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WO 2004/108155 - 1 - PCT/DE2004/001178 Cells used as carriers for
bacteria Field of the invention 5 The invention relates to cells infected with
bacteria and to the use thereof for producing a pharmaceutical

M BOSHIONO A1 particular for the treatent of cancer PEACRGR00d HI M 78
invention and prior art. 10 Novel approaches to a therapy of previously

incurable or ina8édFatBy%trdtie CiordErsSinERbetRE VaFibas

possibilities for gene therapy and immunotherapy. 15 The intention in

genetherapys for;a, pucleic acid sequence which codes for a desired
protein to be transported by suitable carriers into the target tissue, and to

penetrate into cells therein and transduce them to express the desired
proteini Neameroas 20 diffetent technolegical appfeadhes te gehe therapyria

haye hegndeaveloped and tested. Howeyer, vigwed overall, the, clipical -1
results of this testing of the various approaches have tended tglée .
AR Bver At ald i parictiar 16 neoplaSte QIsBaEes. Tochar ™

25 problems are substantially the reason for this. Thus, the carriers of
nucteie aeigrseqyieneesshow artargat celhspacificityavhich is too low, the
number of cells which can be transduced is too low, and the strength and
duration of expression of the desired protein is 30 too small for a
tRETapLUtFPEFE CORE etabIBhed RFAFOT it uRGHIEFapIsISY incurable

immunizatienuwitk ag antiger, whichis calted-vactinatioaAfteie various

Ipgnization with, a@SP”%%%“%1?«992(&0%‘2?%%&&9{?‘?{@%%Q(%E?Rdies
and/or specific cytotoxic lymphocytes which have prophylactic or
therapeutic activity, for example against infectious agents.

The intention in gene therapy is for a nucleic acid
sequence which codes for a desired protein to be
transported by suitable carriers intoc the target
tissue, and to  penetrate into cells therein and
transduce them to express the desired protein. Numerous
different technological approcaches to gene therapy have
been develcoped and tested. However, viewed overall, the
clinical results of this testing of the wvarious
appreaches have tended to be disappointing overall and
in particular for neoplastic diseases. Technical
problems are substantially the reascon for this. Thus,
the carriers of nucleilc acid segquences show a target
cell specificity which is teo low, the number of cells
which can be transduced is too low, and the strength
and duration of expression of the desired protein is

teco small for a therapeutic effect,

One established form of immunctherapy is immunization
with an antigen, which is called vaccination. After
immunization with an antigen, the body produces
specific antibodies and/cr specific cytotoxic
lymphocytes which have prophylactic or therapeutic
activity, for example against infectious agents.
Various approaches have been attempted for some decades

for the treatment by vaccination of previously
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Various approaches have been attempted for some decades for the .
treatment by vaccination of previously 2 insufficiently treatable or

incurable disorders. At the forefront of this is the therapy of neoplastic
diseases by a tumor vaccination. The aim is to bring about through a

tumor vaccine an immune response against the 5 tumor, leading to lysis of
tumeréelscrtnévent iy foaslirginatiod BDEAIT tHeleintdt tissde ndowéivert he
e breakneudlrindymor therapy has beep acbievableas: yet withthe ases
varioug turg}or vacciggsc g%st%% to, gate-ﬁesubﬁantial reason qgr(ii/es frcz_]l out
the'so talled L0 immunotolerance of the tumor host for his tumor.nf;hus,
altha gt isfpossiMe witht 6 Fafge MitnbeBEIfnilfHodNErapy approathed he
ta:induee relativelywelta tumet-specificcreelt respanse, thisi frequentlya11y
does not.carrelate with t ricidal e 0.k ril

56 MEAT00. 160 1675 (1908). Rocent Tndings point i vaupte "2 7

CRISSSCTRESEWcIudB instifitient PRRER oA DT theRGMortisiug mple as
specifios T cellst(Mukaietialy CancenkResearch. Ii5:5246s5240 (199Ppte. A
andfor inadfiyation of T, cells,20 ingide; the fumok (for,example by TEGELS 1 eq

or by expression of negative regulatory markers such as B7-H1 in the

P HER 6 B stimuttioh 6t rddtitatory>F 2klls RaviRg aint weos - Thus,
irrhthosgppressant éffect fReviégwvi Bach, 1 Nature Reviews; 3:189:188 of

(2003)h 2erlsvargl methpdsanecurrently empleyved indifferent glinigah 1 5
phases for tumor_vacci q_tlonl?nd are f(rb%q%Jently t%(ased rdendrigitclceII%

(sﬁﬁq}%ﬁri%)(? %l%%\(ﬁch rau e aI.,r(%eﬁ), “71-2 (2001)) The 30 Y  “°°
cominokest petof immunizatien Withcderigiitie kefif fect {e.g. Thurner

et al., J. Exp Med 180:1669-1678 (1989)). Recent

findings point to various causes. These include

3

insufficient penetration of the tumor tissue by
specific T cells {Mukal et al., <Cancer Research
59:5245-5249 (1999)) and/or inactivation of T cells
inside the tumor (for example by TFG-B or by expression
of negative regulatory markers such as B7-H1 in the
tumor tissue or by stimulation of regulatory T cells
having an immunosuppressant effect (Review: Bach,
Nature Reviews, 3:18%9-198 {2003)).

Several methods are currently employed in different
clinical phases for tumor vaccination and are
frequently based on dendritic cells (summarized in
Bancherau et al., Cell, 106:271~4 (2001)) . The
commonest type of immunization with dendritic cells
comprises activation of the cells ex vivo, loading
(“pulsing”) thereof with antigen (for example purified
protein, tumor cell extract or defined peptides) and
subsequent administration thereof. Alternatively,
methods which include fusion of cells are also used. In
this case, for example, 1irradiated tumor cells are
fused to dendritic cells by suitable methods such as an
electric field and subsequently administered (Kugler et
al., Nat Med 6:332-6 (2000)).
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comprises activation of the cells ex vivo, loading ("pulsing") thereof with
antigen (for example purified protein, tumor cell extract or defined
peptides) and subsequent administration thereof. Alternatively, 35
methods which include fusion of cells ate also used. In this case, for
example, irradiated tumor cells are fused to dendritic cells by suitable
methods such as an electric field and subsequently administered (Kugler

et al,, Nat Meg 6:332r6 (2000)),3..A neyekmsthag hag pegn developed, +

with the aid of recombinant attenyated bacteria such as, forgxample,

sdifforBiAE aNY 1iSEHER A: TCaThiers 6f Sdidtte F tihor Bantig&hs, foramPLe:
breaknbroubhahissnundncttlerdrice ofshe guatient fordis tpigrqDEILO2MOr

Q%é%%g@!lésl,o%% %%%an&ot?(@f@#g%shfﬂl g hgn@agﬁmds;@@hwe_iceﬁhi%e
immunotolerance can be broken thr s not un t [

ddtdits: Hdwe 8F, the'1to a%éﬂ“r%ﬂlat on, ta Pr% glagscé%ﬁér insjésc'zlié&r% 3?% !55’
bavtéria weth asliol exbfple, of SAltnonetisder liseriad®lh theuphor this

tissueuand the inflagamatign caused,by these daciera there, appearto vet

pla %esyspgt%rgial pi\l’t in thiflThus}:gtsis kn \évggﬁt i.v. ad Oigigggt};on of fhe
15'salmoneliae may be folfowed by accumulation QFthese acteria n the

tUATSPHBYGE HBWeveR kivetic BhRfies RHAVE ShoWntRatemly aFéwbacteria
bagtema can, berfeund:inathe 1#imob fissse ateady tisees afterliis irjedtion in

of_pactetia,and.these are capablg of focalarawth 20 preferentially in t%ﬁese

tumor tissue. Thus, If relatively large quantities of bacteria are observe .
inRREHFHoR aftdfi? injédtidRdthey SreftfeiiVeFrot Taiafivély bwPart in
prebdrsorsi{Mes et alt AnticaricerRes 22:8261-6v(2082iHewever| thisiisof
wﬁ@%%@@&ﬁ&%éhqﬁﬁﬁu@% followed by accumulation of these
bacteria in the tumor tissue. However, kinetic studies
have shown that only a few bacteria can be found in the
tumor tissue at‘ early times after 1i.v. injection of
bacteria, and these are capable of focal growth
preferentially in the tumor tissue. Thus, if relatively
large guantities of bacteria are ocobserved in the tumor
after i.v. injection, they are derived from relatively
few precursors {Mei et al., Anticancer Res 22:3261-6
(2002)). However, this is unfavorable for therapeutic
use, for example in the sense of gene therapy with
salmonellae as gene carriers, because iIn this case the
colonization of the tumor is net uniform; on the
contrary, only a few foci with a high bacterial count

are produced.

Tumors contain besides the actual tumor cells and the
connective tissue a considerable number of leukocytes,
in particular of lymphocytes {(tumor-infiltrating
lymphocytes; TIL}) and of macrophages (tumor-associated
macrophages; TAM). It is assumed that the tumor
localization of leukocytes is influenced by expression
products of the tumor <cells, in particular by
cytokines, endothelins and also by the hypoxia (Sica et
al., Int Immunpharmacol, 2: 1045-1054 {2002); Grimshaw
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25 use, for example in the sense of gene therapy with salmonellae as
gene carriers, because in this case the colonization of the tumor is not
uniform; on the contrary, only a few foci with a high bacterial count are
produced. 30 Tumors contain besides the-actual tumor cells and the
connective tissue a considerable number of leukocytes, in particular of

lyfiphdéytes Fmot-ikfifiating - lymphdéytes2 9 ahddt#acrophages

(tumor-associated 35 macrophages; TAM). It is assumed that the tumor

localizaton, 8fc'e<5‘}§°°c¥£esﬂ%é”ﬂﬂ%mes g% &pr 8%‘8'&‘ (%ralsoﬁ OLNE + mor

tumor cells, In particular by cyto oth elinsan y the
hypoxia (:Sfiﬁééf‘da?icﬁﬁqfﬁmunWmach 2: 1PA5HgBAL@002);has  been

Grimsbawt4 #tadl, Eurddmmunaly 82:23%3:24002002))mbae functiamtafgen
thﬁﬂ%@@%&%ﬁ@ﬁa"zﬁ Hbﬂ‘&%&% Is contragdictory. TAM in patticular g,

has been 5 demonstrated to have an antitumor (antigen presentation:

cytStoRichy FRanade 8041, Ondbt Kap™0:366-3 13820035 NaksAR T et RS
al2 AniCBnceR Rek; 2428k-4296); Kataki 6t alzld Lab:@linMed, 140: 320-

140;320- 328,2002))and a mor, growth- Qmew%%%u%(seg@@%t y
Agrowth factors; promotion Offﬁg f§;ene5|s and of metastasis; Leek and

R Shafinary GIaRY Biof RE6HIRSH, PEFRIES bdob) Fedhesgnests
setiction bf ytarcxie eftokinés slichaasl|l- Halphbs [I-beta; HaBmaiNyF Gland

alpha;Katakiet 8k i d L aly ClinMed,ol40;32(»328 A512002)) sAttemdpion of

havebeenmade (orsame e fo nfluence Lmorgrowi by ), co 5y g,

OxIC G

acfrxlnls ering cytotoxic Ir)}mphocytes IL, natura

lngﬁ%pﬁé§@§ord§ﬁﬁﬁ é et al. J Lab Clin Med, 140:320-328
(2002)).

Attempts have been made for some time to influence
tumor growth by administering cytotoxic lymphocytes,
TIl, natural killer c¢ellis, macrophages or dendritic
cells. The clinical results were, however,
contradictory {Faradii et al., Cancer Tmmunol
Immunctherap, 33:315-326 (1991); Montovani et al.,
Immunology Today, 13:265-270 (1992); Ravaud et al.,
British J of Cancer, 71:331-336 (19%5); Semino et al.,
Minerva Biotec, 11:311-317, 1989%)). It was possible to
show experimeﬂtally that injection of slightly
activated macrophages may lead to a promotion of tumor
growth, but injection of highly activated macrophages
may lead to an inhibition of tumor growth (Mantovani et
al., Immunology Today 13:265-270 {199%2)). In this

connection, administraticn of activated macrophages

appears to favor tumor localizatien (Fidler, Adv
Pharmacol, 30:271-32¢ (1974); Cheokri et al., Int J
Immunol, 1:79-84, {(1950)). Nor has injection of

leukocytes which had been transduced in vitro with a
gene sequence coding for an antitumor protein as yet
resulted in any breakthrough c¢linically in the
treatment of tumors (Hege and Roberts, Current Opinion
in Biotechnology, 7:629%-634 (1996)). However, it was
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20 cells. The clinical results were, however, contradictory (Faradji et al.,
Cancer Immunol Immunotherap, 33:319-326 (1991); Montovani et al.,
Immunology Today, 13:265-270 (1992); Ravaud et al., British J of

Cancer, 71:331-336 (1995); Semino_et=l.,. 25 Minerva Biotec, 11:311-317,
1999)). It was possible to show experimentally that injection of slightly
aetivated rMaecrophagdgsamay leadda aspraretion b tumaorygeewth it alsc

injgction of highly activajed magraphages maylgad Lo andohibition.ofy, ¢
tumor growth (Mantovani et 30 al., Immunology Today 13:265-270

(19999 IrF-tHis Wonfdction, hdihinistPation o detivated thacréphages - Prue
appédrs tofavdtuiadnlocalizatiort:{Fidler bAdv fRharmacol, 80:271-3%6 the

%&?ﬁﬁgﬁ @?@E%ﬁalhcrl;@i Isl mglflﬂ?i’el : 739818_4 ,n@t-%%m?[h Nor fiasdajectionof -5
eukocytes which had heen transduced in vitro with a_gene sequence
codiRg for%ﬁlﬁfﬁﬂurﬁgﬁgr felff s fe‘gtg?énssultéj\(lj inc;li\:llynbrggﬁﬁ%iuﬁo Path
clificallydn 2 treldtiment of tumors (Hege and Roberts, Current Opinion

in Biotechnology, 7:629-634 (1996)). However, it was 5 shown during

thfesgﬁéudleithagé% kec%gygeg, gHte allsgv%trttllga cgll.s, especially tumor cglls,
can reachthe finfor tissué after i.v; injec |on<f hao J et al., Drug Deliv 2

(2001)), but that by far the most of the 5 administered cells settle in
nameal tissues sueh asi ngaspiden @nd lives (Adamsnl, ©Glin Pathad Mot of

Path, 43:2565267 (1996)),, T echpical proplem of tha invegtion. 10 The o1,
invention is based on the technical problem of producing means by

meaRs b fikickthe targeteef idddiizatior; B&pEcially RirAdroe&iztion, ©F

ofnicroorganisms comprising foreign DNA coding for active

substances can be improved.

Perceptions and principles of the invention, and

embodiments.

The invention 1is based on the ©perception that
macrophages or dendritic cells which have been
infected, i.e. loaded, with bacteria in vitro transport
them after intravenous administration into the tumor
tissue, that the amount of bacteria localized in the
tumor after i.v. injection of macrophages loaded with
bacteria in vitro was distinctly higher than after i.wv.
injection of a corresponding amount of free bacteria,
that even infected heterologous tumor cells accumulate
in tumors, and that this effect is maintained even when
the infected cells have been inactivated beforehand by

irradiation.

1f, for example, macrophages were used as carriers for
samonellas, ten times more salmonellae were detectable
in the tumor tissue 18 hours after i.v. administration
cf the macrophages loaded with salmonellae than after
i.v. injecticn of &a corresponding amount of free
salmonellae in two different transgenic tumor models

(lung tumor model: Raf transgenic mice, Kerkhoff et
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microorganisms comprising foreign DNA coding for active 15 substances
can be improved. Perceptions and principles of the invention, and
embodiments. 20 The invention is based on the perception that
macrophages or dendritic cells which have been infected, i.e. loaded, with
bacteria in vitro transport them after intravenous administration into the
tunor, tiSsue, thatctheantount of badtéria ddcalized M tHe) 25 weersdfterumor

L ndRiectiongf:macrephagesdaaded with bagigria i, vitro was distinctly .11,

h}%q{]‘e%maﬂn afie[;]égigv injection of a corresponding amount of free bacteria,
that e ir%e d hge?t rologous tumor cells accumulate in tumors, and

that this effect is maintained even when 30 the infected cells have been
ingctivatedhbaforehangdby iradiatioar If, der exaraple; magrophagesivergous
used as carriers for, samaonellae, ten times mare.sal lae we

dét%%?a%lg ‘anoei'n t }el?ur?bllgnﬁé:su%e?g h?&r%eaf%f%.v.(raﬂgr%%igﬁ%ﬁoﬁ% the >
miagrophagesdadecoithsalfighelacthan®ieraiy, injektiod ofid ssue  of
comespanding-ament of free ssatmanekas-indyoadifferentitianrsgenic, with
tumor models ,(Iynd (umar model; Rafranggenic mice. Kerkhaff ef8 aly e
ce el%%t%f)l f(;%l gf%%%—%%’(ZOEO), br(_aast.tumozf1 mode]: Her-2 e
tréafsgetic ides BetieRyR etal.[EEI, T5P931% (1989))H S THSMTings 1se
wefre simitaronedse of:a heterotogousl tumovpline aThgtumorn gell imne4Fdsed

(ATGENo. GRL-2539) isderived fromea tymerof mammaty glapd fisgue,;s

of BALE/c mice and was administered, after infection with_ attenuated
lidteriRe 3n HE Rl G midterdédtribed 1o 7L 6 Background) 1S -

The finding in this case on use

It is thus possible in principle to extend these
surprising observations to any cells as long as these
cells can be infected by bacteria or ontce which
bacteria adhere firmly, and thus are carriers o¢f these
bacteria. Thus, for example in the abovementioned tumor
models, it was found that the localization of
salmonellae in the tumor tissue was far greater after
i.v. injection of tumor cells infected with salmonellae
than after i.v. injection of a corresponding amount of

free salmonellae.

Bacteria have a strong adjuvant effect in particular
through pacterial constituents such as
lipopolysaccharides (LPS), cell wall constituents,
flagella, bacterial DNA having immunostimulatory CpG
motifs, all of which interact with wvarious so-called
Toll~like receptors {(TLR) on antigen-presenting cells
and are thus able to stimulate them. It is therefore to
he expected that infection of cells with bacteria and
administration of these cells not only brings about an
improved accumulation of the bacteria in the tumor, but
that this infection wiil also result in an inflammation
and a strengthening of the systemic and local immune
response. This method can thus also be employed for

increasing the local immune response as part of an
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of infected cells was also of a greatly increased number of bacteria in the
tumor tissue, which was maintainedgven on previous irradiation of the
cells. 15 It is thus possible in principle to extend these surprising
observations to any cells as long as these cells can be infected by

Livacterfaierepto-which bacteria adhere firmly, and thus are carriers of
these bacteria. Thus, for example in the abovementioned tumor 20

models, it was found that the localization of saimonellae iD the tumor
} ; tes. allan cells .
Tﬁ%s&éﬂ\fv%%tfla?areia}tlélrsaft%?qﬁv. |r“‘i]e5t(f%)nmoglE tumor cells m%ected with

wialhoneliae frsrrafter ik iRjectivohtct Bicorrésponding amboRESE Frees  ©F

+salenellag. 25 Bagteriarfiave a strongaadjuwant effect injpartisulaslogous,
rough bacterial constituents. suc lipopalysacchard S cell

avr\}a?lchorhesﬁ%ueﬁt%, }ﬁgaglﬁa%%%Jé%erigPﬁNg%a\%i%%%mmuno?ifr%{ﬁatory C ]éoup

cgpThetisndll efwhiR e Hith VAFBLS $63alI6¢ ol ke aeeptsrE =es
1HRper aatigen-presenting cells and areithusable ¢d Stimulatesthein. Itthe

pisthereforeto_be expected that infection of cells withpacteriaand ror ac
administration of these cells not only brlngs about an 35 improved

Lge&dmutation B e BactEihRe fumdr But thEERIS Rfechior Wil atds &
resultdén an inflammation tard a strehdtherding ofithe systehiie apd docaition
oimmune  fespense. This methad can thus also be employed for

increasing the local immune response as part of an immunotherapy. The

invention thus relates to mammalian cells which are loaded with bacteria

Cet ive prophytaxisoort Sxtherabyof scdisorden Whste the/ célpistor example
Autologous, allogeneic,erxanogeneis and isssalecied from thegreupnaces,
lymphocytes, dendritic cells or tumor cells. When tumor
cells are used they are preferably irradiated or treated
with a cytostatic in such a way that their ability to
divide is blocked. Such cells are preferably isclated
from the blood or from tumors by methods known to the
skilled worker. However, it 1is also possible fto use
autologous, allogeneic or xenogeneic cells established in
culture, called cell lines from necrmal tissues or from
tumors. Such cell lines are obtainable in any type and
number for example from cell libraries such as the
American tissue cell library (ATCC) . It dis alsc
furthermore possible to use <¢ells which have been
modified by methods known to the skilled worker.
Modifications here include in particular genetic
modifications, but alsco additional loading of the cells
such as, for example, with peptides, proteins,

pharmacological active substances or viral particles.

Loading in the context of the invention 1s the absorption
of bacteria onto the cell, phagocytosis of the bacteria
by the cell and/or infection of the cell.



consisting of macrophages, dentritic cells, granulocytes, lymphocytes,

tumor cells and tissue cells, wherein the bacteria harbor recombinant

DNA, the DNA coding for at 10 least one active substance. The invention

also relates to these cells for use in the prevention or treatment of a
disordet.;Gells;ip the gantext.of-this-inventionypay beferexample 45:, fox
autolo%gus, allogeneic or xenogenic mac,rophggg%_él}/mphoc

tes, .
dehdifc Bells of hithor GSRE Witen tufitt cellsare éjesdlwe%are pacteris,

P%%@f@@é(ﬂf[?di%tﬁgi%ﬁ@ﬁ with,a-cyiastatic in such-away thaithekrabiy
a

ility to divide is blocked. Such cells are preferaply isolated 20 from. the
OGP OGS by AR koWt & 116 SkTecs AaTEd HORGLEE 127
isialse possiblectbiisée autoldgousaalfogensic opxehoegendiecells for the
established in gultureccalled cell linesfiom noumaldissyes Or FoMuhich are
tumars, Such gell lnes are obtainable in any type.and 25 numberfor . .
examp?e from Cell libraries SUCR AS the American tissue cell ibrary
(ATECRAE Brals6Sfurthermore possible to dsetcells which have been &xample
modified by methods known to the skilled worker. Modifications here
include in particular genetic 30 modifications, but also additional loading of
the cells such as, for example, with peptides, proteins, pharmacological
active substances or viral particles. Loading in the context of the invention
is the absorption 35 of bacteria onto the cell, phagocytosis of the bacteria
by the cell and/or infection of the cell. 7a Bacteria in the context of the
invention are, for example, Gram-negative and Gram-positive bacteria,
preferably optionally intracellular bacteria, preferably salmonellae or
listeriae, preferably bacteria which are
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able to divide but have no pathogenicity for the recipient or whose
virulence is attenuated or which are killed. Bacteria whose virulence is
attenuated are characterized for example 8 in that in at least one
chromosome of these bacteria at Iegs%orle gene for a metabolic enzyme
is deleted or mutated so that the metabolic enzyme is defective. In these

bagteig itis possibleifor onergeneferananzyne forsyptheszingia at
aromatic amino acids to be deleted in @elchcromosome, erSex%rgf%etthg
argA Gene” WhicH €otesoF thé firdEeRzAme in the biosynthdsis of ~ - ©F
aroraticdmino atidst so-that theselbatictiadepdnd forsthair gfewtven In
th&%@ééfmﬁfc@b@@ma&% anjlg;o @@E@L&Qéi) thexprateing miichanakerthe an
motility of t acteria possible to be expressed unimpaired, for .example
foefrfﬁéxﬁ%ility of thé %%(gnn%se{c%ﬁng%ne%rt%m Eénlc%onafg I?{retélil(r:]o]e“ ,gan (ﬁi) be

titedaietpS Coditie for BFORYSEPRanyf-IRN A& $9Rihetasé i6 beidstdtedene
ingd5 the chreawsome, thete havisg heenvintoducticnenioi thegetbactéra of
of plasmids, iv) whose replicatio e ilized by g suit q f

reaplfigamﬁgﬁ“ Srig%rﬁ?"%? éaxgaﬁ;négﬁaé b)g/%?\%,gl{e'ﬂall%%?ﬁ%rﬁnd Ehop%n?% éeg) V) o
WhithL EorBipALE theFhStdehe RBAIRITOR trifftofHafiiRGa 2pne acids,
syrithetaseevi) whighedamspriserd gane ferkan endalysimoe forlexample the the

lysis gene; of the phage A118,(gly 118 Lagsspesetal. L99Rpunderthe ror

control of a promoter which can be activatéd in the cytosol o I ammalian .
cERSTEHexahple the RctAprooter (PadtRSDibtth 5%t &7 10987 "&d =°
vijwrlich compris@at leastaonesducleotide. séquehee coding fératdeastding

one, activig. substance e the- gaintrol of a peemeter which€arbeered in
adtivated In bacteria or in mammalign ¢elis, HeNg sneroduction into
these bacteria of plasmids, 1iv) whose replication has
been stabilized by a suitable replication origin, for
example by ori pAMBl (Simon and Chopin, 1988), v} which
comprise the trpS gene coding for tryptophanyl-tRNA
synthetase, vi) which comprise a gene for an endolysin,
for example the lysis gene of the phage All8 {(ply 118;
Loessner et al., 1995) under the control of a promoter
which can be activated in the cytosel o¢f mammalian
cells, for example the actA promoter (PactA, Dietrich
et al., 1998), and wvii) which comprise at least one
nucleotide sequence coding for at least one active
substance under the control of a promoter -which can be
activated in bacteria or in mammalian cells, it being
possible for the activaticn of the promoter to be non-
cell~-specific, cell-specific, cell cycle-specific, cell
function-specific or dependent on metabolites,

medicaments or on the oxygen concentration.

Bacteria of this type exhibit, owing to the loss of at
least one gene for an essential metabolic protein, a
drastic reduction in their virulence, for example
measured by their ability to multiply in vive, and
nevertheless show a considerably increased

bactofection, a lysis of the bacteria in the cytesol, a
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possible for the activation of the promoter to be non 30 cell-specific,
cell-specific, cell cycle-specific, cell function-specific or dependent on
metabolites, medicaments or on the oxygen concentration. Bacteria of
this type exhibit, owing to the loss of at, 35 least one gene for an essential
metabolic protein, a drastic reduction in their virulence, for example

measuired by, theinability to,multiply-ivvive, g neverthelessshowa, and

considerably increased ,bactofectjgn, a lysis of the hacteria in the cytosal,
a9 ?&I%gs%y of the piasmids c%hta%eéd i%(fsﬁé" %%Ct%?%.,s ér?él a sthI%X&eg by
ekpressiph dfHglactiveuwstibstaiice BAESEEU By thEPRERIIISHAFE Vvery
baetesiabmicroorgaismauesy generally compriseslaforeignaiurleicsanidnce
seflyence 2hich fodes for an pefive sistANGe AR eptanaly el
the corkﬁrofo a regu?atory nucleic acid sequence, where inthe_ "~ .

cHFotRasonTal DNACORthEhicrédrgarfism AGtdaF Atdleic Atid-&dduenés 4
ofthe. baeteriumwyhiete codes forthe exprassion sbadhactefislirl0 enzyméhe

is either t myta ith. the promisq that a;tranglat] du e
drélrl\%é%) ﬁi%%ﬁgr%%s ngon?%tr\%%%%al,rg%%\iv%%eérea%%ténﬁcgﬁggﬁggn 5

COMPHEES HB 16Pdigh nteRFSadi sehlien &EWhRRTodesdor thePafijihd 2t
151Examplessof mntracelulateiacterin ave: Mygobaeterivmt tubelheilosise Vi so
boyisM bovis strain BG Gy, BGG gubstrains, M, ayium, M- intragellailare o n -

M. africanum,_M. kansasii, M. maanl%m, M. ulcerans, M. avium 20
1a

SUHEPECIEY ParatuBERuIBLIE Rochttfia Abt&romids? dther "Nocardia °©°  7°
species,dregionsiibeprieurophila, sterebegionelia speciesSalmoriella the
typRl; Sedyphimurium, |

Fxamples of intracellular bacteria are: Mycobacterium
tuberculosis, M. bovis, M bovis strain BCG, BCG
substrains, M. avium, M intracellailare, M. africanum,
M. kansasii, M. marinum, M, ulcerans, M. avium
subspecies paratuberculosis, Nocardia asteroides, other
Nocardia species, Legionella pneumophila, other
Legionelila species, Salmonella typhi, 5. typhimurium,
other Salmonealla species, Shigella species, Yersinia
pestis, Pasteurella haemolytica, Pasteurella multocida,
other Pasteurella species, Actincbacillus pleuro-
pneumoniae, Listeria monocytogenes, L. ivanovii,
Brucella abortus, other Brucella species, Chlamydia
pneumoniae, Chlamydia trachomatis, Chlamydia psittaci

and Coxiella burnetii.

Examples of attenuations of salmonellae are:

inactivating mutations in a pabk gene, a pur gene, an
aro gene, asd, a dap gene, in nadA, pncB, galE, pmni,
fur, rpsL, ompR, htrA, hemA, cdt, cya, crp, dam, phoP,
phoQ, rfc, poxd, galU, metl, metH, mviA, sodC, rech,
ssrA, ssrB, sirA, sirB, sirC, inv, hilA, hilC, hilD,
rpoE, flgM, tonB or slyA, and combinations thereof. The
inactivating mutations of the genes which are listed by

way of example for attenuation of salmonellae are
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"least one epitope-binding fragment of an

other Salmonealla species, Shigella species, Yersinia pestis, Pasteurella
haemolytica, Pasteurella multocida, 26qother Pasteurella species,
Actinobacillus pleuro- pneumoniae, Listeria monocytogenes, L. ivanovii,
Brucella abortus, other Brucella species, Chlamydia pneumoniae,
Chlamydia trachdmatié, Chlahydiscpsittaci and Coxiella burnetii. 30
Examples of attenuations of salmonellae are: inactivating mutations in a
ab.gene, a pur gene, an_aro gene, asd, a dap gene, in nadA, .pncB, . .
T S e TR Pk R e, Sy g e, phap, ggcteris
O rfel PoXA igal B metl, theteSEmviA, §3dC YecAn SaFA 5B, SiFe
sirB, sirC, inv, hilA, hilC, hilD, rpoE, flgM, tonB or slyA, and combinations
thereof. The inactivating mutations of the genes which are listed by way
of example for attenuation of salmonellae are 10 - familiar to the skilled
worker. Nucleic acid Segdénceshave FES mtroditiced into badtefig whitch 2
are caried by theseells pb thel inyentior: Thezb huclete aeidksequengesactive
§ 8%% {%rn%% OE‘_ecBrL]" t@ﬁée f%ts%rg%r%qu {_%ra?@ﬁgﬁ%g 8‘%“‘56 disorder.
substances for the prevention or treatment of a disorder. 10 Such
proteins may be for example: antigens of infectious agents such as
girusesp bactetiag myegplasmds, pacasites, | antigerisi gpecificfdr tumierstinous
padicular proteins, epgoded.by oncegenes antipodies, epitope-binding 15,
fragments of antlbo,d}es and fusion proteins com nsmggt 1e stone .
@Bi%dr%e-ﬁﬁdir?éaﬁﬁém]e?\t of 8h an‘riBW%ﬂecfég fo? Exampie againdf anc1ns

antigereon a tbmor celf,cogenes, antibodies, epitope-binding
fragments of antibodies and fusion proteins comprising at
antibody
directed for example against an antigen on a tumor cell,
on a lymphocyte such as, for example, a T lymphocyte or
on an endothelial ¢ell such as, for example,

a tumer
endothelial cell, enzymes, 1in particular enzymes for
activating inactive precursors of a medicament such as,
for example, a B~glucuronidase, a phosphatase, &
hydreolase, a lipase, immunospuppressant cytokines such
as, for example, I1L-10, immunostimulating cytokines such
as, for example, IL-1, IL-2, I1-3 or IL-6, chenmokines,
interferons, growth factors such as, for example, G-CSF,
GM-CSF, M-CSF, FGF; VEGF ox EGF, or inhibitory proteins

for cytokines, chemckines, interferons or growth factors.

The expression of these genes in the bacteria 1is
regulated by suitable promocters, it being possible for
these to derive from the bacteria or from viruses cor from

eukaryotes and to be nonspecifically, cell-specifically
or function-specifically activatable.

In a further preferred embodiment of the invention,
nucleic acid sequences which enable transmembrane

expression or secretion of the gene-encoded protein by
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: g)agas .lpromflanhnator effects, %)flgglglttg ne%%tlve%

on a lymphocyte such as, for example, a T lymphocyte or on an
endothelial cell such as, for example,_a tumor 20 endothelial cell,
enzymes, in particular enzymes for ajc%ivéting inactive precursors of a
medicament such as, for example, a (3-glucuronidase, a phosphatase, a

tydralase,a ipases amynespuppiessant eyokines . suah, 880k s of suen
example, I%-lo, immurlostimulatln% c¥toklnes such 25 asf,raggig example, "
Efl?—f%é—%? 1-3 Bt 8. chemoRINES Titerfefdns, growii factsis suchas, the
f6r-exanpres GEESED GMCOSF,IM-CSH, EGFE; VEGF BeEGFaor inRibitoriNAS
protedss: farseytokinegs, (cj@gmkines, interferons or growth factors. 30 The
expression of these genes in the bacteria is regulated by suitable

promoters, it being possible for these to derive from the bacteria or from
Virasés e frbif eukan/otesand i be Rofispecifically, cell-specifically o the
function:specifically activatable: 85 In-a-further preferrad embediment of, ¢ 5
&%W&QQ?%H@C'@&%? Soe:tqu“taggesi\{?\{b;fmh@?grl?l.eatr%nsmeer%%@aqgly used
expression or secretion of the gene-en_cod%% protein 6y - Ef the .
battetitiffare sttaghetfiorthe Yerfe. EXaiRples oPSuchso-caNEtEsighalease.
Bequerices are: dpscribedtin thegeeferenees ERULOARA95, (P 1045023 +teria

apdddess ef a'ﬁd%%&%f&“?%%@ (1836)- 5-Lhe, vention fugther,
relates to a cell of the invention for use in the prevention ortreatment of a

Risot8ér FREACENS of thetihb&fitior are prefetably t86d o freatifgdatively
neoplbstic diseasenonan immiume disease. kDskor this p_usrpaa@,me geheough
introdyced dntodhe dacteria epeodes a;protein whiehhh) 4s ImorECyiplylic, ;.

mmunosuppressant can convert an
inactive precursor of a cytotoxic, immunomodulating or

immunosuppressant substance into an active substance.

For the prevention or treatment of a disorder, preferably
from 100 to 1079 cells which preferably carry about 0.1
{statistical mean to 100 bacteria per cell are
administered. Such cells are administered locally on the
skin, into the circulation, into a body cavity, into a

tissue, into an organ or orally, rectally or bronchially
at least once.

Discrders for which the cells o©of the invention are used
are, for example, necoplastic diseases, autoimmune

diseases, chronic inflammations and organ transplants.

The dinvention also relates to the use of cells of the
invention for the manufacture of a medicament for the
prophylaxis or therapy of a disorder selected from
neoplastic .diseases, autoimmune disesases, chronic
inflammations and organ transplants.

The invention is explained in more detail below by means
of exemplary embodiments.



regulating immune cells, such as, for example, through inhibition of
CTLA-4, of B7-H1 or of CD25 or of TGF(3,.iv) 15 has immunosuppressant
effects or v) can convert an inactive precursor of a cytotoxic,
immunomodulating or immunosuppressant substance into an active -
substance. For the prevention or treatment of a disorder, preferably 20
from 100 to 1079 cells which preferably carry about 0.1 (statistical mean)
to 100 bacteria per_cell are administered. Such cells are administered
TSNy ‘GiTtheC sKim - info- e Girdulstion  iHt8 2158ty cavity, into a tissue,
into an organ or orally, rectally or bronchially 25 at least once. Disorders

forwhich the cells of fhe, invention ate ysed are,for example, neoplastie;

diseases, autoimmune diseases, chronic inflammations and organ
transplants. 30 ThB ifErtiondisS FIF8E o td GsEdF E8ils BfthecrPhages
invention for the manufacture of a medicament for the prophylaxis or
therapy of a disorder selected from neoplastic diseases, autoimmune
diseases, chronic 35 inflammations and organ transplants. The invention
is explained in more detail below by means of exemplary embodiments.
Examples to illustrate the invention 5 Example 1: Provision of Salmonella
typhimurium 7207 by infected autologous bone marrow macrophages 12
1.1: Isolation of bone marrow macrophages (M). BxB23 mice about 2-3
months old, or MMTV/neu transgenic mice about 2 months old were used
to isolate bone marrow macrophages. The macrophages were isolated
according to 5 the following protocol: i) remove the femur from the

mouse, ii) remove soft tissues from bone in a Petri dish
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and cut open bilaterally, iii) rinse bone marrow with 2 ml of DMEM 10
(DMEM Gib co with 10% FCS Gibe, 2 mM L-glutamine Gibco, 50 pM
(3-mercaptoethanol Gibco) with 10 the aid of a syringe in Bluecap with
DMEM 10, iv) centrifugation at 1200 rpm for 5', aspirate and take up in5
mllof diferentiation aiediame Adjust tovarcelt copht of XIQMS gells/ml in
Sifferentiation medium (BMEM 10+ 10ngim! GM-GER(ecombinant e .
mouse granulocyte macrophage 15 colony stimulating factor; RD
Bysterfts WieshaligR €5t Rio- : ¥E5-FILY 3R distributé 17 58t ot ov
iunco gobgresdisigss( NUNCGIOONT M 58 numaNUNGCING.e16988); viding  tTo
%baftglafﬁ@iﬁ ndﬁllog/ﬁgé%% for %)da¥§e}ﬂb%@ 1-%&@“%@_&9‘ from the
macrophages with Salmonella typhimurium_7207 (SL7207) in vitro. The .
3y ddnhering totha NUNE ckellﬁhﬁﬁ%éedﬁsr%%‘?qe 38fed With DMEM  ©*5h
and thenttheoadherént cells weke harvésted with res eell'seraperizounted with
@nﬁl}tak@:?ﬁ u%maﬂiffﬁgngg{g@ﬂ%S @%@%&n- wlli%f;iiomwﬁh g!eézobﬂd@i,set@ i
K.etal., . Nature 291:238- took place according tq.the L
g)_ll%]w%& %jr”o %co@i’%ﬁc, 1 inpgl}ﬂ iﬁ%ﬁ gt%?:%@]bcfe r%ﬁﬂﬁlfcityg&rg Co) with
infection)d.:205i) r06ihaciophagés werkiseeded i 20 ofediuke in at v)
NUING coltyte- dish and 3Q 2ncubated with-2x107'7 bagteriaMOI z20) ate up
37C for i) then wash, iv).incubate with. gen in (final _co 0
o lars) L e et et cell ot e Bur o3 braif ™™
Reartinfusion BHIDS pRates {GibdoY fof E8Thtiy tHebabferiarm  (DMEM 10+
aalony-farming -85 enits-(eicts) nt 3t Results=ofdhe lodding 08 macrophage
agtarhages; Wiih an MOS:t20.and adgacingdime of onghau s cat.
possible constantly to detect about 10" salmohellae in 10"5 ,
Macropiagedhe Ading'densyPienfainegd > ™L portions In Nunc
culture dishes (NUNCLON™, 58 mm, NUNC No.: 16955),

incubate at 37°C and 10% C02 for 8 days, vi)

V)

1.2: Infection of macrophages with Saimonella typhimurium
7207 (SL7207) 1in vitro.

The M® adhering to the NUNC cell culture dish were washed
with DMEM and then the adherent cells were harvested with
a cell scraper, counted and taken up in differentiation
medium. Infection with SL7207 {(Heiseth S.K. et al.,
Nature 291:238-239 (1881)} took place according to the
following protocel: 1) 37°C, 1 h in an incubator: MOI
(multiplicity of infection) 1:20, 1ii) 1076 macrophages
were seeded in 2 wml of medium in a NUNC culture dish and

incubated with 2x1077 bacteria (MOI = 20) at 37°C for
1 h, i1ii) then wash, iv) incubate with gentamycin {final
conc. 100 pg/ml  (Sigma)) 1 h, 37°C, v} wash, determine

cell count, plate out on brain heart infusion (BHI)

piates (Gibco) for counting the bacterial colony-forming
units (CFUs).

1.3: Results of the loading of macrophages.

With an MOI of 20 and a lecading time of one hour it is
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approximately constant for 12 hours after the loading and shows no
bacterial proliferation at all. 5 1.4: Administration of macrophages infected
“in vitro" with SL 7207 in BxB23 and MMTV/neu tumor mice 5x15"5 bone
marrow macrophages infected in vitro agd_suspended in 100 | of PBS
were injected i.v. and per 10 mouse into the tail vein of BxB23 and

MM Neudumen snicetihe expediatental agimals usedsshoywesbadvansedin
tumordev bout onths, the lung mass_ due to the lun
tﬁorgdin t %D%?(%%%%%%g émoérﬁgj to %‘3%}?1;2 g)ng%%spjéﬁ ing L}r% thegr_1eci
e RIS R A HatteriaPTS E6dit of $Bx 104y Bhimbkam 7207 wheading
injacted Hdetermineckloy: eaunrtingthe IGEAs)ieranouse.zAs. control, S.
typhimurium 7207 was administered i.v. (2.5x10"5 bacteria suspended in

100 pl of PBS per mouse) to BxB23 and MMTV/neu tumor mice, After 18
h, 26 the' Sritials W $8&fiedd ARFHEERPGTPlatet G S BH plated)™©
in the lung. (BxB23) &0 in the BaBe3(MMI VYIMUEErdeteimined. Mhee

prgg%eﬁ%o; %@tﬂ@fﬁﬁt&%\yﬁs M@%gﬁtﬁgérﬁl t_hgrpp@g@éarhoqglsafépﬂy@ and
Injection of S. typhimurium_aro or this purpose, the acteri
coltit B Rte i@at%ﬁ%ﬁeté#nir%%& th"‘é@ﬁ%u%nafecged g

various fimes using P**
thecsasse protocolt 165: Asdumutation of S. fypRiduriung 72871 Aumors- umor

afierdy. injestion 30, the amount of salmenelae delgctedhinibe  advanced

tumor-bearing lungs of BxB23 mice,and.in mammary tumoys of
M%:W/ﬁelf! er%i%go A A irgsiration %Pgalr?gn&?geﬁ?écté} ¢ lung mass

maEfophagesifasiiibre thawtarstinds thaEin Bifitvals Th:- 8% cottierted to
groupswhich=hagh heendreatad with dreet35salmenreliass 18, hoarsoaftarerial

the nfection FFoliowing ginjection ofibagleriasloaded magrpPnages. e ected
{determined by counting the CFUs) per mouse. AS
control, S. typhimuriuvm 7207 was administered 1.v.
(2.5x10"~5 bacteria suspended in 100 pl of PBS per
mouse) to BxB23 and MMTV/neu tumor mice. After 18 h,
the animals were sacrificed and the CFU (plated out on
BHI plates) in the lung (BxBZ23) and in the tumor (MMTV)
were determined. The progress of the infection was
investigated in the control group after i.v. injection
of S. typhimurium arcdA 7207. For this purpese, the
bacterial count was investigated by determining the

CFUs at various times using the same protocol.

1.5+ Accumulation of S. typhimurium 7207 1in tumors
after 1.v. injection:
The amount of salmonellaze detected in the tumor-bearing
lungs of BxB23 mice and in mammary tumors of MMTV/neu
mice after administration of salmonellae-infected
macrophages was more than ten times that in animals in
the control group, which had been treated with free
salmonellae, 18 hours after the 1infection. Following
injection of bacteria~loaded macrophages, the
accumulation of the bacteria even 18 hours after the
injecticon was as high (factor 10 higher than on

injection of naked bacteria, see fig. 1 and relevant
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accumulation of the bacteria even 18 hours after the injection was as high
(factor 10 higher than on injection of naked bacteria, see fig. 1 and

relevant 14 table) as could be achieved comparatively in the control

group (i.e. after injection of the bacterigalone) only after some days (day

5 after infection). It was accordingly possible with the aid of the bacteria 5
loaded<ells af thecivuéntiontte aceumidated distinpcty ardereriymberof the
bacteria iy a gybstantially shorter time in thedumor thap was poss
after injection_of the pure bacterial suspension. Determination of tl
CRURR th€ TungsPdridthe BrGEn< 80 BN &7¥ 17 72 14 fter ThiéctiohBt the 1 &
cellssofthedndentidryrepealedtiat the GFUstrenminkedodt atdonstant thigha -
'ﬁy@é%%asre%%qw the%@ﬁg%%fggﬁ/gﬂmﬁg@@ﬂng %@32%@@9?%@@?8 a
the, s in the lungs of the control mice and in the spleens o
5 BB i AT o BT B o G T b BUBRGRE T =1Ly
valhes frethe teispective luridseor Wwereomo lohger detettable isedfig. 2alfter
ang fig-31and releyant taples; fig. gushows apzomparison of the,GEbsdRon .
lu of (lung) tumor-hearing BxB23 mice with lungs of the 20 C57BL/6
oS AAL TS 4 ottt e P M6 maPana g fuaens
amatindhEspleen 6f MMT\HAEE Miceafesiiicnjettio besxaprsssof the
typhirawrium): 2&:-kxample % Ryevisies af tumonaeytogenes bydnfeetest ant
heterologous cells 4T1 cel TLCG CRI-2539) of a tumor lipe a _
m%? ?ﬁar)? gra%i tlj)rﬁ:or %sésﬁ%?% %iceﬁ\lfrvere infected%l\%i]th A?O trgg & Seumox

attsuated L B¥BAdcyfodehes YhER%HY anMof6fo dver Aperiod'8fE ©f
h.tHee celis siefé thenrwashied, mnde and in the spleens of the

BXB23 mice and of the C57BL/6 mice fell distinctly

%teria
he

below the wvalues 1n the respective lungs o¢r were no
longer detectable (see fig. 2 and fig. 3, and relevant
tables; fig. 2 shows a comparison of the CFUs in lungs
of (lung} tumor-bearing BxB23 mice with lungs of the
CH7BL/6 control animals, fig. 3 a comparison of the
CFUs in the mammary tumors and in the spleen of
MMTV/nesu mice after i.v. injection of 5x10"5

S. typhimurium}.

Examplie 2: Provision of L. monocytogenes by infected

heterologous cells

471 cells (ATCC CRL-2539) of a tumor 1ine from a
mammary gland tumor of BALB/c mice were infected with
the attenuated L. monocytogenes strain and an MOI of 10
over a period of 1 h. The cells were then washed, and
free bacteria were killed by incubation in the presence
of gentamycin for one hour. Determination of the CFUs
revealed a loading of the cells with 90.15 bacteria per
cell. The cell count was adjusted to 5x1076 cells per
ml in PBS. In addition, some of the infected cells were
inactivated by irradiation. 0.1 ml of this suspension
[i.e. 5x10"5 infected cells {measured CFU of listeriae:
"7.3%x10~4), 3.5x10"5 infected and irradiated celis or
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free bacteria were killed by incubation in the presence of gentamycin for
one hour. Determination of the CFUs revealed a loading of the cells with
0.15 bacteria per 35 cell. The cell count was adjusted to 5x1076 cells per

ml in PBS. In addition, some of the.infegted cells were inactivated by
irradiation. 0.1 ml of this suspension [i.e. 5x10"5 infected cells (measured
CRidohlistaridagrUz.Bx B0/93 18 5x10"5:imfekterkand. fradiated icelisiori® pl

(ceunted CFLIs) 25 freedisteripg, €agh in 300 plof P@ﬂ&ﬂ%%%
were Hected A2 |nto tumor arln%&?ﬁ?% mice (éaﬁ%}b éo months) n
6 Mice oft 298ame age he Fadial u§e§ﬁ1er% ghe
reduetiony eetected by CFU determination, in free bacteria by a
nt@@imun&@é 250, gesulting ind@calculated infegtious dose af apeutiction,
10"4 b rla IEEIP %Sce of |rra iated cells. 1(% 17 h agter the . b
ctlon ?he bgcterla CFUs Were "Getermined ih the ?ung an%l splfeen b
s@ﬁéllﬁléﬂhg@ﬁ BHEplates $Gico) Qlimitof detécticri i@ bacterddipect ous
orgay. 12 All animaals shawes eosuccessfutisfection according tocthee  of
detecégglg {&%&tfg spleen. The number of CFUs after injection of the
living or irradiated cells of the invention was distinctly higher in the lungs
of the 20 tumor-bearing BxB23 mice and of the C57BL/6 control mice
thah afteifijeetion dfithe bacterabsuspension, andthedhacterial@ount were
afigt isetion et e qalls of Jhe inratip yas-igincly Incigaserlipfg on

Iun&s of _the tumor-bearing BxB23 mice compared with the
plates (Gibco) llmlt of detection 10 bacteria per

a

organjy .

211 animals showed a successful infection according to
the detectable CFUs in the spleen. The number of CFUs
after injection of the living or irradiated cells of
the invention was distinctly higher in the lungs of the
tumor-bearing BxB23 mice and of the C57TBL/6 control
mice than after injection of the bacterial suspension,
and the bacterial count after iniection of the cells of
the invention was distinctly increased in the lungs of
the tumor~bearing BxB23Z mice compared with the
bacterial count in the lungs of the C57BL/6 control
mice {factcr 10}. Considerably more bacterial CFUs were
detectable in the spleen of all groups than in the
lung, but 1t was not possible to detect a clear
difference in the number of bacterial CFUs after
injection c¢f the cells of the invention or of the
bacterial suspension both in tumocr-bearing BxB23 mice
and in the C57BL/6 control mice (see fig. 4 and the

relevant table).

As already demonstrated in the abovementioned control
groups in the experiments with macrophages loaded with
virulence-attenuated S. typhimurium 7207, in the case
of virulence-attenuated L. monocytogenes too there is a

reduction in fthe number of the bacterial CFUs in the
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25 bacterial count in the lungs of the C57BL/6 control mice (factor 10) .
Considerably more bacterial CFUs were detectable in the spleen of all
groups than in the lung, but it was not possible to detect a clear
difference in the number of bacterial- CP&s-after 30 injection of the cells of
the invention or of the bacterial suspension both in tumor-bearing BxB23
midel aAd irfié CB7BLIG Edhtrolfidezed-fieg aaibthe nefsvanttable}n a
3%As aleady damenstrateddi the abevemeantioneghaortrol 1groups i herer
experiments with macrophages loaded wi irulence-attenyate
ekl S g e I Al S T
toB'kere g treBiigtdon TH S RhBer of Bt Bactetial lCEUSsTHIRE 19@9“ ing
SHea? anchincether doptunidridgatihg osganswithine: period efraheutbh i ch
ays. bus adpasioyy of L days afier niaplieq bojh ofdhe cellsl ey e
invention and of the “pure bacterial suspension, both_in the tumor-bearing
5 BXB23 rfite @M iﬁ%@%L/@%ﬂfrﬁPﬁ%fb%@é{@%ﬁﬁch are distinctly
below the levels of the CFUs in the lungs of the (lung) tumor-bearing
BxB23. I, contast thereta, the ipjfially increased numperof 10 bacteral: o5
CFUs in the Iun%s of the (Iung% tumor-bearlngH BxBZg mice at least .
pereistSattétinjection ofthe celf oftRe fHvehtisn ovarthe dntifs behisd * 19
or&xign3increasesdtitiallyaenly tosfalk again aftéita prolonge plteagt the
phase:1 17 Jable,L: Bacteral conntdr dungsios tumers,of infectedamise 18ven
hours after i.v. injectiotn.l%t%i?fectedO nlacrog:hgge% gﬂree c_ﬂsalarg%nellg%.ter A
MGUSE e’ S°T. +lrrﬁ%1crop aﬁés S. R/ imurium g

prolonged plateau phase.
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CFU SEM n CFU SEM n BxB23 9.000 3.600 300 2 (lung) MMTV Her
5.850 1.552 4 66 66 2 (tumor) 5 Table 2: Comparison of the CFUs in

lungs of (lung) tumor-bearing BxB23 mice with lungs with the C57BL/6
control animals Day BxB23 WT C57/Bip CFU SEM n CFU SEMn 2
1.4851.335231.255229 7 700 600 2 491021025 2.469 1.5036 7
479915694 65600-400. 211421900 1.70Q 2250 250 2ui®222507mZ 40t ed

Table.3: Comparisen of the CRUs in the mamn;?éwragrs and in hece o eq
spleen of MMTV/neu mice after i.v. i e{actlon 5x105 S. typhimiuium

aFGK BARITARG §pleen fod SEMRGGPEEM n (CEU) (CEU) 3 2.67
0.24 2 4.650.10 2 4 3.19 0.68 4 18 3.20 0.20 2 2.14 0.06 2 15 18 Table

4: Bagterial egunt in mfegteg mmerggcrigﬁ§a@fé%r mfectj,on withinfegted
4 CEU SEM > O 'n CrU R aor

BxB23 8.000 3.600 3 0 0 2
{lung}

MMTV Her 5.8590 1.552 - 4 66 66 2
(tumor)

Table 2: Comparison of the CFUs in lungs of {lung)
tumor-bearing BxB23 mice with lungs with the C57BL/6

control animals

Day BxB23 WT C57/Bl6
CFU SEM n CFY SEM n
2 1.485 1.335 2
3 1.255 229 7 700 600 2
4 910 210 2
5 2.469 1.503 G
7 4,429 1.604 6 500 400
14 2.9060 1.700 2 750 250 2
18 2.225 975 2

Table 3: Comparison of the CFUs in the mammary tumors
and in the spleen of MMTV/neu mice after i.v. injection

of 5x10° S. typhimiuium aroh

Day Tumer Spleen
L.og SEM n Log SEM n
{(CFU) (CFU)
3 2.67 0.24 2 4.65 0.10 2
4 3.19 0.68
18 3.20 0.20 2 2.14 0.06 2




i0

with 25 gray or free listeriae. 5 BxB23 C57BL/6 Inf. Inf. L. mon. Inf. L.

mon. cells irradiated aroA cells aroA cells Log 3.572 2.437 0.6344 2.601
0.4337 (CFU) SEM 0.133 0.5261 0.6344 0.01688 0.4337 3n33333
Table 5: Bacterial count in the spleen oginfected mice 17 hours after
infection with infected 4T1 breast tumor cells with (irrad. cells) or without
(imkekds) 40 irfekidtionigith 25cgray or free listérag. BxB28.€57BL/6 Hnfirs

Infel men. Inf. Lo mon. cells irradiated-argA gells areA -calls Log8:224<11 s
2.934 4.045 4.37 4.57 iCFU) SEM, 0,1596 0.4338 0. 911%0 3023 0. 557%101‘1

N5 3 356 aifrs! A A A Gell WhRith i< oadEd with” Bactera
forithe peGplytasis or thergpy 6fats disoeder, where the cell is
autologous, allogeneic or xenogeneic and is selected from the group
consisting of “macrop ages, dentritic cells, granu ocyfes, ymp o&/

tumor.cells.and fissue-—.cal& StRarein-the-bacteriaharbor recorbiimame . 2
DNA, 10 the DNAfcoding forIatﬂeast onelactivensubstanaef - L. mon.
cells irradiated aroh cells arch
cells
Log 3.572 2.437 0.6344 2.601 0.4337
(CEFU)
SEM 0.133 0.5261 0.6344 0.01688 0.4337
3
n 3 3 3 3 3

Table 5: Bacterial count in the spleen of infected mice
17 hours after infection with infected 471 breast tumor
cells with ({(irrad. cells) or without (inf. cells)

irradiation with 25 gray or free listeriae.

BxB23 C57BL/6
Inf. Inf. L. mon. Inf. L. mon.
cells irradiated aroh cells aroch
cells
Log 5.224 2.934 4.045 4.37 4,57
(CFU)
SEM 0.1596 0.4338 6.9131 0.3023 0.2573

n 3 3 3 3 3
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2.) The cell as claimed in claim 1, which is inactivated by irradiation or
other methods. 15 3.) The cell as claihted in claim 1 or 2, where the

_ bacteria are alive, nonvirulent, virulence- attenuated or dead. 4.) The cell

as claimed in any of claims 1 to 3, where 20 the bacteria are selected
CrérftRé group consisting of "Mycobacterium tuberculosis, M. bovis, M.
bovis strain BCG, BCG substrains, M. avium, M. intracellailare, M.

1afficanuny, My kansasii, JM; marinum, M. ulcerang, M.;aviym subspecies,, ; .,
25 aatubercuIOS|s Nocardia asteroides, other Nocardia species,

Leglof?é‘lfa 55&%069% offief Le@ffo%@ﬂé’"sﬁé&lés §§Imoﬁ@ﬁaﬂ%l gf =
typhinsurivr dether Salmonelinspecies . Shigellauspecies; Yersinialpestisgic

Pastedrellahaemplytica; 30 Basteurella multocida, pther,Rasteyrglla gro
spemes Actlr%lobacnlus uropneumonl e, Listeria onoc¥a0(l;enes Ells

ivanovii; I%Sruc [d'dbortus; thernﬁlrucéjﬁ) geaés Ch gﬁya
pneun@]@r@laé}i@marﬁﬁdla tralehiomatis; Shlamydizppsittaeiland Coxelld i35 ue
burnetja 2@ 5.).the-eethas-claimeddn any:of glaims d te d-wheie atleastia,

one active stance. is preduced by the 5 bacteria hemselv ith the
aid of%iﬁﬁa@lﬂi\e&prorﬁﬁte(fg %r expcites)ismn “hereof is u%éer “the % r%\'zrgl Sfa

eukaryotic promoter. 6.) The cell as claimed in any of claims 1 to 5, where
710y intracellulan, membrane:assaciatedQr=secretorypreductionitakes i vat ed

place. s, ) The cell ﬁlcéq{n}gg in.any.of claims 1.to 6, in which the active

substance is selected from the

3.) The c¢ell as c¢laimed in claim 1 or 2, where the

bacteria are alive, nonvirulent, virulence-

attenuated or dead.

4.} The cell as claimed in any of claims 1 to 3, where
the bacteria are selected from the group consisting

of “Mycobacterium tuberculosis, M. bovis, M. bovis

strain BCG, BCG substrains, M. awvium,
M. intracellailare, M. africanum, M. kansasii,
M. marinum, M. ulcerans, M. avium subspecies
paratuberculosis, Nocardia astercoides, other
Nocardia  species, Legionella pneumophila, cther
Legionella species, Salmonella typhi,

S. typhimurium, other Salmoneila species, Shigella
species, Yersinia pestis, Pasteureila haemolytica,
Pasteurella multocida, other Pasteurella species,
Actinobacillus pleuropneumoniae, Listeria
'monocytogenes, L. ivancovil, Brucella abortus, other
Brucella species, Chlamydia pneumoniae, Chlamydia
trachomatis, Chlamydia peittaci and Coxiella
burnetii”
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15 group consisting of "antigens of infectious agents such as viruses,
bacteria, mycoplasmas, parasites, aptigens specific for tumors, in

particular proteins encoded by oncogenes, antibodies, epitope-binding
fragments of antibodies and fusion proteins 20 comprising at least one
epitope-binding fragment of an antibody directed for example against an
antigen on a, tumor cell, on a lymphocyte such as, for example,a T
lymphacyte aor.on an endaothelial cell such as,.for example, a tumor, -
gr%o?ﬁ%l%al %%ﬁ?‘?f Snz%jf!‘"n%l(alsﬂ,1 LT"%{] péﬁlicuﬁ%y er?zf;/mcelsaf%)l}agc |va%i%g i?]act‘i%“ ®
precufSors'6Fd edit&metit 'sUER as 1 example la Rajluclitonidasey a the
phosphatase; e hydrolasecadipase, immmnospuppressant cyokings i table
such for.ex le, 1L-10, immunostimulating 30 cytokines such as, for
exam%%?%)-?ﬁ%%? Il-??L%r II(_E- , cﬁér%%ﬁfﬁesﬂ%ﬁe%%%ns, érsowtﬁ?é%tgrs the
such a=Mforexafiplé, GIESE YSM-ESE NLEeSE; FGF; VEGF or EGF, or
inhibitory proteins for cytokines, chemokines, interferons or growth

factorg}, 358, The use.ofa celt as claimed in-any of;claims LI 7 O g}?ere
manufacture of a medicament for the prophylaxis or therapy of a disorder

selected FrHi 21+ eBplastic BRBAEES SIASIHTHtAS Bt easts, chrdfifretory
inflammatibnstanchorgahdransplares. 9.) The use of a cell as claimed in
any .of claims 1 to 5 7 for the manufacture of a medicament for the

ophylaxis or therapy of a djsorder selected from neoplastic diseases ,
i Cﬁ'rs;lasagg, c%i&ﬁ%lei flamnatiohs 8hd Sruantransplafts, ©¢ in

autoimmune
wheresthechctivé:substanée blocksatetrative regulatory eternents from  the

group consisting of M"antigens of infectious agents
such as viruses, bacteria, mycoplasmas, parasites,
antigens specific for tumors, in particular proteins
encoded Dby oncegenes, antibodies, epitope-binding
fragments of antibodies and fusion proteins
comprising at least one epitope-binding fragment of
an antibody directed for example against an antigen
on  a. tumor cell, on a lymphocyte such as, for
example, a T lymphocyte or on an endothelial cell
such as, for example, a tumor. endothelial cell,
enzymes, in particular enzymes for activating

inactive precursors of a medicament such as, for

example, a f-glucuronidase, a phosphatase, a
hydrolase, a lipase, Immunospuppressant cytokines
such  as, for example, IL-10, immunostimulating

cyteckines such as, for example, IL-1, IL-2, Il-3 or
IL-6, chemokines, interferons, growth factors such
as, for example, G-CSF, GM-CSF, M~CSF, FGF; VEGF or
EGF, or inhibitory proteins for cytokines,

chemokines, interferons or growth factors”.

8.) The use of a cell as claimed in any of claims 1 to 7

for the manufacture of a medicament for the

prophylaxis or therapy of a dizorder selected from
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10 in the tumor tissue. 10.) The use of a cell as claimed in any of claims 1

to 7 for the manufacture of a medicament for the prophylaxis or therapy

of a disorder selected from 15 neoplastic diseases, autoimmune diseases,
chronic inflammations and organ transplants, where the bacteria serve

as proisfiammatcry sttdlantintumon tissher2o 2 1. ) THease of a cellagnic
claimediimamy-efclaims 1:1e % forthe mamifacture:.ef a medicament for

the prophylaxis or therapy of a disorder selected from neoplastic

diseases, autoimmune diseases, chronic inflammations and organ
Yrdnsplarits WiRleretdéndtitie 25°¢ells bof Btk fopiagesiare enspleyed 1 to
simultaneagusty ashearries forra vaccine antigen: 12)-the use of a cell:as the
claimed in_any;of claim 7_for the ufac edi ot for

the 3%5@%%)@%% tcalzélr;%@eoj?galgafisg%?;r‘%elggctgea%tf%errr% nse%%r?a%sﬁgg f-r?m
diseade’C RitoimATune diseasEs chréic Anfidnfations H@cGgan chronic

transpiiarﬁi_amhaneit@mactb/ﬁ_d_subsiamandmﬂaﬁnemmm,antigeﬂm the
loaded, ex yiyo anta the dentriie Gells,or-onig the, 35.macraphages A3} e n+

The use as claimed in claim 12 , where the vaccine antigen consists of
defined’peptifies 82 14y TRBUse as claimed in claim 10 , where the cell
is fused to another cell which expresses a tissue antigen or a tumor

%tige@h@-bl@edlﬁeaa%@%n%sﬂsinﬂ%ﬁh% vgfgp_rgﬁ@e 35_5993_ celisare +o
autolo%ous tumor %Ils. 16.) The cells as cl%lmed in any, of claims 1f10 to b
7 for ude in tHe prophyldXis o tHeripyof £~ 2 Medicament  for - the

prophylaxis or therapy of a discorder seslected from
neoplastic diseases, autoimmune diseases, chronic
inflammations and organ transplants, where  the

bacteria serve as proinflammatory stimulant in tumor
tissue.

11.) The use of a cell as claimed in any of claims 1 to
7 for the manufacture of a medicament for the
.prophylaxis or therapy of a disorder selected Ifrom
neoplastic diseases, autoimmune diseases, chronic
inflammations and organ transplants, where dendritic

cells or macrophages are emplcyed simultaneously as

carrier for a vaccine antigen.

12.) The use of a cell as c¢claimed in any of claims 1 to
7 for the manufacture of a medicament for the
prophylaxis or therapy of a discorder selected from
neoplastic dissases, autoimmune diseases, chronic
inflammations and organ transplants, where  the
active substance and/or the vaccine antigen is
loaded ex vivo onto the dentritic cells or onto the

macrophages.

13.} The use as claimed in claim 12 , where the wvaccilne

antigen consists of defined peptides.
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disorder. 17.) The use of a cell, in particular as claimed in any of claims 1

to 7, which is loaded with a 15 microgrganism comprising a foreign DNA,

in particular bacterial microorganism, for the preparation of a
pharmaceutical composition. 18.) The use as claimed in claim 17, where

the foreign 20 DNA codes for a defined active substance, and where the
Ipharnaiceuticad cempasitionrisdntended:fer the: prophylaxissordreatment ;¢

of a disqreler which can bey, prevenled, andior rgated with the active

CXpIesses
substance. _
antigen or a tumor antigen.

tissue

15.) The use as claimed in claim 14, where the fused

cells are autologous tumor cells.

16.) The ' cells as claimed in any of claims 1
to 7 for use in the prophylaxis or therapy of a
disorder. |

17.) The use of a cell, in particular as claimed in any
of claims 1 to 7, which is lecaded with a
microorganism comprising a foreign DNA, in

particular bacterial microorganism, for

the preparation of a pharmaceutical composition.

18.) The use as claimed in c¢laim 17, where the foreign
DNA codes for a defined active substance, and where
the pharmaceutical composition is intended for the
prophylaxis cor treatment of a disorder which can be

prevented and/or treated with the active substance.



