al Light emitting 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
encoding a. detectable protein or a protein capable of inducing. a
detectable signal, e.g. a lumnescent 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 croorgani smor cell additionally contain an expressi ble DNA sequence
encoding a protein suitable for therapy, e.g. an enzyne causing cell death
or digestion of debris. Bacterem as nay arise fromtraumatic injuries and
surgical procedures as well as from physiol ogical functions, such. as
chewi ng or tooth brushing. Blood cultures taken before and after invasive

procedures and sl eke@ksaly HiOCdd QA ilsh@ManReabiny Rurad; SR E6 Singhow
that while the premanipul ation bl ood sanples are sterile, bacteria are

present |ﬁhFHéPHIBgddlﬁﬁa%%?yﬁ%ﬁ?q%%§ﬁéeﬂéF%s“?ﬁﬁﬁﬁéhQE]%ﬂfhﬂﬁ@dpﬁeééﬂﬁres A
potential, consequence of bacterem a is colonization of susceptible sites.
However , desplte the occurrence of transient bacterem as, only a certain
percentag@ %fPﬁWEﬁPW|%%Wﬂﬁé¥¥bﬁF%aH§§eF6ptB%c¥%$|%f 2 SR OHIBH.58% oF

potenti al by1lsusaeRihbhe Si 8B sAqULABE edbodifyes! | BALRIBHIRY §riaqast ed
that bacteria fromthe blo EFC|rcuIat|on can co onlziﬁlnflaned tlssues in

ani mal notel & EﬁﬁtSﬁntﬁ@P alt 1BFUFiPPaft SFEeREPREPaPigRathee-g. 3
inconS|stEmmym¢mcéh£ @ﬁtthﬁQ@@@&ﬂﬁh@ﬂmaknr1faﬁu&ﬁ@sPE@bhﬁ&tﬂ@u‘@f a
bact erem SO be due.to th si stance of t he
Dol obi 1] BAROARE BESuELt fo Mor AERShORET ShaVORe lB SRR St B 1o
di ff erentwounded or inflamed tissue or ‘a disease assoclated tharew:n.th. .
“The present invention also relates to therapeutlc uses ‘wherein
said microorganism or cell addlta.onally contain a,n.expres_sszle
DNA seéquence _.énchin‘g & protein ‘suitable for 'therapy, é.g. an

| enzyme caus-ing“cel_l death or digestion of debris.

1 .-ﬁa_etea:_etﬁias may arise from 'traum-étic injuries and surgical -
procedures as well 'aé_ frp’m physiologiCal‘- functions, such. -as
chewing or tooth brushing. Bloed cultures taken before and:
"'_after invasive precedures andg phys:.ologlcal ﬁunctlnns from
:healthy human subjects show - that while the premanlpulatlon-
hlood gamples are sterlle, bacterla are present in the hlaod :
;Ln varying frequencxes depegd;xng on the” ;procgduras., ¥4
'V_poﬁen‘tial. consequence 'cif baéteremié' is -Qolbni;za%iéﬁ' of
susceptible - Sites. ' However, - desplte - the | occurrenee of
: tran51ent bacteremlas . only a certaln percent:age of. hlgh-rlsk
_ :pata.ents davelop bacterlal colomzata,on _'0:_‘_5 petents.ally
E Susceptlble 51tes. A pumber of - 1nvest1gatnrs ”ilave suggested
. that’ bacterla fr@m the. bload 01rc:u1atlon can’ calcnlze .ulflamed'“_'
4 i:lssues in - anunal models and an the surfaCe of 1mplanted
'Imaterlals.. ‘I‘he 1ncons:.stency :Ln the patheloglcal changes in
U huhans foll@w:mtg & bacteremz.a - may also be due to the
' ";:'resa.stance of “host munune system, the 'V‘ﬁrlﬁblllty in. the"_',
‘concentratlen o‘f bacterla “in the blood subsequent t:@ é:a.fferent'



e - e------ 2 bacterem a events, and the virulence of any given
bacterial -strain. A nunber of investigators have focused on the nature of
the inplanted materials as the factor that influences the ability of
bacteria to adhere. Materials such as sutures and surgical clips which are-
used for closure of wounds, are potential sites of bacterial colonization.
Infection of these materials may inpede wound heal ing and/or place
patients at increased risk of secondary infections. A variety of wound
closure nmaterials have been manufactured with varying affinities for
bacteria. Certain wound closure materiaks, such as braided sutures, have
been associated with a higher incidence of infection. The multifilanent
nat ure of YWaiterbypa afvesitisyr endratbei atirudrpgsei tofel 4ny ogiverekhgeerial
SUSCEpthI|I§¥ to bacterial colonization as well as causing a w cking

ef fect that Pows ‘penetration of bacteria across. the -tissues. Mre
permanent inplantable materials have denonstrated a simlar affinity for

bacteri a. PrOSth%}'8fh§ﬁﬁ%5¥§§¥é§r§nﬂab8'@E%u@%ﬁ Re alhe i REF@ASEHE T LBEK Of

bacterlalpbd?onlzatlon believed that this higher

suscept i bidmplpnties catreedady ase then T d¥at dpiduepseetty ebiddhér e
more readily g0.408 , VP e SUN MAARS1 AR Jdddr Rat |é(ﬂ;ur,esexa}isldarmrgﬁnam’ay be
that inflamnmtion inthe tissues surrounding. the inplants pro

envi r onmerelipsat whichorpaes iweab| Eoror chRWET | 8F ¢ zaft8n P9 engéal tion
to these gijyen Q%%Qd:ﬂéﬁlﬁs:COMM1&rﬁCthddtabW Iﬂﬁdamewe:etchels
Coul d be WY HBEPEE BPUPHT MERIAES: yUL/APUSPIATe | RECAPPERt S (ridgecel’
'”p|antEd:ﬂﬁﬂ@fbﬁlSs&@&m&h@@tamﬁkﬁmeeat OR cﬁmrmahy'spﬁesweﬁndlrﬂﬂa@##atlon
'n the bOdy terlals have been manufactured with varylng affinities for '
bacteria. Certain wound closure wmaterials, such &s Jbraided
sutures, have been associated with .a Higher incidence of
infection. The niultifiiament nature of 'th’is_ type of sutﬁ.re,-
raterial lends itself to increased susceptibility to bacterial
colonization as well as causi-ng a 'wi-éking effect that allows
penetrétion of - badtefia 'acro‘ssgr ,thé_ tissueg. Mere permanent
. implantsble materials have &'Qmo@trated- a similar affinity for
bacteria. Prosthetic hééft valves and joints way 'bg at
- inereaszed risk of bacterlai colonlzata.en. It is commonly
believed that this hlgher susceptlblllty is caused by the
| inherent abn.ln.ty of bacterla tf) adhere more readlly to the
1mp1a11t surfaces. An altematlve ' explanatlon may be that
- inflammation in the tlssues surroundlng the implants prov:.des :
_an environment ‘that ~i& ‘woxe Sult_:able for bacterial
.~c010nizatioz‘1. in addition- o t’hesé " given posaib‘ilitlés-,-
another factor that may a.nfluence the susceptibility of a
site, with regards to c@lcm:mata.on W:Lth bacteria could be the
dégree. -Qf 1n£1ammat:ory si:atus ef the affected tlssues.
Implanted materlals may create transz.ent ‘or chronic s:.tes of

.' inflammatlon in the. hody.

- Pregende o©f a.mplanted ‘mat:erzi.als is nca"t a requlrement for
'.bacterlal celonization. Mteratz.on of unatural andtomieal

structures that may arlse :Erom dlsease COIIdlthIlS may ‘produce



Presence of inplanted materials is not a requirenment for bacteri al

col oni zation. Alteration of natural anatom cal structures that may arise
from di sease conditions may produce 3 surfaces that are easier to colonize
by bacteria. It had been suggested that for the occurrence of infective
endocarditis (IE), the valve surface nust be altered in order to produce a
suitable site for bacterial attachnment and col onization. ' Additionally,
the m croorgani sns have to reach this site and adhere, since it is not
possible to produce IE in experinental 5 animals with injections of bacteria
unl ess the valvular surface is damaged. Lesions with high turbul ence

create cgnditians.thatyleadidiebad efdiahnicel by vacieniawhErehad Heémct s
with a |arge surface area or |ow flow are sel dom _i ngl.iv(e:at A b i s
However, seggested tthall domotthfe BPOVEFERFat Of r ARECENt Vobadt 6rom as

actual | y- ?i‘ﬂffe cRl opi At | anv-ofcd RfdsTesk ilteseddéd oridesuée pirndecehRre was
no nodel avallable allow ng the  tracing I a,.l | M]3 gani sm
i.e. allofrhiElle fiGi FYhe RASHSSr-E aﬁgrz%%%ﬁ%%f - ?aex}cgt ?%‘%115 |lp‘ tg%gween
bact er’i al it ecbhaTBy anehdli ateseskddmsisue Sitwes. tdbreavier thignpéreundtel y,

so far the early djagnosis, and. therapy-qof, i o] ﬂ@qggggg%gﬁgggs or
di seases a98BEFat &P Therteviit FOT éj.ogs.s,l%%% g?héjr:%g% %r otic disease,

endocar di hhSwaper | pekli tisjestions aé ubsstesiact @riesTheild or@lvidars the
object of the present invention.to. providesa geans £@Fndlene! ficegne and
reliable ﬁPﬁgﬁggislﬁs SiEi R gragg of mogﬂded,or inflaned tissue or
a di seasecondsbotons edthéver ebiad whbchbagbeebiks ?%kp%ﬁ§§HV§htag&?m8FSthe

di agnosti 6 and.t Nerapeyt i1C. ApPT gachess Phgagnidy WsRd.s1dcardi ng:ldout he
present inv I'on I's I's ‘achieved by the subject matters defined in the
clai ms. | AmpRécekp@rimetls
However, so far, it could mnot be proven that transient
bacteremias actually cause colonization of inflamed or wounded
tissue, since the;:;e was no model available allowing the
tracing of bacteria in a 1i%ring' organism, i.e. allowing to
explain the temporal and spatial relationship between
' bacterial infections and -diseased tissue sites. Moxeover,
-unfortunaté_lf, so far .the early dJdiagnosis and therapy -of
~inflamed Aor- wounded .t‘iSSu.es 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 "meaii's for the efficient and reliable diagnosis as
well as the therapy of wounded or inflamed tigsue Or a disease
associatédA therewith which overcomes the disaavantages of tﬁe

‘diagnostic and therapeutic approaches presently used.

- Accordlng to the . .Pr'esent. invention this is achieved by the
B su'bj ect =ma£ters ‘- defined in thé claims. In -‘1_t'he‘_3 ;expej:jim_emts
' leading to the present invention it has begﬁ found that

inflawmed tils?sﬁes; e.g. Dnear im@lant,ed' matexrial, ,pé'xmi:t
bacterial -c_ollc'mi-‘zatlién. Therefore, it is generally' possible to

visualize inflamed tissues through use of the system of the



| eading to the present invention it has been found that inflanmed tissues,
e.g. near inplanted material, permt bacterial colonization. Therefore, it
is generally possible to, visualize inflaned tissues 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 dynamcs of an infection process in a living
host. The external detection of lightyemtting bacteria allowed the

I nventors to non-invasively study the spatial and tenporal relationships

bet ween ?gﬁ&éﬂé’”iﬁé idhe gmpitgatied,dicgeasg: cardid i BES sHovm geRas ati on
of the I|i -em tting bacteria, the bacterial quab,ogeron was used which
encodes t@wpeessime  Qfci fasnese \#REKLiagt alyig8s -eRAtEEPIat PEAT ST edtited

flavin rpaonuc] £0Lice; dEMNE2henki heoBl espate Ofidwie Mubstradimg decanal .
This reaction then yields FMN, decanoic acjd, er aq%ﬁg.ghotq¥ Eﬁelight.
The | i ght thhobassetan tlﬁenabéflﬁaﬁsuﬂ?@trbylr%d%% &930APRortet eF'ST or by
Iom1|ightd¥ﬁag§ﬁ§.OfReggntiﬁfe&@ﬁmen@ﬁmeebactﬁﬂia& | Lixeidape hogér onThanhi ch
encodes the substrate as well _as, t | ugi_f erase _en n d for
det ect i on®¥¥eFR} edekechirpyi Af ;]rﬁ%&"ﬁm”f%éngdaﬁﬁ?é%%f%f %Tslﬁiggasyg%;m i's
that it degsedrd egbi eexegardusely axidlely shéstapmttdalwvind kakesril ideal
for in vivo, studies. in the studies |eading .0 t. oSPOLL dNVERLLIR. the
col oni zat F‘Bﬁaﬁo‘%%ﬁ‘r?ﬁegb%ﬁﬁe?rhf'Fﬂﬁgﬁlﬁ%&g‘e’sugn y %ﬁa%t glrg_ﬁgfglé 59 q?%y resent
in the cietenfidticg: blread cemelrdthon dénbhet Iigleic-awdtiing hacgebaash t hat
tissues that are . irritated by inmplanted gaterial s .§HER.AS S8 UeaSymiound
closure cPPRESERY pré&fhet ? E%%%?@%% aﬁgenD(eESysceptgg?e to - bactoria
col oni zat loniSelbseguehicho dmetlazes dthe Theidation of reduced flavin
' - wononucleotide (FMNEZ2)}, in the presence of the substrate,

decanal. This reaction then yields_ FMN, decanoic acid, water

"and a photon of light. The light photons . can then be captured

b’yz radiographs, luminometers, or by low Ilight imagers.

X _Receﬁtly, 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

" - gubstrate, which makes it ideal for in wvivo studies.

In the stu&iés leading to the present invention, the
colonization of wounded and inflamed tissue by bacteria
?:i;nitially present in the circulating blood could be

' '--demdnstrat'ed- and it could be sghown that tissues that ave K
irritated by implanted matexials "such as sutures, wound
tlosure clips and pxosthetic devices are more Susceptiblé to
‘bacterial colOnizatién ' -su’bseqﬁént to badteremia‘s._ The data
“.’.:Obﬁained from experiments with the ‘attenuated S. typhimurium
shows that r_followiﬁg an ‘intraveﬁpué injection, bacteria
‘disgseminate throughout the _bbdy of the 1live animals..
Therefore, it iz reascnable to 'sugge's-t ‘that the bacteria ‘reach
. _%he wounded or inflamed sites '_ via the circulation. These
.- findings described in detail ,in the EXan:pi:és, below, open rthe

‘way for (a) desigming multifunctionmal viral vectors useful for



obtai ned fromexperinents with the attenuated S. typhimurium shows that
foll ow ng an intravenous i njection, bacteria dissem nate throughout the
body of the live animals. Therefore, it is reasonable to suggest that the
bacteria reach the wounded or inflaned sites via the circul ation. These

findings described in detail in the exanples, below open the way for (a)
designing multifunctional viral vectors useful for - - ---------- 5 the
detection of wounded or inflamed tissue based on signals |I|ike |ight

em ssion or signals that can be visual gsed by MR and (b) the devel opnent
of bacterium and manmalian cell-based wounded or inflamed tissue
target | NOp gy Sh&fBed fbof WO A I HnthRidDCU b6udChes6aNcA! Befmalor 1 he
treatment of diseases . associated wi th wounded or inf I,ameg,t |$sue su](_;h as,
e.g., an lithekiddl erdEsion soxs6iomRdSetint: 6aR RavdicHe 8T oy nif®

advant age 'a(p%) THEY delcdtlmbie ¥PUBSSEe O uh Nfdraimathrid-a54e cepachbhseal | y
|

wi t hout affecting normal tissue; (b) the expression and secretiop.of the
t her apeut veurgigre evndnfdemed diesus: Fagahyd iRt helBot Imgglﬁ?i

i nduci bl ey, PERMBlE ape®iablbicns &6a5eHieN: tivDearisni tihathent @f dfitpased (c)
the location of the delivery systeminside the tissue.can be, ¥eri££ed by
direct vi 888P§iaftGdonvifds 0‘1’%"‘%&9‘% VHt i R TS STOH afd pFotel n

del'i very. aFiaaddalerididre aigeasauniheseof sgisagnest heverettiods fioAdowéndl d be
enhanced or, advant ageousl repl.aced b h ' ost.l C:appLoach e’
present i AYEMETHIFES: F@?,e Qﬁglefu%ﬁﬁbe%¥%oﬁgﬁh§%giSg#aﬁﬁgﬂéﬂ%&NE£%SEQ
t echni quespasilEiddAyt echbilgnes baffiedige browaall owiimpushr ouffw t hEbeumen
of a vessel to visualize plag rat t ' 9. obhe RIA4¥euct
directly.eﬁ?ﬁ??%“%hr??cuﬁggfggggﬁsf?iOgﬁ%oéggfgggg%gg ?§§§e§J by the pl aque
and, as aaresuptefésally.enuidei ctirat eonttheleofsheyr tiasiaifdec BFBet6Ter cone.

by the di agnestis UaesefiohN®o be switched on or off; and (c) the

location of the delivery system inside the  tissue can be

verified by direct visualisation  before activating gene
expression and protein delivery. Final'._[y, there are a numbex
of diagnostic methods that could be enhanced or advantageously
replaced by the diagnostic appr_oach 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, rathexr thail_ ima_gi'ng_ the plaque
‘directly. MRA is ,particulé-riy sensitive to turbiilence caused
by the plague and, as a xesult, is often i?_nacc;urate. Thegse
shortcomings can be overcome by. the diagnostic uges of the

present invention.

Accor.dingly,-. the present invention rélates t6 the use of a '
microorganism or cell conta'inin‘g a DNA  Sequence encoding a )
detectable pr-otéin' or a protein .:capable of  inducding a

detectable w©ignal for the prepa:ra_‘tion of a 'dinagnqs”tid

composition Ffor diagnosis and/b'r_ v:i:'suéli-_'_zétjtioxi of wounded _b'rf

inflamed tissue wor a disease: -,a;issodiat.é;d_: ' '*_;hérew:lif.h; In

addifidn, said micrOOrgé.ni"sm _‘i‘sual-sﬁ nfsgfj.il, f'or'x therapy, since

' following visuailiz_a‘tidn of - wounded or : '-iiiﬁl_'éme;i ‘:t_;ié_jsue |
éompoundsv.suitable for -‘thea_:—_apy‘aca?i- he applled, e.g. -by_r‘topicag‘l, ‘
admiﬁiétrat-ion, such as, €.9., acylated jridoid -:giycbsid’é's



present invention. Accordingly, the present invention relates to the use of
a mcroorganismor cell containing a DNA sequence encoding a detectable
protein or a protein capable of inducing a detectable signal for the
preparation of a diagnostic conposition for diagnosis and/or visualization
of wounded or inflanmed tissue or a disease associated therewith, In
addition, said mcroorganismis also useful for therapy, since follow ng
vi sual i zati on of wounded or inflamed tissue conpounds suitable for therapy
can be applied, e.g. by topical admnigtration, such as, e.g., acylated
iridoid glycosides 6 from Scrophul aria nodosa, cortisol, corticosteroid

anal 0ogs, £eglCHGIRRuITREROt AEXRML, BORESHE6I DI drirtdobstendidmmbdoys, dr ugs
(NSAI Ds), leflunomde,- etanerce ' om de,

ung t, mnocycline, . cycl ospor. _

a cyt ot oxrelgbtpines. RIOBIEEFEFFne, Tﬁﬁ%ﬁ&ﬁgﬁg, a%?i%f%ﬂﬁggﬁggbo e or
nor e of gggggrotqh@gxbg§§ed'QeEmunoﬂb&epresenanérm&pﬁJ(M1W@H9@YEéﬁaees to
the use of a_ mcroorganis r. cell. contaj ning. .5equ encoding a
det ect abl EYFLBERPFIF- a pridtEifofifshl e of inga%pﬁgééé detgﬁtéﬁle SF nal
for the puepasptbpirDica pRathhcgtineal antinposics onrf oret INY teER nBAt of
wounded or _inflaped tissue or _.a di sease associated therewith, wherein said
m cor oor g&RPsHFg elﬁ%lflé%ﬁénﬁf TOre contains one or more expressible DNA
sequences encoding (a) proteine(s) suitable for the therapy of - wounded or

| nflamed Ghosuq,0ldiSeasRRASSACt A t NAIRdN. £dY Ot Nsusdli 8Bl eaf or

t he therapy of “wolunded or inflaned tissue or diseases associated therewith
incl ude tmdesborganysmgront telbhcreptpigeg| phdN2 FPIveres - §BF? "gfowt h
factor = (RDG r at.i e gfowh tein ( Kepasmndl idBulinducikg growth
factor-1 Q@EE%?PkgnsEF?g§¥%ke€grgﬁﬁhﬁ?gctor-bindiqg ' '? L

- detectable signal for the preparation ol a pharmaceutical

composition for the treatment of wounded or inflamed tissue or
a disease associated therewith, wherein said micoroorganism or
Vcell furthermore contains one or more 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 iiw__fl-am'e‘c_l
tissue or diseases associatedl therew{ith include transforming
growﬁh factor (TGF-alpha), platelet-derived growth factor
{PDG-F) , kera.tinocyte' growth factor (KGF) and .insuﬁlin—li;}ce
‘growth factor-1' (IGF-1), insulin-like growth £actor-binding-
proteins {IGFBPs), 1IL-4, IL-8, endothelin-1 (ET-1), conne.ctivg
tissue growth factor (CTGF}, TNF-alpha, vascular endothelial
; growth factor (VEGF) , cyclooxygenase, cyclooxygenase-2
inhibit-o_r, infliximab (a chimeric anti-TNF-alpha monoclonal -
antibody), IL-10, lipase, protease, lysozyme, pro-apoptotic
factor, peroxisome proliferator-activated récéptor [EPAR)

‘agonist etc.

Any microorganism or cell is ?useful for the d-iagnqs't_ic_ and
'therapeuti.c uses of the present invention, provided that it
replicates in the organism, is not pathogenic for the organisul
©.g. attenuated and, is recognized by the immune system of the

"organirsm, etc. 'The terms “microorganism” and “cell” as used



proteins (I GBPs), IL-4, IL-B, endothelin-I (ET-1), connective. tissue
grow h factor (CTGF)., TNF-al pha, vascular endothelial growth-factor |
(VEGF), cycl ooxygenase, cycl ooxygenase-2 inhibitor, infliximb (a chineric

anti - TNF- al pha nonocl onal anti body), I1L-10, |ipase,' protease, |ysozyne,
pro-apoptotic factor, peroxisone proliferator-activated receptor (PPAR)
agoni st etc. Any mcroorganismor cell is . useful for the diagnostic and

t herapeutic uses of the present invention, provided that it replicates in
the organism is not pathogenic for thg organism 'e.g. attenuated and, is
recogni zed by the i Mmune systemof the organism etc. The terns

"mcroor gantsiy A¥hy 68 ImAS-déselnt smBekAbN cedl T whochl £ @ Opgianies otand
cells which are per se not_ targeted to unded or infla tissues (i.e.
they canretrashad efFent Yamdaskt %eﬁ%@ﬂ@& bS5 akdd®ti s SHEthe non-

wounded off i FEY-diitfilzAe thetaeBhewpanded | 68 UBSH1 T & ilshaeseanlit she ofod-he
experinments | eadi

ng to the_present ipvention show fhat. m o] | and
cells acc‘ﬁf?fﬂ?%ﬁ%‘??? Rt aBEdi APPERERPATY St Rle 8P hgﬁga%gg‘ﬁéﬁmi n
t hi s envig®ngrat ekbeyimestndleaditpoded the aiteasitbyinvhetiomuskowysham of
the host. The mcr.oorgani sns_and cells accumnulat l1.8 Ckik | {re,
e.g. 3 tBHEUHHEIT oRY aézaﬁﬁ‘g' v%%%‘fjr?uglraﬁ:z%at %ngn%f) R@gﬁah%ckéggﬁl‘g‘éﬁ has
not been tistwredivd nta hefEarstediatbddi ents aivd noneeobr Gaay sareraetel |
cont ai ns DINA sequep, cadi ny lum pescepbeand/@r fjdopRseent oy
prot ein. ?&%Ssed %g’r e?%?a‘?ﬁe%?er?nhéuﬁms%%ueﬁgé encgdi r_lg_a L um nesceent or
f | uor escentepratganisms sk argdrdiss esrcanplates Ege Ac EPERESHF n§LES | uRt$hescent
and fluores ei l} & Ul QRhPRALE LR art Badibifl A erAghatecPEph ek ed
enbodi man:lgza %sn% h(géﬁés’e Eg? afohn_egf' pr esent i‘nveﬁ:tri O%, the/t m croor gani gm or cell
cont ai ns amnet been restored. : :

In a preferred embodiment, the microorganism or. cell contains
a DNA sequence encoding a luminescent and/or fluoxescent
| protein. As used herein, the term ,DNA seguence encoding a
- luminescent or "fluoreSGent protein, also couprises a DNA
- sequence -encé_ding a luminescent and fluorescent protein as

fusion protein.

In an alternative -preférred embodiment of the use of the
present invention, the midroorga.nism or cell CQnt-aii;B & DNA
sequence encoding a - protein ,dapa.ble of inducing a signal
detectable by magnetic resonance imaging (MRI}), e.g. a umetal
biridiﬁg ‘protein. Furthexmore, the protein can bind a
:contrasting ageént, chromophore, or a compound required for

“Yyrigualization of tissues.

suitable :devices for analysing the '1o¢a1'ization or
,‘,iii-stribut'ic}n of luminescent and/or fluorescent proteins in a
~tissue are well known to the person skill-ed in the art and,
‘furthermoire described in the literature eited ébové' as well as

fthe‘ axampleé_ , below.

Preferably, For transfecting the célls the DNA sequences

";enco':iing a detectable protein or a protein capable of inducing-_



sequence encodi ng a protein capable of inducing a signal detectable by
magneti c resonance inmaging (MRS), e.g. a netal binding protein.
Furthernore, the protein can bind a contrasting agent, chronophore, or a
conpound required for visualization of tissues. Suitable devices for

anal ysing the localization or distribution of |um nescent and/or
fluorescent proteins in a tissue are well known to the person skilled in
the art and, furthernore described in the literature cited above as well
as the exanples, below Preferably, fgr transfecting the cells the DNA
sequences encoding a detectable protein or a protein capable of inducing 8

a det ectag[) Sl ANk € Fignd a1l urrbngsceng Oluﬁiﬁ@(ﬁﬁﬁenbr prﬂlhem:ascamte
present in a vector or an expreSS|on vector. A person skilled in t art

I's fani | iRrotGith cRmPPESsEHer €Bf 2 VRREPNOS e FEREESHORI ¥BCHRF cdht ai ned

in a recosbiiant =it LONERLNERE ARPrRildbe wiphessianipleassbbtrest.

Suitable viruses that may be used ncludg bac | ovi rus %&QC|n|a §%de|s
virus, SERRIPNR| §RICNEHEN G GLECanTARO™ ?Jrlﬂfs‘ ot & pRSBATGET SHER° as

MM or  H dentidith MRE t GipafBt iRltR0 ézq)magsetdmwarmxteuch Sa&t]abWBI\/IQI;VuS%NULV
HaMuSV, NUMI'V RS or V. For e sien i.n g&% rormter
is e.g. gﬁé %%t ﬁ%@&ﬁ v&*83 é&iﬂﬂ gaqggup

8's eafly pronDter
her nor e, :Bemcﬂsa,lf‘ ﬁi:tdzis),r a@émﬂmclamcﬁmifomreﬁ SOHr @ (PEeTVEViTRpef éﬂﬁ%l Y,

the DNA se ces odi ad t tgLn_,o n ab of
ggﬁgcpgm e(i g‘]ﬁ% ve SLGE rﬁr%fl ve 8 Ié ge%r%r?&‘ﬁb caeabhs

i nduci ng - o Si € oper nke pr onot er |
al | owi ng hoghLex MaEdsinn . HadadV ,pientier SRS'\é ar GaLyoudiad @W’-’@l‘?ﬁﬂ@?slﬁr e

wel | - kno"‘“lmmt o.1de B eré?ﬂ:a%él% ﬁ&‘o{aBteaEh%@ré Fol,gRRer & titddiovakaye
dESCI’ i be sequences constructin EXpI‘ essl on vectors % VI ruses
whi ch coni&immedtlg: early promoter, (pCMV). rthermore, tissue
organ specific promoters are useful.. Preferably, the DNA
sequences encoding a detectable protein or a protein capable
of inducing a detectable signal are operatively linked with a
promoter allowing high expression. 'Such promoters, €.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. géneral methods known in
the art. These methods include e.g. in vitro recombination
'. teéhnlques, synthetic methods and‘ in vivo recombination
methods as described in Sambrocak et al., Molecular Cloning, A
Laboratory Manual, 2* edition (1989) Cold Spring Harbor
_Laboratory Presg, Cold Spring Harbor, Ny, for example. Methods
of transf ecta.ng cells, of phenotyplcal 1y selecting
‘transfectants and of expressing the BNE'A sequences by us:.ng the

‘above described vectors are known in the art.

The person skilled in 'thé, | ;ért knows DNA s$eguences encoding
) 'iumlnescént or Fluorescent proteins that can be used for
_carrylng out ‘the presént lnventlon. Durlng the past decade,
. the 1dent1f1cat10n and isclation of structural genes encoding

light-emitting protelns- from bact_erlal luciferase from Vibrio



DNA sequences, it is possible to use general nethods known in the art.
These nethods include e.g. in vitro reconbination techniques, synthetic
met hods and in vivo reconbination nethods as described in Sanbrook et al.,
Mol ecul ar Cl oning, A Laboratory Manual, 2nd. edition. (1989) Cold Spring
Har bor Laboratory Press, Cold Spring Harbor, NY, for exanple. 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 skillled in the :art knows DNA sequences
encoding |um nescent or fluorescent pﬁbtelns t hat can be used for

[ t th t t t ‘
Cdent i 1 T P S T oML of  SPETRYar 22 o b2 h e SR § BRE ST i ng
prot ei ns wlﬁzmd)a(f&ebhahhuc(n‘cm‘a&se ahdorrm\ﬁnm,l oMncliedryeytidBelRgs -et 1| .

Sci ence 2&&3§%98227ﬁ%91f%g§€} % BQ%anbQ&Q Ek&?hﬁf'él(Foﬁ@P aaglﬁromn

Nucl eic a Res itefl'y luciferase (de Wet et al.
Mol . CBIIBlo]ﬂ ol7. YlQ&@BJ) 725&?3W37) aegepoii n fogm Aequeredn Vieteria

Prasher Bi { I Jyuci f from
genllla r ??ﬁ%ﬁ %Lo?ghz §£o$§1%Phé§§ ékééé (F%g%§ f§3 8 45%%i§g%d
green fl Lﬁ]ﬁ@&@e&fﬂseprﬂﬁom mdrndrﬁaAe@uofeamlm Chawrane (Y &'iher PERSaPSA 88ne 111

(1987) 2095253) D s, epepldhd elsrogliow BRodschngh lechBstari o o

viruses b ranstormation and expressi on of these
genes in bacteria eﬂ'ﬁacalﬁandatecalon @nehgdiler (:A8Dol A%t RavehBeard of .

the | ow | sohl g 10 CAPIR: nd " BBl oPagl 8 WaderiAibes! btssascent

m croscop i ence 27 (1985), 1345 1347, Legockl et,
al ., PNASS®B3 1(1:@:&6) r;m@es@cngosﬂrar@f&lrmaél@{l and sxpEessions of 1§585e

802- 805) . oL ! £1 38606089 LEYEDOAD: EXH S hdloesafll Aol chiiesOugani M.
Promot er Activa ased ht em _ssi on, using
the aid of the 1ow la.gh imaging camera of individual bacteria
wunder the fluorescent wmicroscope (Engebrecht et al., Science
227 (1985), 1345-1347; Legocki et al., PNAS B3 (1986), 9080~

'9084; Chalfie et al., Science 263 (1994), 802~805) .

Ludi-foraée genes have been expressed im a wvariety of
.o'-rgani.sms. Promotexr actﬁ:_iva.tion based on light eugi.'ssi’on, using
JuxAB fused to the nitrogenase promof:ér,' was demonstrated in
'Rhi"zobi-a residing within the cy,top}.asm' 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}, 38,‘7‘—'399)* . Fusion-' of the lux A and lux B genes resulted
in a fully functional luciferase protein (Escher et al., PNAS
k §§_ {1989), 6528 ~-6532) . Thiz Fusion gene {(Fab2) was introduced

- dnto Bacalius subtilis and Bacillus megatherium under the
xylose promoter and then fed 1nto 1nsect larvae and was
l1n3 ected 1nto the hemolymph of worms. Imaglng of 1light
emission was conducted using. a low light video camera. The
"-mgveme._nt and loc-alm;zatlo;n of pathogenic bacteria in transgenic
arabldop.?.ls plants, whlch carry. ‘the ‘_pé.thogen-activated PAL
-‘promoi:er?baCt-eria—l luoifer,ase fusion gene construct, was
. élemonstrat:ed by 1ocaiiiz'ing- .PSéudoiﬁona's- or Ervinia .spp.'

o 1nfectlon under the low 13_ght :Lmager as well as in tomato



| uXAB fused to the nitrogenase pronoter, was denonstrated in Rhizobia
residing wwthin the cytoplasmof cells of infected root nodul es by | ow

|l ight imging (Legocki et al., PNAS 83 (1986)., 9080-9084; O Kane et al.,
J. Plant Mot. 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 negat herium under the xylose pronoter and
then fed into insect larvae and was ipjected into the henol ynph of worns.
Inaging of light em ssion was conducted using. a |low l.ight video canera.

The gﬂ%ﬁh and e%ektszetfl PBrafopat hegerbEibasi®r sfaidy | rERAgerHE .
'S

ar abi dop | ant's, ch carry the pathogen-activated PAL
pr onot er %&cﬂé??éhl%ﬂ%’rase f usi on gene construct, was denonstrated by
| ocal i zi ng Pseudononas or Ervi ni a spp. - infection under the |ow Iight

I mger as well as in tomato 10 d stac s of ohat ees com n and
Szal ay, P&y Skf. 2@ 1¥9¥eloBE§Le E ?HEIEI lrf'rel.léreuglr:L e g%‘r%g 42
enbodi WEFELuoE:Echaﬂﬁl nepeenptinr ﬁ:}emarmscerim pr a:hel n pbesent dasttibabove

described , fi mcroorganis i.s_lucif S or GFP. Al of the
| uci feraé‘&cr@?ﬁgégéﬁﬂ h ‘Bfgicfe]ﬁ gt‘llgégﬁi':ﬁge'e%%ecgou%l:y added substrates
such as decanal coel enterazine for light emssion. in contrast, while

visual i zaion of Gg I NRLSIGEREE 05, BELRCOULT © Bastbetd 2! fedt

exci tatl i o otir ce 18" fee e recentl ene cl us
encodi ng exvgenbasigr adﬂeﬁusubetmeearﬁjlqm@-ﬂp@tﬁ@mﬁé P& cﬁPé@Pﬁ?ﬁﬁZHeecanal

wi thin t "yr:lh ud 'M@Pé@’é Wah i &0 lA Rkl rz%%oﬁew hetoslus
| um nesce’ﬁgcﬁ\jeqh bl %ilégl t?ﬁer . Bacter |lol 174 l1 92 fl 5381)
and Phot cﬁjaw:e:scembedegﬁamt ?e@elfe% = Bubdtrate, an excitation

source is needed. More recently, the gene cluster encoding the

bacterial luciferase and the proteins for providing decanal

within the cell, which includes 1uxCDABE was isolated fxom

Xenoxhabdus Tuminescens (Melghen 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. light emission
‘indep_endenie of ,ekogenousiy added substrate (Fernandez-Pinas

and Wolk, Geme 150 (1994), 169-174). Bacteria containing the
complete lux bperoﬁ sequence, when injected intraperitonéally,

in-tramuscularly; ozf intravencusly, allowed ;_:h’e Visualization
and localization of baeteria in 1iveemice indicating that the
luciferese light emission can penetrate the tissues and can be
detected externaily (Contag et al., Mol. Microbiol. 18 (1995),

593-603) . o o ' '

. Thus, in an even. rhore preférﬁcéd embddi%riéﬁi:' ‘the '-ﬁic”redrga‘nism )
or cell containing a DNA sequence encoc?llng a 1ucz.ferase
additionally - contalns A gene encodlng a substrate for a

luci ferase.

Preferably, the microorganism is a -bacterium. Parbicularly
‘ preferred is attanuated Salmonella thyphlmuriwn, ‘at‘t:'émiated

Vibrio cholerae,- attenuated Llsterza monocytegenes or E.coli.



al., Bur. J. Biochem 201 (1991); 161-267) and transferred into bacteria
resulting in continuous. light em ssion independent of exogenously: added
substrate (Fernandez-Pings and Wl k, CGene 150 (1994), 169-174). Bacteria
containing the conplete |ux operon sequence, when injected
Intraperitoneally, intranmuscularly, or intravenously, allowed the
visualization and |ocalization of bacteria in |ive mce indicating that
the luciferase |light em ssion can penetrate the tissues and can be '
detected externally (Contag et al., Mlyq4 Mcrobiol. 18 (1995), 593-603).
Thus, in an even nore preferred enbodi nent, the m croorganism or cel

cont ai ni Mot %tﬁ%@!ﬂ?nceﬁgﬁggéngsﬁchuc'afser%%'c‘lﬁﬂgltlv@&&H y eemtains a
gene encoding a subst ate for a luciferase Preferably t he q%croor ani sm
i's a bact eretnavimast | etifar | §Te prakeg r sgitlat £oRUATRE & an

t hybhi mar |ggégap@tuttg@ua&% Yebrim: cpobesme, iakbanushed Pbeﬁf@&labmy, the
monocyt ogenes or_ B. R --- 11 Alternatively, viruses such as
Vacci ni a W¥Re %ﬁAWacﬁlﬂﬁétY%ﬁﬂﬁ1xs etc. are also useful for the diagnostic
and therapeutic uses of the present invention. Preferably, the virus is
Vaccinia virus. Preferably, the cell for ;ﬂf ses of the, gres |nvent|on

is a manmireierabdyr shencekl £ai dhecupps e pressitad %‘ﬁ% or &

het er ol 0gQkksmEANGEr @eﬂq el8hobganl Sieml Redlf whiber caneber natiobodoe ment ,
t he nlcroor ani sm or. cell useful .in the present invention contains a

ruc-gfp exXReSRloNouE ST IINF LhecBreai & the Renilla luciferase (ruc)

and Aequorea gfp cDNA sequences under the control of a strong synthetic
early/late (PE/L) promoter of Vaceinhdsflnd Neind WEARE£A58R 1 celn
useful in the present invention contains a ruc-gfp expression
cassette which c¢ontains the Renilla luciferase (ruc) and
- Aequorea gfp cDNA sequences under the control of a strong
synthetic early/late (PE/L) promoter of Vaccinia -. or the
1uxCDABE cassette. | |

In a preferred use of the microorganisms and cells described
above the protein suitable for the therapy of diseases
associated  with  wounded or inflamed tissue vlike
‘atherosclerotic diasease is an enzyme causing cg'ali death or an
- enzyme causing the dlgestlon of debris, e.g. in the interior
of an atheroscla:mta.c plaque causing the plagque to cellapse
‘under the force of the mtralumlnal blood pressurea_ Suitable
enzymes a.nclude a lipase, protease, 1ysozy11_1e, proapoptotlc
factar, PPAR-agonist etc. If the inflammatory ~component of '
atherosclerosis shduld be treated suiﬁable oompounds - are
cortisel, cortlcoster01d analogs', cyclo@xygenase and
, cyclooxygenase =2 J.nhlbltors, COlCthlIle, methotrexate, NSAIDS,
- leflunomide, etane:r:cept, minocycline, cyclosporlne,
thalidomide, 1nf11x1mab, I5L.-19, 6—mercaptopurlne, azathz.oprlne'
"03: a’ cytotoxs.c agent. Some of these compounds mlght be - in the‘

,form of pro dxugs.

'ACGbrafi'ngly, the protein expressed by a ma.croerganlsm of the

invention can bé an enzyme converting an inactive substance



In a preferred use of the mcroorganisns and cells, described above the
protein suitable for the therapy of diseases associated with wounded Or
inflanmed tissue |like atherosclerotic diasease is an enzyme causi ng cel
death or an enzyme causing the digestion of debris, e.g. in the interior
of an atherosclerotic plaque causing the plague to coll apse under the’
force of the intralumnal blood pressure. Suitable enzynes include a

| i pase, protease, |ysozyie, proapoptotic factor, PPAR-agonist etc. If the .
i nfl anmat ory conponent of atherosc|ergsis should be treated suitable
conpounds are cortisol, corticosteroid anal ogs, cycl ooxygenase and
cyclooxyg§£§§%k% ﬂﬂng&&@ﬁgteggachtalnEhenEbh@amEmmteuﬂNSAHﬂs active

| ef | unom et anercept, m nocycline, cyclosporine,. thalidon de,
|an|X|namub$Q§EH? 6- mer capt opuri ne, azathioprine or a cytotoxic agent.

Sone of these conpounds mght be in the formof pro-drugs. Accordingly,
the protein expresse

M croorgani sm n Had 28 alk enzyme
convertuﬂ?@ﬁﬁ##&kﬁﬂ0%“%&5§Fb e g 15 °ff ogd?ﬁgaggéﬁgnls;ereghto t he

or gani sm g{-ecesy asy i ye 1ﬁdheilalmqarcﬁ:cefee‘r #ddjtipnal YEneLEHELRE nfP&r enzyne

‘as di scussed ab ve |s . directed by, aar?n&%Fél&ﬂ&£pﬁgﬁD%@&1&@dbhbéﬁaiéq
of the

ensuring Bhdt: "R FOEHEEGhEr st on ro- dnﬁilnto the FLve,
substanceonmquccmxanrnluhefuanggﬁgéﬂsﬁpgsu%fJerg”“ FapTEat gﬁ? ﬁlotlc-
heat -, i ght c-,  cel hoetdoedi -, cdrbg-cycekt or
tissue S;%%ﬁklt ?ndUcH{)ﬁil AREON €, i

p?onDter Mor eover, the d6|lnﬁ8% %%%EG”LRL t he
present i ayeéhé owrevehssiie omeﬁhélcaﬁﬁir"r% PorP’Eﬂm 'ch Goul d so
far -not b§ i% g org éﬁﬁHaB ¥ Ouget zkﬁéht mﬂyhﬂﬁnmmléyemhmmkgmﬁehh@alIy
applied or & Yo Phe Tact that t ey cannoi nlstergg 8ed- for
' application of compounds which could so not u
therapy due to their high toxicity when systemically applied
or due to the fact that they cannot be administered, e.d-,
:l.ntravenously in sufflclently high dosages tc') ac-hieve 1evels '
ingide, e.g., sinuses, abscesses or across the blood bram
barrier. Such compounds include thalldomz_de, cytotoxic drugs,

antibiotics etc.

Furthermore, the microorganism o cell of the present
invention can contain. a  BAC {Bacterial Artificial
Chromosome) or MAC (Mammalian artificial - Chramosome) encoding
‘.se'veral or all ©proteins of a specific pathway, €.9.
woundhealing-pathway, sych as TNF-alpha, cox-2, CTGF eto.
Additionally, the cell can 'r_;b‘e a cyber cel}.-_ or  cyber virus

encoding these pr.o'te‘ins.

For admlnlstratlon, the microorganisms or cells des’c‘ribed ‘above
- are prefera.bly conbined with sua.ta_ble pharmaceutlcal carrlers.‘
- Examples of suitable pharmaceutz.cal carriers are well knovm in
the art and 1nc1ude phosphate. buffered sallne solutlons, ‘watexr,
emulsions, . such as oxl/water emulsz,ons, var:.aus types of
wettlng agents, sterile SOlU.thIl.S etc.. Suc:h carrlers can be
| Formulated by conventlonal methods ‘and can be . adm:mz.stered | ito_
. the Subject at ‘a sultable dose. Admlna.stratlon of - the

mcroorgazusms or cells may be effected by dlfferent ways, €. g.



I ntravenously in sufficiently high dosages to achieve levels inside, e.g
si nuses, abscesses or across the blood brain barrier. Such conpounds

i nclude thalidom de, cytotoxic drugs, antibiotics etc. Furthernore, the
m croorganismor cell of the present invention can contain. a BAC
(Bacterial Artificial Chronosone)or MAC. (Mammalian Artificial

' Chronosone) encoding several or all proteins of a specific 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 yjrus encoding these proteins. For
adn1n|strat|on t he m croorgani sns or cells described above are preferably

combi ned it 6yl 8hhe: PhapERGBLIdCaleang! rb@cutRap, osmiasustabix,
phar maceu carriers are we

own in. .the t ang éncléldf, Mosc[@f'at e
buf f er ed *S@Ebllcﬁié muiﬁwemleradm%%%ﬁ%ﬂ shef RESEPTSheer emilsi ons,
various tyRes i ratgbhl nglélge&h&raﬁé@mde Sﬁbat:tj)rms et The Suchitear réfrs can
be fornulated by cqonventional neth d ca e | stee e
subj ect AMBEHHATLENI0E. BYRFRI s ?% 8%1 rl-t n%%@g%oor%ggﬁgs%gsgégcel s
may be effigst @ghebyiehéif Qﬁenm\aaysxgmgstBOrbycems avenbasned in the

i ntraperetoneal, sybcytaneous, .intramuggul ar i C ntgacer nph
adni ni st rBRGIRCeHE CBlef FIRPHEAPE of 1Qﬁ%dm T sa{tq%;t |%%1 | snll nt ravenous
|nject|0ndeﬂ$umﬂﬂﬂﬂeehﬁ v ntsendbion physicdans eandep@tar oF1ERECRAt ure
of the ti t he Ki C5006gan f ggégs &lqknedri anyhe
pharnaceuf?%éﬁ s%%.Yéiafﬁ? osggéggegéﬁgﬁ Wil be deF%rn1ngd by the
attendlngoﬂ@ygatnantadépandaraﬂ|mmﬂﬂﬂfaQQﬂﬁﬁnwﬂn9¥Wm§@mé@P BRSMEn®t he
medi.cal aLts, a(?&ge?_ui_gécgngrezggd fat | gt d@ﬁ)@ﬂ@l@ﬁmymn)coi@eﬁﬁdsto

i ncl udi ng fﬁe p Yy surface area seﬁi the arti.cul ar
v atiork

conpound be adreimthtienest.etdte enferankr r%taéi“&fmé&ﬁgﬁ?'?‘f‘ 8% nd

and jocalisation of the tissue, general health and other drugs

being administered conc.urrent_:_ly.

A preferred therapeuticél uge is the preparation of a
_‘pharamaceutlcal composition for the treatment of endocarditis,
pericarditis, imflammatory bowel disease (e.g. Crohn’s digease.
or Ulcerative colitis), low back pain (herniated nmacleus
_ pulposis), temporal arteritis, polyarteritis nodosa ox an

arthritic disease.

In t:hel past few years, there has ‘been many reports showing
evidence for Cﬁléngfdia- pneumoniae, Heliobacter pylori, CWV,
HSV .and other infectious é_gent-_s inside atherosclerotic
© plaques. The presence of these infectious agen_ts within
' .atherosclerotic plaque suggests that the interior of the
"plaque is a protected env::l.ronment that permlts replication,
otherwise these 1nfect:|.ous agents would be cleared by the
" immune gystem. Moreover, there is considerable ev:Ldence that
" an inflammatory Pprocess is present within the interior of
| atherosclerotn_c plague. Accordxngly, ~it is reasonable to
A.assume that this d:.sease can be dlagnosed and treated hy the
'mlcroorganlsms or cells m’: the present 1nvent.10n that - after‘
_-:mtravenous inj ectlon - w111 penetrate imto the

atherosclerotlc plague -where they start to repllcate. After a



| ocal i sation of the tissue, general health and other drugs being
adm ni stered concurrently. A preferred therapeutical use is the preparation
of a pharamaceutical conposition for the treatnent of endocarditis,
pericarditis, inflammatory bowel disease (e.g. Crohn's disease or

U cerative colitis), |ow back pain (herniated nucleus pulposis), tenporal
arteritis, polyarteritis nodosa or an arthritic disease. In the past few
years, there has been many reports showing evidence for Chlanydia
pneunoni ae, Heliobacter pylori., CW, +@SV and other infectious agents

I nside atherosclerotic plaques. The presence of these infectious agents
within athgresalenebhiedpb&gyens Uoges Fldduat cahebentsaged wéindwe e.gl.aque is
a protected environnent that permts replicatic 0 rwse t

i nf ect i oust it ERBL T De CRT e 2d by ﬁuﬁgagi%%gs%é{k rﬁ\@ Sr eﬁél@é:sl,ert’her e

i s consi defgild e nf\¢irdergantibas @n icefllanmesnr adibiddeselily ppeedate wiamhi n’
the interior of atherosclerotic pla crABE]T ' Y, Jddesh 3 h€8a5QN e to
assume t hdt®3Mi% of fasd”can“¥Pe %Fagﬁ%ﬁé& aﬁdgégggfegkgyi?ﬁgs ?ﬁ e

m cr oor ganésimei.reticeelds mwfadues .priiwent & nfuritiesn nieferredf vée dsntth@venous

injection wll penetrate i SLPLL G aguRMaere they start
to repIicégiﬁgqégﬁﬁ'ag%liregﬁﬁ?g%ﬁgf%%P%%gég# tinme, the pISQUe can be i nmged
using, e.g., light sensitive canmeras or suitable MR equi-pnent. Further,

sai d m cr opr gankhe Qe aacaaddh!ional haghasiscand wrakmnte @ an
enzyme as describe ove, resulting in the elimnation of plaques. Thus,
a further eewdramed askenys tHeeageagnFSTIPEATRL 1 e¥RFEMA DT ease  or

at her oscl et OtdiGr- g S§a8&ry AdibEddier Phefgssad diserdstridit i agnasiingar
cerobr ol dFter PraRSBRodRVEREL A INEEL AR ERORANR Lt Darlsin
angioplasty, stent placement, doronary artery bypass graft,
carotid endarterectomy, aorto-femoral bypass graft and other
'im‘ra‘sive procedures. Moreover, plague in inacqess—ible regiong,
. éuch ~ag the basilar and wniddle cerebral arteries can be
treated wusing the therapeutic approach of the present

invention,

For the. therapy of wounds, fractures, surgical incisions and
burns +the mnmicroorganisms of the present invention aré'_
preferably combined with proteins Ilike transforming growth
factor (TGF-alpha), plat_elét—derived growth factor (PDG-F),
keratinocyte growth £actor (¥XGF) and  insulin-like g:powth
factor-1 (I¥GF-1), imsulin-like growth factor-binding proteins
- {IGFBPg), IL-4, IL-8, endothelin-1 (BT-1), connective tissue
growth fa_.ctor' {CTGF), INF-alpha, vascular endothelial growth
factor (VEGF), cyclagxygenase,' éyclooxygenase_-z inhibitor,
. infliximab {(a chimeric anti-TNF-alpha monoclonal antibody},’
IL-10, lipase, protease, Ilysozyme, _pr.o-—apoptoti_c' factor,
,i)eroxiSOme proliferator-activated réc_‘epﬁm; {PPAR) agonist (or
contain expressible DNA-gequences encoding said proteins). For
the tiea:tment bf ;inféétioué aisease-é, the micioorganismsl Of
"~ the present 'inVe,n'ti-on are preferably ';ap'pli‘e;d..- in combinatio‘n‘
:.w:i..th a.ntih’iéti-cé. ~ For the treatment of auto-immune and

jnflammatory diseases, including reumathoid  arthritis,



the present invention mght replace treatnents |ike balloon angiopl asty,
stent placenent, coronary artery bypass graft, carotid endarterectony,"
aorto-fenoral bypass graft and other invasive procedures. Mreover, plaque
in inaccessible regions,. such as the basilar and middle cerebral arteries
can be treated using the therapeutic. approach of the present invention.
For the. therapy of wounds, fractures, surgical incisions and burns the

m croorgani sns of the present invention are preferably conbined with
proteins like transformng growth factgr (TG al pha), platelet-derived
growth factor, (PDGF), keratinocyte growh factor (KG-) and insulin-Iike
growth 1 a6k QLaha{d:GF- HoubDSUbiBebbke ghaw ullaspbe - biselrgaps ot ekhs

(I GFBPS), -4, ?L endot hel in-1 FT-%{), connective_lgrisaﬁje r Q
factor (CRERyooTIEbIRhLL Vdi LSS B dPRERFAPR gt OB St or (a%ﬁﬁa\%‘

cycl 00XyQggRasesnay i HWHIENYTeh2 | BBEDidal,  icokkinbamedrdid chiarediogs,

anti - TNF- al pha nonocl onal antibody), 1L-10, li.pas rote rH 3 ye,

pr o- apopt EYFAOPErIFRase pdKi %ﬁ%gﬁm‘?@eﬁeﬁzor }gg% ﬁ%g re%’ rZcfszoglpct]J(%'Br{f.L PAR)
agoni st ( gleth6epPbh e EXNRIPH)| e1BEfusatlinc estenendeny, sainthqvstldings) . For |
the treatnment of ipfectious,disease the m i SnNB -1hhe present

i nvent i on CAFECRPRF AL y ~a%BFillé§°%§%bnbi ng]t“?%%ﬁ[g\ﬁ]'h antl9 i j(i?l' cs. Eor t he
treat ment yekcaptopiaiime amzdthiopranemicer ya dicvsatesici mdapdi-ngfPEufdehoi d
arthritis, 15 infl tory boysl  di SEs AN Jlt | s Skt 8F@StSanildie

m cr oor gartSHEPEs qfﬁgg%?eeas%erﬁ |th%n%?§€1§§5r e rd(;%ies'r'aﬁkge a%%l i ed 9%l n,

conbi nati @if wihish prestisolinvent tow ot myaf expdlygappl £§2 | HoxGYENLA- 147

cycl ooxygen%ge-lz_#ag@,sbl tlg;n%%% akchi %ﬂspopilasﬁmt pexed e, NobhDsagonists

| ef | unom de, et amer Cept ,

cycline, cyclaosporine, thalidom de,
i nfl i xi mablor! 40 cogreppoodppap BNRNECTAORISHT oY A o?geél‘i:yfﬁrpo%dﬂecaba"j'@nt .
For the‘ with respect to the treatment of inflammatory diseases. For
the treatment of Alzheimer’s disease, ., the microorganisms of
" the present invention are prefer_ably applied in conbination
with one or more agents listed above with respect to auto-

immune- or inflammatory diseases.

Finally, the above described microbrgani_sms and cells are
useful for (a) monitoring the efficacy of an antibiot‘ic
regim'en,l preferably based on light extinction or ({b) cowparing
the ﬁresistance of various sutures and implantable rmaterialjs to

bacterial colonization.

Brief description of the drawings

Figure 1: Visualization of bacteria intravemously imjected

into nude mice . |

‘ﬁude _miée -wérje injected with 1'- x 107 attenuated Salmonella
fyphimurium (3) or 1 x 107 attemuated Vibrio cholera (B). Both
.si’:,rains' wete trainsformed with pLITE201 carrying the lux L
opea.:on‘. -Pho‘ton eoll.éctign was for one minute 20 min aftér

 bacterial injections.

"Fi;gﬁ're 2: Visualization of 5. typhimurimn in the same animal




t herapy of diseases |ike atherosclerosis., the mcroorganisns of the
present invention are preferably applied in conbination wth |ipases,:

| ysozymes, pro-apoptopic factors, PPAR-agonists (or the correspondi ng
DNA- sequences) or an agent Ilsted above wth respect to the treatnent of

i nfl ammat ory di seases. For the treatnment of Alzheiner's disease, , the

m croorgani snms of the present invention are preferably applied in
conbination wth one or nore agents |isted above with respect to auto-

I mune- or inflammatory di seases. Finakky, the above described

m croorgani sns and cells are wuseful for (a) nonitoring the efficacy of an

antlb|ot|gvegeglsfﬁhFFgggé¥ggﬂﬁbnb§§§g0@n |l i ght extinction or (b) conparlng
the resis res . and_i npl antabl e al erial
col oni zat Nede Bifefwees cijrdted Withnd ﬁr%ﬁuliﬁgeﬁlgg?g % €¥% 8 za i'on of
bacteria igat rayeneysky iohsaetation Nheriode Maeeetide wiree @B‘sﬁmm}a@@ﬂed
with 1 x 1 attenuated Sal nonel | a ﬁéphlnurtgnwéﬁ) O#ﬁ %%% puat ed
Vi bri o chébaeasheyt - Behe kadvai RE wele 73S ? 01 carrylng
the lux @peraR;aPhrien &@d&@tlmmé otnbmel mr:mt:lhetbe rexecepitdon of
bacterlal I nj ections. Figure

ualizatiaon typh sane
ani mal h@véPCéSSQHaVOBBQeFBQt# Pati aghF§é1%§C%Qmﬁggﬁ#ﬁ%%%?géqafth 1 X
107 attenug&@dss(Enyphhﬂumnpns Enetaalﬁalshadbb@ﬁﬂaﬁh@ﬁ Fer igeamhddeeri a.
wer e di ssem nated _thro hout t anlnal (A). Two days | ater,
bacteria WEETFELFEG™ fE@ pidks e gXOB%h i

NEGEm ma e exception of the incision
wound and the ear tag reglon as indicated by the arrows (B) . On day 5,

e ani malg 130 oo AU G191 817 of P, BHBRBLSMLAT Ok Banuounsled ISGIONS

an 8 day obgervation period
Nude mice were :Lnjected with 1 x 107 attenuated V. cholera. On

the first observat;r,en period, bacteria were visualized in the
liver region of the animal {Bp). Five days 1ater, bacteria were
. cleaxed from the entire animal w:.th the exception of the
incision wound as :mdlcated by tle - ar:t:ows (B) . Ori day 8, the

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

Figure 4: Vigualization of V. chdle:a in an immunocompetent
057 '.mo_use . ‘ | _ |

1 x 107 attenuated V. cholera were intravenously. ‘injected into
the animal. Light- emlttlng bacterla colonized the ear tag on
_the forth day after bacter1a1 ;1n3efct10,n (indicated by the

white arrow}.

Figure 5: Vz.suallzata.on of 115111‘1.‘. em}.tt:.ng bacterla in the .

liver of :rats

'Sprague Dawley rats were 1ntravenously 3.:13 ected with 1 x 10°
. attenuated E. coli transformed with the plasmd DNA pLITE201 .
carrying +the luxcdabe .operon. Photens were col].ected
-1rmned1ate1y. aftexr 1nfect:|.on for cne mlnute under the low 1light
Aimageyr {Night Owl). L:i,_qht gmltta._ng _tac_terla were. wistalized in .

" the liver of the whole live animal.

Flgu.re §: - Colonmization <of ,fa't' hearts _with, 1ight emitting




Figure 3: Visualization of V. cholera in the sane ani mal over an 8-day
observation period Nude mce were injected with 1 x 107 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
fromthe entire animal with the exception of the incision wound as
indicated by the arrows (B). On day 8, the animl had been able to clear
the organismfromthe wound (C). Figure 4: Visualization of V. cholera in
an i nmunoconpetent C57-nouse | x 107 attenuated V. cholera were
intravenously injected into the animal. Light-emtting bacteria col onized
the ear tagRRperikhe forth day after bacterial injection (indicated by the
white arro gure 5 Visualizatjon, of ttin cteria_in.t

liver of %rsp'ﬁa we BEieeliom et wEhe ?‘ﬁl:gaVéﬁg]ug'l ¥ gin‘fba AR 108
att enuat ed dg1iCOkirahk8Bshad Maghi oM t h:Hehe pﬂh@&ﬁﬂd Phprpto TE2@4rryiory r ybeg t he

| uxcdabe operon. Photons were coII ct pdi atel,y aft i nf.ection for
one ni nut e JHFFEAPENEPEEAR| fhft OF %%‘f FR é;n‘?ﬁt %ﬁﬁecmf’l gﬂﬁetgfﬁ S St eri a

vere Vi sualdaa@golln antif@1k] vehich hiie #bol Bebn veatinétmatizdd glkle Gimilar
Col oni zatign of rat hearts th light, emtting bact erd a L3y e S
i nj ecti on GPAFELPH; O ‘% %"Fi‘c efeTb at’tnenﬁ-g%gd © hetoeﬁrslz’[%rdanis: %ﬁ% vri]\:,i%tléh t he
pl asnmi d pLiricd@] eafotiidgaitery | leadabe dpjer onolibmti zeitidreadtt @h@oll‘eﬂﬁﬁatl on
of the heart ntro anl [ had not been catheterized (A).

A RaaREr et R ket B

Simlar eremas ror catheterized through the right
carotid artery | ead to the colonization of the heart wth light emtting

bacteria (@i'gure 7: _Detection of regidual bacteria in the organs of rats

Three days following intravenous injection of the rats with 1
x 10® attenuated E. coli, thé hearts, livers, and splieens were
excised and cultured overnight. Light emitting hﬁthria were
visualized under the low 1light imager (Hamamatsu) in all
specimens from the catheterized xrats (A—C}, while in the
cantrol animals, bacteria were detected in the'iiver () and

spleen (B) but not the heart (C).
The present invention is explained by the follawiﬁg—examples;'

Example 1: Materials and Methods

(B)Bacterial strains

The strains used were a non—pathogenlc 1ab0ratory straln.
Escherichia coli, strain DHSa, attenuated : Salmonella.
typhimuriuﬁ_ (81,7207 'hiseés, DEL407£aroAS44::1n101] ~and

attenuated Vibrié cholerae (Bengal 2 Serotyp 0139, ‘MGIO

DattRST) . ‘ -

(B) Plasmld constructs _ .
The plasmld DNA pLITE201 contalnlng the luxcdabe gene cassette

was obtained from Dr. ¥. Marines (Vb;sey.and‘Mar;ngg,_BloteCh.

24 (1998) 56-58).



Figure 7 Detection of residual bacteria in the organs of rats Three days
followi ng intravenous injection of the rata with 1 x 108 attenuated E.
coli, the hearts, livers, and spleens were - excised and cul tured overnight.
Light emtting bacteria were visualized under the |ow |ight inmager
(Hamamat su) in all CC specinens fromthe 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
followi ng exanples. Exanple 1: Materigks and Methods (A)Bacterial. strains
The strains used were a non-pat hogenic | aboratory strain Escherichia cola,
strain DHSoc, attenuated Sal nonella typhlmurium (SL7207 hi s(46,
DEL407[aroA544 Tnl011 and attenuated Vibrio cholerae (Bengal 2 Serotyp
0139, A/DldC_Hmm_%L(Mllﬁsmd constructs The plasmid DNA pLI TE201
contai ni ngiipe |W°Qﬁp%&@d1%1@a$ﬁﬁé eBAuRSc Ohtifhieehikeon( ¥ -30F. g Mapiipes
(Voi sey and .. Marines, Biotech. 1998) 1 C

ani mal s Fegaghty apd. ﬁ@éﬂgﬁ?dnﬁﬁ}%yB EE?c(aaﬁ g§%1ge§f§& &5’ Eggdﬁﬁkaeight)
and. Spr aguechaukeyrfah HL300: 3@Tegehady, WIDghU$AMeres 7TRiut@hasiee Wegm

Har | an (Fr deric

L/6J m.ce eded I Bpdacksen
Labor at or P §aEB§$ ﬁﬁ?@o&gc njegioralqries \%25 experFﬂe%Fé meré carried
out in acemrgamce ewpehimduto ocwbise approviezil byouthe irbr recagydpRceni VEES ty
animal  research.commi ttee, aninml §, ta I g5 PobL RMAwal
naterlalsgﬁﬁg OGPLE LAY §¥ho§%n§j%£re Q LQh& e Loma Linda University
ani mal  caweskagthi toomtitheesal Ehy Imalﬁmcolqmlmé&cﬁfﬁﬁﬁmhin% #88cence

materials and attenuated pathogens were kept in the Loma Linda

University animal care facility at blosafety level two.

(D) Detection of luminescence

Immediately before imaging, the animals were anesthetized with
ihtraperitoneal- inj.ec-tions of godium pentobarbital (Nembutal®
Sodium solﬁtion, Abbot Laboratories, North Chicago, IL; 60
ng/kg’ body weight). The animals were placed inside the dark -
"box for photon counting and recording superimpesed images
(ARGUS 100 ILow Light Imaging System, Hamamatsu, Hamamatsu,
Japan and Night Owl, Berthold Technologies, GubH and Ca. KG,
'Bad Wildbad, Gémany‘) . Photon collection was for one wminute
from ventral and dorsal views of the animals. A photographic.
image was then recorded and the low 1light  dimage was
superimposed over the p‘hdtogr—aphic image .t'o demonstrate the

Jocation of luminescent activity.

. Example 2: '_Coiéﬁ'iﬁ'Za{:i'éﬁ'pf ‘cutarieous wounds by intravenously

injected 1ight emitting bacteria in live animals

- To :déz_temi;ne, the fate 313':f"‘ ii.ntjr'ave;ious‘iy injected luminescent -
bacteria in the mimais; 1 x 107 bacteria carrying the pLITE201
' -'biasmid' DNA in s0 "’}.l.}. "wére 'inj"ecft'e-d into the left femor-al wein
of nude mice u.nder anesthesia. To expose the :Eemoral vein, a

- 1l-cm incision was made with a surglcal blade, Following



| medi ately before imging, the animals were anesthetized with

I ntraperitoneal injections of sodium pentobarbital (Nenbutal (r) Sodium
sol ution,- Abbot Laboratories, North Chicago, IL; 60 ng/kg body weight).
The animals 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 Night OM, Berthold Technol ogi es, GrbH
and Co. KG Bad WIdbad, Germany). Photon collection was for one mnute
fromventral and dorsal views of the aRiymals. A photographic. inmage was
then recorded and the low |ight inmge was superinposed over the

phot ogr apfy %Oslugggeog 0 (genonstkaisnt ket ogabi asumirdsym nhecentcactievet y.

Exanpl e I'oni zati on of cutaneous wounds by int avenous] d
li ght eni mtqnn@oba@t‘éﬁl@%r i £he | hew g s‘m‘l"‘é‘e'd‘eg'ﬂ ﬁ% Hhe® Slong weke

| ntravenoyshy Jopackes bﬂgl penges! Thagimy i ot léachﬂneammaﬂalms |Tepen@?d

bacteria carrying. the pLITB201 |l asm d 5Q,.pl ecke nt o ‘
the |eft fadnovayiaps tins HHRCH E‘f’ldg?:ug%eégﬁeélasse\%£§§%§%egtkh%h%em)raI_

vein, a hicmd-BakstoRy VBSc@te: WHibwwhsutgibal bbfimdef Fok | awiwRl s 1T

cl osure of the _incisi wth 6- e t der
the |ow | it F ﬂ\i’@‘i tg‘ﬁ‘& ph¢ orﬁiog xgngrilcsmwgv%t@e V%f:t elég?l?)lr %iri]fe‘éj;nl’\%%ute
| magi ng offaciviani wml Msravepeasednjsctiani ofs ltaqﬁf@rrlﬁt dnFgl Fheo WCEdy t he
di ssem nati on m cte t ofg.t he

3 ek B AR R RaerEat | Chfed Gk ORE! ok henbgeud Ofs,

animals. 428 ation’ paftern of Iight em ssion
fol | owi ng %ﬂﬂdﬂmnou&umd&ctwuﬁe of dbasewinationo Phe rifte hpeteria

bacteri al - strai n d rPl[ 330,51 I nééac{ﬂé)n ﬂm% m@%@ﬂa Sia) ! yBiM supdtragaused.

w de dlsse dcteri a rou out the body of the ani nal.s

(Figure 1Af JM&:M@m wag] *m@thllebdfi‘dﬂnwa% pigpees ?\F’{*‘WF nPECHE e s
after - bact er:iéagltlo nj g%hl on.APELGoat | fyled,d 0 fa:-delcact et aththeonaerdwaur

| , : observation period. xngectlon of attenuated V. cholera inmto

" the bloodstream, however, resulted in . 13.ght emisgion that was
3.ocallz_ed to the 1liver within 5 minutes after bacterial
injection and yemained wvisible in the liver at the one-hour

,Observatioh pexriod (Figure 1B).

~The difference in the bacterial distribution patterns suggests

a &iff-erenee- 111 ‘the int—'eractio‘n- of these strains with the host

once inside the animal. Imaging the same animals 48 h afte‘r
bacterial injection showed that all of the detectable light
emission from the -earlier -time had diminished .and was
eliminated completely Erom the -injected animal with the
exception of the 1nf1amed wounded tigsues such as the incision
wound and the ear tag reglon Inflammatz.on “in these ta.ss_ues
.Was 1dent1f1ed by their xed and edematous appearance. Light
' ‘emlssum was detected in- the 1nc3.s:Lon wound and/or in the
.1nf1amed ear tag region up to 5 to 8- days pOStlIl] ectlon, which
‘was conf:.med by . longer . photon cellectlon times, i.e. 10
minutes (Flgure ZA—C and Flgure 3A=C) . The absence of 1light
emission was net due to the. 1oss of the plasmld DNA or the
“$ilencing of gene express:.on. in the bacterla. I other‘
experlments 1ight eEmission in animals could be cons:.stently-'

" detected for up to - 50 days- Similar data were obtained in



observation period. Injection of attenuated V. cholera into the

bl oodstream however, resulted in light em ssion that was |ocalized to the
liver within 5 mnutes after bacterial injection and remained visible in
the liver at the one-hour  observation period (Figure 1B), The.difference
in the bacterial distribution patterns suggests a difference in the

I nteraction of these strains with the host once inside the animal. |nmaging
the sane aninmals 48 h after bacterial injection showed that all of the
detectable Iight emssion fromthe eagrlier tinme had di m nished and was
elimnated conpletely fromthe injected animal with the exception of the

inflamed woundedohhseuas sdoBues Wheel n@iigjare 4wuUnghening hehear thege

region. Inflammation. in these tjssues was identifi b the|r and
edemat ous AFFERREHERS E‘i’fﬁht’“‘i’ten‘-‘r’s}g"rto‘?ﬁis 2 &B?%f%d Eﬁ t?éter‘fm S| ongwound

and/ or in gheensnf J:aﬁ@ﬁlul e@i’:arhiigaﬂneﬂl @f UpdieiBuably eaybsqbsiiganeceison,
which was cqnfir ton c.oI ion_ti tes
(Fi gure 243 1andP Fi 51 Sﬁar%?eieﬁh r%‘se]f% tha nﬁfangsm ggﬁgﬁmm%%mﬁ(i}# due
to the | OSai:séhctahaaﬂ)l asnlideBbénos time tbesieenuongabf wpanng venegr deisisg®si-n t he
bacteri a. t her expe ment s ssi f&g&j b@nat
FeEbereea TEPSup CP et S GMiepy, “LHBAS: 2

consi st ent ays. Sim ata were :obtained in
20 |rmunaﬁﬂm&uanioﬁasmemueutédgmﬁsms Jﬁlow ﬂ@f‘@%to‘#%é”sré‘mce in

observati Qns..ar & A0k egft an %11%&}1}{“ &mg efgd d rmurggld smstogrrgg

I
Car ef ul exam SHation Xf %I vi dual excl sed organs as Il as bl 00
sanpl es f rezm mafg@ct(etd. &m«mu@ ¢dwef itHiged vepe ©f §Ehé@do¥m R ¥in

Lhese nor gl dutlcBl UM ELbdd:SHes. wolii!t NelTehe mat e XM | ﬂEﬁtﬁdwe&ﬁﬁ@ly
denonst rated that col oni zation of the Il’lj ured tissues is a %
R 1) [ e of

occur r enceltiiectadc dachrariey -dowr el LU BEoA MEERIS™( 82, 8V
29  ear tags dhlehchcinkNgs MGe LN xCALPBIAGARL Relagenous!y

Example 3: Colonization. of catheterized rat hearts subsequent 7

to femoral wvein inj-ec_ti{m of light-emitting bacter‘i_a'_

Surgical heart defects were éreated according to 'the

-procedures previously described (Santoro and Levison, Infect.
- Tmmun. 19(3) (1978}, 915- 918; Overholser et al., J. Infectr

pis. 155(1)  (1987), 107-112). Briefly, animals wewe

‘anesthetized ‘with sodium pentobarbltal (60 mg/kg i.p.). A
- midline neck incision was. made to expose the t:l.ght Carotld
B ari:ery A polypropylene catheter was introduced -and advanced'

until resistance was met indicating :Lnserts.on to- the level of

the aorti¢ valve. The catheter was ‘then .secured usa.ng_ a 10-0

suture (AROSurgical Instrument Corporatipn, .Japap), and the

incision was closed using 4-0 8ilk sutures {(American Cyanamide -
,»Company, Wayne, New Jersey) Plaéement of the cathetet Cai'iSES'

irritation and subsequent inflammation of the, aorta.c valve
| {Santoro and Levison, 1978). _ Control ‘an-:-l.mals did ‘:not _undg;‘gc
the catheterlzatlon procedure. Bé‘c{:'eremias were "iﬁaﬁcéii by
'1n3ect3.on of 1 x 10° light-emitting bagterial cells of . E. coli
Vla the femoral vein. When obgerved :meeda.ately after'-

| :mfectlon under the low ln.ght 1=mager, bacterlal celom_zatl-on



injected bacteria. Wund , colonization by intravenously injected bacteria
occurred following injection of V. cholera in concentrations-as low as 1 x
105 bacterial cells. Exanple 3: Colonization of catheterized rat hearts
subsequent to fenoral vein injection of light-emtting bacteria Surgical
heart defects were created according to the procedures. previously
descri bed (Santoro and Levison, Infect. Immun. .19(3) (1978), 915-918;
Overholser et al., J. Infect. Ds. 155(1) (1987), 107-112). Briefly,
animals were anesthetized with sodi umpentobarbital (60 nmg/kgi.p..). A
m dl i ne neck incision was. Made to expose the tight carotid artery. A
pol ypr opyl eae ehsiieterimashe Nt iosucesyiand @igameed ) -ufhireer dgvst dater was
met indicatj insertion to the | t | ve. er
was t hen s‘giaﬁg%d ust %hegeszﬁg sut%%lﬁléla?%%t}% %’% ggttbﬁﬁis( rurréirﬁ_lt-llzl Ia%greg%?%tal on,
Japan) andcblmuzatcaczn orofivashd obedrtisi mith- 0lightc semiltdng ARBFERER? /
Cyanam de SR%EP yanm}ﬂ? éﬁﬁ%eherﬁsyhg@ age Mg ALLef éntiess%hheﬁﬁm camses
an

irritation subsequen ammat i on of the,. aortic_valve_ _(Santoro and
Levi son, 1B@&yt (Bhowos ﬁhi nBe sdefermidte dddekyb hamdptrateblsat F¥R1S

procedure. ,BagL et L 2Sy ée?ré&gfﬂfeﬁl Dhe |tH RfildsQN thfe heartQ8liver and

light-emtting bacteria |s of A°. cola, via e m)ral vein, V\Qg
observed i Aukeeat ¥pye arrsisednfgen 64indBimpfh eaF’EIw RyE g

bacterial . 75! 992RL 1 2R 24p1 ¥&Ss Vb5 e ddtsd ha«ﬂ:ldxerarreeg:n@an(sﬁtgateasaa.'
Thr ee days | at er whi |l e cat het erj zed ani maﬁa consi st ent I y nonstra %'ra

col oni zat | BaFeFtine IMERYved « AR | GATCEMAL | FfBEEREPra, * roI ani
showed no gheRe@f priefdn®dn oFH O[ﬁl@'h@m dériit- ¢ itepr bacEegiae &troTxg datighhi ne

£l d_undet ect abl e. | evel s t
he hoart . STLo8HoR RS IFER o R GHR SBEhRrER! Sl BEER 4 dotsRRETLES

over ni ght thd&heohtwel shemck s phleianis Iold dowpilats, abberee o% @ﬂg}é?ﬁ’si fhghtare
(F:Lgure 7). No Dbacteria were detected on the cultured

catheters.

‘These findings indicate that while 1ight~émitting bacteria
Anjected .'into the  blocdstream wvia thé femoral wvein were
cleared from normal tissues, injured 'or' inflamed ‘tissués in
.:meunocompromlsed and immunccompetent animals prov1ded s::.tes
that continued to retain bacteria for ‘an extended perlod of

time.



directly involved in bacterial clearance, in both groups showed presence
of light emtting bacteria. Strong |light em ssion was detected in the."
catheterized heart in contrast to the control heart, which had conplete
absence of emitted light (Figure 7). No bacteria were detected on the
cultured catheters. These findings indicate that while light-emtting
bacteria injected into the bloodstreamvia the fenoral vein were cleared
fromnormal tissues, injured or inflanmed tissues in inmunoconprom sed and
i mmunoconpet ent ani mal s provided sites,o,that continued to retain bacteria
for an extended period of tine. 22 Cains 1. Use of a m croorgani smor
cell containing a DNA sequence encoding a detectable protein or a protein
capabl e of inducing a detectable signal for the preparation of a

di agnostic conposition for diagnosis and/or visualization of wounded or
infl.anmed tissue or a di sease associ akggifBerewith. 2. Use of a

m croorgani smor cell containing a DNA sequence encoding a detectable
protein or a protein capable of inducing a detectable signal for the

preparati @n @hea J3hay "REEULLERINIAPNROSEELDN chakalihfng r eami@ntsegfuenwoended
or inflaned tissue or a disease associ ated thﬁremﬁth aﬁigﬁé%llﬁ%%ang

M cor oor gSAPSFRY 2 cRPFeFEARYR MRS IBOREaPNE S8 Br CREFR B xPr 6351 DT 6 “DNA
sequences zeNgegifEaKE) Riakeiln( £prsuihablgrdmrration hefapy ofiagmestded or
inflaned tissue,or a di sease associ at t her.ew B qng,.{ 0
claim1 oFOEPOﬁhE+%?nggﬁigéﬁQBPg?ﬁ ggéggfe%lgphﬁgﬁagiﬁﬁLgﬁdg%ggﬁggl%rgignal
is a | um nestentdotisdlalanesc elilsepset associated cclmpmwidibng. to claim 3,
wherein said | um nescent or fluorescent protein i-s |uciferase, RFPor GFP.

2. Use of a microorganism or cell containing a DNA sequence
encoding a detectable protein or a protein gapable of inducing
a detectable gignal for the préparatioﬁ of a'pharmaceutiCal
~ composition for the treatment of wounded or inflamed tissue or
a diséaée associated therewith, wherein said mi_corqbrganism 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 assogiated therewith.

3. Use according to claim 1 or 2, wherein gaid protein capable
of inducing a detectable signal is a 1uminescanp oxr

fluorescent protein.

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

flﬁorescent protein is luciferase, RFP or GFP.

5. USeVECGording to claim 4, yherein gaid microorganism or-cell
édditionally contains a gene QECQding- a -substrate. for a

Tluciferase.

'é, Use according to claim 1 or 2, wherein gaid.pretein.capable_
‘of inducing a detectable ‘signal is a protein inducing a signal
detectable by magnetic x@sqnépge‘imaging (MRI) or capable of
&iﬂding a gontrasting agent, §hrombphore or afiigand-requirea

' for visualization of tissues.



5. Use according to claim4, wherein said m croorgani smor cel

additionally contains a gene. encoding. a. substrate- for a luciferase. 6.
Use according to claiml or 2, wherein said protein capable of inducing a
detectabl e signal is a protein inducing a signal detectable by magnetic
resonance i maging (MRI) or capable of binding a contrasting agent,
chronophore or a ligand required for visualization of tissues. 23 7. Use
according to any one of clainms 1 to 6, wherein said mgroorganismis a
bacterium-or a virus. 8. Use according,50 claim7, wherein the virus is
Vaccinia virus. 9. Use according to claim7, wherein said bacteriumis
attenuat ed Sal nonella thyphi murium attenuated Vibrio cholerae, attenuated
Li steria nonocytogenes _or E.coli. 10. Use accordi t o .any .one .of alns 1
to 6, wherfi mgmegc@@mim% 8O n&R¥aEn %I&mﬂs_ {]Jg‘éoa éor éller]f'%lgo %% m 10,
wherein the LinaBmC ek aisactdriant o-ogousras. het er ol ogous stemcel . 12.
Use according to"any one of clainms 2 to 11, wherein said protein suitable
for the therapy of wounded or inflamed tissue or a disease associ ated
therewith ds @é‘ee@&%g@dﬁﬁ%: ikag cleliln Teawhepeimntbaz wiwusausi ngeegtnia

di gestion of debris. 13. e according to any one of clains 1 to 12,

wher ei n sa{¥d-1&ti sease is endocarditis, pericarditis, inflammatory bowel
di.sease, |ow back pain (herniated nucleus pul posis), tenporal arteritis,

pol yarteritis _nodosa or .an arihfif.i ¢ _di seas . &, ;aCCeLdLagita anyone
of clainms %-t &=, aNeretiIsatd é&.laﬁm. §6aSEheddin Ushnidl t8gi

sease’'is an atherosclerotic disgease.. 15
Use accor ditgerhvatasy onesafmadedilas 1 thyphdmughemei n 3hfFenuaipd eas¥ipELo

coronary -acrz'lggigrgé,s %?:%%hug. %jdpffééérlva?‘%%ﬂo%ry;ogenes or E.coli.

10. Use according to amy 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 heteroclogous stem cell.

. 12. Use acc:’ording 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, dunflammatory bowel.
di‘sease, low back pain (hermiated nucleus pu}.p_osi-s) , temporal

arteritis, polyarteritis nodosa or an arthritic disease.

- 14. Use ,i'é.cccrding to anyone of claims i to 12, wherein gsaid

_disease is an atherogclerotic disease.
15. Use according to anyene of claime 1 te 12, wherein said.
disdase ‘is' coromary artery disease, peripheral vascular

disease or cerebral artery disease.

"16. Usé according to any one of claims 1 £o 15, wherein said



di sease or cerebral artery disease. 16. Use according to any one of clains
1 to 15, wherein said 24 diagnosis and/or visualization is carried out by
MRI. 17. Use according to any one of clains 2 to 16, wherein said
expressi'bl e DNA sequences are on a BAC, MAC, cyber cell or cyber virus.
18. Use according to any one of clainms 1 to 17, wherein at |east one of
sai d DNA sequences is under the control of an inducible pronmoter. one of
19. Use of a microorganismor cell as defined in any the preceding clains
for monitoring the efficacy of an anfjbiotic reginmen or evaluating the

resi stance of a suture or an inplantable material to bacterial

COlonlzﬁiiéghosis and/or visualization is carried out by MRI.

17. Use according to any one of claims 2 to 16, wherein said
expressible DNA sequences are on a BAC, MaC, cyber cell or

cyber virus.

18. Use’according to any one of claims 1 o 17, wherein at
least one of said-DNA gequences is under the control of‘an

inducible promoter.

i9 Use of a uwicroorganism ox cell as defined in any one of
the preceding claims for wmonitoring the effi¢agy of an
antibiotic regimen oOX evaluating the resistaunce of a suture or

an implantable material to bacterial cclonization.



