Light emtting mcroorganisns and cells for diagnosis and therapy of

di seases associated with wounded or inflaned tissue The present invention
relates to the use of a microorganismor cell containing a DNA sequence
encodi ng a detectable protein or a protéin capable of inducing a
detectable signal, e.g. a lum nescent or fluorescent protein, for the
preparation of a diagnostic conposition for diagnosis and/or visualization
of wounded or inflaned tissue or a di sease associated therewith. The
present invention also relates to therapeutic uses wherein said

m croorganismor cell additionally contain an expressi bl e DNA sequence
encoding a protein suitable for therapy, e.g an enzyne causing cell death
or digestion of debris. Bastetemas may arise fromtraumatic injuries and
surgical procedures as well as from physi ol ogical functions, Such as
chewi ng or tooth brushing. Blood cultures taken before and after invasive
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Structures that may ai dee from di sease Conditions may produce 3 surfaces
that are easier to colonize by bacteria. It had been suggested that for

t he occurrence of infective endocarditis (1E), the valve surface nust be
altered in order to produce a suitable Site for bacterial attachnment and
col oni zation. Additionally, the m croorgani sns have to reach this site and
adhere, since it is not possible to produce LE in experinental animals
with injections of bacteria unless the valvular surface is danaged.
Lesions with high turbul ence create conditions that |ead to bacteri al

col oni zati on, whereas defects with a | atge surface area or Iom1f|om1are
seldon1|npllcated in I|E. However, so far, it coulLd not be that

tr ansi ent baictradm asvertaal Ppdc ASe FOTHFYER i Oh 6FYi 1% ae%e Wded
tissue, sipce.there was no nodel available allow ng the traC|ng of .
bacteria In a [iving organism i.e. allowng to explain the tenporal and
spatial relationship between bacterial Infections and diseased tissue
sited. MojeugherUBkortRaitalgarose fiatve Bomardd ouli abrosiasvand afhdiepy of

inflamed or wounded tiasues or diseases ass te t %53
at her osc| Epptanted seafea adhidtar fiti 521t glga}tgl ?gi@%&% ‘lfjhe alsh 1t}

un' eati sf @ggt Ba¥eaderesd ca@hets. | Iﬁatdamm estclofas heuppesengng nerHieH t o

provide a jeans for the efficient an bl & di,agnasi s A% Webtadsidihe
t herapy of *iRfind r 356 | AFEd t%%%uglgghgg di sease associ at e?t herew th -

whi ch oveggosesof hBadtSEikvhnba@]ealmtim dEinfpresiare . ohnbbeser Epktiidls

approaches presently use QaVart he. QéG%ﬁ}héﬂm@dﬁUj_ﬁcgié&@eds
achi eved B t hEPELL] &t matlfers fiQneI(’j i n%t he claims. In the exper i ment s

| eading toishe qif esenondasyl obufect tonths  PeelToERY (ar wound closure
‘materials have been manufactured with varying afflnltles for
bacteria. Certain Wound closure mater;.als, such as braided
sutures, have been associated ‘with a Hhigher incidence of .
infection. ¥he multlfllament nature of this type of sutu,re
materlal lends itself to increased susc:eptlblllty te bactara.al
colonization as well as causa.ng a wicking effect that allows
penetratlon of bacter;:.a across the tissues. Mere pexmanent '
. implantable matexrials __ha,v,_e d@mon_strated a gimilar affinity for
-'bacteria. Pro_si:hetic. heart valves  and joints may .bfé atl
increased risk of ‘bacterial colonization. It is commonly
believed that thi‘s' higher Sﬁsé-éptib’ii'ity is caused by the
inberent ablllty of hacterla to adhere more readlly to the
implant surfaces. BAn alternative explanatlon may be that
-inflammation in the t;t,ssues Sm:roundlng the 1mplants prov:.des
_an environment that = is ‘more sultable for bacterial -
.'-CO].GIllZat.‘i.GIl. In addition‘ o these given pOssibilitl'es
.another factor that may wfluence the susceptibility of a
pite, with regards to celanz.azatlon w:t.th bacteria could be the
degree . 'Qf .1nflammatory status e'f the affected tissues.

Implanted materlals may create tran51ent or -chronic 51tes of

:ulflatmnat:.on in the badY-

. Preéesence of ;melanted maters.a}.s is n@t 4 requiremént for
'Abacterlal colonlzatlon. Alteratlon of iiatural andgtomical

structures that may ar.lse from dlsease condltlons may produce



inflanmed tiseues, e.g. near inplanted material, permt bacterial _
col oni zation. Therefore, it is generally possible to visualize inflanmed
ti ssues through use of the Systemof the 4 present invention described
below. It could be shown that expression of genes encoding light-emtting
proteins in bacteria provides a genetic tool that allows the tracing of
the bacteria in a living host, i.e. the evaluation of the dynam cs of an
infection process in a living host. The external detection of
light-emtting bacteria allowed the inventors to non-invasively study the
spatial and tenporal relationships bet ween infections and the manifested
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present invention-. In one aspect, there is provided the use of a )
detectabl e bacteriumin the preparation of a conposition for detection of
a wounded or inflamed tissue inside a subject, wherein the bacterium (a)
foll owi ng system c adm ni stration accunul ates in wounded or inflaned
tissues within a subject due only to protection of the bacteriumin the
wound or inflamed tissue frombeing cleared froma subject by the immune
system (b) is not targeted to the wounded or inflaned tissue; (c)

conpri ses DNA encoding a detectable protein or a protein that can induce a
detectabl e signal; and (d) is non-pathogenic to the subject or is
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irritated by implanted - materials such as sutures, wound
closure clips and prosthetic devices are€ more susceptiblé to
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by the plaque and, as a result, is often 'inac:c:urate.‘ These
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protection of the bacterium in the wound or inflamed tissue from

being cleared from a subject by the immune system; (b} is not
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encoding a detectable protein or & protein th
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at can induce a
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attenuated and can replicate in the subject.



herein refer to mcroorganisns and cells which are per se not targeted to
wounded or inflanmed tissues (i.e. they cannot differentiate between
wounded or inflamed tissues and the non-wounded or non-inflaned
counterpart tissues) since the res?®s of the experinments |eading to the
present invention show that m croorgani sns and cells accumul ate in wounded .
or inflaned tissues due to the fact that in this environnent they- are not
exposed t9 atdcaekrbysther i mune siyst predfdethdhosise THe #i €PBbT YA sns and
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wel | known to the person skilled in Lt .and. oo fidE L heswdreacdeses i bed in
the |iterSPurePtited éBo%gae a*"} elcic' agsun%eh@)e;ag)l%osn, bel ow. Preferably, for
transf ectd pgothe cek ksbide obNEhe sgqeeneesfeeBHidy °& #ete@rdbi*Piot ei n or
~a protein capable.of inducing 8 a detectable signal, e.g., a |um nescent
-or fluorescent protein, are present in a vector or an ex resvsi on_yector. A
person skid lsed1i natdidear &spect, afPrar i WRRVeRHhdinEs "thet edt . *The Dha :
sequences_.can algo .bg coptained;bA aof econbisamptivisns Gont aivsitAyic
appropriate expression cassettes. Sui tablg c}éi ruses atm%%t tggyuebgnﬁgg
i ncl ude baubovtraisony feki &L EPRdT FOVRTHS Crsehdai Vi rus, adenovi rus, an
AAV Vi 1 us, 01, &, RaEMOVididbeiSUChaas i MM @icdded. a Thetardebbt wrpFealse” be a
retrovirus, such as MMLV, MMLYV, HaVhSV VBV Qfa GaHeVwiFQE
expr essi oh REPLARIMEARTOLS Shi +ABIE Br %n%%eerctlas %/I.ngl.g%urran cyt orrgéal oVi rus
i nmredi at e eayd-Yapreymtier br( pemu) terfutbHer ibrescogndse® hdfSr EFYaR
specific .pronoters are useful_. .Pr % rahly, ;i he,PONALjseguencaspLenendi ng a
det ect abl & 558t 8 n?of epc(racdtéllnﬁ1 5% %b%eeqf “'nduci ng ’a det ect aanye i gnal
‘are oper atinel yaddunketas t hn Avproded epralindhwirRy hFgFe¥xplEssPon’ Sich
promoters; e. g, _.inducihle, proopiers Ar@eweblindknowndededetr pensornrski | | ed
in the arl%r.oecﬁg?:l%%n%f?a%qiené)%tche.above descri bed DNA sequences and for
const r ucthaigoexprassi Grom vie B SC BN tEGsTE R &F° Bt ai n sai d DNA
sequences, it is possible- to use general nethods known In the art. -Theee
met hods include e.g. in vitro-reconbination techniques, synthetic nethods
and 1n Viz&’%&ﬁ&?&‘ﬂ) nati Of-dehRodss @ sdescrdhedsi no Sambreskeket al .,
Mol ecul ar” G oni'ng,”."A Labor at.ary _Mapual . . ad, egid | QR(4989) sGebdidsyriang.
Har bor L&B@F?&’Pﬁg?nﬁ‘%sg?_@?]gl Sﬁf?f}ﬁa%h%?égr, TNY, f(‘#ﬁ1 exanpl e. Met hods of
transfeclipgceshls, phofenotypi cal | prosednt i agpabipsiett a Y G oft
nmXPreSai ng the DNA seguenges by usi t ﬁ‘zﬁ% escsq b Y hilct
known i nd%ﬁécﬁﬁlﬂe signat - £or ¥ .ﬁe \{ﬁ(ﬂ, Qﬂ_ 4 Qgéﬁ@ﬁ@
composition for diagnosis and/or visualization of wounded oxr

inflamed tissue ©Or a disease a}ssoc:ia-té;d therewith. _ Iin
addi-ﬁidn said microofg’éni'sm ig alsé useful for therapy, since
) ¥ . E .

following visualization -of wounded or f—iﬂflamed' tisgue
compounds suitable for therapy can be applied, e.g. by topical

administration, such as, e ;-g._, acylated iridoid glycosides



The person skilled in the art knows DNA-sequences encodi ng | um nescent or
fluorescent proteins that can be used for carrying out the present’
invention. During the pest decade, the identification and isolation of
structural genes encoding light-emtting proteins from bacteri al

| uciferase fromVibrio 9 harveyi (Belas et al., Science 218 (1982),
791-793) and from Vibrio fischerli (Foran and Brown, Nucleic acids Res. 16
(1988), 177), firefly luciferase (de Wt et al., MI. Cell. Bid. 7 (1987),
725-737), aequorin from Aequorea victoria (Prasher et al., Biochem 26
(1987), 1326-1332), Rennie |uciferase Prom Renni e reni forms (Lorenz et

al ., PNAS USA 88 .(1991), 4438-4442) arg:_dL %ee%&lﬂi@bgggﬁﬁtcﬂ peotEege £ r om
Aequot ea ¥i-Gh OstacpPutstier 8098F3 GEHETI1° (1987), 229- 2%?% have,fsen
described _that. al | ow t he f&@ed-naef bactesteradfadi rudds Ba%ed on 1ight

eni ssi on.c‘fr]r‘gjrjrﬁléllﬁﬁat ion"and .expressign of Lpheseragnes | mibacyetincal | ows
~ det ecti ongpfigdbact 8¥3zDsgol oni *the aid of the .| ow | %@c i maging
canmera or indivi dg_gg bact gpd g amdele t he &1 uor@SO&EM i cr §stopé (Engebrecht
et al., SYeNEEFIZ7(1985), 1345-1347; |egackii®l ak. onBNAS 8®xe1988),
90809084; n&hadfticeuatingl . 2ZGPMPE D63 (1994), 802-805). Luciferase genes
have been_gxpr I R; ac¥arbelywof organi sns. Pronoter activation based
on |ight EHF &%ﬁﬁﬁs?ﬁg | uxAB fused to the nitrogenase pronoter, was
denonstrated in Rhizobia residing Wthin the cytopl asmof cells of

i nfected rot. nadyl es by okewe laight rélregengC L'eockRF Bt “al ., PS 82 (1886),
9080- 9084;" %fgf ane et al., J. 15I Mihindola DA ( +@g8ncagrneadd  Rysi on
of the | umidremrBanbé™ YenéS resultied in a ful lé fynct ienal,duRghier ase
protein (Eseherasie alproddAS 86 ( E88F);C6528765 3 This fusi on 'geng -
(Tl ab2) -was 1 ntroduceq i,n{Lo P%gl lds sHbpatddts.candoBaai | Ph PR m-
under thedekgtiodeldr GABPE then fed_into nﬁ,seg} ifl?gigﬁédaﬁ%sﬁésor

i nj ected hg&&g{@ig}grﬁuzy&pﬁ dfreasraet PRaYPHY ST Tig t em ssion was__
conducted usfng a |aw | i.gébt < UiyleQ BRREr ahelfttin MVl [MHEPEPETHY ST ©F

| ocal i zat roAiaeapat HoFEm" Shcter ia in tranegenjc axabigeppii®ipl ame

whi ch car s 3t heupahbogene ac tPREREH" PA n‘?prgm)t er-bacterial | uei fer0 e
fusion gene Construct, was denprsidraties (by potealle fprPSEedbETEY of
Ervinia sgEMERAFEet 7O rthe | ow.| i h%a' GSls S 2¥eh | tiaseidthomat o 10
pl ant and.gfaaks of pofisresb (EESHCoMi d‘gﬁ %z%l ay, Plant Sc!. 116 (1996),
59-72). Thus, in a nore preferred enbodi nent, the |um nescent gjrﬁ 4
fluorescent protein present in the ab rdpedvdiinge@oraganisid @retel |

i s |uciferaseeiREP sritGiHe AlfProf%%e%b\i}ee# grcages ex&gﬁssq: JhRehagigsi a
require eé:g]%enguséﬁ/ afded sybsssatastal chbassdddandt“ 8" coel ent er azi ne for
light eni$si6h. I'n contrast .V\hillt)lg)vi SLﬁja{geqtaitoaeﬁﬁvéfPQﬂq&@hesééﬁ*%%rdoes
net requi rgreavtbubERFEPE, zﬂc'giél"a%l on 71 ght sog]iEé;f i s Reedadii b eke
recently, the gene glustmiogneodongwihe RS i LciFerase and the
proteins for providi ng de_ccaﬁg;LF_ hthi fhdieicalike Wiatth nEaekasPLarE’ABE
was | sol atgeobuthonf2@HeF habdds™ | 0 nescens é%@teah%rllaqgl,g”td&mc&ive,

Bacteri ol ., :(,1992):Fpb3Y1- 5884) &hd® Phok éti um Zei oghatti _(Lee:et

al ., Eur. .t%ég“ocﬁem 2’81 ‘(‘1?9191(&@@9;- ) a Bl £ raﬁs@&aﬂ%dﬂ@rﬁté‘gbéé%eri a
resul ting 1 ¥psueCoFE b us® % t ‘em ssion_independent of..eke&s lsy-added
substrate SandezRioras AVECRDL k, C¥RLCTE Troz) | 169-174) Bacteria

cont ai ni ng”t he conpl et e_| ux. OBet qn, sgqueect: wheh-TRFetipdg ©oDO
i ntraperi toHedRiLPT n‘%?%ii?élcu% ar ﬂy, or int raé/enggggﬁm@) | gugchpidigotic
Vi sual i zat i omaRd)l, 0catiza i onirAsehacPEPFETH | 7Ve i ce i ndi cati@%ﬁkjat
- the luciferase light em .sséng)@ Cﬁ%p@fﬁét&h&a&hévﬁtgéue§e%%ﬁp e

det eet ed ek@@rHal | YPEHUtag et al., MO. Mcrobial. 18 (1995),

.agon'ist etc. )

: . ; ; tic and
orgapism oxr cell 18 useful for the Ql:axgnos ot it
he present invention, provided that 1
| ‘ thogenic for the organism
ystem of the

any micro
therapeutic uses of t
replicates in the organism, is not pa .

| 1s recognized by the immune S

e.q. attenuated and, | ] )
. wpicroorganism” and “cell

The bterms

as used
organism, etc.



593-603). Thus, in an even nore preferred enbodi ment, the n1croorgan|sn1or
cell containing a DNA sequence. encoding a IUC|ferase additionally
contains a gene encoding a substrate for a luciferase. Preferably, th4
nmdcrooanismis a bactetinM Particularly preferred is attenuated

Sal t honel | a thyphi ndrinth, attenuated Vihrio chol erae, attenuated Listeria
nonocyt bSenes or B.coli. 11

7

herein refer to microorganisms and cells which are per se not
targeted to wounded or inflamed tigsues (i.e. they cannot
differentiate between wounded or inflamed tissues and the non-
wounded or non-inflamed coﬁnterpart tigsues) since the results
of the experiments leading to the present invention show that
microorganisms and cells ‘accumulate in wounded or inflamed
- tissues due to ﬁhe- fact that in this enviroument Vthéy, ';are- not
expoged bto attack by the immune systém of the host. The
microorgaliisms and cells accumulate for a specific time, e.g.
3 to 5 days, as long as the vascularization / Iymphatit system

has not been restored.

In a preferred embodiment, the microorganism or. cell -contains
7 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 encodlng a 1um1nescent and fluorescent protein as

fusion protem .

In an altermative preférred embodiment of the wuse of the
present invemntion, the mi,droorganism or cell cont-aih‘s .a DNA
sequence encoding a - protein éapable of inducing a sigunal
detectable by magnetic resonance imagjing {MRI), e.g. a metal
bindiﬁg ‘protein. Furthermore, the protein can bind a
‘contrasting agént, .chromophore, ofr a compound required for

vigualization of tissues.

Suitable ;-devic_es for analysing the 'iocal-ization or
__-{Aiistribut'idn '._of 1mninas.cent _'a_nd/ or fluorescent proteins' in a
tissue are well kmown 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 célls the DNA séquences

: ;encodlng a detectable protein or a protein capable of inducing



Alternatively, viruses such as Vaccinia virus, AAV, a retrovirus etc. are
al so useful for the diagnostic and therapeutic uses of the present )
invention. Preferably, the virus is Vaccinia virus: Preferably, the cell
for the uses of the present invention is a manmmalian cell such ab a stem
cell which can be autol ogoUs or heterol ogous concerning the organism In a
further preferred enbodi nent, the mcroorganism O cell useful in the
present invention contains a rud-gep expression cassette which contains
the Renilla lucif erase (rue) and Aequarea gfp cDRA sequences under the
control of a strong synthetic early/late (PE/L) pronoter of_Vaccinia or
t he | uxcRABEecassable. diymaly eferg.ed use lomingscaptr o8¥ gahl $Peeshifdcel | s
descri bed above the protein,suitabl t er3Ph- fsidhSeasesr. A
associ at BEOW# V\Bﬁ‘ﬁd@ﬁeg?ntnﬁna?r%d@?{:géﬁ‘egjgi E(a% at her%sscl erotic digsease
i s an enpypeotauBihfiedelih ddat Ry Bh EARYIRT S oS XHRP LY ST SP of '
debri s, gng: plfl L0G, L& | Odn 01 A 1 NRLASGINREOL RC 2P kaGURDDAMSE NG ihlae
pl agque t of apse-under the force of the intralum nal bl pressure.
Sui t abl ecengyimsng nebprernl 2 iHaSEPTPFdHt A sE25FYLGF et {?%éolg%pYJoWS(? 8
factor, Eﬁ?ﬁ'@ggﬁétu&&&- i hEdde haklBsrBLeSY vaerpanent sohdatferiosw er osi s
r eat

shoul d be suitabl e compounds are cortisol, corticosteroid,analogs,.
cycl ooxy§endsd mhtueycPEERYYeRREe- 95 AHvDi FIr¥ Fol %h?%m%‘?llﬁie%)’hgﬁ rexat e,

11SAI D5, L. efdmnQip de.; et-aRer ¢eRtor NnagCyllsonde Gy cresporime; thuh doni de,
infliximb, |L-10, 6-nmercaptopurine, az i opr} or C i nt .
Some of Mp¥YEYcolp¥uhis W’gﬁggbeMFWtheﬁ%grﬁ’?o 55g‘r](’)- 5%g§%]8£‘%é%5?¥grug)
adni ni st gredat8, t he shgeabsa igichmcarmacisve .gubshanee. cRtetegabpyirishe
gene encodi ng_an enzyne as di scussed_ahove | LLE by; abuéd Ngug bt e
pr onot er ~ABEFELBFAI F?r%ﬁsBFPﬁ‘BE?ﬁat ,c{pg:.p]gy ; E he %%%‘\%?%l o%lof t he p}r o- dr ug
I Nt 0 t heogghhVessedst i prmmateancurse nushbul ar gorefamedly, ethe, T
| PTG ., antibiotic-, heat-, pH, i T : 11w - AEl 9bheotel@Stag@bie ,
drug-, cEPFVEHEFe- eBFoﬁiLE%uéa s%ﬁoéetcéléft?%llenﬁci ble prom)tgr. “Nor cover.. the
del i ver y oSy sh@mcahgt he dptestablienwéapedn save RPEEPERE el SPHF R of
conpounds "‘“B—EQrC"%Ho‘%ﬁﬁaf 138h 3%@%%%3&%.t heuapy gwembeetfpi rehigh

: ed or

t-oxi ci tyPﬁB@n System cal Ty applie due to the_fact that thlefl Sannot be
adni ni st énddgiblg. priomotavencies ywehl sERPYR| Rt (NPeh; RS 55 1S athi eve

levels i @%Edgxtf?- g., sinuses, abscesses or across the blood brain barrier.
Such conpounds include thalidom de, cytotoxic drugs,. ‘
For genera{iing the above described - DNA ~sequences and for
-constructing expression wectors or viruses which -c,o];tain said
DNA sequences, it is poseible to use géz:leral methods know_n in
the art. These methods dinclude e.g. in wvitro recombination
. techniques, synthétic. methods and in vivo recombination
methods as described in Sambréqk et al., Molecular Cloning, A
Laboratory Manual, 2" edition (1989) Cold Spring. Harbor
_'ixaborator_y press, Cold Sprimg Harbor, NY, for example. Methods
of transfecting  cells, of  phenotypically selecting
' 3transfec£ants and of expressing the DNA sequengefs by gsing the

_above described vectors are known in the art.

ffhe' person gkilled in ,thé, | érit ]'{:I;OWS DNA sequences encoding
- luminescent or iluorest_éént prot_eiri;s_ that can be used for
cérr!ying out the present invention. During the past decade,
. the ideﬁti’fication and isolatiom of structural genes encoding

light-emitting proteins from bacterial luciferase from Vibrio



antibiotics etc. Furthernore, the m croorganismor cell of the present

i nvention can contain a BAC (Bacterial Artificial Chronosone)or MAC
(Mammal i an Artificial Chronpsone) encoding several or all proteins of a
speci fic pathway, e.g. woundheal i ng- pat hway, such as TNF-al pha, COX-2,
CTGF etc. Additionally, the cell can be a cyber cell or cyber virus
encodi ng these proteins For adm nistration, the m croorganisns or cells
descri bed above are preferably conbined with suitabl e pharnaceuti cal
carriers. Exanples of suitable pharmacgutical carriers are well known in
the art and i ncl ude phosphate buffered saline solutions, water, enulsions,
such as H,gc;@} egag?{l&{:l, sbONg: . Vakkousctypes dfigeeyti nglagentsanét érife
solutions e carrlers can be f0|nulat§f 2%1convgn s met pods
and can Wébadmi fifstclesdit o (e ulekt BEP"S sdl1H b 9858 AdmiTi strat i on

of the nigspplgan;$s QErEEHIS 10y roeaekl qeleedidty afi f&kr entiodaySeld.g. 13

by i ntravenous, I nt raperet oneal subcut aneous,_ i ntramu , gl or
i nt r aderBidl adi nil@PBAL i o 25THE Preef BEABITFButE B gﬁﬁ?%?%?r a‘?‘lcg%r?s

i nt raven%ﬁﬁglﬁcté,pnaﬂhe BOHtRe@l adlgi niistarrati om32©¥1m}5e R@éﬂéﬁds on

the nature e tissue and the kind of. mi roor orp ACcQgt ai ned
In the phashieeans dator dipdsid 67r?n1ﬁ‘?ém&§sé§ FEES' wi'll lﬁ@ é]%t erm ned

by the ak}_?&ﬂj NGy DY SI 43N Al ﬁ@é@[ mluomes&bntapr@tn@.n Asrams Agguoriggown in

t he nedica rts, dosages for any e pe X 2G5S,
i ncl udi ngieheriat (Brmshesiste ahogdy gzli’?é%ﬁ agn%sg %ré,’)?qa é;pg)%tl cul ar

CO”poundﬁi LOcPEo M H St LT Bl Ehérﬁtﬁzﬁldlm@m)ﬁ odctadnianiot retfuses HeeeR nd
a

and localisation of the tissue, eral .health rugs heiag
adni ni stered kBHcuPPEABEG - A ae‘?se’{] %‘%?t[lher apeut :Lg%}te%%eogls t he

- pr epar af&Q8s OfnapphesaiRcaul beal debapbsoni off barteniadk reakemins gfith

endocarditis,  Tericardi el S g X EYis
di sease bReUrERrati CJE)‘P‘T tJrlsq}nE;t o) aé%]ﬂ{ci (%al n ggr %lﬁgt%é%&%ucl eus, *

pul posi SymdéenpaEalflabiescens, poinpscoee t {Bpaebgesht oftarftart TS

di sease. st h en m rgapou%&)hovamn

evi dence—#g @%F’g dﬁég\g’uégﬁghl g%@gﬁgﬁ %%a%tger pyl o , HSV and ot her
i nfecti oaeaageﬁhalfmlede adt-herSssemseo26a. HLaghbs . 8%@0& esence of these

i nfectious agents within atherosclerotic plague suggests that the interior
of the plague is a protected envi ronrrent t hat ggrmts replicatdon, of

ot her wi sbuthéerasaf cgeieds BG¥Rt s BRSH d BEEES ed By the T Hiun _system
I\/breover %ﬁ{gmgs ﬁg&ﬁégé!fagbelﬁ?&tﬂ@ﬁCBa*thonnlmglflﬂ:amt»’@loympr‘@@é% i's

present W Phin the interior of atheroscleroti.c & idt IS
r easonabllaxBB A¥sgfe tOhIhe HRECHPSEARR BRTH d"pagnose% &gé%ag%t ed by the

m.cr oor gaRi$ABiLr re@kilsngl winavipr eskat ciytephasonofhatell=afelr infett®enous

_InjeCtIOH-V\II|| enetrate i nta the ¢ cl pLag V\h@fmstl‘tey
~start toXPepli lesndng, faw tllgthlE Mﬁ)gs (ﬁé&éé}& Lagua .

(1986), 9080-5084; O‘Kane et al., J. Plant Mol. Bicl. 10

(1988), 287- 399) Fusion of the Iux A and 1ux B genes resulted |
| 111 a fully funct::.oﬂal 1u01ferase prote;.n (Escher et al., PNAS )
- 86 (1989), 6528- 6532) . This fusion gene {Fab2} was 1ntroduced

Vlnf:o Bac'1llus SUbtll.‘f.S and Bacillus megatherlum under the

.:x:ylose promoter and then fed 1nto insect larvae and was

:Lnj etted into the hemolymph of wc;:rms Imaglng of light

emigsion was conducted using. a ‘low light video camera. The

'movement and 1oca11zat1011 of pathogemc bacteria in transgenic

taraba.dopsls plants, wh:Lch carry the pathogen activated PAL
»'_pi‘omolterﬁbacterial 1uc1fer_as__e f}is:Lon - gene construct, was‘
rdemonstrated by 1oéa1121ng Pseudomonas oF Frvinia spp.

o :Lnfectlon under the low 13,ghi: 1mager as well as in tomato



14 suitable period of tine, the plaque can be imged using, e.g., light
sensitive caneras or suitable MRl equipnent. Further, said mcroorgani'sns
or cells can additionally produce an enzyne, e.g. an enzyne as descri bed
above, resulting in the elimnation of plaques. Thus, a further preferred
use is the diagnosis and treatnent of an atherosolerotic disease. A
further preferred use is the diagnosis and treatnment of coronary artery
di sease, peripheral vascul ar di sease or cerebial artery disease.
Therapeutic treatnents according to tige present invention mght replace
treatnments |ike balloon angioplasty, stent placenent, Coronary artery
bypass gfafie, éﬁﬁ(ﬁﬁd&kQHQQHQEﬁeekeay(Gaacbalmeﬁ@daﬁzeypﬁsSPQ@%#tS%hd ot her
invasive procedures. Myreover, plaque in inaccessible regions, such as the
basi | ar 3y ¢ %P&éﬁe G8rébtal. arteries can be treated using the theraPeutic
approach of the present invention. For t he, therapy of wounds, fractures,
surgi cal_.i-nci si,ons_and burn o{héhehgﬁgﬁg@bntnveﬂtlon
are prefBFdbl y Borbi AEE Swi %e%gg elns f%gﬂ%?gﬁsfornlng groat eb
(TGv- al phajorepicatiel et preteird gpmw& actigr (MG p) 2he¥Eat i AGEGTE ﬁ‘gowth
f aot or and i.nsulin r or gEp(bSep,. insulin-like growth
factor-Eﬁuﬁ’ ﬁ’&gﬁflotgel ﬁjg f‘%gB%%)ﬂy%lFé}%% L-8, endothelin-I (ET-1)- .
Connective tissue growth factor (CTGF), TNF-al pha, vascul ar endothellal
growth f or £ VE WS%M&{@Xymasbaateﬁhabl tregpire
-|an|xr§%&)faﬁch?%%rlcxg%tl-TNF al pha nonoc/ onal ant|Q9d mtekhz1fe
IlpasefﬂgnﬁﬁewgéY‘BQ@@SyﬁHbSBFﬁtﬁﬁoﬁ?%ﬁ|?§f ggeget a
ptoli fer@cslorlfgﬂﬁ vahedsissepter é@ﬁb&la)stag@vhﬂte (msw@himtmcexp:p%s@vﬁ‘al €

DNA- sequendes &ncodi ng Said proteins). [ dr f hgus
di seasestludresrierrsofgani Bk SPAhES pfe 'gb? i ﬁtvén?%n@gleﬁgﬁg?ega

appl i ed é&msngiée@@&/\n mr@ntrlebb,ﬁtlps tlEergfntm Qh&&t%rﬁm@ﬁl&m ‘e"h?m"rune

and i nfl ammat O d| seases, incl t Bt 8ing l¥ecanal
i nf | ammetasiEictel LM SedSEng™ #ﬂ% pl% er OSI s Re m croor anl sns of

the presgithid\Vensi eiare ibdier ahbgmdpel |Mmﬁom%aﬂ$@ﬁaw hf&8Pt i sol ,
corti cost er 0| d gnal oa c&ycl ooxyg{g‘?%gf ﬁangnﬁyggggéﬁggnage BddHaBbhor S,

col chi ci¥& unom et aner cept nlgocgcllne
cycl ospo;:-me{mm j dgmnessam | andrré’@etpbaﬂgerﬁumrré@éé’ﬁpé

“azat hioprjn to i ge F e tpe1apyrof 6ids aass
at her osc? 'r'os tﬁ% n;ng %%‘?&an%tg%s gjf;9§12e p?gsent }ljn eng&on ar“eﬂ
preferabhyxﬁppbeedermaconb$$uﬁﬂxng\M iR | uquféoz§ pﬁﬁ“ﬁﬁﬁﬁPOplc
factors, 5§Q%Q!SE§ (ég dglyr6§aggélﬂgﬁﬁhﬂmﬁﬁﬂUQEﬁfﬁaudHZﬁﬂlnagent

| i sted a% respect to e treat ment . of nflannat F%ggsei_For
t he trea&m@nﬂc’bk: APghej gBE S I(ﬂ%éasé'- I 4ic 5‘6?_‘ AniTs e rX:ra e“present

inventiog, %ﬁfé&g(ﬁﬁ% b RPRd R, c&mbmnahgeateﬁnihtnapemltnnaaligents
[isted above W ih T eS0eCto L A, LINLDG: 8abALhATIRS OfYath EARSRn

intramuscularly,
and 1ocallzat10n of bacter:x.a in live mice 1nd1cat3.ng that the

1uc:Lferase llght emission can penetrate ‘the tissues and can be
detected externally {Contag et al., Mol Mlcrohlol 18 (1995},
593-603). :

Thus, in an even more preferred embodlment the mcroorganxsm ‘
or cell contaa.nlng a DNA sequence encodn.ng a luclferase
additionally contains =a geneé encodlng a substrate for a

luciferase.

Preferably, the mieroorgaiilsfn is a bet:tejfium ?a‘ri:’i—cfularly
preferred is . attenuated Salmonella thyphlmurj.wn, attenuated

Vibrio cholerae, - attenuated L:Lsterla monocytegenes or E.coli.



Finally, the above described m croorganisns end cells are useful for (a)
nmonitoring the efficacy of an antibiotic reginen, preferably based on

i ght extinction or (b) conparing the resistance of various sutures and

i mpl antabl e materials to bacterial colonization. Brief description of he
arawi ngs Figure 1: Visualization of bacteria intravenously injected into
nude mce -Dude mce were injected with 1 x 107 attenuated Sal nonell a
tyl Adnurium (N.) or 1 x 107 attenuated Vibrio cholera (B). Both strains
were trangfornmed with 1LI TE201 carryi ngithe [ ux operon. Photon collection
was for one mnute '20 mn after bacterial injections. 16 over a 5-day
obser vat i ant@eidiidreIMJde wimeeser esudly ected Wadimia IOt et ed 3.

typhimriu On, the first observafion- | 0 a I as di ssegj pat ed
t hr oughoutSHREBOH) 6 he 2R rr%?g‘fA;".ls vvoi dgﬁféb | g{hg,aé\ég?grsﬁgév\e%&

cl eared ftharddwatani mabesi tdf t blee eprepeibn ofveritdopnci Breoferadad akliet he
ear tag region as 'n(yi%ggegipxsthe arrows (B). On day 5, the aninmal had
been abl "t ¢I6ar GdTe organi sm fromthe wounded regions (C).

Preferably, the cell for the uses of the present inventiop. is a
mammalian cell such as a stem cell which can be autologous ox ‘

heterologous concerning the organism.

In a further preferred embodiment, the microorganism O qell
useful in the present invention contains a ruc¢-gfp expression
cassette which contains the Renilla luciferase (ruc) and
Aequorea gfp cDNA seqguences under the control of a strong
synthetie early/late (PE/L) promoter of Vaccinia -_ or the
1uxCDABE cassette. ' '

In a preféxred- use of the microorganisms and c¢ells described
above the  protein suitable £for the therapy of diseases
associated  with  wounded  ox  inflamed tissue  like
‘atherosclerotic diasease is an enzyme causing rc‘el‘i death or an
- engyme éausirig'- tﬁe digestion of debris, e.g. in the interior
of an atherosclerctic plaque causing the plaguée to cpl_lapse
under the force of the intraluminal blood pressure.. Suitable
enzymes include a Iipase, -pz':otlease, 1Ysozyme-, proapoptotic
factor, "'PPARr.agcni-s.t etc. If the inflammatory .c_oﬁ_tpqnent of '
atherosclerosis should be treated suitable compounds - are
cortisol, corticos te-zroid' analogs, cyélogxygenase_ and
_ cYélooxygenaseéz inhibitors, colchicine, methbtrgxaté.;_ NSAIDS,
: 1ef11;1n'omide, - etanercept, minocycline, r-ic_ygzlrojs'porine,
thalidomide, infliximab, IL-10, 6--merc:ap'1:,-c3px.f1r:'u1eaf ' azat'hiopi‘ine
ox a cytotoxic agent. Some of these compounds m;i_}ght-:bé-'_in- the

 form of pro-drugs.

Accordingly, the protein expressed by a mic:i;‘éergfanism of the

invention can be an enzyme converting an inactive substance



Figure 3: Visualization of V. cholera in the sane animal over an 8-day
observation period Nude nmice were injected with 1 X 107 attenuated V.’
cholera. On the first observation period, bacteria were visualized in the
liver region of the animal (h). Five days later, bacteria were cleared
fromthe entire animal with the exception of the incision wound as

i ndi cated by the arrows (B). On day 8, the aninmal had been able to clear
the organismfromthe wound (C)- Figure 4: Visualization of V.. cholera in
an i nmunoconpetent C57 nmouse 1 x .10712attenuated V. cholera were

I ntravenously, injected into the aninmal. Light-emtti n% bacteri a,col oni zed
the ear t@gooarhfp fediinilayeradd ertdactles | HTIFPE | dACY| A c&EdVEY t he

white arroy). F|gure 5: Visualization of light emtting bacteria in the
liver of 8

Preferabi—y, the gene encoding an enzyme as discussed above is
directed by an inducible promoter additionally ensuring that,
e.g., the conversion of the pro-drug into the active substance
only occurs in the target tissue, e.g., an IPTG-, 'antibiot.igm, |
heat-, pH-, light-, wmetal-, aerobic-, host cell-, drug-, cell
cycle- or tissue specific-inducible promoter. Moreover, the
dellvery system of the present 1nve11t10:a even allows the
 application of compounds which could so far not be used. for
therapy duse to then.r high toxicity when gystemically appl:r.ed
ror due to the fact that they caunnot be administered, e. o.,
intravenously in sufficiently high dosages to achleve 1evels
ingide, e.g., s:_nuses,, abscesses Or across l;he blood bra:x.n
barrier. Such compounds include thalidomide, cytotoxic drugs,

antibhictics etc.

Furthermore, the microerganism or cell _-of the present
jpvention  can  contain a  BAC  (Bactexial artificial
Chromosone) o_a;* MAC {(Mammalian Artificial ‘Qhromoéome)_ encoding
rseveral or all Pproteins of a specific pathway, €.9.
woundhealing-pathway, suych as TNF- alpha, cox-2, CTGF *et‘c.
Addltlonally, the cell can be a cyber cell or cyber virus

encoding these proteins.

Por administration, the microorganisms or cells described above
are pfef'erably bonlbined with suitable pharmaceutical da:i::rier—s-.
- Examples of su;Ltable pharmaceutlcal carriers are well ]cnown in
the art and include phosphate. ‘buffered sals,ne solutions, - water,
emulsions, . Such as oil/water enulsions, va;r:a.ous types of-
Wet-ting agents, sterile SGl‘llthIlS ete. . 'Siich carriers can be
~formulated by ﬂOIlVEB.thILal methods ‘and can be admlm,stered l.to_
the subject at 'a sultable doge. Admlmstratlon of the :

microorganismsg or cells may be effacted by dlfferent ways, €. g



Sprague Dawl ey rats were intravenously injected with 1 x 108 attenuated E.-
coll transformed with the plasm d DNA pLI TE201 carrying the | uxedabe
operon. Photons were collected inmedi ately after infection for one mnute
under the low light imager (Night OM). Light emtting bacteria were
visualized in the liver of the whole live animal. 17 bacteria

I ntravenous injection of the rats with 1 x 108 attenuated E. coi
transfornmed with the plasm d pLI TB201 carryi ng the | uxedabe operon did not
| ead to col onization of the hearts of zgontrol animls, which had not been
catheterized QQ Simlar induction of bacteremas in rats catheterlzed
through the ihirghlefaa8) | drarbeeyeteashl.o sheceirmiusat | SRt GIUSTEtAEar t

with light em_tting, bacteria (B Detygct relrLgsi-duat bacteria
in the oFgak@lofoT afBtT ?%ﬂ?%a%%p¥dﬁggyatégnln?%avgﬁ%hs injection of the

rats Mﬂtﬂdﬂaﬁ&éﬂﬂ&b&bhenuaéed:Emra@hnpuﬁhelﬁﬁéﬂﬁéﬁnrlvéﬁ@ aFeI<Hl eBhs were

exci sed and, cul tured overn| t & NEhDACd A SR TtheVitigahiezed
under t h&YPHRRHS 561 Pra erc%} gg%?E@% %J fe0|nens froafihe

cat het er azed that Sk@ﬂc—io oﬁ/\hummnonrghm%mwt 8 afthal SOBAIPEL dhe B
I R A (B bl nctmt (T o
‘Met hods @A)SBacitrerd albyst thiens attending phy51 ian and ot inica
factors. As is well known in the medlcal arts, dosages for any
‘one patient depends on many . factors, including the patient’s
51ze, ‘body surface area, age, sex, the partlcular compound to
be administered, time and route of administxation, the klnd and
localisatlon of the tissue, general health and other drugs

being administered _concurren'i_:rly.,

A preferred therapeutlcal use is the preparation of a
pharamaceutlcal compos:Lta.on for the treatment of endocarditis,
. pericarditis, imflammatory bowel digease {(e.g. Crohn’'s digease
or Ulcerative colitis), low back pain {(herniated mucleus
- pulposis), temporal arteritis, polyarteritis mnodosa or an

arthritic disease.

In th’e: past few Yeaj:s, there has been wmany :;eports’ showing
evidence for c_:‘hlangfdia pneumoniae, Heliobacter pylori, CMV .
#gv and other infectious é_gents ingide atherosclerotic
plaques. Thé presence -of these infectious agents within
-'atheﬁfoscleretlc plaque suggests that the interior of the
'plaque is a protected environment that pexmits replication,
otherwise these infectious agents would be cleared by the
immmune . system. Moreover, -there is consgiderable emdence that
can  inflammatory : process is present W1th1n the interior of
-r'é.rtheir'os'clero{:ic plaque. i‘-‘_xcqzord;x_lgly, it is reasonable to
-iassmne that this dlsease can be diagnosad— and treated by the
fTIllCI‘OOI'ganJ.SmS or cells of the present invention that - after
intravenous ing ect:f.on - will penetrate inte the

atherosclerotlc plague where they start to rep-ll_caﬁ:e.- After a



(D) Flasnid constructs The plasmd DNA pLI TE2 1 containing the | ncdabe
gene cassette was obtained fromDr. F. Marines (Voisey and Marines,

Bi otech. 24 (1998) 56-58). 18 (C) Recipient aninmals Five- to

si x-week-ol d mal e BALB/c nu/nu mce (25-30 g body wei ght) and Sprague

Dawl ey rats (300-325 g body weight) were purchased from Harlan (Frederick,
MD, USA). CS7BL/6J nice were obtained from Jackson Laboratories (Bar

Har bor, Mg, USA). Al animal experinents were carried out in accordance
with prot ocol s approved by the Lorna Liada University animal research
commttee. The animals containing reconbi nant DNA materials and attenuated
pat hogensswet & ke plerimd laﬁ kanm, L EhdapUniverasin peadimggiedcapséngacet gty at

bi osaf ety l vel two. Wg tectl%r} e JUiReSEENCequt at el hef ore
i magi ng, %n?ﬁﬁﬁt CEReStRet i zed éﬁﬂh ud SRS
sald microorganisms or cells can additionally produce an
enzyme, e.g. an enzyme as described above, resulting in the
elimination of plagues. Thus, a further preferred use is the

diagnosis and treatment of an atherosclerotic disease.

A further preferred use is the diagnosis and treatment of
coronary artery -disease, peripheral vascular disease or
-cerebral artery disease. Therapeutic treatments’ according to
-the present invention mght replace treatments like balloon
angioplasty, stent placement, ccronary "artery bypass graft,
‘carotld endarterectomy, aorto-femoral bypass graft and other
J.nvass.ve procedures. Moreover, plaque in 1nacce551b1e regions,
such as the basilar and m:i.ddl_e cerebral arteries can ber
treated using the therapeutic approach of the pr-esént

invention.

Fof the therapy of wounds, fractures, surgical incisiomns and

burns the micrborgén—i\sms of the present invention are

preferably combined with proteins like tramsforming 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

(fGFBPg), IL-4, IL-8, endothelin-1 (EI-1), connective tissue -
growth factor {CTGFy, TNF-alpha, vascular endothelial growth
Factor (VEGF), cycloexygenase, cyclooxygenase-2 inhibitor,
-~ infliximab {(a chimeric anti-TNF- alpha monoc‘lonal antibody),
IL ~10, _lipase, protease,. lysozyme, pro apoptotlc factor,

peroxisome proliferator- -activated receptor {PPAR) agom.st {or

contain: e:gpre331b1e Dm—sequences encoding said prote;:.ns) For

the treatment of J.nfectn.ous d::.seases, the mlcroorganlsms of
- the present 3.nventlon axre preferably applled in combmatlont
with antibiotics. Foxr the treatment of auto-immune and -.

dnflammatory diseases, including reumathoid ‘arthritis,



- intraperitoneal injections of sodium pentobarbital (Nenbutal @ Sodium
sol ution, Abbot Laboratories, North Chicago, IL; 60 ng/kg body weight)"
The ani mal s were placed inside the dark box for photon counting and
recordi ng superinposed i mages (ARGUS 100 Low Light Inmagi ng System
Hamamat su, Hamanmat su, Japan and Ei ght OM, Berthold Technol ogi es, GrbH and
Co. KG Bad W/ dbad, Germany). Photon collection was for one mnute from
ventral and dorsal views of the animals. A photographic i mage was then
recorded and the low |light inmage was Si®peri nposed over the phot ographic
i mage to denonstrate the | ocation of |um nescent activi tﬁe&: Exanpl e .2:
Col oni zatii#n z@hatstpneboseloundssdapei nEngy eBHS P lien] Bt RIS Ght M ting
bacteria i,n live ani mal s_Tp, de i thediabe akel pregvenpus! yppljeatt ed
| umi nescSHETRIETRPHETF °% hghgn %%1@11 x_ 107 bacter f@a car.ryi 2%? ]E(pes
pLI TE201 ip] aseodbOMA-iam 50 il tiver gorhjeel ed. GG IS HERPESF endPatoYEi n of
nude m ce under_anest hesj 19,8 ehhge f £Morali Birigks ,a totahiwioissi on
was made SA W?gﬁ?%ls%al adée*{. Fol I oW ng 19 cl osure of ;nggog:?giis%é)n W th
6-0 sut umeshothexatee WEFAIRONI LGTAIERIER ¢ IRFTRA It "wagef “and phot on -
em ssions were cotlected figf;10rR@mAGaYt €. liAEgLRGgmab, each Enilfal wash -
repeated at va |ou_s_f| me intervals to study étl]:e %X%scewgna]gﬁtonﬁg@ft
1§ ght - eninericagtbRETERE A AHGUEIBIPhebody BF- T e ani Mals. |t was found
that the gistribud og; padsesnigkel izghtrostisramid ol tbai mycanoraera¥@hous
injection o cteria into the mce was bacterj al-st:ra I depandant i
I'nj ect i orpfthe PEGEELEd IBVERYBRPNGTF URT %%%Iéaé%})w%%’gi éi??se% nati on pJfOItlhe
bact eri a ¢fipughRided, ha-hashymis t heraripoptopl & Fackoray. PRARs agart et f of
di stribution was visible w.thi - ' ter hackeehdl 1ibEeat hesvand
cont i nued(@% B d%%’éasé’d’r’ﬁlq%g)@ne-e%%?é% L‘er vat | on%peri od. Injection of
attenuat egh s shapern tat atechetbbooustt cafn inElavestoresH e | Fght
em ssion that was | ocal 1 N6 d VBIsaWiskhi n S HE Milewoabbhat shacoeri al
i nj ot | orthncE G dc{/tlzgi%b%}ge?in}lﬁ fe i ver At 't he. one- hour observation
period (FigHr pra@nt Thevdnthienerrne | Prefrrabiet SRR stPi KA parter ns
suggests a.difference inthg Lnteraskion ebovbesdtsf rassseat tbot hathost
once insi‘ﬁ’e&} h%n%ngﬁalééﬁémggﬁg the same aninmals 48 h after bacteri al
i nj ect i onimsdowed orhdnfaprmefored#gs®di®abl e 1ight emi ssion fromthe
earlier tinme had dimnished and was. el i m nated conpletely fromthe
injected animal with the exception .of the. infl lg@g wpunded tissuesagdch as
_ the inci sForratnd t&fd %Jﬁ%“f%ard?%l%ggi o Tt ammat | ong':an these .ti ssues
was i dentjfiggh bydhein)r edonndoetiegntitis mfféaraicectLi ght FHILIPEAwas
detected I n the incisjon wound and/ or +ipulhg, i phl@isd Sar (i Rg-dug@kangup to
5 to 8 da¥eIHE¥ti i rﬁ\ﬁv&a@ﬁ%\?\/ggl %%ﬁﬁzrme}sd by Tonger photon collection
tinmes, i.ehe lBedigides ([ grnedd Guanderi gafeigpleytanif ,‘%f@g' { 5of 9 i ght
-em ssion was,_nof due.to '.tzh%il-o%SS of the plasmd DNA. or the silencing of
gene exprBeSFORah SHEBELA ST 4. I n other Experinents |ight enission in
animal s could be consistently detected for up to 50 days. Simlar data
were obtained in :

. Brief description of the drawings

af’ig'ure 1: .Visua_]__,izatic}_)ﬁ of bacteria ,intravenou-sly _jnjedteﬁ ‘

into nude mice o
7 ' attenuated Salmonella
Both

. Wude mice were dinjected Wwith 1 X 107 ‘
t@hmur:tmn (A) or 1 x 107 attenuated Vibrio cholera {B,L
_,‘si-:rains weie Etrarsformed with pLITE201 carrying the lnx
ope;:on. Pﬁo’ton ,collé_ct_ion was for one minute 20 min aftér

. Bacterial injections.

Visualization of S§. typhimurium in the same animal

: Figﬁre 2



~tine.

20 i munoconpetent C57BUG m ce (Figure 4), show ng that these
observations are not limted to animals with altered i mmuune Systens.
Careful exam nation of individually excised organs as well as bl ood
sanples frominfected animals confirned the absence of | um nescence in

t hese normal uninjured tissues. Furthernore, the experinental data
denonstrated that colonization of the injured tissues is a common
occurrence in mce. Twenty-four of 29 incision wounds (82.8 % and 12 of
29 ear tags (41.4 *) in the mce wereiéol onized by intravenously injected
bacteria. Wund col oni zation by intravenously injected bacteria occurred
foll ow ngyen]zec&ﬂdny oibéémmdbgigerhO@oncent rations as low as 1 x 105
bact er i aktl&e' LS %;;%ct@a' %tﬁai'gnl@* a%tah%egazgd nARaHS.
subsequen ermr vel n 1 njection of -em tting bac eria SUI‘%I cal
heart debrctihenefirst eabedm@b@mh Egr%@dt hg’aﬁt@—ééé‘ur‘@-’eprwgcﬁi%‘l

descri be L Ne Bt . ad N 3 97, 9 16t
Over hol sgr ‘%“I“?&‘? ?ﬁ% % ? D| s 155( 1) (198783@( 12)%'6:31)1258A SI'3r| efl%%}
ani mal s hertenieswhse d¢axedh fgo8 Uyl bl tb6 FFEeRtiop. P A

m dl i ne eg&kmegg%ﬂnwz@@%d@& e EXPOSEad h@egmma@ammwa &Yy Thé

pol ypr opyl ene- cat heter was int roduced a é/iag)ﬁed %3}& resi stanct?]1 was
“met i ndi 2aEPWY i(Rier CPofa¥ T he 1F“?ev%*Pl Elc APy &° HEEa S er
was thencssge & £5édGlte Mbuhdeut wégl(nﬁawnr gi cal I nstrunent Corporation,
Japan) and the incision was closed using 4-0 silk sutures (American
Cyanani de Conpany, Wayne, New Jersey). Placenment of the catheter causes
irritati gngapd subveguenizhuidmnmint vonchblehe bwrihe sty ealiSmit everand
Levi son, " 1978) Cont_r ol il rrals .di.d not undergo the catheterization
procedur. Bale =LY BEFICSd by injection of 1 x 108 |ight-emitting
bact er| atwzael iuﬁcef w&recmhjiemead twnieH aox al 07y eithenwabad oFs eeheteXameét atel y
after ction ndr t he t 1 was-
vi si bl e :;: €t hdT Fl ve SFE& S!ﬁg g%’?g&é‘) nﬁ%ﬁ?%}é@%?%% g%leér:‘%ﬁmleéa 3Pt

cat het er Rledranegadm ob n‘shstmmma}l diérton Jtirva @6Y§o Rakezat PREESFLia HETfear t
with Tight.em t' :JPa?:E:l “&mf@t éﬂhmaml Rl S howedeRasti g ObE iwghy

em ssion from eart Figure 6). To-determne if |ow andq undet ect abl e
| evel s oﬁnbaéﬁ-@ﬂl wowefle agr dagiratfdt H@’ e FEEoveh dHea P

spl een WeLenSXCH38UhEE QMRS ARIRL and evbhiied @Mﬁﬁm}@wtwouﬁﬁe () vers
and spleens of the rats, which are organs that are directly involved in
bacterial clearance, in both groups showed.presence of light emtting

bact eri apighana | i ghéner saiion Wes Uet egfcitrian iheagatineteotoepetwddrt in
contrast fo tThe control heart, which had conpl ete absence of emtted |ight
(Figure P ¥BYBScteria were det ected on the cultured catheters. These
findi ngs i adiiodt att—.bﬁaamal 2. Icwemwermgl- Farstvemionsilyj deiedtedtnthe -

bl oodstream vi a _t raI e [ Rl t jured
or i nf | AR TOLde PSS and g e et ar o &
_provi ded t#iet eBottiat deont aﬁtlezd thaqt@tfaﬁﬁ b@é]@?ﬁ@f# ofinfieskhd®y pet¥ od of

Q)

white axrrow}.

Figure 5: -Visualiz:ation of 1light ,-eﬁnitting _jb_éctéjri_a _in the
liver of rats , -
prague Dawley rats were :Lntravenousiy 3.113 ected with 1 x 16°

' rattenuated E. coli transformed with the. ‘plasmid- DNA pLITE201.
carry:i.ng the luxcdabé  opexon. ?hotons were collec:t:ed
immediately after infection foxr one mlnute yinder the low light
imager (Night Owl). nght emitting _bac_terla_ were visualized in

" the liver of the whole live ahimal.

Figure 6: Colomization of rat hedrts with light emitting




22 CLAIMS 1.Use of a detectable bacteriumin the preparation of a
conposition for detection of a wounded or inflaned tissue inside a

subj ect, wherein the bacterium (a) follow ng systemc

adm ni stration accunul ates in wounded or inflanmed tissues within a subject
due only to protection of the bacteriumin the wound or inflanmed tissue
frombeing cleared froma subject by the i mune system (b) is not
targeted to a the wounded or inflaned tissue; (c) conprises DNA
encoding a detectable protein or a protein that can induce a detectable
signal ; and (d) is non-pathogenic to the subject or is attenuated
and can rkpktteni® in the subject. 2.Use of a bacterium encoding a

S Engzr:z%rgﬁouso rlnj epc;é)ito% of a@ﬁ@' fa@é. %ﬁgHC'lngc % 0°® attenuated E.
coli transformed with the plasmid pLITE201 carrying the
Juxedabe operon did not lead to colonization of the hearts of
control animals, which had not been catheterized (A). Similar
induction of bacteremias in rats catheterized through the
right carotid aﬁ:texy lead to the colonization of the heart

with light emitting bacteria (B).

Figure 7: Detection of resiﬁgal bac.tgr_ia in the brgans:__ 'Q:E rats

Three days following intravenous injection of the rats with 1
x 10% attenuated H. coli, thé hearts, livers, and spleens were
excised and cultured overnight. Light emitting bacteria were
visualized umder the low 1light imager (Hamamatsyi)‘ in all
specimens from the catheterized rats (A-'C)I‘ r'while in the
control animals, bacteria were detected in the 11ver {A} and'

spleen (B) but not the heart (C).
The present invention is explained by the 'folio'wiﬁ_g e}'cat_n;:le's*. '

Example i : Materials and Methods -

{A) Bacterlal strains

The strains used were a non-—pathogenlc laboratory Btraln.
Escherichia coli, strain DHSq, at—tenuat@gi- : Salmanella _
ltyphimuriuﬁ_ (SL7207 - hisséé, : 5EL49?I3£¢ASa4gEﬁm10;] ~ and
attenuated Vibrio cholerae (Behgal 2 Serotyp - 0139, M010
DattRST) . R

{B) Plasmld constmcts
The plasmld DNA pLITE201 contaz.nlng the 1uxcdabe gene cassette‘

was obtained from Dr. ¥. Marines (Vou_sey.-and Mar:q_,ngs., ‘B;lot-ech.

24 (1998) 56-58).



detectabl e signal for the preparation of a pharmaceutical conposition for
the treatnment of wounded or inflaned tissue, wherein the bacterium

(a) follow ng system c adm ni stration accunul ates at wounded or infl aned
tissue within a subject due only to protection of the bacteriumin the
wound or wounded tissue frombeing cleared froma subject by the inmune

system (b) is not targeted to a the wounded or inflanmed tissue;
(c) is one that is non-pathogenic to the subject or is attenuated and can
replicate in the subject; and 18d) al so contains DNA encoding a

protein suitable for the therapy of wounded or inflanmed tissue. 3. The use
of claim1 or 2, wherein the DNA that encodes a detectable protein or a
protein aoable of inducing a detectable signal encodes a | um nescent or

f 1 uor escent—pr 183 He~bse of claim2, wherein the fluorescent protein
is red fFﬂ@éestenunpﬁmbeknomd mm&§1E$Lﬁﬁ@snaﬁnupmupa|ﬂ2$¥ﬂ%e9u§§@m

claim 1, uhergl N thesPNOILahaG160085c8 dSbECEED! § BLALCHRighty ReQkel N
purchased from Harlan (Fredexrick, MD, USA) . C87BL/6J mice wexre
obtained from Jackson Laboratories (Bar Harbor, ME, USA). All

ariimal experiments were carried out in accordaﬁce with'
protocols approved by the Lorna Idinda University aniwal
regearclh committee. The animals containing recombinant DNA
materials and attenuated .pat'ho‘g.;ens were kep‘t in the Loma Linda

University anifual care facility at biosafety level two.

(D) Detection of luminescence

Tmmediately before imaging, the animals were anesthetized with
iﬁtraperitoneal injections of sodium pentobarbital (Nembutal®
‘Sodium" solutidn, Abbot ILaboratories, NWorth Chicago, IL; 60
mg/kg body weight). The animals were placed inside the dark
 box for pﬁoton counting and recording superimposed images
(ARGUS 100 Low Light Imaging System, Hamawmatsu, Hamamatsu,
'Japaﬁ a_nd Night Owl, Berthold Technologies, GubH and Co. KG,
Bad Wildbad, Gémany') . Photon ecollection was fd:r: one minuté
from ventral and dorsal wviews of the animals. A photographic.
iniage was then recorded and the low light image was
" muperimposed over the phdtqg:r—aphic image .to demonstrate the

location of luminescent as_ctiv;i-_ty.

‘Example 2: LcGibhi-jzéﬁt;:ioh of dutanieous wounds by intravenously.

:‘._nj_ectéd 1ight aeﬁitﬁii;g-iaac;teria in live animals

‘Yo determine the fate of intravenously imjected luminescent
‘bacteria in the anlmals , 1 -x 16" bacteria carrying the_-;pLIT_EZOi
| 'plasmid’ DNA in 50 ul were inj‘ec'téd into the left fetﬁor'al vain
of nude mce under anesthe51a. ‘I‘o expose the femoral vein, a

©1-cm  ineision was made wa.th ‘a surg1ca1 blade. Following



capabl e of inducing a detectable signal encodes |uciferase. 6.The use of
claim5, wherein the bacterium al so encodes a substrate for the

| uci ferase. 7. The use of claim1l, wherein detection is based on a signal.
23 8. The use of claim 7, wherein the signal is detectable by
magneti c resonance i nmagi ng. 9. The use of any of clains 1-8, -
wherein the conposition is fornulated for ntravenous, intraperitoneal,
subcut aneous or intranuscular adm nistration into a subject. 10.
The use of any of clains 1-7, whereinighe DNA that encodes a detectabl e,
protein or a protein capable of inducing a detectable signal encodes a
protein thakuean 4 nanko ﬁn@mmmstwm agent ,swhrmwophbhe ori¢e c#ggeund or
| i gand for V|suaI|z ion of tis Sgnd | ai s
1-7, whePERALPRE JaRdTt dﬁﬁéjﬁ? tb%mgggfo?é%n %§§5%|e ofu%ﬁﬁhg%r%

det ect abkel1skgoad fﬁraoﬁetaindmtaﬂdl Igaging eph. cach animaly waﬁ@ﬁtk?@‘:@% any

of clains, _1-11, wherein th LS.86! eakediilhem: AgPngn abkenyat ed
Sal nonel Bk Pﬁ?ﬁﬁ”ﬁuﬁﬁﬂ% \? %%d#g}ae flsterla nonocyt ogenes and
Escheri chightebkiitting bacterla throughout the body of the anmimals.
was found that the distribution pattern of light emigsion
following an intravenous injection of bacteria into the mice
was bacterial-strain-dependent. Injection of at_tenu-ated’ s.
typhimurium caused wide dissemination of the bacteria
throughout the body of the animals (Figure 1A). This pattern
of distribution was wisible within 5 winutes after bacterial
injection and continued to be detecte‘d at the one-hour
observation perlod Injectlon of attenuated V. cholera into
 the bloods_tream,: however, regsulted in 1;1.9111: emigaion that was
localized to the liver within 5 minutes after bacterial
injection and 'r-emained vigible in the liver at the one-hour

observation peried - (Figure 1B).

--Thé difference izi ‘the bactexrial 'distribution patterns -suggésts
a difference in the interaction of these strains with the host
once inside the animal. Imaging the same animals 48 h after.
pacterial injection showed that all of the detectable 1ight
emission from the earlier  time had diminished and was
eliminated cowpletely from the injected animal with the
exception of the 1nf1améd wounded tissues such as the incision
wound and .the ear tag reglon. Inflammatlon in these tlssues
was :Ldentlfled by their red and edematous appearance. Light
emss:.on was ﬂeteci:ed 4n- the J.IlClSlOIl wound and]or in the
.1nf1amed ear tag reglon up to 5 to 8 days postinj ectlon, which
wasg conflmea by longer : photan collection times, i.e. 10
minutes (Flgure ZA-C and -F:Lgure BA—C) The absence 6f 1ight
emisgion was not due to the 1oss -of the plasmld DNA or the
“gilencing of gene. expressum in the bacterla- -In - othe::_
experlments 1ight emission in animals could be congistently -

' detected for up to- 50 days. S:».mllar data were obtained in



13. The use of any of clains 1-11, wherein the bacteriumis an attenuated

form of a pathogenic bacterium 14. The use of claim1l, wherein
t he bacterium al so encodes a protein for therapy of wounded or inflamed
tissue inside a subject.’ 15. The use of any of clains 2-14,

wherein the bacteriumencodes a protein for therapy of wounded or inflaned
ti ssue inside of a subject selected fromanong TG al pha, PDGF,
keratinocyte growh factor, 1G=-1, insulin-like growth factor-binding
proteins, IL-4, IL-8, endothelin-1, capnective tissue growh factor,

| NF- al pha, VEGF, cycl ooxygenase, cyclooxygenase-2 inhibitor, infliximab,

| L- 10, | ipaseccansiaane, cbyRoay maicpr didgopeotdle felkrweing CoaR shgse PPAR

agoni st . . 16. The us f. cl.aiam ) 4, rei nded or
"t | amed “PPESTRE IR dBTEhaoky b R %%é%?‘%?%% wlkf §1§F F8 SRS o
f rom anoegseadocatai¢is), pemicatdion of Hodividvabhy rexterat Sred fudPeus
pul posi s) .;§enpor ah agt &l thSs PRLYA" ifAddeedn R 1 AN cBhE Hhdd C thkSease,

atheroscl'érotiC diséase, coronary artery disease, peripheral vascul ar
di sease, abeerde alofar lepineferumse, laut‘ﬁlqsrﬁm%r'ﬁise%éfﬂpﬁﬁﬁrrﬁﬁsﬁes‘
arthriti %gﬁéﬁ&&}é, sclgfosi a0 iehbBLMEr a5t4li Se@dsfenstrated 1Thathe use

of claim erein the wounded or inflaned tissue is an atheroscl.erotic
24 cogonipetice of Erai MAVEERHETIPT N Fact AT Um UitEdEEE prot ei n
for treapgeat QkeatPeEOSE! &F 029 CifhBeRARC wounds (B2.8The wsd ab afy 20f

| ai 2-14, wherein th ri um.en ' n., en i.n | | '
cratms ear tagg %41-}} (%3‘) bggt %heumigecgg%% %olgnf%/gg }:(33‘?1 ufnt v%%ously

jnjected bacteria. Wound colonization by = intravenously
injected bacteria occurred following injection of V. cholera

in concentrations as low as 1 x 10° bacterial cells.

Example 3: Colonization of catheterized rat hearts subsequent '

to femoral wvein inj,'eqtibn ‘of light-emitting b-ac-teria:

Surgical heart defects were created according to the
- procedures previously described (Santoro and Levison, Infect -
Imu,n-. 19(3) (1978}, 915-918; Overholser et al., -Jd. Infect.
Dis. 155(1)  (1887), 107-112). Briefly, animals weve
anesthetized with sodium 'pentobarbital {60 mg/kg i.p.}. A
midline neck ineision was made tb_ expose the 'tighﬁ c-arctid
artery. A polypropyiene catheter was introduced and advanced
until resistance was met indicating insertion to the 1eve1_ of
‘the aortic valve. The c,aﬂt;heter wag then 'sec':m:ed uSing.--a' 10-0
suture {AROSurgical Instrument Corporation, ‘Japa'z__:l). and the
namide

';incision was closed using 4-0 silk fsutures {Amériqan Cya
Company, Wayne, New Jersey). Placement of the ‘catheter paﬁSQ'S‘

'ifri-tation and subsééuent inflammation of the ,-:aqrt'ic valire )
{Santoro and Levison, 1978). Contxrol k_ animals did ;:nct underga :
the catheterization progedure. Bzici;eremias were ‘induced by
-finjeCtli—oii of 1 x 10° light-emitting bagterial cells of E. coli
wvia ‘the femor-'ai vein. When obsexrved ;umnedlately after

- infection under the low 1ight' imager, bagtefial. colonization



death or an enzyne causing the digestion of debris for therapy of wounded

or inflaned tissue inside of a subject protein. 20. The use of celaim
14, wherein the protein for therapy is selected fromanong a |ipase,
prot ease, |ysozyne, proapoptotic factor and a PPAR-agoni st. 21. Use

of a vaccinia virus in the preparation of a conposition for systemc
adm ni stration for detection of wounded or inflanmed tissue inside of a
subj ect, wherein: the virus encodes a detectable protein or a protein
capabl e of inducing a detectable signatt and the virus is

non- pat hogenic or is attenuated, is recognized by the inmune systemof a
subj ect, werd wisphileatios tihe tHereyypjegdon aﬁéﬂB§9 %he ¥hrae de¥antfbees in

vounded qfyyaf | ANl LSz die OBhynd®s P 0LBALLGReAELY NC BREbAGLKALLA (he

wound or wounded tissue from being .cleared froma subjecgt by the ipmnune

system colonizagiogheofse thp chﬁﬁﬁ¥21W1§me¥%9?- hémVFFﬁggadB?FFﬁﬁbﬁiy
encodes G NahdhaidedRweal MpuUBLgd @t lnigmedardlsssuﬁ from the 23.

e e k! e 1A, LIS BEELE 0 Bl Dol 8L B
growt h fa§gcﬁaéﬂdyﬁangwﬁ&iW§ﬂdyﬁntThn4theltlasueadothelhaaiﬁ cbmmentam@
poue, U actel TN gl phay VECE GHSLIPUIATANS.UA| BRLYROEE: 2
~factor, OB 2iandm RARpmgensstof the rats, whlch are organs that are
direetly involved in bacterial clearance, in both groups
showed presence of 1light emitting bacteria. Strong light
‘emission was detected in the catheterized hﬁartrin contrast to
the control heart, which had complete absence of emitted light
{Figure 7). No Dbacteria were detected on the cultured

catheters.

‘These findings indicate that while iightvémittiﬂg bacteria
.injeéted=.into the bloodstream wia the femoral vein were
cleared from normal tissues, imjured or inflamed tissués in
1mmunocompromlsed and immunocompetent animals provldad 81tes
that continued to retain bacterla for an extended perlod of

Eime.



24. The use of claim 22, wherein the protein is an enzyme causing cel
death or an enzyne causing the digestion of debris. 25. The use of
claim 22, wherein the inflammtion i $£2associated with a disease sel ected
from anong i nflammatory bowel disease, Crohn's disease, ulcerative
colitiggammdocarditis, pericarditis, |ow back pain, herniated nucl eus

pul posis, tenporal arteritis, polyarteritis nodosa, an arthritic disease,
at heroscl erotic disease, coronary artery di sease, peripheral vascul ar

di sease, cef ebr afjseafta@lelecidbs Daserianch My bichabt@nsgladbepbsition fdbdetection of 26.
The use of any of clains 21-25, wherein the conposition is fornulated for

syst env@mngderharaniiamed tissgnosiie ¢ sEHeR SHGTRE F WACEHPBr i t oneal , subcut aneous or

i ntranuscul @y f(ﬁ’l@]‘m\?’%isﬁt&ﬁﬁ I2QRididHaBor! ARuSLIBe & wounded or infladded tdoges wa@i0of any
of clains 21-26,

! erein the detectable protein or rot ei n_capapl e of
i nducistbjeet Wewelttapraiecspyntbe Fpeten oo ettt e R e PP S
i nf | anfagh § biaddeny dE puBhedpdiget i on of |ight. 28. The use of any of

clains 22-27, wherein_the detectable protein or a protein capable of
i nduci ng a (@bisaettasrted Wiadbmroudpdoinfiameddisiuect i on of wounded tissue or

inflamed t '@Fé@n&@é@Nﬂ%@ocﬁd@@ @btectable protein or a protein that can induce a detectable
‘signal; and | - ‘

(d) is non-pathogenic to the subject or is attenuated and can replicate in the subject.

2. Use of a bacterium encoding a detectable protein or a protein capable of inducing a
detectable signal for the preparatidn of a pharmaceutical composition for the treatment of wounded or
inflamed tissue, wherein the bacterium: | .

- (a) following systemic administration accumulates at wounded or inflamed tissue within a
subject due only to protection of the bacterium in the wound or wounded tissue from being cleared
from a subject by the immune system; ‘

(b) is not targeted to a the wounded or inflamed tissue;

(c) is one that is non-pathogenic to the subject or is attenuated and can replicate in the subject;
and . _
(d) also contains DNA encoding a protein suitable for the therapy of wounded or inflamed

tissue.

3. The use of claim 1 or 2, wherein the DNA that encodes a detectable protein or a

protein capable of inducing a detectable signal encodes a luminescent or fluorescent protein.

4. The use of claim 2, wherein the fluorescent protein is red fluorescent protein or green

fluorescent protein.

5. The use of claim 1, wherein the DNA that encodes a detectable protein or a protein -

capable of inducing a detectable signal encodes luciferase.

6. The use of claim 5, wherein the bacterium also encodes a substrate for the luciferase.

7. The use of claim 1, wherein detection is based on a signal.



29. The use of claim 22, wherein the signal is detectable by low |ight

I magi ng or fluorescence inmaging. 30. The use of claim 22, wherein
the detectable protein or a protein @3pable of inducing a detectable
signal is a fluorescent or |um nescent protein,. 31. The use of

cl ai m 30, wher eiThetubeofflraresEeeth thelsphaliinddtS:tabledyasigndticuapemeeinagippeot ei n

or a red fluorescent protein. 32. The use of claim 22, wherein the
detectable protein or a protein capable of inducing a detectable signal is
a luciferasg. The use of33y of biRim4SIEs, Hfheirath8cdZpositde iscfofindlliel foripirkenase -1 s a

bacterial |uciferase or a,fireng | yci f er ase. .
intraperitoneal, subcutaneous or intramuscualar administration into a subject.

10. The use of any of claims 1-7, wherein the DNA that encodes a detectable protein or a
protein capable of inducing a detectable signal encodes a protein that can bind to a contrasting agent,

chromophore or a compound or ligand for visualization of tissues.

11. = The use of any of claims 1-7, wherein the detectable protein or a protein capable of

inducing a detectable signal is a metal-binding protein.

'12. The use of any of claims 1-11, wherein the bacterium is sclected from among attenuated -

Salmonella thyphimurium, Vibrio cholerae, Listeria monocylogenes and Escherichia coli.

13. The use of any of claims 1-11, wherein the bacterium is an attenuated form of a

pathogenic bacterium.

14. The use of claim 1, wherein the bacterium also encodes a protein for therapy of

wounded or inflamed tissue inside a subject.

15. The use of ény of claims 2-14, wherein the bacterium encodes a protein for therapy of
wounded or inflamed tissue inside of a subject selected from among TGF-alpha, PDGF, keratinocyte
growtﬁ factor, IGF-1, insulin-like growth factor-binding proteins, IL-4, IL-8, endothelin-1, connective
tissne growth factor, TNF-alpha, VEGF, cyclooxygenase, cyclooxygenase-2 inhibitor, infliximab, 1L~ -
10, lipase, protease, lysozyme, pro-apoptotic factor, COX-2 and a PPAR agonist.

16. The use of claim 1, 2 or 14, wherein the wounded 01; inflamed tissue inside the subject
is associated with a disease selected from among endocarditis, pericarditis, low back pain (herniated
nucleus pulposis), temporal arteritis, polyarteritis nodosa, an arthritic disease, atherosclerotic discase,
coronary artery disease, peripheral vascular disease, cerebral artery disease, auto-immune disease,

rheumatoid arthritis, multiple sclerosis and Alzheimer’s disease.

17. The use of claim 16, wherein the wounded or inflamed tissue is an atherosclerotic

plaque.



34. The use of claim 22, wherein the detectable protein or a protein

capabl e of inducing a detectable signal is a fusion protein conprising a
Renilla | uciferase and an Aequorea green fluorescent protein. 26 LIGHT
EM TTI NG M CROORGANI SM5 AND CELLS FOR DI AGNCSI S AND THERAPY OF DI SEASES

ASSCCI ATED W TH - NEL T dhed is the use
of a nicrooygani?ﬁ?yggggﬁﬁnéygtﬁ%ﬁ?ﬁbkgﬁgﬁﬂﬁggggéﬁ%éP&%%% Bﬁbnggﬁggég?able
pr ot ei Athgos@erpicolissass. capabl e of inducing a detectable signal, e.g., a

| um nescent or fluorescent protein for the preparation of a diagnostic
conposition for diagnosis and/or visualization of wounded or inflaned

ti ssue or alBi sedsevwsfayi dickint hét evlicten thireedwe encoltenapgid causigesllar e

descri er el B .G OQF I.Sm el | ditianal.ly contain an
expresggg}g—%N%E%é%%@%%%&%%gggF%gggang?gﬁﬁa d%ggﬁfé%fgﬁﬁ%HQEEEV?ug%5. an
enzymeotawdicrgprgehl death or digestion of debris.. FIGURE 1

20. © The use of claim 14, wherein the protein for therapy is selected from among a lipase,

proiease, lysozyme, proapoptotic factor and a PPAR-agonist.

21. Use of a vaccinia virus in the preparation of a composition for systemic
administration for detection of wounded or inflamed tissue inside of a subject, wherein:

the virus encodes a detectable protein or a protein capable of inducing a detectable signal; and

~ the virus is non-patbogenié or is attenuated, is récognized by the immune system of a subject,

and replicates in the subject, whereby the virus accumulates in wounded or inflamed tissue due only

to protection of the bacterium in the wound or wounded tissue from being cleared from a subject by

the immune system.

22. The use of claim 21, wherein the virus additionally encodes a protein for therapy of

wounded or inflamed tissue.

23 The use of claim 22, wherein the protein for therapy is selected from among TGF-
alpha, PDGF, keratinocyte growth factor, IGF-1, insulin-like growth factor-binding proteins, IL4, IL--
8, endothelin-1, connective tissne growth factor, TNF-alpha, VEGEF, cyclooxygenase, |
cyclooxygenase-2 inhibitor, infliximab, IL-10, lipase, protease, lysozyme, pro—apoptotic factor, COX-
2 and a PPAR agonist. - 7 ' '

24. The use of claim 22, whercin the protein is an enzyme causing cell death or an

enzyme causing the digestion of debris.

25. The use of claim 22, wherein the inflammation is associated with a disease selected
from among inflammatory bowel disease, Crohn’s disease, ulcerative colitis, endocarditis,
pericarditis, low back pain, herniated nucleus pulposis, temporal arteritis, polyarteritis nodosa, an
arthritic disease, atherosclerotic disease, coronary artery disease, peripheral vascular disease, cerebral

artery discase and multiple sclerosis.
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26. The use of any of claims 21-25, wherein. the composition is formulated for systemic

administration by intravenous, iniraperitoneal, subcutancous or intramuscular administration into the

subject.

27. The use of any of claims 21-26, wherein the detectable protein or a protein capable of
inducing a detectable signal allows for detection of wounded tissue or inflamed tissue through

detection of light.

28. The use of any of claims 22-27, wherein the detectable protein or a protein capable of

inducing a detectablg signal allows for detection of wounded tissue or ‘inflamed tissue based on a

signal.

29. The use of claim 22, wherein the signal is detectable by low light imaging or

fluorescence imaging.

30. The use of claim 22, wherein the detectable protein or a protein capable of inducing a

detectable signal is a fluorescent or luminescent protein.

31. The use of claim 30, wherein the fluorescent protein is a green fluorescent protein or

a red fluorescent protein.

32, The use of claim 22, wherein the detectable protein or a protein capable of inducing a

detectable signal is a luciferase.

33. The use of claim 32, wherein the luciferase is a bacterial luciferase or a firefly
luciferase.
34. The use of claim 22, wherein the detectable protein or a protein capable of inducing a

detectable signal is a fusion protein comprising a Renilla luciferase and an Aequorea green fluorescent

protein.
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LIGHT EMITTING MICROORGANISMS AND CELLS FOR DIAGNOSIS AND
THERAPY OF DISEASES ASSOCIATED WITH WOUNDED OR INFLAMED TiSSUE

ABSTRACT

Described is the use of a microorganism or éell containing a DNA sequehce encoding a
detectable protein or a protein cépabfe of inducing a detectable signal, e.g., a
!uminéscent or ﬁuoréscent protein for the preparation of a diagnostic composition for
diagnosis and/or visualization of wounded or inflamed tissue or a disease associated
 therewith. Moreover, therapeutic uses are described, wherein said microonganism orcell
additionally contain én .expressible DNA sequence. encoding a_ protein suitable for

therapy, e.g. an enzyme causing cell death or digestion of debris.

FIGURE 1



