WO 03/104485 PCT/ EP03/ 05907 Light emtting mcroorganisns and cells for

di agnosi s and therapy of diseases associated with wounded or inflanmed

ti ssue Tweopneseht invention relates to the use of a ni ciPCErEPasININ or

cell containing a DNA sequence encoding a detectable protein or a protein
capabl e of inducing a detectable signal, e.g. a |umnescent or fluorescent
protein, for the preparation of a diagnostic conposition for diagnosis
and/ or visualization of wounded or inflaned tissue or a di sease associ at ed
therewith. The present invention also relates to therapeutic uses wherein
said mcroorganismor cell additionally contain an expressible DNA
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DNA sequence encoding a protein suitable for therapy, e.g. an

enzyme causing cell death or digestion of debris.

Bacteremias may arise from traumatic injuries and surgical
procedures as well as from physiological functions, such as
chewing or tooth brushing. Blood cultures taken before and
after invasive procedures and physiological funcﬁions from
healthy human subjects show that while the premanipulation
blood samples are sterile, bacteria are present in the blood
in varying frequencies depending on the procedures. A
potential consequence of Dbacteremia is colonization of
susceptible sites. However, despite the occurrence of
transient bacteremias, only a certain percentage of high-risk
patients develop bacterial colonization of ©potentially
susceptible sites. A number of investigators have suggested
that bacteria from the blood circulation can colonize inflamed
tissues in animal models and on the surface of implanted
materials. The inconsistency in the pathological changes in
humans following a bacteremia may also be due to the
resistance of host immune system, the variability in the

concentration of bacteria in the blood subsequent to different
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gi ven bacterial strain. A nunber of investigators have focused on the
nature ofwohea/10448pl anted materials as the factor that inflPogmpesoohe
ability of bacteria to adhere. Materials such as sutures and surgical
clips which are used for closure of unds, are potential sites of
bacterial colonization. Infection of These materials may inpede wound
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sutures, have been associated with a higher incidence of
infection. The multifilament nature of this type of suture
material lends itself to increased susceptibility to bacterial
colonization as well as causing a wicking effect that allows
penetration of bacteria across the tissues. Mere permanent
implantable materials have demonstrated a similar affinity for
bacteria. Prosthetic heart valves and joints may be at
increased risk of bacterial colonization. It 1is commonly
believed that this higher susceptibility is caused by the
inherent ability of bacteria to adhere more readily to the
implant surfaces. BAn alternative explanation may be that
inflammation in the tissues surrounding the implants provides
an environment that is more suitable for bacterial
colonization. In addition to these given possibilities,
another factor that may influence the susceptibility of a
site, with regards to colonization with bacteria could be the
degree of 'inflammatory status of the affected tissues.
Implanted materials may create transient or chronic sites of

inflammation in the body.

Presence of implanted materials is not a requirement for
bacterial colonization. Alteration of natural anatomical

structures that may arise from disease conditions may produce
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However, so far, it could not be proven that transient
bacteremias actually cause colonization of inflamed or wounded
tissue, since there was no model available allowing the
tracing of bacteria in a living organism, i.e. allowing to
explain the temporal and spatial relationship between
bacterial infections and diseased tissue sites. Moreover,
unfortunately, so far the early diagnosis and therapy of
inflamed or wounded tissues or diseases associated therewith,
e.g., an atherosclerotic disease, endocarditis, pericarditis

etc., are unsatisfactory.

Therefore, it is the object of the present invention to
provide a means for the efficient and reliable diagnosis as
well as the therapy of wounded or inflamed tissue or a disease
associated therewith which overcomes the disadvantages of the

diagnostic and therapeutic approaches presently used.

According to the present invention this is achieved by the
subject matters defined in the claims. In the experiments
leading to the present invention it has been found that
inflamed tissues, e.g. near implanted material, permit
bacterial colonization. Therefore, it is generally possible to

visualize inflamed tissues through use of the system of the



subject matters defined in the claims. In the experiments |eading to the
present invention it has been found that inflamed tissues, e.g. near
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decanal. This reaction then yields FMN, decanoic acid, water
and a photon of light. The light photons can then be captured
by radiographs, luminometers, Or by low 1light imagers.
Recently, the entire bacterial luxcdabe operon, which encodes
the substrate as well as the luciferase enzyme, has been used
for detection of bacteria in living animals. The advantage of
this system is that it does not require exogenously added

substrate, which makes it ideal for in vivo studies.

In the studies 1leading to the present invention, the
colonization of wounded and inflamed tissue by bacteria
initially present in the circulating blood <could Dbe
demonstrated and it could be shown that tissues that are
irritated by implanted materials such as sutures, wound
closure clips and prosthetic devices are more susceptible to
bacterial colonization subsequent to bacteremias. The data
obtained from experiments with the attenuated S. typhimurium
shows that following an intravenous injection, bacteria
disseminate throughout the body of the 1live animals.
Therefore, it is reasonable to suggest that the bacteria reach
the wounded or inflamed sites via the circulation. These
findings described in detail in the examples, below, open the

way for (a) designing multifunctional viral vectors useful for



closure clips and prosthetic devices are nore susceptible to bacterial
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tur bul enseatchusedf the delivery system inside the tissue can be
verified by direct visualisation before activating gene
expression and protein delivery. Finally, there are a number
of diagnostic methods that could be enhanced or advantageously
replaced by the diagnostic approach of the present invention.
For example, conventional angiography and MRA techniques and
MRA techniques both image blood flowing through the lumen of a
vessel to visualize plaque, rather than imaging the plagque
directly. MRA is particularly sensitive to turbulence caused
by the plague and, as a result, ig often inaccurate. These
shortcomings can be overcome by the diagnostic uses of the

present invention.

Accordingly, the present invention relates to the use of a
microorganism or cell containing a DNA sequence encoding a
detectable protein or a protein capable of inducing a
detectable signal for the preparation of a diagnostic
composition for diagnosis and/or visualization of wounded or
inflamed tissue or a disease associated therewith. 1In
addition, said microorganism is also useful for therapy, since
following visualization of wounded or inflamed tissue
compounds suitable for therapy can be applied, e.g. by topical

administration, such as, e.g., acylated iridoid glycosides
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a disease associated therewith, wherein said micoroorganism or

cell furthermore contains one or mwore expressible DNA
sequences encoding (a) proteine(s) suitable for the therapy of

wounded or inflamed tissue or diseases associated therewith.

Proteins suitable for the therapy of wounded or inflamed
tigssue or diseases associated therewith include transforming
growth factor (TGF-alpha), platelet-derived growth factor
(PDG-F), keratinocyte growth factor (KGF) and insulin-like
growth factor-1 (IGF-1), insulin-like growth £factor-binding
proteins (IGFBPs), IL-4, IL-8, endothelin-1 (ET-1), connective
tissue growth factor (CTGF), TNF-alpha, wvascular endothelial
growth factor (VEGF) , cyclooxygenase, cyclooxygenase-2
inhibitor, dinfliximab (a chimeric anti-TNF-alpha monoclonal
antibody), 1IL-10, lipase, protease, lysozyme, pro-apoptotic
factor, peroxisome proliferator-activated receptor (PPAR)

agonist etc.

Any microorganism or cell is useful for the diagnostic and
therapeutic uses of the present invention, provided that it
replicates in the organism, is not pathogenic for the organism
e.g. attenuated and, is recognized by the immune system of the

organism, etc. The terms “microorganism” and “cell” as used



growth factor (TG al pha), platelet-derived growth factor (PDGF),
keratinocyte growth factor (KG) and insulin-like growh factor-1 (1G--1),
insulin-Iwhesgeass h factor-binding proteins (I G-BPs), | LPCT/HPL3/907

endot helin-1 (ET-1), connective tissue growh factor (CIGF), TNF-al pha,
vascul ar endothelial growh factor (VEG), cyclooxygenase,

cycl ooxygenase-2 inhibitor, infliximb (a chinmeric anti-TNF-al pha

monocl gpale ; ANELR0EYY 6 {n'a}Borlljbﬂé%ﬁs Riel @aSeLs | WISDEY MBre PheraRePiit C
factor, peroxisone proliferator-activated receptor gPPAR) agoni st etc. Any

mi cr oorgargeradr teel Wousdedefor figifkawedli &4F63eFc dhde -t ehAPe i3 Uses of
the preseil L OVENd Oy eRLOV dgdut bt iheRPLIEA! 83 skiesN@rd 434 $Bnd S not
f? t_T:'f'l att ana,

pat hoge or e organism e.qg. enuat e I's recogni zed by the
i mrune veyetided obr then- bnfhansd cetinteThartetassugisdr Gérgenitdiy rarlice| |

as used 03/ 104485 PCI/ ERQ3/0Q5907 7, rej et L i d

ol I's Vi oHiSr EBEFLEEThEL LoPge: &P (3 hobaEa 6r TPHEP I Broal et o

&Beydcgﬁr@ooﬂjeﬁﬁﬁmtiﬁaﬁe befldeeranoundbattor imf wameded ssuesinhhneg® non-
unded or non-inflaned coynterpart tissues) since the resgyl

exper i feHt¥$2adiAgtPo tpﬁe%‘%s%ﬁ'faq njvféngﬁb%\ SREW ﬁrartl% ntm%glrexrag%\ié%g and

cel |'s aggumd@t &d nawewrdedbgr thél aimelind | ssuenduert othke hast. t HEtein

this environnent they are not . exposed to atfack by the d. ne syst em of
t he hoSticTPRroxitsBor §Bfi S lan AL & a?e%PSFlflgg%c“i“f‘?% T 1%,

e.0. XK1o,55dayss, agsl BaAR MoV asEthadEatdtton 4 Yighstiaci sysysoen has
not been restoreg. In a prg?erred enbodi nent, the m croorgani sm?trr cel |
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fluorescent protein" also conprises a DNA
In a preferred embodiment, the microorganism or cell contains

a DNA sequence encoding a luminescent and/or fluorescent
protein. As used herein, the term ,DNA sequence encoding a
luminescent or fluorescent protein, also comprises a DNA
sequence encoding a luminescent and fluorescent protein as

fusion protein.

In an alternative preferred embodiment of the wuse of the
present invention, the microorganism or cell contains a DNA
sequence encoding a protein capable of inducing a signal
detectable by magnetic resonance imaging (MRI), e.g. a metal
binding protein. Furthermore, the protein can bind a
contrasting agent, chromophore, or a compound required for

vigualization of tissues.

Suitable devices for analysing the localization or
distribution of luminescent and/or fluorescent proteins in a
tissue are well known to the person skilled in the art and,
furthermore described in the literature cited above as well as

the examples, below.

Preferably, for transfecting the cells the DNA sequences

encoding a detectable protein or a protein capable of inducing



sequence encoding a |l um nescent and fluorescent protein as fusion protein.
In an alternative preferred enbodi nent of the use of the present
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of inducing a detectable signal are operatively linked with a
promoter allowing high expression. Such promoters, e.g.
inducible promoters are well-known to the person skilled in

the art.

For generating the above described DNA sequences and for
constructing expression vectors or viruses which contain said
DNA sequences, it is possible to use general methods known in
the art. These methods include e.g. in vitro recombination
techniques, synthetic methods and in vivo recombination
methods as described in Sambrook et al., Molecular Cloning, A
Laboratory Manual, ond  edition (1989) Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, for example. Methods
of transfecting cells, of phenotypically selecting
transfectants and of expressing the DNA sequences by using the

above described vectors are known in the art.

The person skilled in the art knows DNA sequences encoding
luminescent or fluorescent proteins that can be used for
carrying out the present invention. During the past decade,
the identification and isolation of structural genes encoding

light-emitting proteins from bacterial luciferase from Vibrio
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under the fluorescent microscope (Engebrecht et al., Science
227 (1985), 1345-1347; Legocki et al., PNAS 83 (1986), 9080-
9084; Chalfie et al., Science 263 (1994), 802-805).

Luciferase genes have been expressed in a varilety of
organisms. Promoter activation based on light emission, using
JuxAB fused to the nitrogenase promoter, was demonstrated in
Rhizobia residing within the cytoplasm of cells of infected
root nodules by low light imaging (Legocki et al., PNAS 83
(1986), 9080-9084; O'Kane et al., J. Plant Mol. Biol. 10
(1988), 387-399). Fusion of the lux A and lux B genes resulted
in a fully functional luciferase protein (Escher et al., PNAS
86 (1989), 6528-6532). This fusion gene (Fab2) was introduced
into Bacillus subtilis and Bacillus megatherium under the
xylose promoter and then fed into insect larvae and was
injected into the hemolymph of worms. Imaging of light
emission was conducted using a low light video camera. The
movement and localization of pathogenic bacteria in transgenic
arabidopsis plants, which carry the pathogen-activated PAL
promoter-bacterial luciferase fusion gene construct, was
demonstrated by localizing Pseudomonas Or Ervinia spp.

infection under the low light imager as well as in tomato



the aid of the low |light imaging canera or individual bacteria under the
fluorescent m croscope (Engebrecht et al., Science 227 (1985), 1345-1347,
Legocki ewOaB/1944BNAS 83 (1986), 9080- 9084; Chalfie et al PCTEHPIHOET 263
(1994), 802-805). Luciferase genes have been expressed in a variety of
organi snms. Pronoter activation based gn light em ssion, using |uxAB fused
to the nitrogenase pronoter, was denonstrated in Rhizobia residing within
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bacterial luciferase and the proteins for providing decanal
within the cell, which includes I1uxCDABE was isolated from
Xenorhabdus luminescens (Meighen and Szittner, J. Bacteriol.
174 (1992), 5371-5381) and Photobacterium leiognathi (Lee et
al., Eur. J. Biochem. 201 (1991), 161-167) and transferred
into bacteria resulting in continuous 1light emission
independent of exogenously added substrate (Fernandez-Pinas
and Wolk, Gene 150 (1994), 169-174). Bacteria containing the
complete lux operon sequence, when injected intraperitoneally,
intramuscularly, or intravenously, allowed the visualization
and localization of bacteria in live mice indicating that the
luciferase light emission can penetrate the tissues and can be
detected externally (Contag et al., Mol. Microbiol. 18 (1995),
593-603).

Thus, in an even more preferred embodiment, the microorganism
or cell containing a DNA sequence encoding a luciferase
additionally contains a gene encoding a substrate for a

luciferase.

Preferably, the microorganism is a bacterium. Particularly
preferred is attenuated Salmonella thyphimurium, attenuated

Vibrio cholerae, attenuated Listeria monocytogenes or E.coli.



fl uorescence does not require a substrate, an excitation light source is
needed. More recently, the gene cluster encoding the bacterial luciferase
and t he pwotoaiinsss or provi di ng decanal wthin the cell, Wwairgros/esobudes
1uxCDABE was isolated from Xenorhabdus |um nescens (Meighen and Szittner,
J. Bacterlol 174 (1992), 5371-5381) 4gnd Phot obacterium | ei ognathi (Lee et
al., Eur. J. Biochem 201 (1991), 161-167) and transferred into bacteria
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viruses such as VaCC|n|a virus, AAV, a retrovirus etc. are al so useful for

t he di agnosti t t I
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the virus |s CCInI "“the cell for the uses of the
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autol Ogousssgt:tehetﬂ 1ci1099:lcj>§1t%(:)trﬁ%er ;ehng Eele?uﬁrlgzamla%ferase (ruc) and
Aequorea gfp cDNA sequences under the control of a strong
synthetic early/late (PE/L) promoter of Vaccinia or the
luxCDABE cassette.

In a preferred use of the microorganisms and cells described
above the protein suitable for the therapy of diseases
agssociated with wounded or inflamed tissue like
atherosclerotic diasease is an enzyme causing cell death or an
enzyme causing the digestion of debris, e.g. in the interior
of an atherosclerotic plagque causing the plague to collapse
under the force of the intraluminal blood pressure. Suitable
enzymes include a lipase, protease, lysozyme, proapoptotic
factor, PPAR-agonist etc. If the inflammatory component of
atherosclerosis should be treated suitable compounds are
cortisol, corticosteroid analogs, cyclooxygenase and
cyclooxygenase-2 inhibitors, colchicine, methotrexate, NSAIDs,
leflunomide, etanercept, minocycline, cyclosporine,
thalidomide, infliximab, IL-10, 6-mercaptopurine, azathioprine
or a cytotoxic agent. Some of these compounds might be in the

form of pro-drugs.

Accordingly, the protein expressed by a microorganism of the

invention can be an enzyme converting an inactive substance



In a further preferred enbodi ment, the mcroorganismor cell wuseful in the
present invention contains a ruc-gfp expression cassette which contains
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or due to the fact that they cannot be administered, e.g.,
intravenously in sufficiently high dosages to achieve levels
inside, e.g., sinuses, abscesses Or across the blood brain
barrier. Such compounds include thalidomide, cytotoxic drugs,

antibiotics etc.

Furthermore, the microorganism or cell of the present
invention can contain a BAC (Bacterial Artificial
Chromosome)or MAC (Mammalian Artificial Chromosome) encoding
several or all proteins of a specific pathway, e.g.
woundhealing-pathway, such as TNF-alpha, COX-2, CTGF etc.
Additionally, the cell can be a cyber cell or cyber virus

encoding these proteins.

For administration, the microorganisms or cells described above
are preferably combined with suitable pharmaceutical carriers.
Examples of suitable pharmaceutical carriers are well known in
the art and include phosphate buffered saline solutions, water,
emulsions, such as oil/water emulsions, various types of
wetting agents, sterile solutions etc.. Such carriers can be
formulated by conventional methods and can be administered to
the subject at a suitable dose. Administration of the

microorganisms or cells may be effected by different ways, €.9.



heat-, pH, light-, netal-, aerobic-, host cell-, drug-, cell «cycle- or

ti ssue specific-inducible promoter. Mreover, the delivery systemof the
present iwWoeatl)ass even allows the application of conpounagsT®EPOPOS9eDUlI d SO
far not be used for therapy due to their high toxicity when systemically
applied or due to the fact that they;gannot be adm nistered, e.g.,

I nt ravenousl y in sufficiently high dosages to achieve levels inside, e.g.,

si nuse ﬁﬁgax?&goaé acrASSd Jkﬁeé&&%ﬁ br ai;Bcubanebes, SuatraRIRAUNGS,

i ncl ude“t ha tytot oxic rugs ‘antibiotics etc. Furthernore, the
micr Oortg@rllcsrﬁh owr cehtraﬂermelpla@samtlstm\té@n otheanpEeherrad arpaee of

(Bacteﬁéia fltcll??ll i pro ﬁggg\} oMAC (4 (I\[Elfrggaé d@n Artpihfi ci ghylrorgsone)

encodi €I'ns a specific pathway, e.g
V\oundh@mmlmgg@afart\dm It heasr FaNF- aémmso@x eheCngktugec of /tdm thiogrue vy,

the cell can be ber _cel | ber vi rus, I n r of gi e For
adni ni S8t tHR, Fﬁ’é‘é QFOOIPJQ%JH?%]?% 5T 1% dt;%s%?ril begOhgg\%geaar%Epr erably
combi nethamnidtesitiilcall e gbapsBeelbhcal e ri dosageExan'qgie&mf wmﬂﬂabll@e
pharmaceutical carriers are well Amown i.n _the art_and |

r}/lwat er (PSI ons,

buf f er seteaMined ol | e Rt e ingn | RREHC A o B

vari oussddRas ofas Wed t ;891 agasks, iat ehil enesdlctall ens st oiose@.ﬁsh fmr ramy s can
be fornulated by conventianal nethods and can.be. adm nistered to the
subj ectong BaBLERRbIGEREESE PRNTAIY rAFIHTEDf LRELUM Eﬂo%ﬁ“&arﬁ%‘% By Tells

may be s%fzfeectl mgys@ls_»%g@éeatre\aaysag@ Oze¥O Qﬁé%‘é&&&dﬁ@ﬁﬁ%ﬂﬁﬁw tél.3 by

i nt ravenous aper et oneal , subcut'aneous, _i ntfanuscul ar,
i nt r addreredeid steredt | bhne Trd pretts refl FGBIRLSFTALHR ni "s]?? ?]%

i ntravenous, . é%ﬁiér{ ogf Tgﬁer QUi f, 2dmeRait rREADRR q{nd:og,ltﬁ@r d@p@@@ls on

the nature of
being admlnlstered concurrently.

A preferred therapeutical use is the preparation of a
pharamaceutical composition for the treatment of endocarditis,
pericarditis, imflammatory bowel disease (e.g. Crohn’s disease
or Ulcerative colitis), low back pain (herniated nucleus
pulposis), temporal arteritis, polyarteritis mnodosa or an

arthritic disease.

In the past few years, there has been many reports showing
evidence for Chlamydia pneumoniae, Heliobacter pylori, CMV,
HSV and other infectious agents inside atherosclerotic
plagques. The presence of these infectious agents within
atherosclerotic plaque suggests that the interior of the
plagque is a protected environment that permits replication,
otherwise these infectious agents would be cleared by the
immune system. Moreover, there is considerable evidence that
an inflammatory process is present within the interior of
atherosclerotic plague. Accordingly, it is reasonable to
assume that this disease can be diagnosed and treated by the
microorganisms or cells of the present invention that - after
intravenous injection - will penetrate into the

atherosclerotic plaque where they start to replicate. After a



and the kind of mcroorganisnms or cells contained in the pharnmaceutical
conposition. The dosage reginmen will be determ ned by the attending
physi ci arwand/ietdber clinical factors. As is well known i mCTieposresddTal
arts, dosages for any one patient depends on many factors, including the
patient's size, body surface area, age; sex, the particular conmpound to
be adm nistered, tinme and route of adm nistration, the kind and
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carotid endarterectomy, aorto emoral bypass graft and other
invasive procedures. Moreover, plaque in inaccessible regions,
such as the basilar and middle cerebral arteries can be
treated wusing the therapeutic approach of the present

invention.

Fof the. therapy of wounds, fractures, surgical incisions and
burns the microorganisms of the present invention are
preferably combined with proteins 1like transforming growth
factor (TGF-alpha), platelet-derived growth £factor (PDG-F),
keratinocyte growth factor (KGF) and insulin-like growth
factor-1 (IGF-1), insulin-like growth factor-binding proteins
(IGFBPg), IL-4, IL-8, endothelin-1 (ET-1), connective tissue
growth factor (CTGF), TNF-alpha, vascular endothelial growth
factor (VEGF), cyclooxygenase, cyclooxygenase-2 inhibitor,
infliximab (a chimeric anti-TNF-alpha monoclonal antibody),
IL-10, lipase, protease, lysozyme, pro-apoptotic factor,
peroxisome proliferator-activated receptor (PPAR) agonist (or
contain expressible DNA-sequences encoding said proteins). For
the treatment of infectious diseases, the microorganisms of
the present invention are preferably applied in combination
with antibiotics. For the treatment of auto-immune and

inflammatory diseases, including reumathoid arthritis,



light sensitive caneras or suitable MR equipnent. Further, said

m croorgani sns or cells can additionally produce an enzyne, e.g. an enzyne
as descriwed3abws®, resulting in the elimnation of plaqRET/EPISIRY7 a
further preferred use is the diagnosis and treatnent of an atherosclerotic
di sease. A further preferred use is the diagnosis and treatnent of

coronary artery di sease, peripheral vascul ar di sease or cerebral artery
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the present invention are preferably applied in combination
with one or more agents listed above with respect to auto-

immune- or inflammatory diseases.

Finally, the above described microorganisms and cells are
useful for (a) monitoring the efficacy of an antibiotic
regimen, preferably based on light extinction or (b) comparing
the resistance of various sutures and implantable materials to

bacterial colonization.

Brief description of the drawings

Figure 1: Visualization of bacteria intravenously injected

into nude mice
Nude mice were injected with 1 x 107 attenuated Salmonella

typhimurium (A) or 1 x 10’ attenuated Vibrio cholera (B). Both
strains were transformed with pLITE201 carrying the Ilux

operon. Photon collection was for one minute 20 min after

bacterial injections.

Figure 2: Visualization of S. typhimurium in the same animal
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sclerosis, the mcroorganisms of the present invention are preferably
applied wposamaBhati on with cortisol, corticosteroid analPCggP03/05907

cycl ooxygenase and cycl ooxygenase-2 inhibitors, colchicine, nethotrexate,
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conmbinatiopn _with one of _nor S {LS ove: w t hyres ut@-
innuneég FQFH?PaﬁﬁEF%rﬁiﬁﬁgggsggg) i%%%l%%gt 2 éﬁ%@% gﬁ%r%%éépéfbﬁ ke

m cr oor gasi e iaidnceldumdirand uské ukatotagaregimnt as njndheakeédi bacyhef an

antibiotic reginen, preferably, based.on.li Xt ngthan o] rin
the resPEt8HEe Gggvdqgoggyé Ur%ﬁeaﬁalpﬁﬁlgﬁggb %é%agépgaﬂggtéP%%gc?g%iaIg
col oni zakyani skr Febmdeser woindledofrebiendsr aw)ngs Figure 1: Visualization of
bacteria intravenously injected into nude mce Nude nice were injected
with 1 x 107 attenuated Salrmonella typhinurium(A) or 1 x 107 attenuated
Vibrio ghgheea 3(:BlviReith z st 1o NSE WeT, e dhodestoredivé t Sapk | AE2fAd1caneyi ng

t he | ux—0peromn. _Photon colfection was for one mnute 20 mn after

bact eri ab_Bnpayt PEESTVEitgiPne PRTIPGs yal i zati on of S. typhinuriumin the same

ani mal Nude mice were injected with 1 x 10’ attenuated V. cholera. On

the first observation period, bacteria were visualized in the
liver region of the animal (A). Five days later, bacteria were
cleared from the entire animal with the exception of the
incision wound as indicated by the arrows (B). On day 8, the

animal had been able to clear the organism from the wound (C).

Figure 4: Visualization of V. cholera in an immunocompetent

C57 mouse

1 x 107 attenuated V. cholera were intravenously injected into
the animal. Light-emitting bacteria colonized the ear tag on
the forth day after bacterial injection (indicated by the

white arrow).

Figure 5: Visualization of 1light emitting bacteria in the

liver of rats

Sprague Dawley rats were intravenously injected with 1 x 108
attenuated E. coli transformed with the plasmid DNA pLITE201
carrying the  luxcdabe  operon. Photons were collected
immediately after infection for one minute under the low light
imager (Night Owl). Light emitting bacteria were visualized in

the liver of the whole live animal.

Figure 6: Colonization of rat hearts with light emitting




WO 03/104485 PCT/ EP03/ 05907 16 over a 5-day observation period Nude m ce
were injected with 1 x 107 attenuated S. typhimurium On the first
observat iwp 0pa0448%l, bacteria were di ssem nated throughoutCrhepodoesdy? of t he
animal (A). Two days later, bacteria were cleared fromthe animal with the
exception of the incision wound and the ear tag region as indicated by the
arrows (B). On day 5, the aninmal had been able to clear the organismfrom
t he woundeddregi ons (C). Figure 3: Visualization of V. cholera in the sane
ani mal over an 8-day observation period Nude mce wereginjected with 1 x

107 at t dAEREENRUSThERePaE1oR Ofhd g rEtBb¥etPatt of POri GFEORYETEES & were

visual i zedh 4 n dhghatdMpEGT @i e otnkhepapkiBb (P10 dashAakRY ., the
bacteria were cleared fromthe entire animal wth the exception of the
i nci si ol urdabasopeteated bptt Heagk rionsceBnizntiey f the hesnkd afad
been abl | ear . or gani fr n LAHr : -

Vi sual i zcgﬁtor?clof%&l%ﬁ%[ egggkﬁmgﬁf%@ng%%%lﬂpetgg(ﬁgétggk%ugg}l' xSlﬂH”ar
at t enuatiediit ichol erfa ek eivemriaeendus| yataj ecaeldet arbzedhetlardpwglh . the

Light-em.tting bacteria colonized the ear tag on .the.forth.d afit er

bact eri a™d 'egiair8$ilfii n%l‘f"c%]f\édiﬁﬁd{ he° %%Llet 69%??%%\/%?@?:?%“8; 5‘%6 et

Vi sual i zaittdon iefht iegind ttelhd thagtdatd e(Ba. in the |iver of rats Sprague
Dawl ey rats were intravenously injected with 1 x 108 attenuated E. coli
transfornmed with the plasm d DNA pLI TE201 carrying the | uxcdabe operon.
Phot ons pefiere ol | audiaskt i ofes ated Ydedl epatctéecsi On the ongans noferavder
the lowTirght _Tmager _(NNght OM). Light emjiting bac eula wer e vi.%fqali'zed
in the THiRE AVEREOIABHER: vitkvpmeas Injection of “the YEES Wi

x 10%® attenuated E. coli, the hearts, livers, and spleens were

excised and cultured overnight. Light emitting bacteria were
visualized under the low light imager (Hamamatsu) in all
specimens from the catheterized rats (A-C), while in the
control animals, bacteria were detected in the liver (A) and

spleen (B) but not the heart (C).

The present invention is explained by the following examples.

Example 1l: Materials and Methods

(A)Bacterial strains

The strains used were a non-pathogenic laboratory strain
Escherichia coli, strain DH5«, attenuated Salmonella
typhimurium (SLi7207 hisG46, DEL407 [aroA544: : Tnl101] and
attenuated Vibrio cholerae (Bengal 2 Serotyp 0139, M01l0
DattRSI).

(B) Plasmid constructs

The plasmid DNA pLITE201 containing the luxcdabe gene cassette
was obtained from Dr. F. Marines (Voisey and Marines, Biotech.
24 (1998) 56-58) .



Figure 6: Colonization of rat hearts with light emtting WO 03/104485

PCT/ EPO3/ 05907 17 bacteria Intravenous injection of the rats with 1 x 108
att enuat eslOm3/104383 i transformed with the plasm d pLI TE201 PCamPy$/ogg0t he

| uxedabe operon did not |ead to colonization of the hearts of control

ani mal s, which had not been catheterizagd (A). Simlar induction of
bacterem as in rats catheterized through the right carotid artery lead to
the colonization of the heart wth light emtting bacteria (B). Figure 7:
Detection of residual bacteria in the organs of rats Three days follow ng
i ntravefi@usReajpéenbnanimphe rats with 1 x 108 attenuated E. coli, the
hearts, £%¥er%o 208 SRLERNS1HCNR 1 SXBhSA] caNdy ik t Wil ovﬁ;nwhﬁa bbapt
emtting bacteria were visualized under the low |Iight inager manat su)
in all wspegbtherndf ripiadue cRanbe¥r ikpss¢ reI®0(RY) I Wedve Wehlﬁhﬁs) ¥8HEr ol
an ma! SpuPARLEELAcYELe pdehen! odhdiend | var, (nancoe palpen kEbeDUErE0!

t he hea?ltl _The present 1 nvention is explaine the follow ng

exanpl esbtafradplfeohn dvatkerdral kalarihiver heels (BAy BHerd®oral MR r VFR) Thall

strai ns_used.,were_a_non-pat hageni c or trai a ,
strain DEERat & éﬁ?&&ﬁ&ﬁ%& rmwﬁeéﬁ a é?g%{i?émr%é&?n (3%20%%%%& foth
DEL407[ prefbédlsTn a@i:]ro&&dl a:tyt entat ed.ofithr | ALndd er GeivBeaghy ZaSémg{iyp
0139, M)10 DattRSI B md constructs he plasm. d E

cont ai nFR§ERREN u?‘&%i‘ﬁ-bét €n q@’éess&ntjé“ alihs OB -E 6195‘ réfrencg‘% I%Ia&’%arl nes
(Voi seypandrMalsnesd Bt@b%@&-tedzﬁaa(tl‘%)néﬁv‘&% kol 08h 10448Foma Linda

PCT/ EPO3/ 05907
University animal care facility at biosafety level two.

(D) Detection of luminescence

Immediately before imaging, the animals were anesthetized with

intraperitoneal injections of sodium pentobarbital (Nembutal®
Sodium solution, Abbot Laboratories, North Chicago, IL; 60
mg/kg body weight). The animals were placed inside the dark
box Ffor photon counting and recording superimposed images
(ARGUS 100 Low Light Imaging System, Hamamatsu, Hamamatsu,
Japan and Night Owl, Berthold Technologies, GmbH and Co. KG,
Bad Wildbad, Germany). Photon collection was for one minute
from ventral and dorsal views of the animals. A photographic
image was then recorded and the low 1light image was
superimposed over the photographic image to demonstrate the

location of luminescent activity.

Example 2: Colonization of cutaneous wounds by intravenously

injected light emitting bacteria in live animals

To determine the fate of intravenously injected luminescent
bacteria in the animals, 1 x 10’ bacteria carrying the pLITE201
plasmid DNA in 50 pl were injected into the left femoral vein
of nude mice under anesthesia. To expose the femoral vein, a

l-cm incision was made with a surgical blade. Following



18 (C) Recipient animals Five- to six-week-old nale BALB/c nu/nu mce
(25-30 g body weight) and Sprague Dawl ey rats (300-325 g body weight) were
pur chasedwbroam4iss | an (Frederick, MD, USA). CS7BL/6J m ce Pa@rEPo3/ei90ni ned
from Jackson Laboratories (Bar Harbor, Mg, USA). Al animal experinments
were carried out in accordance with protocols approved by the Lorna Linda
University animal research comnmttee. The ani mals contai ning reconbi nant

DNA magepkals agd atienuaiedsna hagans were kepures,t hehkomikendaere
University animal care facility at biosafety |evel t wo. (D) Detection of
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Col oni zati on of cutaneous wounds_ by intravenousl ected |i ht em tt| n
bact er i &YPRIFUFE UBini nBd'4599 dét e n@lfsﬁ@mF&F‘ngfY‘ i n? av g Ff&dfed )
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observation period. Injection of attenuated V. cholera into
" the bloods'tream“, however, resulted in light emission that was
localized to the 1liver within 5 minutes after bacterial
injection and remained visible in the 1liver at the one-hour

observation period (Figure 1B).

The difference in the bacterial distribution patterns suggests
a difference in the interaction of these strains with the host
once inside the animal. Imaging the same animals 48 h after
bacterial injection showed that all of the detectable light
emission from the earlier time had diminished and was
eliminated completely from the injected animal with the
exception of the inflamed wounded tissues such as the incision
wound and the ear tag region. Inflammation in these tissues
was identified by their red and edematous appearance. Light
emission was detected in the incision wound and/or in the
inflamed ear tag region up to 5 to 8 days postinjection, which
was confirmed by longer photon collection times, i.e. 10
minutes (Figure 2A-C and Figure 3A-C). The absence of light
emission was not due to the loss of the plasmid DNA or the
silencing of gene expression in the bacteria. In other
experiments light emission in animals could be consistently

detected for up to 50 days. Similar data were obtained in



19 closure of the incision wwth 6-0 sutures, the mce were nonitored under
the low |ight i mger and photon em ssions were collected for one mnute.

| magi ng oomaam4shi nal was repeated at various tine intePCalEPos/esIst udy t he
di ssem nation of the light-emtting bacteria throughout the body of the
animals. It was found that the distrijgution pattern of |ight em ssion
follow ng an intravenous injection of bacteria into the mce was

bact er i almshsabiidepspde7audY eqatican ofiqit&nuat edsowihyphilay | thesaused
w de di ssem nation of the bacteria throughout _the body QJI t he. ani nal s
(Fi gur ecba@rvanienpaems nnobf ldinitebubPorrtid®Ld sVBFE R S MHEREs

after bagkephal chieeahl R-aRdaGaRkl Mied i PRydelBet ofcabethorgans haur
observatton period. Injection of attenuated V. chol'era into _the
bl oodst wedln dmwbiard r semipled | Arpinghintested orrnimal usonfdened ebibeo t he

liver wiithin 5 maut .af t cterl L D] | angd, ;v iedeyiagi;Bke in
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in the baetheimbrdi strithet i orexpmtiomars asluggedatta a demeepbratedn t hBat

interaction of these rains.with the. ce I NS t | shagi ng
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det ect ahleel. i ghlentgmitssiroroff rogn Lheisaohi epunise (82d 8di‘ni mrhet2 and wds
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edemat ous” appearance. Ljight em ssion was detected Ln t he n?i Si gln wound
and/ or iRjeREed A3 @ aPCEHG TR I WYY 518t 4RYs Od%s b nCEEon,

which was canfirped by d Qroa,phet anscaldephbeariaieselilse. 10 mnutes
(Fi gurewglA-c% angL Fi gt:JLreSSA- C). The absence of light em ssion was not due
to the loss of the plasm d DNA or the

Example 3: Colonization of catheterized rat hearts subsequent

to femoral vein injection of light-emitting bacteria

Surgical heart defects were created according to the
procedures previously described (Santoro and Levison, Infect.
Immun. 19(3) (1978), 915-918; Overholser et al., J. Infect.
Dis. 155 (1) (1987), 107-112). Briefly, animals were
anesthetized with sodium pentobarbital (60 wmg/kg i.p.). A
midline neck incision was made to expose the tight carotid
artery. A polypropylene catheter was introduced and advanced
until resistance was met indicating insertion to the level of
the aortic valve. The catheter was then secured using a 10-0
suture (AROSurgical Instrument Corporation, Japan) and the
incigsion was closed using 4-0 silk sutures (American Cyanamide
Company, Wayne, New Jersey). Placement of the catheter causes
irritation and subsequent inflammation of the aortic valve
(Santoro and Levison, 1978). Control animals did not undergo
the catheterization procedure. Bacteremias were induced by
injection of 1 x 10° light-emitting bacterial cells of E. coli
via the femoral wvein. When observed immediately after

infection under the low light imager, bacterial colonization



silencing of gene expression in the bacteria. In other experinents |ight
em ssion in aninmals could be consistently detected for up to 50 days.
Sim|ar dapDasmenss obtai ned in WO 03/104485 PCT/ EPO3/ 05907 PCT(EP03/05907

i mmunoconpet ent C57BU6J mice (Figure 4), showi ng that these observations
are not limted to animals with alteregii mmune systens. Careful

exam nation of individually excised organs as well as blood sanples from

i nf ect egragniviglivleoninr ord theerahzerion ofFigimenescenthrea thyse ldgrarsl
uni njured tissues. _Furthernore, the experinental, data de strated tt}iat
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catheters. ‘

These findings indicate that while 1light-emitting bacteria
injected into the bloodstream via the femoral vein were
cleared from normal tissues, injured or inflamed tissues in
immunocompromised and immunocompetent animals provided sites
that continued to retain bacteria for an extended period of

time.



(Santoro and Levison, 1978). Control animals did not undergo the

cat heterization procedure. Bacterem as were induced by injection of 1 x
108 | i ghtwermtiod4sy) bacterial cells of E. coli via the femoraPoveion When
observed imedi ately after infection under the |low |ight inmager, bacterial
col oni zati on WO 03/104485 PCT/ EP03/ 05937 21 was visible in the liver
region (Figure 5). Three days later, while catheterized aninals
consistently denonstrated colonization of the heart with light emtting
bacteria, control animals showed no sign of light em ssion fromthe heart
(Figure 6). To determine if |ow and undetectable | evels of bacteria were
present in the tissues, the heart,l#fgyhgﬂuj spl een were excised from each
animal and cultured overnight. The livers and spleens of the rats, which
are organs that are directly involved in bacterial clearance, in both

groups _showed esence of |light emtting-ba ria. . Stran [ g .S§Si on
was det tct &S n‘% h& HHSEr %élus%e?ﬁt qeﬁllconérr?%ééﬁuf%é tghgebl\k:Aontg%g}lgﬂggrt,
whi ch hagdceaimbete dalsenedlef mmitdied di ghtprdife pureaFabldloobatnénranger e

detected on th tured cathet These findings indicate.th i |
[ ght - ot {FRECEAPLEr | SLOPATo0FRA | P { AEBRDOHST eatbyi A { RAZPERAFAF vei n

vere chkeapeditiem myelihbEEHES, and/wredvisuahitavkdnt ofsuesunded or

i mmunoconpr om sed and i munocqQnpet ent ani nal s provided.sites that

cont i nuéBfiamedt ELASHEC L& PaOLELa8R BREONIEESTer %t‘i me. WO 03/ 104485
PCT/ EPO3/ 05907 22 Clains 1. Use of a mcroorganismor cell containing a

DNA sequence encoding a detectable protein or a protein calgabl e of
i nduci ng. Use of a microorganism or cell containing a DNA sequence

encoding a detectable protein or a protein capable of inducing
a detectable signal for the preparation of a pharmaceutical
composition for the treatment of wounded or inflamed tissue or
a disease associated therewith, wherein said micoroorganism or
cell furthermore contains one or more expressible DNA
sequences encoding (a) proteine(s) suitable for the therapy of

wounded or inflamed tissue or a disease associated therewith.

3. Use according to claim 1 or 2, wherein said protein capable
of inducing a detectable signal is a luminescent or

fluorescent protein.

4. Use according to claim 3, wherein said luminescent or

fluorescent protein is luciferase, RFP or GFP.

5. Use according to claim 4, wherein said microorganism or cell
additionally contains a gene encoding a substrate for a

luciferase.

6. Use according to claim 1 or 2, wherein said protein capable
of inducing a detectable signal is a protein inducing a signal
detectable by magnetic resonance imaging (MRI) or capable of
binding a contrasting agent, chromophore or a ligand required

for visualization of tissues.



a detectable signal for the preparation of a diagnostic conposition for

di agnosi s and/or visualization of wounded or inflamed tissue or a disease
associ at ewotobaomss t h. 2. Use of a microorganismor cell ceoordaiPos/oggon DNA
sequence encoding a detectable protein or a protein capable of inducing a
detectabl e signal for the preparationsaf a pharnmaceutical conposition for
the treatnment of wounded or inflaned tissue or a disease associated
therewith, wherein said mcoroorganismor cell furthernore contains one or

nore expressi bl e DNA  sequences encodiqg ég%aﬁroteine(s) syi tabl e for .the
t her apy” of USfo e g ntParfdd t PRSuior SedsdAsboci W F theFRuft h.

3. Use Iﬁfggfégkggnigm%éi 0 bapteRiuMherehnysaid. protein capable of inducing
a detectable stTgnal is a lumnescent or fluorescent protein. 4. Use

according to claim3, wherein said |um nescent or fluorescent proteinis

| uci fergse,. RFP_Qqr 5., Us ordi ailp 4, ein S ini

m cr oor aniUsSne1 0?8%%1%:51%(1&:& i g%gﬁﬁy 720%%?125%1 ;giﬁe X%\gggi nlgs a@?%gé?rlgt e
for a +‘ieugerase. 6. Use according to claiml or 2, wherein said protein
capable of inducing a detectable signal is a protein inducing a signal
detect abl e by nmagnetic resonance imaging (MRI) or capable of binding a
cont r aspi nguagenhccebdamgphave olaaml i gandwhegainedsafidr bhsbekivmt i 68 of

ti . WD 03/ 1Q4485_PCT/ EP03/ 059 3 7. .Us di af
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Use accgpdiBgakd akakRudiedhergitdtike nbinods togreVReCi mira E Molus. 9. Use
according to claim7, wherein said bacteriumis attenuated Sal nonell a
t hyphi nurium attenuated Vibrio

10. Use according to any one of claims 1 to 6, wherein the

cell is a mammalian cell.

11. Use according to claim 10, wherein the mammalian cell is

an autologous or heterologous stem cell.

12. Use according to any one of claims 2 to 11, wherein said
protein suitable for the therapy of wounded or inflamed tissue
or a disease associated therewith is an enzyme causing cell

death or an enzyme causing the digestion of debris.

13. Use according to any one of claims 1 to 12, wherein said
disease is endocarditis, pericarditis, imflammatory bowel
disease, low back pain (herniated nucleus pulposis), temporal

arteritis, polyarteritis nodosa or an arthritic disease.

14. Use according to anyone of claims 1 to 12, wherein said

disease is an atherosclerotic disease.
15. Use according to anyone of claims 1 to 12, wherein said
digsease is coronary artery disease, peripheral vascular

disease or cerebral artery disease.

16. Use according to any one of claims 1 to 15, wherein said



chol erae, attenuated Listeria nonocytogenes or E.coli. 10. Use according to

any one of clains 1 to 6, wherein the cell is a mammalian cell. 11. Use
accor di ngwo®3adaBin 10, wherein the mammalian cell is an &0T@PO3y6E987 Or

het er ol ogous stemcell. 12. Use according to any one of clains 2 to 11,
wherein said protein suitable for thg therapy of wounded or inflaned
tissue or a disease associated therewth is an enzyne causing cell death
or an enzyme_causi he. di Lon . of sdeppi-$i cd3oubseyvamear.ding to any one
of cl & ﬁ%gﬁo?bs1§?§aﬁ%rg%%hgg?%hegfgeégee?§§éﬁ§bcardig?s, pericarditis,

i nfl ammat ory bowel disease, | ow back pain (herniated nucl eus pul posis),
tenporal arteritis,..polyarteritis_n S Noa rMid i Gyebseasesald. Use
accord?-?ng pﬁ’ear‘?yf:&?efdcﬁn%l%‘%;ngh toglelgf,p ezsr){erflfll gaiq:%h 1de%'sease is _an

at her osgheesbipldi musesedfientes aoor ding t BAGny 3 of ceParmeal k 0°¥2,
wherein said ,disease is coronary artery di sease, peripheral vascul ar

di seas€YBRYc¥LEBFal artery di sease. 16. Use according to any one of clains
1 to 15, wherein said WD 03/ 104485 PCT/ EPO3/ 05907 24 di agnosis and/ or

visualization i's carried qut by M. 17 g.accarding £, okl ai s
2 to 16§4Mﬂﬁ%ﬂﬁC§QF§1n§x5¥%S§¥BI@qﬁwfgeéﬁgﬁggsq%rggo%RQ gﬁ%ﬁfﬁpc, cyber
cel | OR o GYb&s i piES.slfli DRA arsfidides t dsamndene ohecleaintgrol tof 121
wherein at | east one of said DNA sequences is under the control of an

i nduci bhdugribdet Prompderyse of a microorgani smor cell as defined in any
one of the preceding clains for nonitoring the efficacy of an antibiotic
regi men or evaluating the resistance of a suturg %[ gn.inplantgggeof
mat eri al9 .t dJdmcodr isalmiereprganriYh, or cell as detined in - any

the preceding claims for monitoring the efficacy of an
antibiotic regimen or evaluating the resistance of a suture or

an implantable material to bacterial colonization.



