
the use of this nedicanent for the 10 proghglaX|s and/ or therapZ of a
proliferative di sease. A membrane-bound xpregsion of human ibumin

and beta-glucurconidase.

In this example, the way to the bacteria strain

10 St2l1-bglu is described. This attenuated Salmonella typhi
Ty2la strain {carrier approved for human use} expresses

by means of the hly secretion machinery of E. c¢oli
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, 1888). 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-glucurcnidase.

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

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

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

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

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




proliferative disease in the neaning of the present invention is a disease
with an escalating or wuncontrolled cell proliferation, for instance a

tunor di sease such as a carci noma or

i nflam*rationﬂgrnb[%ztD %%qu di sease or t3he rejection Q{T?Prﬁp“w%"‘”o

transpl ant.

yl axi s or therapy of a di sease

m cr oor gani sns accordlng to the invention are locally or systemcally
adm nistered to a patient in the nedicanent preparation in a dose of

preferably 100 gerns to 100 mllion gerns. The term envel oped neans that on
the outside of the nenbrane of the mcroorganism a nultitude of identical

or different ﬂ@l %télsa%l(@xmaaésada@q%%r Sel %%eqma&cgwtegntof&petge nor e

of features

geonetric coV%WBﬁéneréﬁaqﬁﬂ%ﬁP{ﬁﬁ%k%ﬁ Bsoeidaﬁ&tfd|rfﬁﬁﬁﬁlﬁﬁ?aYeﬁéPﬁeen
ﬁﬂbhupstmcei sbetcwa@‘t xGJ.c-Jteam,d khethargeao Nehhce 1e>war ageypat e
total area of all eculg§yP|n a

0.01 and 1,

can be calculated frqnlt e

I) [11) ) , as 25 described above, can rovi ded, the

radi al (rel aPEA*E4™30 % €€H€ gf Fﬁ@ ﬁ ot YT Ry B?éfeéilon f n
surface of t@enalcnaorgaamenpdm\mmmm byhthe veurdfcace pHMPeadydf thwe the

n1cr00rga“'5QL %ﬁﬂghggs

m croorgani smi s assune

cal cul ati on
"envel oped”
Exanpl e 1:

construction of a bacteria strain for

o BB hoarsRoh i - 2O B, HEAEE e RLoh "
fitgpastédnon the eoldgneand dheeskedr dor gani-Srh Thentebeare.

hsaf agid tapi yga HJS appLimabke.id EasmrﬁL%%aof SXSELE0ORE 1y
t menbr ane- bound

expressi on of PRuPET 3l DLHFHroBhA2BEt AfiUchf orfil@dget into this vector

10

15

20

25

30

in-frame to the hlvA 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': ATGCATTGCAGGGCGEGGATGCTGTACC

bglu 3': ATGCATAAGTAAACGGGCTGTTTTCCAAAC

The regions being complementary te the cDNA of beta-
glucuronidase are underlined, the information £for the
generated NsiI position is in 4ditalics (this kind of
representation will also be used in the following; the
cligonucleotide sequences are shown here, as in the
following, as 5'-3'). The primers are selected such that
the gene is amplified without the signal sequence. The
product (1,899 bps) is subcloned with a suitable PCR
cloning kit, and then the 1,890 bps fragment is
extracted via Nsil digestion. Subsequently, the Nsil
fragment is cloned into the NsiI-cut vector pMOhly DD.
This results in the vector pMO DDbglu (Fig. 1). (When
the Ngil fragment is c¢loned into the NsiI-cut vector
pMOhlyl, the plasmid pMO bglu is obtained permitting a
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

a sarcoma, a |leukem a, a 15 chronic



DM et

In this exanple, the way to the bacteria strain 10 St21-bglu is descri bed.
This attenuated Sal nonella typhi Ty2la strain (carrier approved for human
use) expresses by nmeans of the hly secretion machinery of E. coli
menbr ane- boupg fgisi g &pé,er_tqm ns of hunapsbeta- gl ucuropicdpspeans/ Blowy and
human al bum n an {ﬂ yA. The 15 construction is based on tae al r eady
publ i shed plasm ds pMohlyl (Gentschev et al., Behring Inst. Mtt. 57-66,
1994) and pGP704 (M1 ler and Mekal anos, J. Bacterial. 170:2575-2583,
1988). The strain permts by passive targeting (Bernudes et al., Adv. Exp.
Med. Biol. 465:57 20 63, 2000) an enrichnment of beta-glucuronidase at the
tugpr ang Lhy%sadf iﬁiﬁiﬁnohegul’i@éﬁﬂiéﬁ) Tahefﬁ%mdfoifsstﬂee afl puniidt ugsnho be
activated by beta-glucuyraoni dase. A menbrane-bou expr.essi on can.take place
' sal monel FAER G RPUBISR SRt Bt of At 5S¢ nE PG, CNA s D5 of LRECAI y A
secretion prgéeeen (@b preseawre? Of fitven hlayBcopneteiinllyonweverd lablabsensa of a
conpletely fupnctional _ hl.y. tein. ve t hl n t el
be m ssi ng,HEslfl%cel ot el vﬁlgep{‘ﬁe%épwmlﬁ?\qﬁotéf)e Flgp!"anera)(fll'ltae:jwgilre Cgél%]gggfpgﬁ Y
bet weéhn t he Betmerponmemectaitiery ¥midlt he Tol C 30 protein of the outer
menbrane (Spreng et al., Mal. Mcrobial. 31:1596-1598, 1999). In these
exanpl es one of MO, 03468984k cradd crHiGH PEOS6PP470 the possible
nodi fications of the hlyD protein for the mnenbrane-bound expression is
i ndi cated. First3{heATEEAIRE r L gcted, wherein no
functional hlyD protein is produced. For this purpose, part of the hlyD 5
gene is renoved fhemit hesvediper phlamentbyithesulentdened| eases threal | tuand
foal. ALer L0gnrGRILECUIAN 41955 18D, (PP SRYR.AT L, UIaSP §YRLH B
10 NgsiI-digested pMOhlyl. The completed plasmid pMChly alb

thus expresses hlyB, hlyD and a fusion protein from
albumin and hlyA. For experiments regarding the dwell
time, the NsiI fragment can alternatively alsc be
inserted into the wvector pMO DD, this wvector has the
15 name pMO DDalb. In the further course, a modification of
the already described cloning strategy is used for the
integratien in the salmonella <chromosome (Miller et
Mekalancos, J. Bacteriol. 170:2575-2583, 1988). For this
purpose, first the aroA gene of salmonella was cloned

20 inte the vector pUCl8 (PCR with the following primers:

primer 5': ATGGAATCCCTGACGTTACAACCC,

primer 3': GGCAGGCGTACTCATTCGCGC

blunt cloning of the 1,281 bps fragment into the

HincII interface of puUC1l8). Subsequently, a 341 bps

25 fragment located in aroA was removed by HincII digestion
and subsequent religation. Thias vector was called pUC18

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

with the promoter seguence located on pMOhly into the
vector pUCl8arochA'. For this purpose, the vector pMOhly

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

is extracted and ligated in HincII-digested pUClBarodA'.




and the 10,923 bps fragnent is religated. Subsequently the
bet a- gl ucuroni dase gene is cloned into this vector 10 in-franme to the hlyA
gene. For thi s pur pose, the cDNA of bglu (GenBank Accession (Gb) : ML5182)

froma cDNA |fied wWtht foll owing pri se
Charm caor A W%@ SRR s &BC%ATGCT&%D%%};P?@&
ATGCATAAGTAAACGGECTGITTTCCAAAC The regi ons being conplenentary to the cDNA
of beta- glucuronidase are underlined, the information for the generated

Nsi| position is initalics (this kind of representation will also be used
in the follow ng; the 20 oligonucleotide sequences are shown here, as in

the follow fgisasRarkids tHe FdIBSS dueasel-aqted gyeh that aihengene is
anplified without the signal sequence. The roduct (1,899

subcl oned wi fR2g™ERE tatﬁ]é‘”ﬁt?? cP¥ni AGKi t 1 and°t ARA thé’llth890"z133ps FP&gment

is 25 extI‘aC£Edl\ihao|NSIs|eqilg%étOBroSUlﬁSﬁunenit’c(yr pheaMsi-la1d rage@nthies

cloned into the NS|I-cut vec ? rré’ Thi Sy esult in thg veck:or pMO
rag Jr

DDbgl u (Fig. VEFEeM&S ™ tH TR %1 oREGFRE 8 Phe" N Vect or
pMonl ya , thewptasmﬂn@mbgdmﬂl S habt atmwed tper nwtithngs &- 30 sevc@nmale@neof

the fusion prgiehp). e saeen PBLbR -t BESLULAULRY O SEEL PRCAOT S he

chronosomal intéegration bum n usion is [na first
step, the vebeor4pkeEnl yfalals“leSItperJcédga'Mﬂds vigtt or 'fb‘eﬂanEWJ‘DBF968954 -

24 - PCT/ DEO3, 9049 laqsg%cgt% PN ¥4 gaﬁabesmw&lm O rd ghﬁ:eaébum BagDNA
with the hlyA gene. For cloning, the cDNA of the bum n n(glene &: A06977)

froma comePBFAl yThoai FABFETABNAD HYRK tPE aHﬁPF‘FPedlB’y d%s of 'PCR®and
the fgJ | oM Ngbtained. The vector is transformed into the E. coli

strain SM1l01lpir. This strain permits the vector to
replicate, since 1t forms the P protein necegsary 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 preoduction takes place by Western blot analysis of
20 the bacterium lysate. This strain St21l1-alb expresses the
alb-hlyAa fusion, but can neither secern nor express it
on the membrane in this form. For this purpose, for the
membrane-bound expression, in additiom a plasmid with
functional hlyB (as pMO DDbglu) or functiomal hlyB and
25 hlyD (as pMO bglu) needs to be present.

In this example, the plasmid pMO DDbglu with the
strain St2l-alb is used. This results in the strain
St21-alk pMC DDbglu expressing by means of the hly
secretion sysgtem 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.



gy Ty

5 prinmers generating Nsil: 5 : ATGCATGGGTAACCTTTATTTCCCITC 3':

ATGCATAGCCTAAGGCAGCTTGACTTG The 1, 830 bps fragment
cut with Nsil. The 1,824 bps fragnent is now ligated in 10 Nsil-di gested
pMOhl yI . Theyeonph glogsh pkasni d pMOnLy glgh
fusion protein from albumn and hlyA For experinments regarding the dwell

time, the Nsil fragnment can alternatively also be inserted into the vector

i s subcl oned and t hen

pMO DD, this vector has the 15 nanme pMO DDal b. In the further course, a
nodi fication of the already described cloning strategy is used for the

I ntegration
Bacteri ol .

In the sal nonella chronosone (MIler et Mekal anos, J.

1EQadbTe- 2583, c2888)rudkdrod b aphapese.iaf iststa theearefogede of

I |1 I d 20 it h f '
col onel 0 vas cloned 20 M43 |hepyEESl RO LB WAL A1 pLLg i

GGCAGGCGTACTCATTCGCGC bl uaeneltd i ng DlﬂfPheaPQBl bpat f r adrvm#n | nt Bethe

H ncll interface of pUCL8);, oukssaueidy, a 341 bps 25 fragnment |ocated in

aroA was renoved by H ncll digestion and subsequent religation. This
vector_was called pUCl8 argA . Then the al b-hIXA fusion gene was cl gned

together with tRBeprRadterigdeqtiehdn| Gtoft 26t bh

pUC 8ar oA’ .

pNGh! Bt o SfREP Nect 8r
Eatehlbield pw m&ﬂalfi h&yVﬁEhﬁE BWﬂhﬁé PR s ird st st gestiagd wnth

Aacl | and vaakl and he gat ed wth a 3 -5 €XQ nuclgase The 3 59§ bps

bl unt fr agrreﬁ

03/ 068954 -

t he al b-hl yA
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%&‘f “a%t d "&rd ‘P‘Fb%t%%i“cﬁrﬁu“ﬁcﬁ i §2%t &d "0 8578
QﬁlehPGﬁf@E@Bk@Olﬂcﬂ Bhi expmchred tihe nkesct Dnmpra:re)Ua#b INow,

orBEQQ”@Qt gﬂ@{‘fﬁd epy s"i:rr%rj Sb(éli %edp\AArttQCQ:llllaxtlwe easy to
handle, in this example a slightly modified strain as in
Example 1 is used for the membrane expression of
albumin. The gene that encodes albumin-hlyA as well as
the information for hlyB is to be chromosomally
integrated. Thereby, this strain expresses

constitutively membrane-bound albumin.

For this purpose, the vector pMOhly alb described
above is digested by BerBI and EcoRI and then treated
with 5'-3' exonuclease. This digestion produces a 5,815
bps fragment with Dblunt ends containing the complete
prokaryontic activation segquence and the genes hlyC,
alb-hlyA and hlyB, not however hlyD. This fragment can
now bluntly be inserted into the HincII interface of the
vector pUCl8arohA' described above. Thereby the vector
pUCarc-alb-B is obtained. By an EcoRI-Nrul digestion,
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 8St21-alb-B expresses constitutively membrane-
bound albumin-hlya fusion protein. If a vector that
encodes hlyD is transfected, the albumin-hlyA fusion
protein is secerned. The plasmid for supplying the DNA

that encodes beta-glucurcnidase is based on the

thus expresses,blpds /hloyd;gnd a



activator sequences fromthe vector pUCaro-alb into the vector pGP704. For
this purpose, pUCaro-alb is digested 5 with Hndlll and then treated with
51- 31 exonucl ease (blunt). Subsequently, EcoRl digestion is perforned, and
the 4,497 fr [ Lgagted into the ORI/ ECORV ( | t ect or
pGP704 (EcoRﬁ%g\E;p# /gzsrrée%g% 6, 387 bps) .2%'?'he I ntegrati ?n&?/Z%:DtEgdrgggg:ﬁ¥al b
(Fig. 2) is 10 obtained. The vector is transfornmed into the E. coli strain
SMLO1pir. This strain permts the vector to replicate, since it forns the
P protein necessary for replication. The vector is now transferred via
conjugation into the acceptor strain Sal nonella typhi 15 Ty2l a not
permtting achRRkireahilay ohvhheaneet OFecr JhepRitnm e Dy (celomded )i Neror
sel ection, only those bacteria_are selected that have integrated,the
vector chr ohBSofBPEYF it {7y i F1 Tk i BntBF *PRe °dy A gt’s?ﬁ‘t %‘F‘-‘ebﬁi‘ﬁt a
production takeseplia@e bygWadt emtiskbl obe anademsi s taf 20 itsheekaeaipdrei,unthygsat e.
This strain St21-alh expresses the I.h- hl YA fusion, but can neither, secern
nor express Ff‘gngg the ﬁ%ﬁ%ré’ﬁfe ?}r’let%ipls% f%#ncuf:%?rt moglep%‘?%%sel,s f'of Fﬁe
menbr ane- boundedxpr edtsi mn, silgnaddi tpeptadpl asrxahvi g h af ungarohabklAkyB (as
pMO DDbgl u) Qﬁfﬁu@%'tonﬂos'{,]xﬁiand arg;? BL¥Peta8 PN} bl eeds 1 0:hE .
present. In this exanple, the plasmd pMO DDbglu wth the strain St2l-alb
i s used. ThiBoresdlamsing the sfterEaiicrfh St21-2al B RO BOER ut_RpressiTR) B
means of thechkY v pIECEBEA ON DY Hd0 InyaDs Ayt ia Weh | ¢3S dHiBénbeba 30
gl ucur oni dase_on the nenbrane. This strain can then be used far the

prodrug convERE&i oh®FhoPhe" Rahni SRE V1T he P Hated®™2 MOPE R/ Feos X L Pogt e

10 following primers wvia PCR (amplification with blunt

generating polymerase) :

5': GCGGCCGCAGGGAAGGAGCAAGCCGTGAATTT

3': AGCTTAGATCTGGCTCCTCTTCTGAATC

The generated 166 bps fragment 1is ligated into the

15 HindIII-digested, 5'-3' exonuclease-treated commercially
available vector pcDNA3 (Invitrogen). The 1ligation is
made in the forward orientation. Thereby, the region

that encodes tPA signal segquence can completely be cut
out via 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 Notl
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 (Gbh M15182) gene (without seguence for signal
peptide) from a suitable ¢DNA bank is amplified with the

following primers generating Spel:

5': ACTAGTCAGGGCGGGATGCTGTACCCCCAG

30 3': ACTAGTCTTGCTCAAGTAAACGGGCTGTTTTC.

After Spel-digestion, the 1,899 bps fragment is
ligated into the Spel-digested vector pCMVtp. The
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PCT/ DEO3/ 00470 Exanple 2: construction of a bacteria strain enveloped wth
al bum n-hl yA fusion for supplying the genetic information of human bet a-
gl ucuroni dase. 5 The bacteria strain described in this exanple is intended
to supply by neans  of the passive targeting DNA that enc?des hyman
bet a- gl ucur oRPdE2/ P&B8 2 afor cell's, - whBch-are then t &%k Q@%ZQ@&?H t he
tunor cells. In order to obtain a strain being particularly easy to 10
handl e, in this exanple a slightly nodified strain as in Exanple 1 is used
for the nenbrane expression of albumn. The gene that encodes al bum n-hl yA
as well as the information for blyBis to be chronosonally integrated.
Thereby, this_strain_.expresse nsti.tutjy ane- bou I Nn.
For this pur%%ggfg%:%‘ei \?210 %’?ﬁpw}%ﬁﬁ% %d&glsc%?ﬁégdegggg&emﬁlsqgi ggé'ﬁéggg‘y
BsrBl and Ecbtb®Reiandottherhd reBtedigwiatlh P3pt3 dexeohti| tase. reriian df esheon
produces a 5,818, .bps fyAGNENL W tR bl unty, endsg ¢QptabmisagG dd1e conpkete 20
prokaryontic activation sequence and the genes hlyC, alb-hlyA and hlyB,
not however #fyBrmiRpsifomagrht Thé AOHF BFtint PYsB& idiser t'ee | nP baeRed
H ncl s int er{aaﬁetgf bheu Veeigr pUC 8ay ofradaserneer ahewe. chker gbyathe
vector pUCaro-alb-B 1s obtained. By an EcoRI-Nrul digestion, 25 the 6,548
bps fragment SEAR- 238 B b1k ef FEALPNPE TS © BLURI 2 EEBRYAY fst BYE vBEPor
pGP704 (Fig.t3) tnEhecdmist heh s spre0CedUneabkepi CphsPhvand ardeagimg ) oandn S.
typhi Ty2l a)_ _corresponds to the above strategy. The resultin strain
SD1 al b B ohpfocUiRERORLe R i1 vaRF wENE: ae S5 BAARS 8 Du bR yAE T8 on

protein. |If pevedter thieat a conversion of suitable prodrugs.

10

Example 3: construction of a strain enveloped with
albumin-TolC fusicon 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 (faslL). 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 c¢ells 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 expressicon of albumin is
achieved. The membrane-bound expression of the

extracellular domain of fas takes place via the plasmid




| ehéodes hlyD is transfected, the al bum n-hlyA fusion protein is secerned.
The plasm d for supplying the DNA that encodes beta-glucuronidase is based
on the WD 03/068954 - 27 - PCT/ DEO3/ 00470 commercially avail abl e vector

pCWhbeta (O g egh)/o 8654 he construct%spn first a f%é?:zﬁglggﬁ)a(?gzg gene

with a secretion signal nust be used this exanpl e ptide
of the tPA precursor nolecule is to be 5 used. This signal peptide permts
a particularly efficient production and secretion of fusion proteins. For
cloning the fusion, in a first step the 5 UTR of the tPA cDNA (Gb E02027)
is anplified up to the end of the region that encodes the signal peptide
with the 10 mlolhqwm prddeer sedid a R (Angpdifi catd onPwaLn Bl upemvgeRenat i ng
pol ymer ase) : GGGAAGGAGCAAGCCGTGAATTT

AGCTTAGL\TCTGéEfééf BRRTE THE Y&REratBYE 166 s ?Faarréiﬂmsrrswwatt@a into
the 15 Hi ndgkhediaggsired, o51- 3:he€XOBH€'|r&aS'e t4 epd ef cwaamrecgeai:lly availlcabl e

vect or pcDNA3 %I nV| o rogfenl) Tmehl | at | on m%il g the f

orientation. TREFEBY, the Tegi oH encodes PA EFEASP sgﬁﬁéﬁéé‘ caf
conpl efely beeogiratmi, vamda tiiet dhgestglecm fi@_rmtnhegg:erteafca.t edcpbaﬁmn@ 20
PCDNAt p. Thi §,237%:hps {g Qente,ea%prigavx J1oar gd WLReLAS 3. 760, Pﬁ T agrrent

of the vector pCWbeta aft Not | jest1on (contains vector bone
The gener at eEUCBIra@m @W\Rﬁ?ﬂ?% 'DfFQObEé)? can Mg Ied 1seRiofier ’F‘he Tolc

expressi on of_:,elaet ef 9+ 0aPUS cbugi,oN; REOLALAY. 06 e 12oa DERSALd Y Of jhe
pl asm d a bps frag ment of the bglu Gb MI5182) gene (without

sequence forp§g§ﬁé’ﬂt b’épttlhcfe)PiFBHFQ AREREDH @ cBRA Shatir®i L™t § ¥§2d2Wi t h

the 10 means of the following primers generating Sall from the
vector pAX629 (contains tolC gene, region in the vector

corresponds to Gb X54049 pos. 18B-1914):

5'tol: TAACGCCCTATGTCGACTAACGCCAACCTT,

3'tol: AGAGGATGTCGACTCGAAATTGAAGCGAGA.

15 The 1,701 bps fragment was inversely ligated after
fission with Sall into the Sall 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 loocp on
the outer membrane. For the expression of albumin, the

albumin gene is amplified from the c¢DNA (8b A06977) by

25 means of the following primers generating Kpn1l:
5': GGTACCCGAGATGCACACAAGAGTGAGG
3': GGTACCTAAGCCTAAGGCAGCTTGACTTGC.

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

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

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

fusion is ligated now in reversed orientation wvia EcoRV



followi ng prinmers generating Spel: 5': ACTAGICAGGGCGGGATGCTGTACCCCCAG 30
3': ACTAGTCTTGCTCAAGTAAACGGECTGITTTC. After Spel -digestion, the 1,899 bps

fragnent is
- 28 - PCT/
N-t er m nal

ligated into the Spel -digested vector pCwtp. The WO 03/ 068954

RO R FRE PA™Si Gnar- peiti do. wi th the ERb RGO 7Rt ur e

protein of beta-glucuronidase. After determ nation of the correct

position, the plasmid pCwtp bglu (Fig. 4)

St 21-al b-B.

This strain permts now a supply of the DNA to the tunor

ti ssue by neans of passive targeting, and the expression of the DNA by
transfected LUADR G S(fREFHELS §h9903bPQ@V€rn%'oerﬂaf B4 & 2P| QnQEQ%‘éQS

Exanpl e 3:

constructlon of a strain enve

oped with al bum n-Tol C fusion

wi th nenbr an8fbddifd ¥ e%p? EsBPGRTER 't- heT*é?t?BEéIlPﬁldar fri nPBFarps8lind

supply of antenzyme ssonvepk ngs ﬁfd)dl'ngneJJﬂEzSHrarllthhDMﬁiI g ht&eﬁ)&aﬂ{m e

unites the features shown eci f] getln
(tumor) cel r’%rtglx%r éssi ng° ?nucfx daf‘%awh i esstp s"i”rff Fﬁ Fﬁ'les
strainy to spe@ifli chbky ataamkntasLs equreerssunagaextqu iceld Sthsauchcasxi n

certain breagt LUIS 4 V4095 Cha

Hizgochgm Cell,

bou
113:189-194, 2000). fasL expressi 0% E 0tum)r cel’l's was postuﬁgt 88““‘

pot enti al

méeBaRITSrhdor tlcm'rﬁﬁémé@@apé) skhee sheaéncefEgdlchrl -@llibri Agt e
actively attggkizRGed . aSTEXPIESS

DPshYAPRQCYLRY dMISOEeMmERbRhne -Boulfll -

Med. 78:312-325, 2000). Wth %e strain shown here, these tunor cells

bei ng very
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expr3531on of a fas {CD95) -hlyA fusion protein by means
of the hlyB component of the E. coli 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 pPrimers

generating Nsil:

5': ATGCATTATCGTCCAARAGTGTTAATGC

3': ATGCATTAGATCTGGATCCTTCCTCTTTGC.

The 477 bps fragment is digested with NsiI and
inserted into the NsiI-digested vector pMOhly DD in
frame to the hlyA gene. The obtained vector pMO DD-fas
(Fig. 6) thus produces after transformation into a
salmonella strain a membrane-bound fas £fragment, which
with suitable folding can bind to fasL-expressing cells.
Thus, these salmonellae can be enriched at fasL-ex-

pressing cells, such as tumor cells.

For killing thke fasL tumor cells, now the plasmid
pCMV bglu (Example 2) 1s also transfected into the
gpalmonellae. Thereby, as in the above example, after
expression of the beta-glucurcnidase by tumeor cells, a
prodrug-drug-media-ing tumor therapy is possible. The
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. 1In

lieu of fas, fasL-specific fab fragments of monoclonal

is transforned into the strain



problematic for a therapy can specifically be attacked and then elim nated
by an apopt osi s-i ndependent nmechanism The carrier strain is based in this
exanple on a fusion of albumn with the TolC protein of E. coli. Thereby,
a menbrane- bgundo ¥R €£s8isyn of al bund n 433 achi eved. THherpgydhs anerdoyad
expression of the extracellular domain of fas takes place via the pl asm d
WO 03/068954 - 29 - PCT/ DE03/ 00470 pMonl yDD, and for the supply the plasmd
pCW-bgl u described above is used. The first step conprises the
generation of the carrier strain expressing TolC albumn. First the gene
for the fusion protein is 5 generated, and then this gene is integrated,
according tenthecdbiewe exabphessan/i acsvecesy e ckondeg iim pbaeedaland
pGP704 into | nonel | a no The TolC gegne . ELS |nc di e
t he natural %Irggrr%{%er E‘nel‘:{s mp?@%en? 'h th rf)’laé:élm JE?F& ’CP &hhé lrg
anplified byex@mwdans sdfowshe thelt] okiyngmpringer sfgenbnatl ngcsalllqufer.omtmhe
vect or DAXGZQQQQQQE;@:Q%&%Q@P&nl&e%@ﬂ h%a%&‘%lf%ﬁ@é@@@%t@o €Y
X54049 pos. 18-1914): 5 . TAACGCCCTAT \ CCTT,” 3'tol:
AGAGG&‘TGTCGAG?CGRRRP‘F@&W. heThese 70f b iftraRfentshasifager $eby
| igated aftegrabmesitgn With Sall into the Sall interface of the vector
pBR322 (CGb 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 heterol ogous DNA into the singular Kpnl interface in
the tolC gene permts the expression of the encoded heterol ogous fusion
protein in an extracellular |oop on



t he outer nenbrane. For the expression of albumn, the albumn gene is
anplified fromthe cDNA (Go A06977) by 25 neans of the follow ng priners
generating Kpnl: 5 : GGIACCCGAGATGCACACAAGAGTGAGG 3':

GGTACCTAAGCCTAA TGC. After | digestion 7
fragnent, the %ﬁ%& eqlTnserted into the Kpnl-cut \C/He% 2?%%&&&?%80 The

reverse orientation (in frame to tolC) results then in the vector

pBRt ol C-al b. The gene for the tolCalbumn fusionis ligated now in
reversed orientation via EcoRV WO 03/068954 - 30 - PCT/DEO03/ 00470 and PshAl
(fragment 3,970 bps) into the Hincll interface of the vector pUCaroA . The
obt ai ned vecbak epWCaNQriadd- tol (7,596 bps) is now linearized with HndlII,
treated with 5 -3 exonucl ease and then digested with EcCoRI. The 5 4,961
bps fragnent is then inserted into the EcoRl - EcoRV-di gested vector pGP704
(Fig. 5). After conjugation (according to Exanple 1) the strain
St2l-tol-alb is obtained. Now the plasmd is used for the nmenbrane-bound
expression of a fas (CDO5Shikkphrigasiicm protehoasby gemans lthof ftbheéokling
component - of (LG ofreri ladd/Pey o SEERCLLAN 2 RGN NIV FRLqL NI S purpPOSE,
first the seCtion that —encodes the extracell ular egi on of the fas gene
(Gb: M7454) is anplified with the following priners generating Nsil: 15
5': ATGCATTATCGTECAAAAGTGFFAATEQE 143 s oI ABATET GBATEEEICETEFTFELlYThe
477 bps fragpent i tigesi gd Walh iNSid1 200k a d DI ed gt 0c§ hee Dl badiigest ed
vector pMohly DD in frame to the hlyA gene. The obtai ned vector pND,Ié)Dfas

active expression produc cr a plurality of  sai

expression products,

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 1ligand wunder the control of an
15 activation sequence that can be activated in the mi-

croorganism, or is constitutively active,

Iv) a nuclectide 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 compornent 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




20 (Fig. 6) thus produces after transformation into a salnonella strain a
menbr ane- bound fas fragnment, which wth suitable folding can bind to
fasL-expressing cells. Thus, these sal nonellae can be enriched at fasL-ex-
pressing cel nor cells._2 or_killing t r l's,
now t he pl as%%d égmaf‘% (Exanpl e 2) 5313]; al so transf@ég%}Enég%oggb
sal nonel | ae. Thereby, as in the above exanple, after expression of the
bet a- gl ucuroni dase by tunor cells, a prodrug-drug-nediating tunor therapy
is possible. The 30 better effectiveness of this exanple conpared to the
previ ous exanpl e depends in a decisive way on the correct folding of the
extracel | ul ar dotmi)n ofafasctliRradiall pkqhascel aslaspeanfive fabeivageants
of monocl onal, 33/068954 - 31 - PCT/DE32/0047 antlbodles whi ch ggn
correctly be‘fol §8& i A IFEIBTIA) 15Ban BBUSEd ithathe Shnet hppPBachi®ad -
descri bed hepeecilHiis, Gm&ﬂ@f6c9h0W$dHEﬂfmy,nEﬂﬂBt@anmghdﬁﬂmmlQEEpothe
constructionco§ sgr@a¥%vmthfn§agL 80y celcosp%p|f|C| . 5 is possible via
t he use of surfabl spe0|?|c Fab ragnen s SONB°0S U854 - 32 -

PCT/ DEO3/ 00470 Patent clains. 1. A m croorgani smin whose genone the

foll owt ng conponkatsiar eapysertedcangcogntise &lpr&osedi)l) ig npekesritde
sequence that;eReedesn@edidreChl¥er@h ItWHdLCt b¥a a0 L REP! IfRIALI VOl Y oor
cytotoxically active expression product or a plurality of said expression
products, |I#i4fgFeMEoti de sequence that encodes for a blood plasnma
protein under the control of an activation

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 microorganiem 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 microcrganism according to one of claims
1 to 4, selected among a group consisting of
"Egcherichia 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 is the envelope of a

bacterium.



'sequence that can be activated in the microorganism or that is
constitutively active, I11) optionally, a nucleotide sequence that encodes
for a ceII-specific Iigand under the control of an activation sequence

that can be

V) a.nucleotide s quence
of the expression products of

or a transport system that

expression products of conponent 1) and expression of component I1) and

optionally I
optionally a
m croorgani s
rel ease of p
contained in
PCT/ DEO3/ 004
m croorgani s
functi on-speci

1) and that 1is preferably constitutively active, V)
nucl eoti de sequence for a protein used for lysis of the

min the cytosol of mammalian cells and for the intracellul ar

|l asm ds with at |.east one or nore ¢ nponents apd _VYl).
the Fysed M &r gt SRn s 0663 opg SF9c uhne

70 vb) &an aehévaﬁhoncsaquanme t mat eanobesachkvaﬂedstinomhe

g!rfo%%q/ O Lhate d ce'ﬁéi Ssé'xe n?e' | hépe %H:& tUPDH 5 §8llingPeChlel C.

i’c or not speci T $of exprest i ng conponént 1),” 5

wher eih any dtngemferans: |) mtvr}epslpﬁesentproaptcneﬁwbh@e orPrsteanal;

times, and e
to clalnll
nonocel | ul ar

bhRghdadent i cakn@r dif{LEERY. 2.¢ liPndh €5 00T 93] S4B accqidi ng

10 wherein the mcroorganismis a virus, a bacteriumor a
iphikditiaa 1y ?ﬂeQﬁ(ﬁ¥ﬁﬁb%ﬁF§ﬁié¥c&ﬂﬁr@ntdWﬂW£%nﬂFbF 22

wherein the vtumdlreneel Df otrher g ce@angad sNMhe reiles, from which the
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tumor originates; antiproliferatively active proteins;
cytotoxic proteins; inductors of an 1inflammation, in
particular interleukins, ¢ytokines or chemokines; viral,
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
substance into the cytostatic substance; fusion products
from a cell-specific ligand and an enzyme; and inhibi-

tors of the angiocgenesig".

8. The microcorganism according to one of claims
1 te 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-1-lipoprotein and

alpha-2-macroglobulin",

9. the micrcorganism according to one of claims
1 to B8, wherein component III) encodes at least one
ligand specific for a target organism selected from a
group c¢onegisting of "tumor cells; tumor endothelium

cells; tissue cells, from which originates a tumor;

Jrﬂe m - croor ism or is cctpé.&.étﬂg&g I@/Oggtoi ve,

uces” expression
conponents |) and I1) and optionally I11) on
the outer surface of the m croorgani smor that induces secretion of the



15 20 4. The m croorgani smaccording to one of clains 1 to 3, wherein the
m croorganismis a grampositive or gramnegative bacterium 5. The
m croorgani sm according to one of clains 1 to 4, selected anbng a group

consi sting ofq "gﬁicﬂbeééggi@ coli, Salropella, Yersini ei,@gggg};p&%kieotdgao

Vi brio chol erae, steria nonocytogenes, and Shigella™.

m cr oorgani sm according to one of clains 1 to 5 wherein the m croorgani sm
is the envel ope of a bacterium WD 03/068954 - 34 - PCT/ DE03/ 00470 7. The
m croorgani smaccording to one of clains 1 to 6, wherein conponent I)
encodes at |east one protein selected fromthe group consisting of 5
“interferonsacititvarleatiki 883 cpreapQpt Otd£1 P§ Ot eASr opdlg d20di edeandiantei body
fragnents, whi gg act d r51hi biti n_%l y Qn or cytotoxically for an i mune cell,
a tunor cel Feor®F o "Cel 1" B T Hhe“Bi ssue, fromwhich the tunor originates;
antiproliferatively active proteins; 10 cytotoxic proteins; inductors of an
inflammation, in particular interleukins, cytokines or chenokines; viral,
bacterial enzynes or enzynes that originate froma yeast, a nollusk, a
mammal or man fofethe aphivaliQnHgadisi Q0B adhd NAGLYe PIL- §8aggs0f a
cytostatic 15 substance into the cygt ostatic substance; fusion products
froma® cel | - 3pek?fi% | "§&F& idhdcaRPeReWte; I1aRd i PhFBEest B dfeadte one

angi ogenesi siig8ndlTh@pdGIfo gagdsmAaccoi i g toePhe ofpel abls c2@sdels0 7,

wher ei n conpon?nt I1) encodes at | east one bl god .
selecte from a group consisting of "thyroid gland,
mammary, salivary gland, 1lymph gland, mammary, tunica

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

10 urinaria, and nevus".

11. The microorganism according teo one of claims

1 to 10, wherein component 1IV) encodes the hemolysin
transport signal of Escherichia coli, the S-layer (Rsa

15 A) protein of Caulobacter crescendus, and/or the TolC

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, PLYS551 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
blood dwell time, in particular at least one substance
selected among the group consgisting of "albumin,
transferrin, prealbumin, hemoglobin, haptoglobin, alpha-

l1-lipoprotein, alpha-2-lipoprotein, beta-1-lipoprotein,



“'p(lkasma protein selected froma group consisting of "albumn, transferrin,
hapt ogl obi n, henogl obi n, al pha-1- |ipoprotein, alpha-2-1ipoprotein,
beta-|-1ipoprotein and al pha-2-macroglobulin". 25 9. the m croorgani sm

accordi ng toyene, /09#@5%54 1to 8, _V\heir(jei n conponent ﬂé,&.)éﬁ&gz%so@t, 0' east
ic

one |igand speci of "a target organismsel ected from

consisting of "tunor cells; tunor endothelium30 cells; tissue ceI ls, from
whi ch originates a tunor; WO 03/068954 - 35 - PCT/ DE03/ 00470 acti vat ed
endot helium cel | s; nmacrophages; dendritic cells; and |ynphocytes”. 10. The
m cr oorgani smaccording to one of clains 1 to 9, wherein conponent 111)
encodes at | eagmaorzemaawﬂoﬁ@eghti cpé,pyeahpha&ue §Q|y|cotlprPQfG)ti Ses

sel ected from a . group consi }S‘tlr“L?%l "t h¥r0| d gl and, salivary

gl and, |yrrph°§F‘élg‘§“rF€mTﬁ%§ el oy YRS T, Peréfﬁ' Bfov%?’i/h as
prostate, cepwilyethgdieos urmn*r&r.ladaamjrdte,\/uaa"olﬁg_elil'he mE?Oﬁbgallt&ml
according to <208 %f ¢l gi s, i 10 égén c onent . | codlens k?'%
henol ysi n transport Si gna]1 ot eEsscherl ehra- cdl He S| éye ﬁfs

proteih of Chdhdbact erf cthscendys anaedl orakde Eéh@e pz‘}otlehnsaﬁOEscheni,chi a
coli. 12. Thgn@iGk gqrpg.'alrgéng@cgg{;ghggttw one of clainse 1 to 11, wherein
conponent V) encodes lytic protein of ™ grampositive bacteria, lytic
proteins of Listeria m)nocyt ogenes, PLY551 of Listeria nonocytogenes
and/or holin of Listeria nonocytogenes. 13. The m croorgani smaccording to
one of clains

14. A plasmid or expression vector, comprising
components I), II), Iv) and VI), and optionally one or

10 more of components III) and V).
15, A method for the production of an organism

according to one of claims 1 to 13, wherein a plasmid
according to claimwr 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 producticn
of a pharmaceutical composition for the prophylaxis
and/or therapy of a disease, which is caused by an
uncontreolled 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
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1to 12, to which a substance is bound that has a long blood dwell tine,
in particular at |east one substance selected anong the group consisting
of "albumn, transferrin, preal bum n, henogl obin, haptoglobin, alpha-

1-11i poprotein, - ipoprotein, bet I-Ilpoprotel
PCT/DEOS/OO4§6)Z+QRZU§ hégfoglobulln pol yet hyl ene glyé%¥9%g%é§9%ﬁgt?0
conjugates with natural or synthetic polyners, such as polyethylene imne,
dextran, polygeline, hydroxyethyl starch and m xtures of these
substances”, wherein the 5 binding of the substances takes place by

physi sorption, chem sorption or covalently. 14. A plasm d or expression
vector, CONPhh3A/RGE oL ARHENS Bahd, thln)u— I'Y) 130Gk eMlda, ad OoREh QRALKY o@nNe or
10 nore of conponents uﬁH% and V). A method for the production of an
organi sm ac@8r §iFf¢™ & 5¥°EtaFﬁg/Trténlguqﬂﬁﬂ%ﬁqF AbPagffd according
to claim14 is produced, and a mcroorganism 15 is transformed with this
plasm d. 16. The use of a m croorganismaccording to one of clains | to 13
for the production of a pharnaceutical conposition. 20 17. The use of a

m croorgani sm fog gt he p uctio .1.cal, ¢ o] QL the
prophyl axi s and}or the?ggyﬁg 3 éggéggg;aaﬁ?gﬁg%g gghgg §L£ Qemo
uncontt ol | edoéeld tdingsj a8, WFﬁlpaﬂnQinG#Eah?aﬁﬁhYZEﬂﬁ%m%sefrbmrWhnsbance
a prostate cgrGigAR.e AN 1Y ¥YmoFal Ci NOMA, a mamma carci noma, a stomach
carcinoma, a kidney tunor, a thyroid gland tunor, a nelanoma, a

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 claims 1 to 13 1is prepared in a physiologically
effective dose with one or more physiologically
tolerated carrier substances for the oral, IM, IV or 1IP

administration.

15



cervix tunor, a bladder tunor, a salivary gland tunor WO 03/068954 - 37 -
PCT/ DEO3/ 00470 and/or a |ynph gland tunor, a | eukem a, an inflanmation, an
organ rejection, and/or an autoi mmune di sease. 18. The use according to
claim17 for e 5 of a tunor wel | as of t v LA e,
f rom whi ch gﬁarg?%Ztragés/g%ﬁé tumor. 19. met hod for theﬂg?zgﬁécélgér? do'ﬁg
phar- maceutical conposition according to one of clains 16 to 10 18,
wherein an envel oped m croorgani smaccording to one of clainms 1 to 13 is
prepared in a physiologically effective dose with one or nore
physiologically tolerated carrier substances for the oral, IM IV or IP
adm ni strati Qggenli5o¥@hg3££§%§8§4 - 38 - PCT/ DEO3/ 00470 Legend of the
figures. Fig. 17 vector pMO Dbglu Fig. 2: vector pGParoalb 5 Fig. 3:
pCGPar o-al b-B_ Fi g- 4: pCWitp bgll u 10 Fig. 5: pGParo-alb-tol Fig. 6: pMO
DD-f as Fig. 1: vector pMO Dbglu

Fig. 2: vector pGParcalb
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Fig. 3: pGParo-alb-B
Fig. 4: pCMVtp bglu

10 Fig. 5: pGParo-alb-tol

Fig. 6: pMO DD-fas





