Microorganisms and cellsfor diagnosis and therapy of tumors The present
invention relates to diagnostic and pharmaceutical compositions
comprising a microorganism or cell containing a DNA sequence encoding
a detectable protein or a protein capable of inducing a detectable signal,
e.g. a luminescent or fluorescent protein, and, in a particular embodiment,
furthermore (a) DNA sequence (s) encoding (a) protein(s) suitable for
- tumor therapy and/or elimination of meiastatic tumors, e.g. a cytotoxic or
cytostatic protein. Presence of bacteria in tumors was reported
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defined in the claims. When Vaccinia virus (LIVP strain) carrying the light
emitting fusion gene construct rVV-ruc-g_fp was injected intravenously

into nude mice, the virus particles were found to be cleared from all

internal organs within 4 days, as determined by extinction of light

emission. In contrast, when the fate of the injected Vaccinia virus was

similarly followed in nude mice bearing tumors grown from

subcutaneously implanted C6 rat glioma cells, virus particles were found

to be retained over time in the tuner tiSsues, resulting in lasting light
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However, so far it could not be shown dafinitely whether the
above discussed microorganisms. are responsible for the
- development 0f  disorders like Tumors (except for
papiliomaviruses) or whether, eé.¢g., tumors can attract and/or
brotect viruses or bacteria. Accordingly, there was no basis
for the use of such microorgani sws for the diagneosis or
therapy of tumors. Conventicnal tumor diagnostic methods, such
‘a8 MRI (Magnetic Resonance Imaging) lack sensitivity and
ispgcific:ity and  therapeutic methods, e.g. surgery, are
invasive and not very sensitive,

Therefore, it is the object of +the present invention to
provide a means for the efficient and relisble diagnosis as
well as the therapy of tumors which overcomes  the
disadvantages of the diagnostic and therapveutic approaches
Presently used,



4 well as in nodules on the exposed lung surface, suggesting metastasis

to the contralateral breast and lung. In summary, light-emitting cells or
microorganims, e.g. vaccinia virus can be used to detect and treat primary
and metastatic tumors. Similar results were obtained with light-emitting
bacteria (Snimonella, Vibrlo, Lista:la, E. coil) which were injected
intravenously into mice and which could be visualized in whole animals
under a low light imager immediately. N&light emission was detected
thirty-six hours after bacterial injection in both athymic (nu/nu) mice and
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internal organs within 4 days, as determined by extinetion of
light emission. In contrast, when the fate of ‘the injecte;i
Vacwinia virus was similarly followed in nude mice bearing
tumors grown from subcutanecusly implanted cg rat glioms
cells, virus particles were found to be retained over time in
the tumor tissues, resulting in lasting light emission. The
presence and amplification of the virus-enceoded fusion
proteins in the same tumor were monitorsd im live animals by
observing GFp fluorescence under a stereomicroscope and by
collecting lunciferase-catalyzed light  emission wunder a
low-light video-imaging camera, Tumor-specific light emission
was detected 4 days after viral injection in nude wmice
sarrying subcutaneous C8 glioma implants ranging in size from
25 to 2500 mw’. The signal became more intense after the 4th
postinjection day and lasted for 30 to 45 days, indicaﬁing
continued viral replication. Tumor accumulation of rVV-rpe-grp
virus particles was also seen  in nude mice carrying
tsubcutaneaus tumors developed frem implanted PC-3  human
prostate cells, and in mice with orthotopically implanted
HﬁF{‘i human breast tumors, Farther, intracranial ¢6 rat gliomg
cell implants in immmosompetent rats and MB-4% mouse bladder
.tumor cell implants in C57 mice were also targeted by the
Vaceinia virns., Cross sections of a C6é glioma revealed that
light emission was clustered in rpatches, at the periphery of
the tumor where the fast~dividing cells reside. In eontrast,
cress sections of breast tumors revealed that fluorescent
rislands, were digtributed throughout the tumors. In addition
t;o primary breast tumors, small metastatic tumors were also
detected externally in the contralateral breaast region, as



developed from implanted C6 glioma cells, light emission was abolished
from the animal entirely thirty-six hours after delivery of bacteria, similar to
mice without tumors However, forty-eight hours post-injection,
unexpectedly, a strong, rapidly increasing light emission originating only
from the tumor regions was observed. This observation indicates' a
continuous bacterial replication in the tumor tissue. The extent of light
-emission is dependent on the bacterial dtrain used. The homing-in
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developec:} from implanted 6 glioma cells, light emission was
abolished from the animal entire‘ly thirty-six hours after
| delivery of bacteria, similar te wice without tumors. However,
forty-eight hours post—-injaction, unezpectedly, a strong,
rapidly increasing light emission originating only from the
- tumor regions was observed. This observation indicates  a
continuous bacterial repl;i.cation in the tumor tissue. The
extent of light emission is dependent on the bacterial strain
used. The homing-in process together with the sustained light
emission was also demonstrated in nbde mice carrving prostate,
bladder, and breast tumors. In addition to primary tumors,
metastatic %_:umo;:s could also be visualized zs exemplified in
the bgeast tumor model. Tumor-specdfic light emission was also
obeerved in impunocompetent €57 mice with bladder tumors as
well as in Lewis rats with brain glioma implants. Onoe in the
. tomor, the light-emitting bacteria were not observed to be
released info the cireculation and to re-colonize subsequently
impilanted tumors in the same animal. Further, mammalian cells
exXpressing the Ruc-gfp fusion protein, upon injection inte the
bloodstream, were also found to home into and bropagate in
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have the followingages: (a) They target the pacifically without affecrmal
“tissue (b) the expression and secretion of thee tic gene constructs are
preferably, under the control of an inducible promoter, enabling secretion
to be switched on or off; and (c) the location of the delivery system inside
the tumor can he verified by direct visualization before activating gene -
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a cancerous cell or tissue and a non-cancerous counterpart cell or tissue;

and (D) is not tumor-targeted.



Accordingly, the present invention réfates to a diagnostic and/or

pharmaceutical composition comprising a microorganism or cell , - £y
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_below. The person skilled in the art can.easily. identify such bacteria which. ..
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lagnostic and/or pharmaceutical composition comprises a microorganism
20kcelkcontaining;a. DNA sequence-paceding ajuminescertangd/ofiagnostic
porescent protein, Asused NBlein: e IeMFNA SRQLenee,eNeatAG But o
or cell containing a DNA sequence encoding a detectable

nrotein or a protein capable of inducing a detertable signal.

in s preferred embodiment, the nicroorganism or cell of said
diagnostic andfcé: pharmaceutical  compositich furthermore
contains {z) DNA sequencs(s) eacoding (a) protein(s) gultable
for tumor therapy and/or elimination of metastatics tumors,
such gs a coytotoxic protein, a cytostatic protein, a protedn
inhibiting angiogenesis or a protein atimulat_ing apoptosis.
Such proteins are well-known. to the person skilled in the art
and further examples of suitable protelns are given nelow.

Any microorganism or cell is useful for the compositions of
the present invention, provided that they replicate 1n the
or¢gEnl S, are not pathogenic for the  organiam, e.g.

attenuated, and aré recognized by the Ilmmune systen of the

organism, etc. Examples of pilcroorganisms useful dor the



and/or fluorescent protein,, also comprises a DNA sequence encodinga
luminescent and fluorescent protein as fusion - protein. In an alternative
preferred embodiment of the diagnostic and/or pharmaceutical
composition, the protein encoded by the DNA sequence is a cell receptor
capable of binding a ligand which can be a diagnostic or therapeutic
ligand. The ligand '7 can be a protein (including large or small peptides,
antibodies, etc.), a synthetic compound (such as a synthetic steroid
analog), etc. Therefore, the in ViVe location of labeled ligands in live
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is useful in the method of _e%ll’@'s ifiGEntich. Preteably, whisdrease per se
sPacificty RutaTE5otein tigehdstioranatoy sribit istamhensicel sompesen »
or ittt g arekidceptorstoanhe geneaticaly onchemi ine
tkraﬂfhengi?tﬂ.@%@énd pé%% e@ﬂggg@g%gi(ﬁe les, Iﬁ&g%%ﬁé% to&éﬁﬂt’?@maxt
neonsG spedii S A5 | SRR RIER ek eeding
gg%lﬂg%n@gsgirggtantglanalo s will also limita fe
to,the poilmal host physiology " I ¥ HhorabrefiifrifsiRifentottmlate in
mSnoéﬁéognd?&e-pF%rrﬁ%@em cEhigosition ditke presentinvertiohey are
thethgameseglatradiorudidesiabetied ligansde Sajd figand 4s a1q.. yseful far 1 oo
- toforanslialization Ly-single-p Ission, computed tomography
hipding o £aciliionuclide-f§bejlféd REAnts I horeExpresksor~targeted
Speci calfy onrfhg%c@ohﬁﬁ%’rc%fﬂgm inFavdadusdetinenael can
&Y LeNgihderdd Becrueh virasesros maneliar sels arying Do rgeted by
rsTeptol proteva JEAeIcoNgiEugs Radignyclid used fqr )
gepventional umok s%tigbae%)gﬁgT %gl {gs%s%na%%?ﬁ%%%ad%ﬁ%@we 10
%@ggs.eliéaT%Ies of radionuciidés UsefaF i thePredentfavehiibrereqasy are
%r- ernitters su _ﬁ RAIBLIHKE 1509 "ed of (b) Fodrhittels suldeas ik, Vibrio
Qo et R Ty S p s L
Cu(th), : e, ,.elc. an are
SeRsilive gﬁggn[pééssthqé m,]_%é b&E 3 for tu&méonﬁlggi FSeCotding T TRE-Lon-
JAresent invention. Bofh SPECTSAT PETAFE L) 4B e dete iy tavelerred
fofz. BRE y gmor-targeted. Particularly preferred are

amounts of Z.'
cytoplasmic viruses,

in a particularly preferred ewbodiment, Ptha diagnasltic and/cr
bharmaceutical composition comprises a microorganism or cell
containing a DNa sequence encoding a Jluminescent and/or
fiuorescent protein.

A 0 "
§ used hersin, the term ~DNA sedquence encoding & luminescent
and/or fluorescent protein, also comprises a DNA sequence

encoding a luminescent and fluoressgcent Protein as fusion .
protein, '

In gg alternative preferred embodiment of the dizgnostic
- and/or pharmaceutical composition, the protein encoded by the
DNA sequence is a cell receptar capable of binding a ligand
which can be z diagnostic or therapeutic ligand. The ligand



emission from radionuclides. PET is even more sensitive than SPECT. In ~

experiments using small laboratory animals, tumor Imaging is performed
using a microPET instrument, which is commercially available through,
e.g., Concorde Microsystems (Knoxville, TN). Examples of useful
radionuclide-labeled agents are "Cu-labeled engineered antibody
fragment (Nu at al., PNAS USA 97 (2002), 8495-8500), "Cu-labeled
somatostatin (Lewis et al., J.Med.Chem.™42 (1999), 1341-1347,

"CGspyryy@ldehyde: bis(N4- methylthiosemicarbazone) ("Cu-PTSM)
(Ag}"qc i et al%&%s%%gg%ﬁéﬁ 303898 F&Eitrat@tidendwstides,
eta .i??f?leﬁ?&’ﬂ%ﬁgm% SUppFYREIe894), 20BKLRRA5E belSRMMN £itsatet nat i
(CABREéAet 2z Jsdurochem. 7Ruh098)£2047:2055) and,52Ee-labe d e
irbngH) bydroxigdersycrosgc e @ﬁamga et al., Er.J.Haematol. 10

(19299). 288:295" §96-30§%:;£poér§gr o ap(%lg/, ﬁ%‘?ra%?%%%li&’eaﬁb%}&& can be
ligand in tumor detétion the"§8hes éfitodivy FRSetemsr foloindfiatst any
the igand€ &y hihd bt eRtveraepyamravenousidnjested daCteEBe 1 ing is
VitE8&8 lornartibraliare thts according te.the Aresent nvention. Sipget. . gb 1y
couldilbe sbaws igthe.exa S, t certain intravenously injecte !
beetaria, vérugegﬁfﬁ?rg aTEr?él?asn %%%%%I%ﬁ%%%%%if%ﬁﬁ?%ﬁwe ‘@mdigatlogs
expression of the recepror pr%?&%%qﬂ)th€¥ufﬁgr§ﬁ/ﬂl rafiéift apretiors can
targefliig By iz ridioRtcligbaabertiigasts L e mdmpte, ihifte eage/Ofy11y
VaccintaVithis, e allewefficiedbtpmondetastoa Aheadius Gan bg&@ggitgﬁ ‘o
darqrgeaém@nsﬁpéksiqmgwg' re prateins that,can bind specifically
lpimgtligﬁg@érggr@/gggﬁlytigj%%?fﬁgf%ec%&r% ﬁ%\gn%%%%%g%irug wsdtso
the delivery of the receptor gene Ahd S Eﬁﬁriésgfbﬁsdﬁﬁ@?éeeptor
protein in the tumor tissues. Then, the radionuclide-labeled ligands are

iMectdd HE5FenBEskenrethe dustabespecific DIRKINODGINGS 1¢  and/or

‘E&tﬁ@n@,@ﬁﬂﬁ-—i?ﬂ|nggﬂhegﬂefcgﬂ@rsp%@é%ﬁ%ssel e en,  tne

wigeneellsyrface allawsdhe,defection gf timots, based on Bs-or_ = " * =~
LELESRAS) %.tee% oy 3ﬁgﬂmﬁ'th§ﬁﬂﬁorgwd is,

&-gmissiqns.originating only from the tumors. L
radiohyclides W?” allgévqteas RinctibiFBétveetimiors Bid neimakl e ~photon

83185 °Fhe fEBRE HRA S BE- 2R detéEmasthatare aitachasbit-anission
Sefgigarsate HIGAr camsbe cesigneebiBased 8848 SI9NGkOLBS: 8L e 1 qem
ﬂae&ﬁggan_, Ih@*ﬁ{t&ﬁ:(' Q@g tL!?&@rS %B% &iesanl‘yx%é%esdeyh I%%)ghc?i?irgg\]{% ¥ on
ddoupaldsspesis keptata o, following . intravenous delivery
af, e.g., engineered bacteria, wviruses, aopr mammalian cells
| carrying the receptor protein gene congtructs. Radiocnuclides
- way be wused for conventional tumor saintigraphy, PFET and
Possibly dinternal radiotherapvy of tumors. Examrles of
radionuclides useful in the present invention are (a) 8*
emitters such as *¢, 34, % or Sioy or (b} y-emitters such
L. Other radicnuclides that can, e.¢,, be used as

tracers for PET include Co, %Ga, %ga, cu(rny, “cu(rn
Ni. **co, S*Fe, BF, ete, ’

as

SPECT and PET are sensitive technigues that may be uged for
tumor HRaging according to the present invention., Both ZPECT

and PET are capable of detecting trace amounts of 2* and vy



minimum. Particularly preferred is gallium-67 for the purposes of the

present invention. Gallium-67 ("Ga) can be used for diagnostic imaging

using PET, SPECT, or scintigraphy. It is known for its ability to accumulate

in inflammatory lesions and tumors, especially in lymphomas, but also in

many other types of tumors, such as in pancreatic tumors, lung tumors

etc. The mechanism of "Ga uptake has been proPosed to be through both

transferrin-dependent route and transferéin independent route. In the

trinsferrin-dependent route,, it has been Shown that over-expression of

g e AIBEIE T P AR WAL A SRSt i v
mote, adiia [ r Ibpdy significantly blocks "Ga by

t4Ra0L £Rls. SFor ir}:arll tu%%% wﬁgt%%g \?Eré}é? :%hi%?%%%f% iOn& Bt &4 Spre tumor

required to overcome backgrotiid 8ighal RIS R thideasesrmenise ofiich is

rEEBMBRTAcciia irtl arriirrpa slansfertin recaptaicgene 0oNSHNEYs toms

féKovardiprassmy transferrin receptors Specifically on the surface of

. tumor cells in live animals or human patients following intravenous

iRiesh '5:9{1 f iru is preferred, "Ga will be also delivered

iﬁtra\_/en%%s%flﬁsﬁ%%el ggﬁﬂﬁﬁﬁ‘}tibﬁeﬁfx*%ﬁﬁ?ﬁnﬁﬁﬁﬁéﬁs i Hewelpbelea

f?&%%%%%ﬁ%&&é@@é%é%@ﬁmedmosuhelps to Bigmificastly 97 (2002) ,

itV tafor detdétion abilitieadn Iiv@o&{ﬁﬁk@&éﬂ@@umqﬁmignts”;@o al.,

In. ze alterrativeqprefarsed pmbogiment, the déa&?—%iﬁ}%%‘gﬂee?gde- s (N~

B, O D o PIS s

ggcr?gé% nism_or cell contaning
- EapabIe 6rindding 2 83Ral ddecrble by magraticiesenance magiogNeural
RRpTe.g. nigadindingdgroteinse Basthermopzsthesproteiraa Bmgy . o3 rat e
¢ontrastiagents: chyomophigs,ligands or ceogpQyRds, requi or
wigwalizafion, of lisgyes; Arpferahly, said protein % a%%l? Fecég’%ﬁgggﬁ?lé and
of binding a ?Iaramagnetlc- or siﬁerpé’ramgé’h%ﬁfésﬁe&?%e?l’éd Gafgara et
Turfor VisUalZatoh by MRS e sUHfEG fron? B BifBing 8Fpaeinagnetic- or
superparamagaetic-metallabelled ligands to their receptors expressed
Specificaity awthespiriacerof turmen 6ells:f0llawing; %8 MAYENOUS 51 tumor
dietiyers ehenainectathBactelia. Wi uses. oL mammalian cells dceording to
fheArggent inyention carr%ing the receptor pro?eiquene BSFSRIE hhgat the
several advantages. Théhfyh AEL BPREEUNRItiGH BF Tenomelals ilntected
RECTE TN fadihiaie fmor edteammmakisly aryljaransagnretitiony  to  the
Fﬁﬁ%@pér%ﬁ&w@@met&t&nw betusestifon thie pumase. Refeiabe e, oq
Helthe systenicdexieity of %E@Q%?&(%ﬁ@t%ﬂ%gfﬁa@g%”%“Cj_or viruses
sSiPerparamaanetic ar carerfggxbselected to keep adverse e'ﬁeé:[saa’t
Jminimal. In most cutren [ aVananistontraR agemiSathtymekal phlrlebumors
afer ERfPImIRY tSiheFtssBEare Baaicetinish polyriees, inhickr sirelChmnark
Ehafcrupuse then fakec banicles. therefem. dhedpriligandsta09eds s,
with chelated or polymer-coated metals is preferred.
For example, in the case of Vaccinia virus, to allow efficient
tumor detection, the wvirus can be used to carry gene
constructs encoding receptor proteins that can  bind
specifically to the ligands. Intravenously injection of
recombinant Vaccinia virus allows the delivery of the receptor
gene and surface expression of the receptor protein in the
tumor  tissues. Then, the radionuclide-labeled ligands ave
injected intravenously into the host.. The specific binding
between radionuclide-labelled ligands and their receptors



Methods for generating contrast agents /inked with proteins are well

known to the person skilled in the art, e.g., the protein ligand (or other

chemical compound ligand) is first chemically attached to the chelates

(e.g. diethylene triamine pentaacetic acid (DTPA)). Then, the

chelate-protein complex is labeled with metals. A similar labeling method

has been used in generating gallium-labeled somatostatin 11 analogs

and used in producing indium-111-labeled low density lipoprotein using
DTPA-bis(stearylamide). Details of prote?n modifications with chelates
ussgieconlashagants have Peenprevqusly desciibed. Forexamle. s ¢
mOdI%/II’%ﬁ grotelns with the bifunctional chelate

2 RS thiG&SbtEBerby - & mEnT B Rnefdhrrtomagedtt foidn the
(MIERTPA) ) ek adel etale Biovenjag. vGhem b EWRMA)3965 andil allow
medfyingquetdineaiiihe SUUANY LIRSl | and nomal  issues.
ﬂﬂh}glﬁegeglamge- entaacetic acid (cDTPAA) (Duncan and Weich, J.

TNied 8 ¢ @5%1,%758@173@%3\'@%4;8@%%@& Aeenafiaghenri to a
cARIE saricdloutehyithddeltowiag approsachesndd) Medified gagdoliniemg ignal
agivagian to_enzyme/protein., deliver IS approach is based on the
princaﬁlles gc%ke ,e%e-Dir%?e%%nz%%%e E’ir%%%g er%%@’?@%EBﬁ, iPfhicr eanty
c&sE REGNYPred/pFotBing SRaVAE £ shawrally déinaved ndmoxkept at a
PreBARFRto active toxic drug. Specific activation of the MEI contrast agent
in weak relaxivity state into strong relaxivity state by the.enzyme/protein in
the tWmoks tion. enzyme/pgotein delivery to tumors
i%%gggeﬁlgd%lai%%ﬁ%a%%%cuépg l%ieﬁéﬁr%?pezge?gd %%telﬁg, f?&?éss,cf the
and mammalian céfts Which GarrytHBgehe ehcBting SAghladssidasestdr for
SHPOHRT Feratddanipsie tFing BPEBlaci®E0dse can beintitheprhy. It is
extracelldlor setretath forntor expressedexample of amanduseddRy tesions

tacetig.an the @@%tséwma@m%?%ﬁgﬁa%é%“ﬂ%ggﬁﬁy other

[
gg cleaved by b-galactgsidase MRI imaging for tumor
(Ci%’,lo- gadﬁT?gfﬁ-fga%%?cgbyﬁfno%vleﬁ?ﬁ AR grumors,  lung tumors

€. The mechanism of  *'Ga uptake has been proposed to be

through both transferrin-dependent route and trangferrin-
independent route. In the transferrin-dependent route,. it
has been shown that over-expression of transferrin regeptor
gignificantly increases ®Ga uptake by tumor cells, .
Furthermore, anti-transferrin ‘ receptor antibody
significantly blecks %Ga by tumor cells. For small fumor
imaging, very high concentrations of “Ca are reguired to
overcome background signal. Thus, in *this cage, the use of
Tecoubinant Vaceinia virus carryving a transferrin raceptor
‘gene construct for over-expressing transferrin receptors
gpecifically on the surface of tumer cells in live animals
or human patients following intravenous injectiofr of the
viruses is preferred. ®Ga will be also delivered
intravenously. High level accumulation of *Ga in tumor celis
with the help from the over-expressed transferrin receptors
helps to significantly improve tumor detection abilities in
live animals and human patiants.



12 tetraazacyclododecane)gadolinium (Egad) (Joats et al., 1997.). In this
compound, a galactopyranose residue is positioned at the 9th
coordination site of the Ge ion. Due to this blockage, water protons are
excluded from interacting with Ge ion, and therefore diminished effect on
Ti. relaxation time. In the presence of B-galactosidase, the enzyme
cleaves the galactcpyranose from the chelate, freeing the coordination
site, and allows irreversible transition of the contrast agent fram.a weak to

~ a strong relaxivity state. Since the bactelim-  virus-, or mammalian

cetbasedienrzymeexuessi s only in tumors, the .
emémgg{:atgdfeé%v%éjgt%%%gngﬁ%é%}vﬁea s?é oggﬁr SHgIRsELc and/or
tumors. Theretore, this BRZ§me:ftetdte BRECtiTARSR™T MRIeomiast comprises
adeftS BRI oP NG deteotioniin agdiiomn, thexabevedRhcoding o
condsteat ceipalarnens CanEasiagents iaynae dguelopetingvhich 1o e
othesdypasof reﬁggﬁ%@ay B&&ggcheﬁd to the }gg ‘L‘z?r’;es. These residues™

can b removed by theif corresporiding &Rzymes F& ilaF o moREPERLDS -
galactopYranose by g FactoBftfkeite. g. S8fhanfididasesiantambt  agents,

0gEBSHIARESS p-dihgarsitidesesytoreatie Staudareination siesfDezation
Geliort antumsdify the-iFealaxation tinedordumardetections. 'I%e%ge@escep or
enspaithese-RRZMMES @%ggnpaegggg\_{ r_edol_oty ggle gngineere acteria,

vifyses, gsmammaljan gells according 1o the PreSent ihvantioR TMoreovaEtal
new contrast agents using metals DRer i gRddhkiimhay tsulting from
dEVBIofE T Eh 2y e - VAR amorimaging sEpis Bppieadt §aRne tal ~

bes&srhbed With tiirapycascaizaun irebepiodewing:soclionss 13peci fically
"on the surface of rtumor cells following, e.g., intravenous
delivery of engineered bacteria, viruses, or mammalian calls
according to the present invention carrying the receptor
protein gene constructs has sevaral advantages. The high
level of accumulaticn of these metals in the tumors will
fagilitate tumor detection. Virtually any paramagnetic or
Superparamagnetic metals can bes used for this purpoesa.
Preferably, due to _tha systemic toxicity of naked heavy
metals, the paramagnetic eor Supsrparamagnetic are carefully
selected to keep adverse effects at minimal. In most
currently available contrast agents, the metal particles are

- either linked to chelates or are coated with polymers, which
are much safer to use than naked particles. Therefore, the
use of ligands tagged with chelated or rolvmer-~coated metals
is preferred,

Methods for generating contrast agents linked with ﬁrateins
are well known to the person s8killed in the art, .., the
protein ligand (or other chemical compound ligand) is Ffirst
chemically attached to the chelates {e.g. diethylene
‘triamine pentazcetic acid {DTPA)) . Then, the chelate-protein
complex is lgbeled with metals., A similar labeling method
has been wused in generating gallim~labeléd somatostatin



(b) Engineering of delivery vector systems for activation of the contrast
agents (e.g. modified gadolinium) first and subseguentl , the activation of
an injesteclaraig by the same constitutively expressed enzyme (e.g.
B-galactosidase) - One-Gene-Product-Based Detection and Therapy
System (OGPBDTS) example, the gadolinium-based contrast agent can
be activated by an enzyme (e.g. P-galactosidase), as described above,
which can be used for tumor detection. Subsequently, the intravenously
delivered prodrugs, such as CBI, Tml, P&I. (described in US-patent

AR e R By e e B s o

yjeld active cytotoxic drugs against turmor cells d-r cancer treatment,
B HREERRG OF RV VeRkar BRAESt drt Ao GerReb kit Shsedotein
BetdthidrantiTierapdtic Syslaes(TEPBDTS) Gemetkislinkedjém:as have
tonatituive-premoter apskipieduces thesenzymapiroteingtor se0sin0the teins
| M@S@%enﬁi(ﬁ&d?f@%ﬁ“déﬁ%%qé%'”%W%%%?%’B&“'&%%%Oéﬁ%be-
?ﬂ%gr}é%ar_\d ggrje 2 is linke to an e_xggenously activatable p?fomo er, _
WS Silent bR SRR S A TG SRk a BFRFkined Bfidter tHAX-DTPA] )
détbegenivbct@tsystem is Fdurebpdsitive IShE!. The dGth@0ibn ofithess) and
weeloEbased prometes gene copstinct isgchievedpyiiniectionondy.gral  of
efloiisiiian of e agiaugduia. Jiie repeated iRy’ e SORIAY 4.y
%%iné}a lows thc_a real-time monitoring o tumgr Size and [ocation
metidtased durifg the trédffient gocedre 214 Prctéfiply 380 bBave been
#55576¢R/RG the cells the DNA sequences encoding the (diagnostic or
therapeutic) proteins described above, e.g., a luminescent and/or
fluorescent protein are present in a vector or an expression vector. A
BesoRLakled i Ine aits familianwith examplgs thgreof the DNA » oy o sn
sequences can also be contained in a Fecormbinant virus gontamlng g
gﬁ%ﬁﬁcpafésse&pression cassettes. Suitable viruses that may be used in
the diagnostic or pharmaceutical composition of the present invention
include baculovirus, vaccinia, sindbis virus, Sendai virus, adenoviras, an
ARV VIISLOE Pepa VoIS s6GR asIVW €5 +-dn TheeCtaymay s bBF o tein
el such as MoMULV, MoMuLV, HaNuSV, MUMTV, RSV or GaLV.
For expression in mammals, a suitable promoter is e.g. human
cytomegalovirus ,immediate early promoter,, (0CMV). Furthermore, tissue
and/or organ specific promoters are useful. Preferably, the DNA
BhggerrppRIRodingse Yo seliminestbrt apdicrdlimtescentprotairald rected
ppefaiely inkadwdth amroragior allogiaghigh expression SUCh case  the
BrOAISIS g Indiicihle promolers atg wellknoud o the person skilledin
the art. Preferably, the above constructs are inserted into t eﬁ:)acgf\grla
-%’é%%ﬁ@b%&%%|eﬁﬁFe’g“fﬁti&?%&cﬂré%strﬁa%%ﬁﬁﬁaﬁmamaiafhf the
¥Rlls - maRRiecitts, Sl trapbforitedteell Htedwithiato strong
séigieLopynsertion Vil begenarion 0P gdenn exProssioBURHMOL] Lows
- £8IS," A geRetAlY, MeRDOULIGU ARG DIA SeqUenoes 004 cunors 15
copstructing expression vectors or viruses which contain s&id RA _
ACAENEEs, TR 15 HEEEHAA B BHES o AREERE ThesEeT1a,
TAETABES inciade By likrnrecohibinatidriebhignes, syimthatienmettiodsding
Brgn adios esiopnskinatiop methpdseas.describechipa3ambroghketal, the 5=
al ing, ahgratqry Q@QHQ!' 2 [t] C in
%éarﬁgl#%%%%;rﬁz% sB %O%Q{Sprin Harbgg%%%%pleg%gﬁ% g form
of tranerecting ceffe o % eﬁ?&%ﬁzﬁﬁ% s8chgpmeatian cell surface. An

example of an MRI agent that can be cleaved by B-galactosidase

and wsed in MRI imaging for tumor detection is (4,7,10-
tri(acetic acid)~i=~(Z-H=galactopyrancsylethoxy)~1,4,7,10~



is transfectants and of expressing the DNA sequences by using the above
described vectors are known in the art. The person skilled in the art knows
DNA sequences encoding proteins, e.g., luminescent or fluorescent
proteins that can be used in the the present identification light-emitting
harveyi (Belas diagnostic and/or pharmaceutical composition of invention.
During the past decade, the and isolation of structural genes encoding
proteins from bacterial luciferase from Vibrio et al., Science 218 (1982),
791-793) and from  Vibrio fisoherii (Féran and Brown, Nucleic acids

107, firefly luciferase (de \Wet et al., Mol. Cell. Biol. 7
e o el e (0 (R et tials s 1997.).
Bidcheht 526 FIPS G 326- 13353 CReRHkAReHEr asefigmeR dislllrsrifoionied at

(E&renAehal. cPNAB IUSASBS (1995, 4488-4442) antt green flugrescert  this
Rrateikdkesn Aequoreajeisia (Rrasber e akaCens, 1 1h4L287), 229-233) g
%@,b%gﬁdgﬁﬁg%%éhat allaw Igg t&au% of bacterja, viruses or ,
mammalian cefls based F?Ii’uﬁzglﬁjf emiSsio AN S rmatb Rt Eipredsige . I
oﬁﬁes?ﬁ%ﬁ%‘%‘?ﬁ bdtterid sBhAdSEttorof bdderialavionies willedwes  the
- da-oretenwartdématyng carhera crdndividualhreieria UReer thesordination
L1347 Looack b Al PRAG B A oba orin 2F (G0 bomerast: agent
| -1347- L egacki.e -9084; Chalfie et al., .
Scienge 263 (919%%)?8%?8 j5). ﬁ%‘l é(:rjag:é erled figve Jéréﬁee%’r%s%g&?ﬁmm“
4 variety of org3hisHE R diftter et ahB Aths € By heemkssion cusimpcurs
[BRIAB fudad totiRoriFogertise premofer wasidemahstratetlda RAizgbia state

residing tuidhinuhe cyioplasprehcelsolinfacteddophngaulesiy o light ;.

. Fusion of the

iQ@%&J&@&Q&EE@ %ed’i%@ig%51%8%190%0%%%8%;?%%5% g;la’xéjngg used

Rlant Mol Bigl. e0{:2(‘_’1_966), 367-3

B8 EgReE detection.

In addition to the above MRI contrast agent, 5imilﬁr new
contrast agents may be developed in which other types of
residues may be attached to the chelares, These residues can
LHe | removed by their corresponding enzymes (similar to the
removal of galactopyrencse by galactosidase) {le.g. o~

wannosidases, o~ and P-glucosidases, ﬁwgiucuxanidases) to free
the 2th coordination site of the Gd™ ion and modify the T1
relagation time for tumor detections. The. genes encoding these
enzymes may all be delivered by the engineered bacteria,
viruses, or mammalian cells according to the " present
invention. Moreover, new contrast agents using metals other
than gadolinium may be developed for enzyme~activated MRI
tumes imaging.,

This approach can be combined with therapy as shown in the
following sections,



ully functional luciferase Protein (Escher at al 86 (1986528-6532). This
fusion gene Fab2) was introduced into Bacillus subtilis and Bacillus
megatherium under the xylose promoter and then fed into larvae and was
injected into the hemolymph of worms. Imaging of light emission was
conducted using a low light video camera. The movement and localization
of pathogenic bacteria in transgenic arabidopsis plants, which carry the -
pathogen-activated PAL promoter-bactgral luciferase fusion gene

tryct L, was demonstrated by Iocallzmg Pseudomonas or Ervinia Spp.

sgﬁéascd) o._ coelenterazme o

=l e NV ..bain

the bacterlal Inmferase and the proteln for prowdlng decanal within the
cell, which includes lumaDABE was isolated from Xanorhabdus
luminescens (Meighen and Szittner, J. Bacterial. 174 (1992), 5371-5381) -
and Photobacteriwn leiognathi (Lee et al., Eur. J. Biochem. 201 (1991),
11643 gdhransfgrred inta bacteria r sultlng in continuous light
%%ﬁ%ugﬁ? T sUBSR Al tern@RgBE Pifas  be

emdssion mdependent of gxoge
A iveike G chE 180 (E094mE 6947, Bagetiacaniaming jhe mpﬁ@gmmm

labicORE OIS EEHE RS, vmé%MQ@@%&E‘“@B@&P”%%l%é@i{%%“s%“u%”é &ntly
ptav t isualization and localization of bacfena |n ’
i Qg I'ﬁ eﬂq St cﬁ?ﬁ@ne?rsaté:%tls'gﬁ& BCT

rpéce md_g)at%t%thatt e Iuc erase miss

can i) éiﬁ@ﬁﬁ‘éﬁlyﬁ('@éﬁta%g&?al Y. MicRIsievad R998he same
ﬁ%m@mﬂﬂiasa in the tumors, to yvield active cytotoxic drugs
against tumor cells for cancer treatment.

(e) Engineering of delivery vector svstems with the Two=
Gene-Product-Basad Detection and Therapentic Svestemns
{(TGPRDTS) '

Gene 1 is linked to a constitutive promoter and produces the
enzymes!proteins for sensing the contrast agents {e.y.
metal-binding proteins, modified gadolinium, or  other
agents] and gane 2 is linked to an exogenosusly activatablse
.prnm-:::tax, which is silent without the activator drug, and
only turned on after the detection vector system is found
positive by MRI. The activation of the vector-based promoter
géne construct 4is achieved: by  injection or by oral
Cadministration of the activator drug. The repeated injection
of the contrast agent allows the real-time monitoring of

tumor slze_ ang loc_aticn of metastases during the treatment
procedure.



17 Preferably, the microorganism of the present invention is a bacterium
which is not tumor-targeted, e.g. an attenuated bacterium A list of
candidate bacterial strains that might be useful for the present invention (i
e EMPT (bacterium-mediated protein therapy) and tumor imaging) and
which might not be tumor-targeted are listed in Table 1. The person ed
in the art can easily identify such bacteria which are not tumor-targeted by
commonly available methods, e.g. themethods described in section 6.1 of
WO 96/40238. For safety and direct applicability to humans, bacterial

HEATERAPAY milFQhd EREESS 8S5d R ated MiicréBrhaRishR areiibfefieguences
SilvieRidre nahwalidéensumeddyamodttindmitials.and havee iftrinsidescribed
aaﬂimmo% agtiyityawhegdniecied QFeQﬁW@pﬁlicg%um@%mtbﬁeﬁ@m are
u acleri er atur |ISolated 1rom numan tumor.
%%%vﬁé%eé D e (O WaRDat o pexson
Hirrior&or with B%pedit tylfe dfdthinot 2ExtPECERnISHEoEr-R6n Sh@eeot. The
BB rapreTtersteinsy dcteridis mediziéd thifough eithes sigral peptides rus
@rendegenpus proteinsecietion pafways skaprovide additiogal safoty Qi e
+heEME T hacterial induciple promoers, syuch %%@IQ'LE‘QUC%O' {88 ceutical
romotes may be used to exogenously reguﬁa?e erapeufic Bro ein

&%%fl%fl‘gﬁ By pgéer@ﬁFfﬁ%edQYﬁ%‘%gﬁﬁ of ARG PP SToteRs Tus
ViAtsadtéEbechiWidirdscumianed. IPTGRhAS EoWeen afiewrtbiunctional ARV .

vihrprometer actatioprinAanimals: dn additigneo lag promaoterniothefectar may

2xamples.of promotersithat allow regulation-of geﬁswssg?%&ﬁm MUHTY,

romoter (activated by arabinose) and PLtet0-1

R%%Ctgriag] Cﬁf,e tge arg regs g . i

Bronfoter Gactivated by ANy StetracyRIifETET P (LUt S B, Prometar
Ruckif ACIHIRER. 25V1999§5E203-1210) ~Amnadiate early promoter,
{pCMV) . Furthermore, tissue and/or organ specific promoters
are ugeful. Preferably, the DNA seduences eancoding, €.g., a
imminescent and/or flucrescent 'prctain are operatively
Linked with a promoter allowing high expression. Such
promoters, e.¢. Iinducible promoters are well-known to the
person skilled in the art. Prefewxably, the above constructs
are inserted into the bhacterial genome by stable
integration. If such constructs are made in mammalian cells
using mammalian vestors, stably trénaformed cell lipes with
& single~copy insertion will be generated for long~term
expression in tumor cells.

For generating the above described DNA se@u&nces and for
constructing expression vectors or viruses which comtain said
DNA sequences, it is poesible te use general methods known in
the art. These methods incinde e.g. in vitro recombination
technigues, synthetic methods and in vive recowmbination
nethods as described in Sambrook et al.,, Meolecular Cloping, 2
Leboratory Manual, 2™ edition (1989) Cold Spring Harbor
Leboratory Press, Cold Spring Barbor, HY, for example, Methods
of transfecting cells, af Pphenotypically seleéting



Aerobes, gram positive bgurt bacteriap=Ic (part of zionnal flora be- by
human body), blastolysin butgaricus shows antitumor 1975; Bogdanov

etal. 1977; Ket9 7); may reduce the risk of developing colon tumors in

humans (Wollowski at al. 2001); ATCC#11842. onnal flora beneE )r);
Lv,injected LC901 strain of L. case! shows markedly inhibition of the

growth of subcutaneously inoculated sarcoma-180 in mice (Kato at al.

1981); shows anntimior activity from i.p.dnjected L. case) (7..C90113

strain) (Kano et al. 1988); ATCC# 393. Nonpathogenic (part of needed by
AT 6OV fthiBRerycdffesarelivéentarnbe- THGis {dipatantandy using the
Mitsuoice$880) ¢aduees dx2 . simathyihy dsazing {DME)-induced

intestinal tumors in male Sprague-Dawley rats (McIntosh et *11999);

shows strong antinroliferative effect of milk fermented by L. acidophilta on

the growth of a human breast cancer cell line Mild etal. 1997); Simonds et
2971, /Bacterial 107:382- 384; Bogdanov at aL 1975, FEES Lett

Bhosguopgon skilled in the art knows DMR sequences gncoding

proteing, e.¢., luminescent or fluorescent proteins that can
be uged in the diagnestic and/or pharmaceutical composition of
the present invention, During the past gecads, the
identification  and isolation of structural genes encoding
| light-emitting proteins from bacterial luciferase from Vibrico
harveyd {Be_laa et al., Science 218 (1982}, 781-793) and from
Vibrio fischerii (Foran eaud Brown, Nucleic acids Res. 18
{1288}, 177), firefly luciferass (de Wet et al., Mol. Cell.
Biol. 7 (1987}, 725-737), asguorin from Asguorea vigtoria
{Prasher et al., Biocchem. 26 {1s87y, 132'5“3_332), Renilis
ilugiferase from Renilla reniformis (Lorenz et al., PNAS USA Ba
(:1991}, 4438-4442) and green fluorescent protein fFrom Asquorea
victoria (Frasher et al,, Gene 11l (1887), 229-233) have besn
described that allow the tracing of bacteria, viruses or
mammalian cells based on light emisaiqnw Trangformation and
expression of these genes in bacterié allows detection of
bacterial c<olonies with the aid of the low light imaging
camera o individual bacteriz under the fluorescent microscops
{Engebrecht et al., Science 227 (1985), 1345-1347; Legogki et
al., PNAS 83 (1988}, 5080-5084; Chalfies et al., Sclence 263
(1994}, 802-805). o

Luciferase genes have besn expressed in  a variety of
crganisms. Promoter activation based on light emission, using
lux 2F fused to the nitrogenase promoter, was demonstrated in
Rhizobia residing within the cytoplasm of cells of infected
root nodules by low light imaging (lLegoeski et al., PNAS a2
{1986), 90B0-2084; O'Kane et al., J. Plant Mol. Biol. }_Q
(1988), 387-3%%). Fusion of the Jlux A and lux B genes resulted



Bogdanov et al. 1977, Biull Eksp Biel Med 84:709-712; Ketlinskii et el.
1987, Vain Onkol 33:51- 56; WOHOWSKi et al. 2001, Am If Chu Nutr
73:451S-4558 Kato et al. 1981, Gann 72:517-523; Kato etal 1988, Cancer
Inummol immunother 26-215-221 Mizatani and Mitsuolca 1980, Cancer
Lett 11:89-95; iffi et al. 1997, Nut/ Cancer 28:93- 99; MclIntosh at
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in a fully functional luciferase preotein (Bscher st al., PNAS
86 (1989}, 6528-6532). This fusion gené {FabZ) was introduced
inte Bacillus subltiliz and Bacillus megatheripm under the
#ylose promoter and then fed inbo insect larvas and wasg
injected into the hemolymph of worms. Imaging of light
‘emission was conducted using & low light video camera. The
novenent and localization of pathogenic bacteria in transgenic
arabidopsig plants, which carry the pathogen-activated PAL
promoter-bacterial luciferase fusion gene construct, was
demonstrated by localizing Pseudomonas or Ervinia spp.
infection under the low light imager as well as in tomato
plant and stacks of potatoes (Glacomin and Szalay, Plant Sci.
116 (1996), 59-72). |

211 of the luciferases expressed in hacteris require
eragenously added substrates such as decanal or ccelenterazine
for light emigsion. In contrast, whille visuslization of GER
fluorescence doss not require a substrate, an excitation light
gource is needed. More racently, the gene cluster encoding the
bacterial luciferase and the proteins for providing decanal
within the coell, which includes luxGQABE. was isclated ILrom
Xenorhabdus luminescens (Meighen and Szittner, J. Bacteriol.
174 (1982), 5371~5381) and Photokacterium leiognathi (Les et
al., Eur. J. Biochem. 201 {1991}, 161-167}) and transferred
inteo bacteria resulting -in  continuvous  light emission
inﬁapénde_nt of exogencusly added substrate (Fernandez—Pinas
and Wolk, Genme 150 (1994}, 168-174). Bacteria containing the
conplete Iux operon seguence, when injected intraperitoneally,
inﬁramuscularly, or intravenocusly,. allowed the wisnalization
and localization of bagteris in live mice indicating that the
luciferage light emisasion can penetrate the tissues and can be
detected externally (Contag ef al., Mol. Microbicl. 18 (1885},
- 593-603) . | ‘ '



al. 1999, Nun- 19 20 Bermudas and associates have used

intravenously injected Salmonella as a protein delivery vector (Pavvelek

et al, 1997; Bermudas et al. 2000; Clairmont et at 2090; et al. 2000

)Bormucies and associates showed a Salmonella (TIC)-dependent

[(24)CIFIAU accaunulation of at least 30-5aldor in tumor tissue compared

to muscle tissue (Tjuvajev et al. 2001); Phase I study of the intravenous
administration of attenuated Salmonellg typhimarium to patients with

netastatic melanoma showed NO .ANTITUMOR effect (Toso et al. 2002)

Paw: ,ﬁxgﬁ& 19§ PEC I RET BT 4T3 7B A4 BemenTiestt ArRO00, ALY is a

B s Bifot ¥858%-63;:Clairmhontabat-200Q;detect Dis, 5. an attenuated
bacterium. A list of candidate bacterial stéains that might
be useful for the present invention {i.e. BMPT {(bacteriwm-
mediated protein therapy) and tumor imaging) and which might
- DOt be Tumor-targated are listed in Table 1. The person
skilled in the art ean @asily ldentify sueh bacteria which
are net tumor-targeted by commonly svailable methods, e.q.
the methods described in section 6.1 of WO 26/40238.

For safety and direct applicability to humans, bacterial
cell lines such as milk and cheese associated micraorganisms
are preferred which are naturally constmed By most
individuals and have intrinsgic anti-tumor activity when
injected directly +to solid fumors. Such bacterisa alse
include bacteria that were naturally isolated from homan
tumors whick developed co-sxistence {symbiosis} with =
variety of types of tumors or with =& spacific type of tomor,
Extracellular secretion of the therapeutic proteins by
bacteria is mediated through either signal peptides or
endogenous protein secration rathways. To provide additional
safety to the BMPT, bacterial inducible promoters, sush as
1PTG~induced lac promoter may be used to sxogenously
regqulate therapeutic protein production by bacheria. IPTG-
regqulated expression of mamwmalian proteins in bacteris has
been well documented. IPTG has also been shown Lo he
functional in promoter activation in animals. In addition to
lac  prometer, other examples of promoters that allow
regulation of gene expression in bacteria irnciude the ara
premote; (activated by arabinose) and PLteto-l promoter
lactivated by anhydrotetraaycline {aTa)) (Lutz and Bujard,
Nucleic Acids Res. 28 (1%97), 1203~-1210),



181:1996- 2002; Thong et at 2000, Oncol Res 12:127- 135; Tjuvajev et
al. 2001, J. Control Release 74:313- 315; Toso at al. 2002, 1 Clio Ogled
20:142- 152 . Intravenously injected V. cholera thaws tomor-speeific
localization; nonpafoogenic shims of V. cholera are available;
Nonpathogenic; motile by means of multiple polar flagella; P.
filOfOSCORS bacteremia has been reported in cancer patients (Hsueh at
al. 1998); P. fluorescens can bind to nerye cells and behave as a
pathogen (Picot at al, 2001); normally grow at 26- 30C, but ATCC# 17553
gpprde@f candidate bacterial straine which saight be useful in the present invention:

Brief deseription Ruference
Aerches, gram
positive
Loetobacitlus | Yogurt baswma., nonpathogenic {part of normal florg be- | Simonds ot al,
neficial organism pesded by human body); blastolysin 1971, ¥ Bacte-
fraction isolated from L. dulparious shows anfitumor riol 107:382-
efftet (Bogdanov of af, 1975; Bogdanow et al, 1977; Kei- | 384
Iimskii et al. 1987); may reduee the risk of devoloping
eolon tumoss i humans (Wollowskd et al. 2001); Bogdanov el
ATCCHIIS2, al 1975,
FEBS Leit
57259361 ;
Bogdanov ¢
al, 1977, Bl
Eksp Biol Med
BA-709-712;
al. 1987, Vapr
kol 33:51-
56;
Wollowski ef
al, 2001, Am J
Clin Nutr
73:4515-4558
Lectobacillus | Nompathopenic (part of normal flors beneficial organion. | Kato etal, |
caret needed by beman body), iy, injeoted LO9018 strain of L. | 1981, Gamn
casel showe markedly inbibition of the gl of subcuta- | 72:517.523;
neonsly inoelated sarcoma-180 in mice (Fato et al,
1981): shows antitumer activity from §.p. injecied £, casel | Kato et al,
QLCO0IS soeain} (Kato ef a1, 1968); ATCCH 393, 1988, Concer
Imrenol
imraunother
26215221
| Lacrobacilies | Norpathogenic (part of normal fiors hepeficial organism | Misutant and
acidophibs needed by human body); inhibitory effect on liver fumori- | Mifsnoksa
gaesis (Mizitani and Mitsucka 1980); redoces 1,2-di- 1880, Carncer
methylirydrazine (DMH)-mduced inestinal tmaors fn male | Lets 11:89.95;
Spragus-Dawley rats (Molniosh et l 1999); shows strong
antiprolifbrative effect of milk fermented by L. acidophi- | Biffi et al.
fus on the prowth ofahumanbmastcanceroeﬂbmmxﬁ 1997, Mutr
etal, 1997 Cancer 2893~
5%
MoRstosh ¢f
al. 1969 Nur




Hsueh at al. 1996, J din Microbial 36:2914-2917; Picot et al, 2001,

Microbes Infra 3:985-995 P. panda bacteremia has been reported in

cancer patients (Martino et al. 1996); IrMethioninase from P. putida
depletes methionine and inhibits tumor growth (KnicirinPkis et at 1997);

normally grow at 26C, but ATCCit 43142, 47054 can grow at 37C.
Pekhov et al. 1983, Bing Eksp I3iol Magg95:87-88; Ana's* sie et al, yr

Cancer
35:153-149
Lacrobacilles | Nompathopenic (part of normal Sora beneficial erganism
Brovig needod by human body):
Lacrobacifls | Nonpathogenio (part of norma? flors beneficial orpanism | Biffietal.
paraeasei meeded by bwman body), shows antiproliferative cffect of | 1997, Nuoir
itk fermented by L. paracased on the growth of g hwwen | Cancer 28:93-
breast cancer coll Hue (BIFS et 2l 1997 99
| Lactobactiins | Nongrathogenis {part of nomzsl Sors, beneficial orpanfsrs | Murosald ez
Idamiarimt needed by lnuman body); Muresals et al, (2000} deseribed | al. 2000, Can-
that *“that daily adwinistration of L, plardarym 1137 is eer Immnol
required £o exert an antiemor effect af the late stages of | Inuounother
tamor development, when TL-12 production iy considembly | 49:1157-164
inpeited™
Lactobacilles | Nompathogenic (part of normal flora beneficial orgarism
rhommesas nemded by bmman hodv:
Lactobacifius | Neopathogenio {part of normal fiora beneficial orgorism | O'Mahooy ef
| salivarius needed by human body); modifiestion of enteris Sora | al. 2001, Ali-
I ~10 knockout mice by probiatic actobaciili (fhrongh ment Pharte-
milk feeding) was associated with reduced provalence of | nol Ther
colon cancer and mucosal inflammatory activity 15:1219-1225
(O Mahony gp gl 2001
Lactobacilius | Nonpathogenie {part of nonmal flora beneficial orparism
SHOTDEERES ugeded by Bunen bodyy, '
Lactobacillus | Noopathogenic {part of normal fiore. beneficial organism
lactis needed by bumen bodvyy;,
Lactobueiibs | ATCOCHO338
fermentum
Sireptococous | Vopurt bacteris; onpathogenic (part of normal flors be- | Kelkar et al.
thermophile: | neficisl organism needed by human body); reported tu- 1988, Cancer
 mor-specific transplaniafion resistance in mice afier Lt 427374
treatmentt of initial tamors with 8. thermapliing (Kakii
and Kelkar 1996); T-lymphocytes are imvolved in antite- | Kaldij ot al.
mor activity exhibited by & thermaphilus (KakHj et sl 1991, Comeer
1991}, intzaperitoneal administration of § thermopbdive | Lett 56:37-43;
resulted iz complete cure in a very sipgnificant proportion
of ascitio form of sarcome-180 or Bhrlich ascites carci- Fakll s
noma umor-bearing mice (Kelkar et al. 1988); ATCCH Relicar 1994,
BAA2S0T3, Macrobicl -
Tiraunol {3(*"({:" -
WIS | oy ag eres
Bacilfus sub- | Nonpathogenic; B. subdily bactersmia has been siprifi- Banerjes ot ol
fiiks canily Hnked with cancer patients (Bamerjee ¢t al. 1988); 15988, Arch
Intern Med
148:1765-
1774
Bacillus Monpathogenic; peptidoplvean from B, megaieriion mhi- | Wauciel and
megaterium | bits fumor growth (Neuciel and Goguel 1877); Gogusl 1977,
‘ ¥ Natl Cancer
Sngt 591725
1726 )



23 human bitast cancer callet tumor cells or tumors (ICohwi et al. 1978;
1985; Seldne et al. 1995); ATCC# 15697 " e et aL 1985, Cancer Res

45:1300- 1307; Saltine et alt, 1995, Biel Therm Bull 18:148-153; Biffi et al.
1997, Nun cer 28:93-

20
Bacillys Noupathogenis,
pobmyxa :
Mycobacig- Nonpathogenic; fast-growing; Saito and Watanabe (1921} | Lamensans et
i Smegn showred thas “the bacteriocin from AL smegmatis produced | al. 1975, Prog
matls morphological alizrations and imhibifion of synthesis of Hatl Acad Sci
riomnclsic acid, deonyribonucieie scid and proteininthe [ US A
anefbrmed but not in the nomtransformed oolls™; 72:3656-3660;
Sadio and
Watanahe
1981, Macro-
biol Idnmanal
25:13<22
Myeobacte- Honpathogenic;
ritan vaceae
Afyeobacte- Nonpathogenie, ATUCH 35782
riveny mioroti
Adycobeote- Noapathopenic; siow-growing, shotochromagen
rium habopn | originially isolaged from monkeys:
Listeria Intraceliniar pathogen
monospiare-
Figs ‘
Bpterococeus | Fave been isolated from tomors and mfsction endocardi- | Milbrandt
Jaecalis ts; ATCCH 29212, 5129% 1998, Cin
Cardiol
21:3123.135
Aerobes, pram
| DopEiive
Hseherichia Intravenously Mjected . coli shows tumor-specific locali- | Shabahang st
colt zafion. ' al. '
unpublished
data




99 Nonpathogenic (part of normal flora beneficial organism needed byn

inunan body); Shows antiproliferative effect of milk fermented by B.

animal's on the growth of a hn mne breast cancer ea line (Biffi et at 1997);
ATCC# 25527 Actincanycetes are fungus-ffire bacteria that form
filamentous branches. They are known to reside in the mouth and in the
intestinal tract. Pathogenic proliferatioa of the organisms, which is usually
a result of trauma to the region of mfecg n, can lead to actinomycosis.
Eubacterium speC|es are normal Elora 0 the |ntest|nal tract However

|

infections in ¢

vound infectid

tissng ('I"v ot al. 2001); Phass ¥ study of the intave-

7 43€Bund in

Berrmades s

§ 43142, 47054 can grow at 37°C,

gl 2000, Adv
nous adminisivation of attemasted Salmonella typhimi- Brep Med Biot
rigm £0 patients with metestatic melanoms showed HO 463:57-63,
ANTITUMOR effect {Toso et al. 20023
V! Clairmont, et
al 2000, ¥
Infect Tis
181:19%6-
2002,
Zherg of 21,
2000, Oneol
Res 12127~
133
Tiavaiev et al,
2001, 1
Copirol Be-
Iease 74:313~
315;
Toso et al
2002, §F Chin
Unoal 20:144-
152 .
Vibrio cholera | Intravenousty injecied V. cholery shoyers lumor-specific Shebabaog et
localization; noppathogemic strains of V. cholerg are ak
availabie; uapublished
daia
Vibrio harvey! | Nompathosenic: lomimescond bactering ATCOH 700106, |
Fseudomo- | Noopathopenic; motlie by means of multiple polar Heueh et sl
nas flucres- | flagelis; 2. fuersscens bacteremia has been re- 1898, ¥ Cliin
CENE + ported In cancer patients (Hsush et al. 1988} ~. Mietrobiol
fluorescens can bind to nerve cells and behave as | 36:2014-2017,
a pathogen (Picot at al, 2001); normaily grow at 26- o
30°C, but ATCCH 17583 can grow at 37°C. Picot of al,
2001, Micoo-
bes Infect
3:985-985
Psewdomonay | P, putida bacterernia has been reported in cancer patients | Pekbov et al.
putida {(Martino et al. 1996); L-Methioninass from P. putida 1983, Binil
depletes methionine and inhibits tumor growth (Boldina- | Eisp Biol Med
ks et al. 1997); novmally grow at 26°C, but ATCCE 95:37-83;

Anaisgis of al.




Chakraborti 1995, 3 indinti Med Assoc 93:333-5, 339 Strict annerobe;
wildly in soil; matility is inhibited in the presence of oxygen; Vogelstein lab
(Deng et al, 2001) showed thst "intravenously injected C. nowt-NT spores
germinated within the avaseular regions of tumors in mice and destroyed
surrounding viable tumor cells”, "Large nannbers (up to 108 in a volume of
500 n1) of C. navy, and. C. sordella spores could be injected intravenously
into normal mice without causing any ngficeable side effects."; ATCC#
19402 bang.et al. 2001, Proc Nail Acad Sci USA 98:15155- 15160; Nuyts

et aL 2002, Anticancer Drags 1987, A1
Mied 82:1191-
1194;
Martino et al.
1996, Yax T
Clin bigrobiol |
Infect s
15:610-615:
Koldinakis et
gl 1997, Ky
Cancer
29:195-304;
Mild et al.
2000, Canoer
Ees 6022656
2100
Angershes,
gran: pagitive
Bijidobacte- | Nonpathopenio (part of nosreal Hora beneficial otpanisi | Fadiora & AL
vium bijidum | nesded by uman body); showed by Kivnura ef al, (29803 | 1980, Cancer
that “selectively iocalized end proliferated in severs! types | Res 40:2061-
of mouse tamors foliowing Ly, adminigtration” and “Mons | 2068;
of the sume bacllii conid be detected in #he tissuss of
bealthy organs snch as the liver, spieen, kidnesy, g, Biffi et al.
blood, bone marrow, mnd tmscle 48 or 96 brafter Lv, 1987, Mty
adminiztration e umos-bearing mice™; shows anfiproli- | Cancer 28:93-
ferative effect of milic fermented by B. bifidion on the 99
growih of 2 lemman breast cancer cell line (BifS aal.
19971 ATCCH 11863, 15696 :
Bifidobacte- | Nonpathogenic {part of nommal fiora beneficial organism. | Mizutant and
viwmn longum | needed by hmman body); bibitory offect on biver tumori- | Mitsuoks
genesis (Mizmtani and Mitsgoks, 1980); 8. Jongum: was 1980, Cancer
| shown o “selectively losalized to and proliferated in 7.12- | Leit 11:89-95;
dimethylbenzlalmthracene-mduced rat manmary fwnors :
after systemic application.” (Vazawa et al. 2001}, was Yazgwa gf al,
shown 1o selectively localize zod grow in hypoxic famors | 2000, Cancer
(Yazawe e al. 2000y ATCCH# 15707 Crene Ther
T269-274;
Yazawa ef al.
2061, Breast
Cancer Reg
Treat 66:165-
1T
1 Bifidobacte- | Notpathogenic (part of normal flora beneficial orpanism | Kohwi et al,
Fiurm infaris | neaded by buman body); shows strong antiproliferative 1978, Gann
effect of wnilk fermented by B, infomtis on the mowhofg | 69:613-618;




25 CencE.callnitro

in 10 of 10 tumors during ntravenous injécrti.t‘);im

of inactive bating a ranid transition from spore al. 1997); other reLated
papers on C. be/eflnckil tumor targeting (Minton et at 1995 FflvfS
Microbial:357-364; Fox etal. 1996); ATCC# 25752 Ciarrri sporogenes

23

Tramon breast cancer cell ling (Biffi er al. 1997) and other

sumor cells or tzmors (Kobwi et al, 1978; Sekine et al, Seldne et 2l
1085 Seidne et al. 1995); ATCCH 15657 1985, Cancer
Bes 45:1306-
1307,
Selcine ot al.
1993, Biol
g Bull
18:148-153;
Bifhi gt al.
1997, Nutr
Canoer 28:9%-
09
Bifiddobacte- | Noopathogenic (part of normal flore beneficial orpanism
piunz lotero- nesded by buman body);
SPOTUS
Bifidobacte- | Shows antiproliferative effect of mille fermented by B, Biff et al.
vitom arimalis | cmimalis on the groveth of 2 haman breast cancer cell ing | 1997, N
(B et al. 1997y, ATCCR 25527 Coancer 2883
g8
Aceimompces | Actinomycstes are fungos-Hke bacteria that form fite-
isyaelii peeptons branches, They are known to regide in the month
and in the intestina! teact. Pathogenic profiferation of the
organistas, which is usually a result of tramma o the o
gion of infection. esm lead Yo gutinomyonsis,
Fbactarium | Eubacrerium species are normal fiore of the intestinal
L Jevitum tract, However, they may cause opportunistic infections.
E. lentum, the wost often isclated species, has been Hnked
| 10 endocarditis and some womnd mifections.
Pepiostrepro- | Cme of the most common baceria foand in non-sparing Chatterjes and
coggus an- anaerobic (NBA) infections in certadn surgicel group of Chzloabortt
qerobiug pakients; ATCCH 27337 1005, ¥ Enfian
Mfed Assoc
§3:333-5, 339
Peprococers | Found in wownd mfections; Chintterjes and
prevotli Chakraborti
- 1985, ¥ indian
Med Asson
03:333-5, 339
Clostridinm Strict anaergbe; witdly i soil; motility is inhibited in the Eramy ef al.
novyi presence of oxyges; Vopelstein Iab (Dang ot at, 2001} 200%, Prog
showed that “Sntravenousty ijeoted £ novyi-NT sporea | Natl Acad Bel.
perminated within the avassular regicns of tamors in mics USA
andl destroyed surrounding viable tumar cells”, “Large 9815135~
mamibers (ap to 10° in a vohmae of 500 i) of C. nowyl and | 15160,
C. sordellif spores conld be injected infravencusly isto
norimal mice without causing any noticeable side effects.”; | Nuyts of al.
ATCCH 19402 2002, Anti-

cancer Iruos




StaPhif COC- CUS MUCUS ,Slaphylococcus epidenni- oss sapruphytr
and ass= described that "gysganc_lelivery of 5-PC into mice previously
injected with CD-transformed spores of C. sporo- , gerzes produced
greater antitumor effect than maximally296 tolerated doses of 5-FIT.
ATCC# 1944)4 Non-noble, mannsporing and facultatively anaerobic; a
halotolerant (salt tolerant) organism associated with the nasal mucosa of
mammals which bac berth benign and pathogenic strains; S aureus

acteretnia is frequently seen in cancer patients; ATCC # 25923
Innpafhngpn c.normal microdot-a r‘nm'pnnpnf of the skim 13:115-125
Clostridion ATCCEOTIS
sordellii
Clovirédium AT 27585
absorir .
Closiridiuns | Theys et al. (2001) demonstrated “Specific targeting of Theys et al,
acetobutyli- cytogine deaminase fo solid tmmors by engineered Clostri- | 1999, Appl
cHm divm acetobutylicwn™; Other relaied papers (Theys stal | Eawiron Mie-
1596y ATCC# 834 yebiol
65:4395-4300;
Thuys et al,
20401, Cancer
Gemte Ther
2:204-207
Chosirtdium ATCCH V7836
ifermertans
Clostridsuns The link between O diFoile and cancer patients hag beer | Anand and
difficile documented (Anand and Giztt 1993; Simon ot al, 2000);, | Glagi 1993,
ATCCH 700057 Clin Infect Dhs
17:108-115;
Sehuller et al.
1995, Arch
This Child
FEZIS22L,
Weh! et al.
1960, Miad
Fediatr Oncal
32:336-343;
Simon et al.
2000, Infeot
Control Hosp
Epidemicl
ZE807.880
Clogiridium ATCCH# 16401
histolviicurs '
Closeridinem | Pathopenio; C. perfiingens bactersndis has besn often Fiodey et al.
perfringens reporied in cancer patients; C. perfiingens enterctoxin 1961, Cancer_
kills tumor cells and reduce tumor growth (Michi et al. G7:1928-1942;
2001); ATCCH 3624, 153124
Mchl et al.
2001,
Crasiroentero-
iogy 121:678~
G&4
Clostridium Brown and associaies at Stanford descarTbed that “To de- | Minton et al.
beiferinckil moenstrate the spevifivity of fhis approach for tumer targe- | 1993, FEMS
tine wa mivsvenmsby miented the innctive soove from of Micmohint Rav




Plant bacteria, gram Positive Clavibacter nytchiganensis stump.

nUchiganensis

Plant bacteria, gram negative Agrobactenum

unnefaclefts A. tumghciens in Mart tumors (1.1llrich and Aloni 2000);
Kunik et al. (2001, Proc Nall Mad Sci USA 9&18711S76) described
"Agrobacterium attaches to and genet:- Aksac 1974, Turk liij Tee Ilivol
Derg Note: The content of this table is by no-means to be exhaustive.

Any otherba

25
L. belferincksi, which vpon transition to 2 reprodusiive 17:357-364;
state will express the E. coli nitroreduciase gene, Nitrore-
ductase activity was detectable in 10 of 10 tomors during | Foxetal,
the first 5 days afier infravenous injection of inactve 1956, Gone
clostrdial spores, indicating 2 rapid transition from spore | Ther 3:173-
o reproductive state™ (Lemmon et ok, 1997); other related § 178,
papers on O, befferinckii tumor targeting {Mimton et al.
1905, FEMS Ricrobiol Rev 17:357-364; Fox et al Lammmon of ol
1996); ATCCE 25752 : 1997, Crems
Ther 4:781-
06
Clostridim | Blarmioss saprophyte; Brown and associates af Stanford - | Lin et al,
SpOFOgenes desoribed that “systemic delivery of 5-FC into mice previ- | 2002, Gene
ously imjected with Cl-transformed spores of C spere- | | Ther 91291~
genes produced geeater antitumor effect thay maximally - | 296
icderated doses of 5-FUP ATCCE 19444
Staphyiococ- | Non-motile, non-sporing and facultatively anaerobic; &
CUS aurens halotolerant (salt tolerant) orpauisin associated with the
nassl ncosa of manemals which has both benign and
pathopenic straing; & aurews baclereraia is frequently seen
in cancer patients, ATCCH 25023
Srapiplocec- | Nonpathogenis wonmeal micofions component of the sking
cus epiderni-
dix
Anaerobes,
- gpan nessfive
Actdasiing- Found in wound nfectons; Chatterjee and
eaenHs fer- Chatoabori
mepions 1995, Tndian
Mged Assoc
93:333-5, 33¢
Flamg bachs-
£in, g
1 pogitive
Clervibagter Pathogen of tomato
michiganersiy
subem, wHchi-
CUIFIENSIE
| Plant bacte-
rig, gram
nesative
Agrobacte- A tumeiaciens in plant tumors ([lriek and Aloni 2000}, | Aksac 1974,
1 rivn vamer- | Kunik et al. (2001, Proo Natl Acad Sci U S A 98:1871- Tk B Teer
cigns 1876} described “dgrobacterium attaches to and pensti-

Bivol Derp




strains, which are nut listed in this table, are also considered to be
include& Particularly preferred is attenuated Vibrio cholera& . 27 A further
example of a bacterium useful for the preparation of a diagnostic
composition for tumor-imaging or monitoring a therapeutic tumor
treatment is a magnetic bacterium (MetalSinding-Bacteria-Mediated
Tumor Detection (MBEMTD)). Such bacteria allow tumor detection
through the accumulation of iron- basedzcé)ntrast agents. Magnetic bacteria
can be |solated from fresh and marine sediments. They are capable of

dan be expected that these magnetic bacterla (naturally occu |ng or
genetically maqdified), when injected intravenously, possess th&sumestat 2!.
tumor accumdlation ability as that of Vihrio cholera for exampld#thcSat=
_bacteria can he used for accumulating iron-based contrast ag e%ﬂlps@?ﬁ%
tumors, whichiin turn allows tumor detection by MRI. Similarly .gfher.. .
naturally isolafed metal-accumulating strains of bacteria can beisemders
tumor targeting, absorption of metals from contrast agents, an@@\mtually
tmor imagingd. Alternatively, viruses such as Vatcinia virus, AAV}%§i-1960;
netrovirus etc.iare also useful for the diagnostic and therapeu
¢ompositions pf the present invention; see Table 2 listing ex ?S‘éﬁm
viruses usefullin the present invention. 29 Preferably, the virdsgis

E accinia virus. P e ably, the cell of the diagnostic or therapeutigiay213¢132
q

q

Q

omposition of the present invention is a mamma an cell such &8étem
ells which can be autologous or heterologous to the organism. Examples
bf suitable cell types are shown in Table 3. Table 3. Eramijit of W@it

ells useful injthe present Uwe:atom Natl Acad Sci
UsA
O%:1R71-1ETG

Erwima her- | Non-capsulated, son-spore forming, short rods with a Beadows et

Bleola single menotrichons potar Hageliom, and are barmless to | 2l 1976, Can-

Innnans; purified tyrosing phencl-dyass from E, herbicoly | cor Res
significanty mhibited prowth of estabdished B-16 mels- 36107167

poea DNors,
| deerhizobiwm | Symbiotic, colonizs plants, fix mbrogen;
caulinodans
Xomthomonas | Pathogen of nenper and tomato
| temepesiris pv.
vesicaioria
Xanthomongs | Pathogen of beat axd cabbage: £, ceff fae promoter was Boby and Do~
campesiris py, | shows o be fmetionad i this plant pathogen; nigis 1996,
campestris : Appl Micro-
biol Biotechs
ol 46:555-

561

Hate: The content of this table s by no-means to be ezhtausiive. Any ofher similsr bacterial
straing, which are ot fisted in ¢his table, are alse considered to be ncluded.

Particularly preferred ils attenuated Vibrio cholerae.



intravenously outsidethe central nervous system target to an inhumane}

tumor, Additicovliy, when implanted intracranial ly at distant sites from the
tumor, such as into the contralateral hemisphere or into the cerebral

ventricles, die donor neural stem cells migrate through normal brunt

tissues to target the human glioblastoma ct For =ample, o have been

shown to pleural space of patients to tagjet malignant pleural

mesothelioinas (Harrison et al, 2000, Ann Thome Surg 70.407-411). We

have shown that intravenously injected fihrosmccana cells accumulate in

bte &StHReT sBIRBY Be G ne obs gimiamu MRS oYU E2al Bhpubksiegation of
datajidNpiesthe cenigns of thistableis yuremeansiimbe exhaustieoring =
We%éé@ﬁarﬁ{ﬂ?é 0&'}?@{}% an EE"SaWQJQQr%Ei'&Ot Hsleddpdhis  (Metai-
table, are also considered to be included. In a further preferred

B SARTEIOT ThE A ROSHE & d/of TSfpediic 5 HisEsitiof bIther! - Buch
presdrtinventibhclie Kimimescishiarfiuoresebnppteifiea Referageation of
oteenfihosescenipiotain (Ef)er, ratiueresceniproten4RER). 86 Ihevlated

pagtighilarky praferrgd eWhadiment, theymicroorganisnar celiaf theapanie  of
dlq&iné)égcnand/or hq_[maceutlcal com OjTI;t‘IOI”I of tth%eéent m{g\g/en%c%r;m Rev
26 ionafy tonta %@ajg%ngaé%%joam% a stBitAle for the Tucierdse: h an )
HeRTRBIC preferddd erdB8ihent, Bie/ midbbrgantsm ofeell Pthe They have
destfhiostiersn diorcph ampmaseuticay somposition iofithespresentingention utilize
cARIAINS; g LUG-ghn £XRiessian cassette:which containsthe Renlla s ogpi vz 1om
luciferase, %}uc) and Aeguorea gfp cDNA sequences under the control %fakat i
SHBRGEyhttic EARyHatd TPET) i8ATSIRof VacdimiEttr IRt EVABR CEer 2
chBaétenaepriferfed Laeleftnd nibdoryristsandeslsssefibég particle
aboveus theprepasatorsof a lliagnestgmenyosition forramarsinaghty. (2001) ,
Tb@_Ji@gUOS%&@@p%_@lonﬁz&he}@é%%@&e&wn GauRe Used £:0. magnetic
uring surgery, La denyi tumors and metastasis FUINAITOL, 0. oa) | wnen
[ag.nosﬁlc composition ot the presenﬁn?entlgn S udstar for monitoring a
tHEFAPRERE tumoPHEETREAM Sttable RSHE&Sfr andlting, 8tithgr  tumor
|ecatization of gistebaficrr of minbscertfandidnfiuorescentprotelitsrineammpl e,
OrgIIEM. i aaB of lissug.arewiell kaawn tedhe persamskilled Hythesgdn-based
sl furtharmore described I the ligrature qlied apoye aswell 83 WG cumos
examples, efow. 3d|t|onaﬁ , theé microorganisms and cells can be
RGRREGHT Sudtya Wit th & e Sl m SIS Bn P REHEEdden et igghuRe e~
irtRRtechnbigyy to:reikestunedt |ooatizatidimmaoremspaetfic. Thedrefent tumor
invergian: algp relaiesHierthenuse of a&eaaﬂ_’m}ic&%ﬁl, eﬁ@ﬁ&ﬁtea@a@.&m and
a o . ide or protein fused to a detectable protein
ft‘)gr\tJI t%%%r%%%at%g %‘?aq all%gg%gﬁc composition for tumor-imaging or
monitoring a therapeutic tumor treatment. This diagnostic composition is
usehsl fopturmel Hetectibmibesughsthehbindimg oVdwrantimicrotiahs, ARV, &
CORMQHNG T, éc:light-gmilting DfJadiplabeled apfimickabial giagnostic and

péBQQ%ﬁé&E%Q‘%Q&EQ%&r%ans of the present invention; see Table 2

listing examples of viruses useful in the present invention.

' Brief descriptibn It has been shown that neural stem cells implanted
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31 Detection (PLTTVD)). The present invention also relates to the use of
an antimicrobial, e.g. antibacterial or antiviral compound, e.g., peptide or

protein fused t

o a therapeutic protein for the preparation of a

pharmaceutical composition for tumor therapy. Examples of naturally
occurring antimicrobial proteins include ubiquicidin (UBI, 6.7 kDa) and
lactoferrin (111,F, 77 kDa). UBI was originally isolated from murine

macrophages

and later from human air¢#y epithelial cells, lila is found in

mucosa and neutrophlls and is known to bind to surface structures of
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cluded,
(e.q. peptrdes/protelns) antwwalcompounds(e g. peptides/proteins) may be
used for detecting viral particles




tumors. Lactoferrian is one of the examples of 33 antiviral peptide/protein

that may be used to design peptides for detecting viral particles. In

addition to the antimicrobial peptides/proteins discussed, radiolabelled- or
light-emitting-protein/probe-labeled antibody fragments can also be used

to target bacteria or viruses localized in tumors for tumor detection.

Moreover, the antiv robial et:impound can be fused to a metal-binding

protein (Fusion-Peptide-Linked Tumor. gargetlng Vector Detection

(PLTTvD)) for detecting the accumulatlon of bacteria, viruses etc.

- eopseingite, thenpresenh Nvientimndninmonsi Afker allowing the binding of

the fusion construct to the engineered bacteria etc. in tumor, metal agents
(which can be used for detection by MRI, PET or SPECT) are injected
intravenously. Binding and absorption of the metal agents by the bacteria

Rste Sitbiow indifect tRRdE detetiontihe pRéSERORVERtiorPalso FaRiaYeutic
derpphannacesticgheompasiiion comprising amieromyganisiaoroslll. such as
goaieiniag (N REEHeNCE(S) BRCOfing aRliecarontapanie gidiadinga che
ligand and furthermore a gand w %ﬁgch IS GqL ed to a tOX|gr(m%ittlﬂ(,,l Herie 3
%ﬁﬁf}%‘ﬁi’tab%?&ﬁﬁ%%ﬁlchs i couﬁled toyl%e ligand are well known ~ ~

to the person skilled in the art. Several chimeric toxins have been
- described previously. First, the Tfn-CRM 107 chimeric toxin was prepared
by con ugatlng transferrl t0 the mutated dlphtherle%toxm CRM 107

Ml S Gt Tt et ace
conjugatlng anti- EGF recep %;mggg@amm,}e Psey

exotoxin A (Myklebust at al | 09 F)stdy smw WBﬁﬂd

the Ten-PE was prepared b} |ePseudomonas
exotoxin (Hall et al., J. Neurpatf§em 992 [ jmger et al. 2000, Mot
Neurosurgery 34 (1994) 64 ‘U ' i odSeIs

{anti-tumoractivitiesagainst n Mmmmm@m Iyng cancer,
.lglioma xenografts and intrag m@d@m@h@s@!@g@ecombinant
Vaccinia virus can be desigh&erasSEee e R &€ transferrin

:! iR & 'n‘-_ S
"

anlmar m

] P V)
receptors-en tho clirfaca-of-f m L-gie o) tuTeSeE

Bl %%%%ﬁfﬁ“g’ cﬁ%ﬁsenc %%’ ahiflmoEiteatment. the present
~linvention also relates to a pl @Wgﬁﬁﬂﬂﬂ%&%c )mprising (@a
microorganism or cell contatnisag ing a cell
receptor capable of binding which is coupled
to a therapeutic protein. Suilaté & pt 3s well as methods
for generating therapeutic ligaid RISTON ing therapeutic
proteins to the ligand proteir on skilled in the
art. Examples of suitable thq rgj&ﬁtﬁnﬁﬁ@tﬁm&me showniin Tables 4 and
5. 35 unpublished daial.

Mate: The content of this table i by no-means to be exhamstive. Any olher similar fypes of
mygrmmalian cells, which are not listed in this table, are also considered to be meiuded.

In a further preferred embodiment of the diagnostic and/or
therapeutic composition of the present invention the luminescentc
or fluozescent protein is & Inciferase, green fluorescent
protein (GFP) or red fluorescent protein (RFP}.



Table 4, Examples of maxyme/prodrug pairs in which the delivery of the
enzyme gene is facilitated by intravenously injected in croorganisms and
cells* Therapeutic proteinsDescriptionReferences (enzymes), drugs,
Prodrues Herpes simplex virusMost well-known thymiciine Incase
(HSV-euzyme/prodrag comli TIC) + eaneiclovir Herpes thymidine kinace
(HSV-TIC) A-5021 (1'8,2'R)- 9(11.72.- bis(hydroxymethyl)eyel 1- 1 meth

30

In a parficularly preferred embodiment, the nicroocrganism  or
call of the diagnostic and/or pharmaceutical composition of the
present invention additionally contains 8 gens encoding =
substrate for the luclferase. In an even more preferred
embodinent, the microaﬁganiam or czll of the diagnestic and/or
vharmaceutical composition of the present invention containg 2
ruc—gfp expression cassetfe which sontains  the Renilia
iuciferase (ruc) snd Aeguerea gip cDNA sequences under the
control of a strong synthetic early/late (PE/L) promoter of
Vaccinia or the luxCDABE cassette,

& preferred use of the microorganisms and cells described
above is the preparation of a diagnostic composition fqr
tumor-imaging. The diagnostic composition of the mresent
invention can be used =,.g. during surgery, te identify tumors
and metastasis. Furthermore, the diagnostic composition of the
present invention is useful for monitoring a fhergpenrtic tTumor
treatment. Suitable devices for analysing, @, .. the
localization or distribution of luminescent and/or flucresscent
proteins in an organism, orgen .or tisshe are well known to the
person skilled in the art and, furthermore described in the
literaturs cited above as well as tThe examples, below.
Additionally, the microorgenisms and cells can be modified in
such a way that they bind metals and consegquently are useful
in MRI technology to make tumer localization more specific.

The present invention elss relates Lo the use of an
antimicrobial, e.g. antibacterial or antiviral conpend, e g.r
pephide or protein fused to a detectaknle protein for the
preparation of a diagnostic compesition for tumor-imaging on
monitoring a therapeutic tuwmer treatment. This diagnostic
composition is useful for tumor detection through the binding
of the antimicrobial compound, e.g., & light-emitting or
radiclabeled antimicrobial peptide/protein with bacterias

- - » ] 2.
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h pIc add A-5021 has highly selective anti-hepatic activity and was
selectively phosphorylated by viral 1K. herpes virus-infected The
anti-hepatic activity of An 5021 was most potent in comparison with ACV
and ciclovir. by 471/ to inbibit colony formation in mammalian cells,
whereas, neither enzyme nor prodrag alone was cytatcodc at the same
concentration or times, Hasegawa et aL 2000, Cancer Gene Ther

7:557-562
' 31

Detection (PLTTVRI).

The present invention also relates to the uwse of an
antimicrobial, e.g. antibacterial or antiviral compound, €.9¢.;
peptide or protein fused Lo & therszpeutic protein for ths
preparation of a pharmaceuticael composition for tumor therapy.

Examples of naturally occurring antimicrobial profeins include
ubigquicidin (UBI, 8.7 kba' and lactoferrin (bL¥, 77 kba). UBL
was originally isclated from murine macrophages and later from
human ailrway epithelial cells. hLF is founrd in mucesa and
neutrophils, and is known t¢ bind to surface structures of
both gram—negative and gram-positive basteria. Small synthetic
peptides containing the bacteria kinding domains of UBRI or RLF '
have been designed for imaging of bacterial infections, which
can ke discriminated from sterile inflammations {(Hibbering st
al., Nucl. Wed, Commun. 19  (1898), 1117-1121: Welling et
al., Nucl, Med. Biol. 28 (2000), 413-422; Welling et al.,
Epnr., J. Nucl. Mad,lgz {2002) . 2929%3013, Theges pepitldss are
radiolabeled with **T¢, which allows real-time visualization
in live animals using planar scintigraphy. For example, &
planar gamma camera {e.g. TPoshiba GC& 7100/UI, Tokve, Japan)
equipped with & Llow-energy general-purpose parallel-hole
collimator can be used to wvisualize the distribution of
#mpe-iabelled antimicrobisl peptides in live animals or
humans., To apply these synthetic peptideé for tumor
dat@étion, First the *umorovns individuals are infected with
a partienlar strain  of extraceliular bacteriz. After
hacterial aélanization of the tumors, the radicliabelled
compotncs, &.¢., Dpeptides are delivered intravencously.
8pecific binding of the labeled peptides to the bacteria in
the tumors can be visualized in real time @y scintigraphy,
which therefore allows the localizatlon of tumors 1n humans



P

2 (CF yll[2- yllamitto)benutamic acid A) or + 4-KN-bis(2- iodoethyl)
amino) phenoxycarbonyl L -alumni acid (ZD2767P) Human Gyrate= P450
CYP1A2 acetaminophen The IIRP/IAA-indaeal ea kill effective in
nannoxic and nations. Cr02 can be intracellularly or tethered to the outer
surface of mammalian cells, where it is able to activate mustard prodrags
for use in suicide gene therapy. Acetaminophen is cytoto througla the
cytoehrome P45 - mediated generation of a heroically reactive
metabolite, Nnacetvlbenzonuincmeimitfe

and animals. 1In addition to labeling with ""Tc, the
compounds, e.g., synthetic peptides can also he labeled with
paramagnetic~ or superparamagnetic-netal particles Ifox
visualization using MRI or the compounds can be labeled with
radiopuelides, such as 0o, %Ga, "CU(II), I etc. for non-
invagive visualization by SPECT or PET. Furthermore, the
nam@munds, ¢.qg., synthetic peptides can also be t:agg’ed with'
finorescent probes, flucrescent proteins (such as green
fluorescent protein (GFP) or DsRed}), or lumipescent proteins
(such as Renilia luciferase, firefly luciferase) for real-

fime visgualization in an individual.

In addition to UBI and hL¥, there are many other examples of
antimicrebial peptides/proteins  produced by bacteria,
wlanis, invertebrates, and vertebrates incliuding humans
(SChrodei:, cell. Mol., hife Sci. 56 (1989), 32-44; Cole and
Ganz, Biotechnigues 28 (2000}, g29-826, £28, §30-831) which
are useful for the purpecses of the present invention, ©.¢-
pedicoin V'EPA-l fyom lactic acid bacteria, gramicidin 5 from
Bacillus brevis), protegrinm-l from porcine leukocytes, SMAB-25
from sheep myeloid cells, buforin I & buforin IT from Aslan
toad, beta-defensins, LI1-37, a fragment of human cathelicidin
hOoBap-18, arasin I from catiish, grapulysin, FPAMP Lrom
Propionibaeterium jensenii etc, Dased on  these naturally
oneurring antimicrobial proteins, small peptides can be
designed and synthesized To ratain the bacteria-binding

" capability while eliminasbing the bacteria—killing effect by

the original proteins. These synthetic peptides could then be
used in bacterium-mediated tumor detection.

Similar to detection of bacteria by antibacterial compounds

T - peptides/proteins) , antiviral compounds (2.4

paptides/proteins} may be used for datecting wviral particles
in the tumors.  Lactoferricin is one of the examples of
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(14ABQT). CYP4B1 is able to induce tumor cell death at low micro-molar

concentrations in glioblastema cells after treat-Matt with the prodrug Molu-
et al. 2000, Cancer GOM Then 7:1008-1014; Houser et al. 200Q Cancer
Gene Ther 7806-12 Rat cytochrome P45048 (M2B1) + oxapitosporines,
ifosfamide (IFO) The CY22131 gene product activates comphosphorizies
to the Irydroxy form, giving rise to the toxic products phosphamide
mustard and =relent, which alkylate DN, and pro- ins, respectively.

antiviral peptide/protein that may bé used to design peptides
For detecting viral particles. In addition to the
antimicrobial peptides/proteins discussed, radiclabelled- or
iight-emitting-protein/probe-labeled antibody fragments Cc&n
slso be used to target bacteria or viruses localized in tumors
for tumor detection.

' Moreover, the antimicrebial compound can be fussd to a patal-

binding protein {(Fusion-Peptide-Linked Tumor Targeting Vector
Detection (PLTIVD) ) for detecting the accumulation of
bacteria, viruses eto. according to the present invention in
tumors. After allowing the binding of the fuslon construct to
the sngineered bacteria e"cc;. in tumor, metal ag@mts {which can
e used for detectieon by MRI, PET or SFECT) are injected
intravenously. Binding and absorption of the metal agents hy
#he bacteria etc. will allow indirect tumor detectlion.

The present invention also relates to & pharmaceutical
compoaition comprising = micrporganism or oell containing DNA
sequence(s) encoding a cell receptor capable of binding a

‘ligand and furthermore & ligand which is coupled to a toxzin {=

chimeric toxin). Suiteble toxins which can be coupled to the
ligand are well known to the person skilled in the art.
Several chimeric toxins have been described previously.
First, the TEn-CRM 107 chimeric toxin was prepared by
conjugating transferrin to the mutated diphtheria toxin CRM

107 (Johnson et al.. J. Neurcsurg. 70 (128%9), 240-248),

which targets the transferrin receptor. Second, the 425.3-FE
immunctoxin was prepared by conjugating anti-BGF receptor
antibody to the whole DPseudomonas exotoxin A (Myklebust et
al., Cancer Res. 53 (1893}, 3784-3788) . Third, the Tin-FE
was prepared by conijugating transferrin to the Pgendomonas
exotoxin (Hall et al., J. Neurosurg. 76 (19982}, 838-844;

Hall et al.; Neurcgurgery 34 (1854}, 649—-656) . It could bs

shown in animal models and human patilents that these




Kameaertoens et al. 2000, Cancer Gene Ther 7:629-636 031954isa
manofiinctional alkyla agent that is converted by NT into 2- and
4-hydroxylamitm derivatives. Cellular thicesters such as acetyl coenzyme
A subsequently convert the latter into a powerful bifunctional alkylating
agent that can kin both proliferating and nonproliferating cells. PTX0147 is
the p avoid expressing NTR. from the MI-mancytomegalovirus
(CMV)earlypro- moterfenbanrer and alsp,carries the b-globin second
Unroll and poly (A) sequences and a G418 selectable marker.

chimeric toxins  have anti-fumor activities against

medulléblastoma, small cell lung cancer, glioma =xenografts
. angd intracranial ftumors. Thus, e&.¢. recomwbinant Vaceinia
virus can be designed to specifically express transfarrin
receptors on the surface of tumor c¢ells allowing the Hée of
there recepior-targeting chimeric teoxins for antitumor
treatment.

The present invention alse relates to a pharmaceuticeal
composition compriging {(a) 2 microorganism or cell containing
a DFR =sequence ancoding a cell receptor cepable of binding" a
ligand and (b} said ligand, which is coupled to a therapeutic
protein., Sulitablie thsrapeutic proteins as well as methods
for generating therapeutic ligand fusiorn proteins by linking
therapeutic proteins te the ligand proteins are well known
to the person skillad in the art. Examples of sultable
therapeutic proteins are shown in Tables 4 and 5.



Djeba et al, 2000, Cancer Gene met. 7:721-731; Djeha et al. 2001,
Mel3:233- 240 Westphal et al. 2000, Cancer Gene Ther 7:97-106 Weedon
et aL 2000, ha J Cancer 86:848-854 Despite CD expression, a number
of tumor cells were 5- PC-resistant, which may be attributable to the lack
of an active cytosine transport Koyama et al. 2000, Cancer Gene Thcr.
7:1015-1022; TheysetalL 2001, dancer Gene 8:294-297,
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Table 4, Examples of enzyme/prodray pairs in which the defivery of the enzyme gene is facilitated
inteavenously injected maicrocrgamisms wod cells:

Therapeniic proteiny Dsescripton Belerences
immymﬁ;;ﬁmgsg
Herpes siﬁplm virgs Yiost well-fnown Moolten Cancer Res. 1986;46:5276-
thyridine kinase (HSV- | enzyme/prodrug combimstion. 5281
T8
+ Ganciclovie (GCV)
Herpes simplex virus ty- | A-5021 hag Eaigﬁﬂy gelective arti- | Hasepawa ot sl 2000, Cancer Gene
miding kinase (HEV-TK) | bepatic activity and was selectl- | Ther 7557562
. vely phosphoryiated by vizal T
+ AnSO2T (R 2R in herpes vins-infooted celis,
off1°2%- The anti-herpetic activity of A-
| bis(hydroxymethyleyolopr | 5021 was most potent i cotpa- |
op-1'~yTimethyl}guanine | tison with ACV and penciciovir.
Horseradish perowidase When activaied by purified| Grece af sl 2000, Cancer Cene
{EIRF) HRP, YAA was shown to| Thers T:1414-1420
iuhibit colomy formafion in
+ Fndole-S-goetic acid maimmalisn  cells, whereas,
ALY neltiisr enzyme nor prodomyg
alone was cylotoxic at the
same concentration o (mes,
The HRP/AA-induced cell kil
wag effective n mormowic and
amowie conditions.
Bacterial enzyine c;zurbmxy- CPC can be expressed both| Spoomer et al, 2000, Cancer Gene
peptidase G2 (CPGZ) intracellulatly or tothered to| Ther 7:1348-1356
: the  outer  surface of
+ 4-{[2-phloroethyllfZ- memmatine cells, where it is| Webley st al. 2001, Br J Cancer
mesyloxyethyllamino)ben- | able 1o  activate musterd 84:1671-1676
zoyl-Lglotamic acid pro&mgs for use o samldsa
(DAY gene therapy.
or + 4-[N,N-Dig(2-
iadoethyl) amino}
phenoxycarbonyl L —gha-
tamic acid (FDIT767E)
Human cytochroms PA50 | Acetaminophen i3 cytotoxic Thatcher et al. 2000, Concer Gene
CYPLAD throngh the eytochrome P450-| Ther 7:521-525
medinted  generation  of 3
+ poataminophen chemically reactive metabolite,
Megoetyibenzoguinoneiming




37 2000, Cancer formed50 dih' ydropyrimidine dehydrogenase (DPD). In

the e transfer strategy, to improve the effect of the CD/5- FC system, it
might be possible to transduce the enzyme gene that converts 5-FU to its
active forms."' One of the candidates is E. coil UPRT. It is a primidine
salvage enzyme and characteristic to bacteria. It
finorouridine monophosphate (FUMP) at the Eu-st seep of 5-VU activation
and has the potential to enhance the activating pathway against DPD. 7:
Block et al. 20007 Cancer Gene flier 7#88-445;

etly converts 5-FU to 5-

§PTX0M47T s the

| {CMV)

derivatives, Celinlyr thioesters
such @3 acetyl coenzymee A
subsequently convers the latier
into & powerfu!l bifunctional
sikylating agent that can kill
both profiferaing and
nonproliferating celis,

plagmid
expressing WNTE from the
arman cytomogalovirus
garky pro-
moterfemhancer wxd  also
carries fhe beglobin  second
infron and poly (A) sequences
and & G418 zeleciable marker.

(NABQL.
Rabbit oytochrome P4SG | CYP4B1 is sble to  induce| Mohret al 2000, Cancer Gene Ther,
4B1 (CYP4B1) tornor ¢oll death at low micro~| 7:1008-1014;
molar conczmrations i
+ d-pomeanol {4-IM) glichiastomn cells afier treat-| Houser et al, 2000, Cancer Gone
ment vwith the prodrug 4-TM. Ther 7:806-12
Rat cytochrome P450 481 | The CYF2B1 gene product| Eammertosns et al. 2000, Cancer
{CYP2EL) activates oxaphosphorines 1o} Gene Ther TH29-636
the hydroxy form, piving riss
+ oxaphosporings, suchas | to the foxic products phos-
ifsfamide (RO} phamide mostard and acrolecin,
- wiich alkylate DNA and pro-
teins, respeotively.
E. coli pitforeductass CRI054 is A weak | Digha et al, 2000, Cascer Gene
{NIR) momofoactionsl ableylating | Ther, 7:721-731;
agent that is converted by NTR
+CR1954 into 2+ and 4-hydroxylamino

Difeha ot al, 2001, Mol Ther 3:233-

240

Westphal et al. 2000, Cancer Gane
Ther 7:97-106

Weedon gt al. 2000, Ing T Canver
84:8458-854

| E. coli cylosing deaminase

{CDY, B. coli vracil
phosphoribosyltrensferase
(UFRT)

Despits - €0  expression, 2
mumber of tumer celle werg 5«
FCrasigiant, which meay be
atributabls {0 the lack of an

Eoyaras et 2l 2000, Cancer Gene
Ther. 7:1015-1022;

Theys etal. 2001, Cancar Gene Ther
g 294397,

actve oyviomine  {rangport



s,

'"B"entires-AIj et at 20007Cancer Gene Ther 7:20-26; Kawamura et al. 2000,

Cancer Gene Ther 7:637-643; Li et al. 1997, Cancer 4:113-117 450 +
cyclophosphamide (CPA) liver tissue has a hi of P450 enzymes active
toward CPA and is the major organ responsible for CPA activation.
Activated CPA generated in the liver circulates through the blood and
gains entry to tumor tissue to exert its Serapoutic effects. Intratunicral

CPA activali can result in a high, localtzed concentration of active drug
metabolite at its site of action, nichmaymaximize

+ Sflmorocytosine (5-FC)

system in masemalion celis and
to the degradation of the
fornaed S0FQ by
dihwdropyrimidine
deliydrogenase (DPD). In the
gene transfer swaiegy, 1o im-
prove the effect of the Y5~
FC system, ¥ might be possible
in Hansduce the engyme gORe
that converts $-FU to its active
forms, One of the candidates
is E colf UPRTI. X i5 2
pyrimidine salvage enzyme and
iy vharactsristic to basteria, K
directly comverte S-FU o 5-
finorouriding  monophusphate
(FUMP)} at the first step of 5-
FU activation and has the
potestial  to  enbance the
activating psthway againgt
DPD.

Eamnertoens of al. 2000, Cancer
Gene Ther 7.028-636,;

Block ot a1, 2000, Cancer Gens Thsr
74384452

Tentiros~AK et . 2000 Cencer Cene
Ther T:20-25;

Kavearnura of al. 2000, Canver Gens
Ther 7:637-—643;

Liet al. 1997, Canser {iepe Ther
&113-117

Cxtodaroms P450 enzymes

+ cyclophosphamide
{CPAY

Liver tisgue has a high content
of P450 enzymes active toward
CrrA and is the major orgap
responsibie for CPA activation.
Activated CPA generated o
the Tiver circnlates through the
blood and gains eny {0 tumor

tissae to exert @ therspentic|

effeets.

Intratumoral CBPA  zctivation
can result in & high, localized
concentrution of active drug
metabolits at ite site of action,
which Hay maxinizs
therapeutic effects while at the
same e minimizing fhe host
toxicites associated with he-
patic drog activation.

‘Hhuang e al. 2000, Cancer Gene
Ther, 7:1034-1042; )

Kan ¢t al. 2001, Cancer Gene Ther
473482

Tabbit carbonylestorase

+ Pothyi-10-{4-(1-piperi
din)-L-piperi-

| HExposuze

of neurcblastoma
cell Dmes or of mixtwres of
these oell Iines with CD84{(H)
colls at a watlo of 10090 1o

‘Meek et el 2001, Cancer Res

61:5083-5080




erapeutic effects while at the same time minimizing the host toxickies

associated with hepatic drug activation,
Cancer Gene Ther :473482 2001 Canoe
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. 2000, 4-1042; et al. 2001,

Ginolcatbonylonycamp-
tothsein (CPT-11)

raplication-deficient - .
AARSVICE for 24 b and
subsequent exposure of cells w
1«3 microM CPT-IL for 4 b

inoreased the touicity of CPT-

11 to threg

Weurchizstoms  celi  Umes
(SINE-1, NB-1691, and SE-
N-8H} from approximately 20-
50.f0ld and eradicated their
clonogenic potential.

Mushroors tyrosinase

4 hig-(2~chlorosthyljaming-

4-hydroxyphenylaming-
methanone 28

4 serically  undemanding
prodrog big-(2-chicre-
ethylamine-4-ixy-
droxyphenylaminomethanone
9% was gynthesised and foudd
tn be oxidised by mushroom
tyrosinase at ¢ superior vate (o

Yardan ep ut 2001, Bioorg Med Chem

©,1549-1558

-} chiorethybaminolbenzayt-

KL SVPEUVOS. . .

tyrosime  maethyl  ester, the
carboxylc aeid of which is the
osiural  sebstrate  for  tyroe
sinage.
: i feralactosi Pro cleaved by | Tictzs et ul. 200L, Chembiochen
| £ cof Brgstaciosiinss gaifet%gsi&ase shows  high) 2:758-765
+ 1-chioromethyi-5- cytotoxicity tcrwar&s burpan]
hydrony-1,2-dihydro-385- | bronchial carcmoms cells of
benz{elndole (CC-1065) | lins A349,
or + 1{3-chlorosthivl)-5-
bydroxy-1,3-dihydro-3H-
benzlelindole .
Amit:ntaf carboxypepti- | Activation of ail e of the| Friedios et al, 2002, Cancer Res
daze G2 (CPGI, ghrtamate | prodeags not only iills the celis | 62:1724-1735 :
carboxypeptidase exprosging the mutant CPG2
T on the surface but also the
+ 4-fbis(2~ neighboring cells through by~
iodeethyljaminoj~ stander offect.
phenylorycarbonyi-L-gle-
tamic acid
or + 3-finoro-4-fbis(Z-




A stetically undemanding Jntdan et al prodrug(2-chloro- 9:1549-155
ethyllambic--42-hy- droxyphenylaminomethanone 28 was synthesised and
found to be oxidised by mushroom tyrosine at a superior rate to tyrosine
methyl ester, the carboxylic add of which is the natural substrate for tyro-
E. coli + 1-chlorometh34-5- hydrcory-1,2-dilaycim-31-1- benzldindole
(CC-1065) or + 1-(1-chlomethyl)-5- hydrgéy 1,2-dihydro-3Hbenz[elindole
A mutant of carboxypeptidase 62 (CPG glutamate carboxypeptldase

[Bis(Z-Todoethynamimpl-phenytoxycaxbonyt-t-gturtamicacidor =+

-throasdifligts-whigrethyllanimoibenzoyl-
1odcﬂﬂhyi)amum]bmmy1

Mete: The content of this tabie i3 by ne-mesns to be exhanstive. Any other similar enryme-
prodrug pairs, which are not isted in thiy table, ave also considered to be incinded.




39 or + 3,5-clilittoro-4-Pis(2- iodoethyl)asnitioThenzoyl- L-glatamic add
Note: The content of this table is by no-means to be exhaustive. Any other
similar enzymeprodrug pairs, which are not listed in this table, are also
considered to be included. 40 Table 5, Further examples of therapeutic
protein% that can be used for BIVIPT (bacterium-mediated protein
therapy), VMPT (vints-mediated protein therapy) or COPT (cell-mediated
rotenn therapy), e.g. merviPT mammalian-cell-mediated protein therapy),
against tumors: Therapeutic proteins, dﬁﬁ}gs

Table 5. Further examples of therspentic proteins that can be vsed for BMPT (bacterimmg-
medisted protein therspy), VMPT {(virus-mediated protein therapy) or CMET {celi-mediated

protem therapy), e.g. mCMPT (mammalian-cell-mediated profein n therapy), against texory:
Therapeitic profzing, Description Eeferences
" ghrngs
rsCDAOL Ligand of CD40, sensitizing| BHopoulos et al. 2000, Mole, Cell. Biol.
' femor  cells o apoplogis Z0:5503-5515
induced by a varlety of apgenis,
including TNF-alphs, enti-Fas,
andd cytotosde drugs.
Fas-ligand Sharma ot al. 2000, Pharmacol Ther.
1 88:333.347
TRAIL, Ligand for death receptors sach| Golsigin 1997, Curr, Biol, TR750-753.
as DeR2, DeR1, DRS, DR4.
THE TNF ia the lgand for TNFRL, | Baker and Reddy 1996, Oncogene 111~
which mediates  cell-demi! 9, o .
signalisg, )
Theys et al. 199%, Appl Boviron
Micnobiol 65:4295-4300;
Lammertyn ¢ al, 1997, Appl Erwiron
Microbiol 63:1808-1813
| Recombinant antibo-
i dieg
Ant-GAT33-2 Secreted or membrane-anchored | Faul et al, 2000, Cancer Gene Ther
form of monocional sntibody! 7:615-623
(mAb) (COL7-1A) specific for
Ap (GAT33-2) that is present
on the sorface of most
gastyointestinal carchiomas.
Anticancer drugs adeis- | Some tuner cells express Fasg) Mekarmurs et al. 1997, Anticgneer Ras,
mvein (ADM), evtosing | antiper on their surface, and| 17:173-172;




Recombinant antibodies ElierpOulOS et al. 2000, Mole. Cell. Binh

- 20:5503-5515 sbhanna et at. 2000; Pliarmacol Titer. 88:333-34/ Mucha
1997, Curt. Biol. 7R750-753 _ Baker and Reddy 1996, Onoogene 12:1- 9;
1999.t at App! Environ lot 4295-4300; Larnmertyn et al, 1997, App! Emir
Nlicrobiol 631808-1813 Secreted or membrane-anchored form of
monoclonal antibody (mAb) (C017-1A) specific for Ag (GA733-2) that is
present on the surface of most gastroip{estinal carcinomas.

srnbinoside {Ars-C),
cigplatin, doxorubicin,
mdtomycin G,
fiorouraci, canmpto-
dehloroplatiom (1),
CODE, etc.

+ gasti-Fas aatibody

gpoptosis is induosd in those
cells by Ighi-anti-Fas MoAb.

Chindeally relevant
concenizations  of acticancer
drugs epbance Fas receplor
expression  om  the  plasms
membrans of timor cells.

By the combination of ADM or
Avg-U  with Ighi-anii-Fas
MoAb, the imdpotion of
apopiosis m HLGC leukemic
gells was  ephawoed  sigmifi-
camtly. Therefore, we may oss
bacteria or virmses to deliver
the gene encoding  acti-Fag
antibedy, Expression of the
anti-Fas  sobbody on e
surface of tumor oclic ey

Michean et al. 1997, J. Natl. Concer
Jngt, 80:783-789,

Chang et al. 1998, Osal City Med. 1.
44:173-180;

Dizutan et 2. 1997, Canoer 76:1180-
118%;

Hang et al. 109%, Hepatology 280101
110,

Mizutast et al. 1998, I Urol. 160:361-
370

sensitizes thess cells to chemo-]

therapy agents, whick therefore
wwy improve the efficlency of
chemotherapy.

Bacterial

tosweins

- Microcin B492

A low-motecuiar mass chansol-

formine bacteriocin (7,887 Du}
progduged by  Kiebsielin
preumonice, It has been shown
that microcin E4SZ  induces
apoptosis In certain buman celt
hnes, Tresmtment with zVAD-
fmk, & pgeneral caspass io-
hibitor, conmpletely blocked the
cytotowio effect of this bacte-
tiocin, which may provide a
gafoty mechenism when miero-
cin iz wuwsed in  anti-temor

| trextment, Microcin-B462-

insensitive muiants of B coli
K12 have been isolated, which
may be used as a cartder fo

de Lorenzo 1984, Arch Microhiol
139:72-75;

Hetz ot al. 2002, Proe Nafl Acad SciU
8 A 9926962701




Paul etal. 2000, Cah‘éer'é'éne Tam.I 7:615-623 Somé tumor cells

express Bus antigen on their surface, and Nakamura et al. 1997,
Anticanr-er Res. 17:173-179; 41

42

deliver microcin {Pogsley et al.
1886, ¥ Gen  Microbial
132:325%-3259),

diphtheris toxin (DT)

Tozin-dabeied monovional
antibodies have been used to
target  temor  cell  sorfece
recepions for cell killing (Kreit-
man 2001, Cwr  Pharm
Biotechnol 2:313.325; Thomas
et al. 2002, J Pediatr Surg
37:538-544). Tozin-jabel
protein ligands have also been
weed fo fprpet cell suriace
receptors ((Hsom et al. 1997, Int

¥ Cancer 73:8565-870; Arora &)

gl 1999, Cancer Res 59:183-
188; Wild et al. 2000, Br J
Canoer 83:1077-1083},

Peondomonas exoboxi

Ercherichia voli Shiga
towing

Shiga toxing, Shiga-iike toxiz I
(SLF-I) and Shiga-like foxba IE
(SLT-ID are celi-associated
oviotoxins, which bave bsen
shown 1o be able to Kl fumor
cells, The toxins kil target
velis by inducing apoptosis,

OBrien et al, 1992, Cror Tap Micro-
biol fomnmol 180:65-04;

Makeas and Taleda 2000, I Mat Toxins
2:209.313

Escherichia eoli Vero-
roxin 1 (¥71)

VIL is an K coli elaborated
subunit toxin active only
agatngt (fumor) cell Ines that
express the VT1 reueptor,
giohottiaosyl ceramide-Gb3. In
an example of VT1 action, it
bas been shown that VT elimi-
pates humar  astrotyioma
wenograft in ouds mice.

FatiasFlimsiey et al, 1995, Proc Nat!
Acad 5ci U 8 A 92:69%6-7000;

Arab ot al. 1999, Oncol Res 11:33-3¢




doxorubicin, onty C, ,rouracil, campto-  -diammme-eropigrinnm (1), DP,
etc. F relevant on of anticancer enhance Fas receptor expression
on the plasma membrane of tumor cells. By the combination of ADM or
Am-C with Ighl-tinti-Fas MoADb, the induction of apoptosis in 11L60
leukemic cells was enhanced significantly. Therefore, we may use
bacteria or viruses to deliver the gene encoding anti-Fas antibody.
Expression of the anti-Fas antibody on the surface of tumor cells may
sensitizes these cells to chemotherapy agents, which therefore may
i prm;ﬁ:l&;eﬂmnc of chemotherapy. Bacterial toxins A low- molecular
! b bactericein (7,887 Da) produced by Klebsfella
been shown that mierocin E492 induces apoptosis in

Lreatment with z\V ARk -a-generad C% nacao
e b A L wier =
ay provide safety mdCHRs Clgaguysed iR anti-tumor

patment. Microcin-E49; gmwm@f Eceeibd 6 4 2bey ehesne
igolated, which may heitisegdgsd canterd@ptosis| 21:1242-1250

Note: The content of this table is by no-means to be exbanttive. Auy ather similar theranewic
proteing, witch are not Hsted in this table, are also considered to be foehded.

Since the tumor Lissues can be labeled with ligand receptors
psing intravencusly injected engineered bacteria, wviruses or
cells, the binding of therapeutic~ligand fusion proteins to
the 1ligand receptors will enable the -targeting of the.
therapeutic proteins to the tumer tissues. Intracelliular
bacteria and viruses avre particulerly useful in label ing the
tumor cell surface with designated receptor proteins. However,
due ‘to “bystander effect™ of therapeutic proteins on
neighboring cells, extracellular bacteria and memmalian calls
can also be used to deliver the therapeutic proteins.

In the case of Gene-Directed Enzyme Prodrug Therapy {ESDEP‘I'}
{see below)}, for example, extracellular bacteria may bs used
.i:::r secrste the enzvme-ligand fusion protein, The tuomox call
surface may Dba labeled with recepltor proteins by viruses.
Aifter the intravenous delivery of prodrug, not only the cells
expressing the receptors will be bathed with and killed by the
active drug, the surrounding tumor cells {which may not be
labeled with receptors) will also be XKilled.

virises (such as Vaccinia virus) may slso be used to label the
tumor cell surface with receptor proteins. For example, the



LET

de Lorenzo 1984, Arch Microbiol 39:72-75; Hetz et al. 2002, Proc Nati
Acad. Sci U S A 99:2696-2701 42 deliver micro 1986, 1 Gen Microbia
1323253-3259). Toxin-labelednionocioral antibodies have been used
target tumor cell surface receptors for cell killing (Kreitman 2001, Curt
Pharm BiOtechnol 2:313-325; Thomas et at 2002, .1 Pediatr Surg
37:539-544). Toxin-label protein ligands have also been used to target cell
surface receptors (Olson etal. 1997, 1gk1 Cancer 73:865-870; Anna et 'al.

1999, Cancer RPS 59:183- 188; Wild et al. 2000, Br | Cancer .
B83rt077:1688)s can be specifically infected by intravenously

injected engineered Vacoinia virus marrying, e.g., &
rranasferrin receptor gene (alse encoding & single peptide feoz
sell surface ezpression). Expression of +the transferrin
receptor on the tumor cell surface will mark these cells for
targeting by therapeutic-ligand fusion proteins. In this case,
rihe ligand is the transferrin protein, and the therapeutic
protein could be a Poaudomonas exgtcmin {or any other
cytotoxric therapeutlic proteins) . Tumor cell internalization of
the transferrin/transferrin - recepltor palir allows the
internalization of the therapeutic proteln, which in tTumn
delivers the c:ftotoxicity specifica?_ly +n the Dmeor cells.
Transferrin/transferrin receptor pair 1is only one of many
exampies of ligand-receptor pairs that can be uged.  In
addition, mutant ligands and mutant receptors with highly

specific affinity toward each other mey be usad To avoid the

binding to endogencus probteins.

additional examples of suitable proteins are human endostatin
and the chimeric PE3T/TGF-alpha fusioen protein. Endostatin is
s carboxvterminal peptide of collagen XEVIII which has been
characterized (Ding et al., FNAS USA 88 (1998), 10443). It has
hean shown that endostatin  inhibits endothalial call
proliferation and migration, induces Gl arrest and apoptosis
of endothalial cells in vitro, and has antitumor effect in a
variety of tumor models. Intravenous or. intramuscular
injection of viral DN& and caticnic liposome-complexed plasmid
DNE encoding endostatin result in iimited expression levels of
endostatin  in  Tumors. (Howevael intratumcral injection of
purified endostatin shows remarkable inhibition of tumor
growth. Pseudomonas exotoxin is = bacterial toxin secretad by
Pseudoemonas aeruginosa. PE elicits ira coytotoxic affect by
inactivating elongation factor 2 (EF-2), which results in
blocking of protein synthesis in mammalian cells. Siggle chain
PE is functionally divided into three dowains: domain Ia is



colt elaborated subunit toxin active only against (tumor) cell lines that
express the VT1 receptor, globonmosyl ceramide-0b3. In an example of
VT 1 action, it has been shown that VT1 eliminates human astrocytoma
xenograft in nude mice. Farkas-klinisley et S. 1995, Proc Aced Sol U S A
92:6996-7000; Arab et at 1999, Oncol Res 11:33-39 43

45
reguired for binding to cell surface receptor, domain II Iis
required for translocating the toxin into the target cell
cytossl, and domsin IIT is responsible for cytotoxicity by
inactivating EF-2. PELD is derived frowm wild type Pseudomonas
exotoxin that lacks the binding domain Ia. Other proteins such
as antibody fragments or protein ligands can be inserted in
place of the binding domalin. This will render the PE40-ligand
fusien protein specific to its receptor. One of the highly
specific engineered chimeric toxins is the TGCF alpha/FRLC
fusion protein, where the C-terminus of TGF alpha polypeptide
has been fused in frame with the N~terminus of &he PE4LD
protein. TGF alphe is one of the ligands of epidsrmal growth
factor recspfor {RGFR) , which Ihas Dbesn shown te  be
preferentially expressed on the surface aof a variety of tumor
cells. TGF alpha-PE40 fusion protein has been sghown to be
highly toxic to tumor cells with e¢levated EGFRs on the cell
surface and while 1t is less tomic To néaz:hy cells displayving
fewer mubers of surface 2CFR. The toxieity of TGF alpha-PE40Q
chimeric protein is dependent on a proteolytic processing step
to convert the chimeric protein into its active form, which is
garried out by the target. To overcome the reguirement for
'prateolysis, a new chimeric toxin ﬁrqtein that doas not
require processing has been constructed by Theuer and
coworkers (J. Biol. Chewm. 267 (1892}, 16872). The novel fusion
protein is termed PE37/TGF alpha, which exhibited higher
toxigity te  tumor cells than the TGF alpha~PE4L0 fusion
protein.

In a particular preferred embodiment of the diagnostic and/or
pharmaceutical composition of the present invention the iigand
ig net the naturally occurring-ligand but any compound which
is capable of specifically binding to the receptor, e.¢. an
antibody. The term “antibody”, preferably, relates to anbtibodies
which consist essentially of pocled monoclonal antibodies with
different epitopic specificities, as well as distinct monclonal
antibody préparationﬁu Monoclonal antibodies are made from an



~

Byperforia is a plant derived antibiotic. It was shown that hyperforia can
inhibit tumor growth by activating mitochondria-mediated apoptosis
pathway. exhaustive. Any other similar therapeutic proteins, which are
not listed in this table, are o considered to be included. Since the tumor
tissues can be labeled with ligand receptors using intravenously injected
engineered bacteria, viruses or cells, the binding of therapeutic-ligand
fusion proteins to the ligand receptors will enable the targeting of the .
therapeutic proteins to the tUmor tissues. Intracellular bacteria and viruses
Ale:pasticulay siseluldn labelingrtbe tuptor cak: supfacelwithadesigreeat-o= by

rece§g%r protejns, However, dug fo."bysiandes effect’gfdne/apeuites, e.g.,
“b%? INS on nelghignorgng cells, extracellulaagggte%%ang réjagé@gi%n COllS term
HHALGI8 of5e Heed RPGREIRerRB thefdpbatié Proteins. I the case of

‘Geneiditgtted Brizyme Plodraocthardpy (EHRody {sedfflbw)for meant €0
example, sxtracellardagtesiamayda useddnisderte hmenzyhre-ligusy as
fusion protejn. The tumar.cell syrf F: ledmith.regeptobapatie of
?&e%%ﬁ?%?ﬁusg%%%ﬁ?i%%r{aéglc%? eli\%g&ﬁ of r'%[drkl 001 oy the, o
Bens Sdreddin g e ptdts fvilf BEFaed wi angﬁl Ied%)y the active
thagy, theestroBnamErimoF cinsIwhi o MR ABt e BRBIdPIRNTaPIAY Trom
Beenterilkalsn beckilledhavirusas (Suehsasvacsima Vils) tHastsolbading
ﬁed to Iag‘%ltt%%tugg%_g%&“@ur{@gﬁlw@ rggentor prefeins. Farexamales16-325
& a L turior iSSues can bé specifically infec ed.Ry intravenguslydpiected the
. %5 ar % &ﬂ'@' ér rgéj éﬁug
Ehifitered ifcinkifis CAYRG, 9. 4 tra Sferfin receptor gene (al 0.,
snccuitipasingie paptideop EBRSUHEEE RIS %’%%8§§%%%“of ﬁ% e
transiarEn, regRpiemandbe sfmoneelhsustare iHMeRFL theSEgafs for R imer 1y
%{ggﬁgg&&@ﬁrwtmqg@mwmm this case, the ligand is
the fr

ansferrin protein, and the therapeutic protein could be a

Pseudcmonas exotoxin any other cytotoxic therapeutic protein i g )
éait ieAvaliZetrHs tﬁ%@traﬁs*fﬁrr'in/ﬁ%%g?érriﬁx?eggpfbr%anfrﬂgllz%&g %%9{ neind

internadizationsoé the thetapeutic Proweiy thREAHARGHT deRosrEqfBRa!  between
cYiotexigit% spegifigally tethes wiaee celis-Jiransterrin/fansyeyin rédéptogenes
%%iéis Qaly one of W%&%ﬁ@@éﬁd@ngﬂéc%wd%iﬁh%cmw_ calls
qsecfciﬁ dition, mutant ligands an% utant éec%ptorsi gg&%@y SQﬁ&EEe sred
affinity (6TRardREHT ORI may Be UESE (0 avoid the bin ing to .

éndﬁggnbugqm&nghguses, Such recepbors can be, &.¢. transferyin
recaptor, BGF receptbr, somatostatin  receptor, etc. Over-
expression of receptors on the eell  surface following
bacterial or viral infections will be used to mark the tumor
cells. Secondly, a fusion protein {an immunotherapeutic
protein) hetween an antibody, preferably an antibody fragment,
{specific to the oversxpressed surface recephors) and a
therapeutic protein (e.g. any type of toxins, see Table 5) 1s
prepared. The intravenously injected fusion protein may-blnd_
+o the marked tumor cells and exhibit cytotoxicity toward

rhese cells in the tumor tissues.

The presan‘e:' invention alss relates to a diagnostic and/or
pharmaceutical composition containing a microarganism or cell
as desﬁribed above and furthermore ({a) an antimicrobial

| compound fused to a protein suitable for tumor therapy and/or




Additional examples of suitable proteins are human endostatin and the
chimeric PZ37/TGF-alpha fusion protein. Endostatin is a carboxyterminal
peptide of collagen XVTII which has been characterized (Ding et al:;,
PMAS USA 95' (1998), 10443). It has been shown that endostatin inhibits
endothelial cell proliferation and migration, induces G1 arrest and
apoptosis of endothelial cells in vitro, and has antitumor effect in a variety
of tumor models. Intravenous or intramyscular injection of viral DMA and
cationic liposome-complexed plasmid DNA encoding endostatin retult in ~
lniedexpressiof levets of entostatndniuraod Mowdver Hradifhbreicrebial
iniggtion,of ryified epdestatinshews sepraskable iphibifigroteimorapable of
ST onds AERTACEL B8, PRLIts (e on arod by by <"
: : 3 : i i oG és.g.(qu«
&eagation RERT EF- 25 WHERTesURE S BIctRity 8 profeii 8yiithesis in'©
mapimakan pelis:Single chain REds dpattivhallpanfdetdifhtothfeebe carried
domains; depain-lais: 48 requiresiopbingingdacetistrtacencoeptg, hybiid

domain,ll is required for tran I in int 1, ell extossl, d
& ggjm%‘?n IIIql%&r%g;ej%%sibleg %%%%o%%?«scﬁ%g ingég %%tiné%l%%tPEm IS "

JRARPREH IR dR P& PR dIRBRas @t xin that TREKS the birding protein
domaiesiar @therpreteiybsuch s antbody RAGMERE GRSl fgahgedy - for
can-he sested in plageof 1he binding:demain:, This wilrendel g t-emitting

E4Q-ligand fusi otein_specific to | t ne,githetughly, b the
g%%%l ﬁ:géﬁdineé“%%%himg?%pt‘?)gr%s |s%%§%%§%gﬁafa/ga§4g fysi %Q#Q}ggimsly
VIREERhE CReAinBSTOF 145 APHA 53 Beptide hasbeen f%segL in frame
viittEthe Nitermiaubbfalie PEAO prolieiTERAIE s oS GPIRIREndR - The
ofiepidarmeal grawi fagtorsecepiat (RGERYWhICh hasiiveteshiowie tebes  to
%g}f1 gntally expressed en e surfacecnf a varietopldumaroells. Ehdrapeutic
alpha

-PE40 fusion protein has heen shown to high ict .
JRTE Wit SleVERES E%’I‘—;ﬁjé't% the ceﬁ%%eurfgégé}l §r§ Whﬂ%ﬁtﬁlége(s}:sﬂt%%(%fg)m et

by belSTIRPIARGG Hwer RURHrE bF Sh¥ace EGFR. The toxicity of

TGF alpha-PE40 chimeric protein is dependent on a nroteolytic

procesSing step to convert the Chimeric protein into its active form, which
scanied quiy theardel.JTe ayerame hesequitemegidor praieolysis, and/ox
new chimeric toxin protein ?hat does not require prgcessin ha €eN varting
CShAAERS 57 TRELERAT ORI BT Enars. Joy HOO Gy ine
The novetfisien protsireiserniBdRESTIT GRBHRES VAHER exfibitdtp ordanish
higher taxicity-te-temessetsiban the J.GE@tdha-PRAO-husoi proteiee |Aamor o
Partiowlar, pieferred.empodimentioine diegpostic-agdiarahasmacentioad ) . The

composition of the present inventign the ligand is, not t Ay . o svat
oEE&ﬁﬁ@ﬂ@an&%uthon?ﬁ;ou# %v%icﬁ%s cgﬁ%g A egge%c%%can get ivates a

* birehingd ted Macestot Lo e eth aRABEET The BRI S tibddh= préferal,
relaigs, la.antodies yhichaonsisiessentially. ofpobledapendtional EREFT ig a
antibodies, with, different.epitppic;specificities, ascwgl) asdistinplaonaeaaiing =
antibody preparations. Monoclonal antj"b(ggieg are @?ge&%@ an46the cumor,
ahfigEH TOntERAITFradmertSor the %%Tt?cu[ar recepfor by methods well. .
kmbenao thtsemiitledh tf@ﬁﬂ@(%éé‘fle.g‘.,sk’éﬁlersé’teéf?;%ﬁur@%@%ﬁcrmtwm
(LD7R)eA95). AsruseHdeseifotle tetmy antbedyyad) ertmenscipigitered and
antibqdy’.(Mab).is meanti.include. infaet mejociesas selkas astibody If the

fragments (such as, for example, Fab and.r(ab)2 fragments) which afg.  active
cé‘ﬁé&f@%%%%ﬁ%ﬁly Bﬁ]edir%gﬁégx?gce% oF E4 nan%tﬁg(ab? C

- 2 o S eres
ladkube FeiftdgradapobmtactasitisdlyCRlsar forEH8pidiPRofT t ererore
ciggulation, and skhaveJesnponiSpeniic tidsetbmdingethaksan Wiaée 2t the
antibodY, (Wah! ef.al, J, NUGl Mad: 24:316-325,¢1983). d huisnihese. The gene
fragments are preferred, as well as the products of an EAB or other
immunoalobulin expression library. Moreover, antibodies of the present
invention include Chimeric, single chain, and humanized antibodies.
Antibody-ligands are, e.g., useful in anti-tumor therapy. using fusion
proteins (i.e. immunotherapeutic proteins) between antibodies and
therapeutic proteins: Firstly, the genes encoding cell surface receptors are

delivered to tumors cells in live organisms ajria intravenously injected
oanninearad hactaria and viriicee <iich recentnre ran he e A trancfarrin

toxic



fused to a detectable protein or a protein capable cf inducing a detectable
signal. Anti-tumor therapy using such fusion Proteins between
antimicrobial compounds (e.g. peptides/proteins) and therapeutic proteins
can be carried by firstly preparing fusion gene constructs encoding hybrid
proteins between antimicrobial peptides/proteins and therapeutic proteins
(see Table 5, above) After protein exgfession, the hybrid proteins are
purified and ready for intravenous injection. Second jght-emitting  +he
eHEERHRG wHILF PR PEEogniz&8 an%eé'&gﬁf Egtheg%ek?f‘_i%%%%ggg ¢ ‘
+peptides/moteins, Mtﬁﬁ@@t@@iﬁ@rﬁveﬁéﬁﬁ?ﬁﬁg th@%ﬁbfbec%%?i bacteria,
JLmarspecific: acqumationihe spadific bindingdtantinfierobigle present
.peptides/proteins fa b ali typorghelps teoneenitatel. of sither
| l%‘é%é%é‘@tg‘cf p%?‘e?r%% s%?ﬁ#&al%%?th%%u mors, which thereforedmay ligitcirie
ERTGLERECHE cVISTERRIS “EurtRErmSie. Ihe protein suitabie for tumor £ the
dhexaymeand/erstimiration-Bf rRBESIARIIITITS cdffe &TVRRT /e ™ o 7
SQYBKENG ARdnaghyersstanne {procrugy admiribteréd re tie Sigism *-
Anto.an ag&\c(% S&‘j’ééﬁ%%é-eaﬁgx@ , Whigheiids the femer ot reetastasis—, pH-,

1f'émene-Dlrece nzyme Prodrug Therapy EPT e pringiple je~ or
IBpRbT istRkEan enzBRTEBISten éz&ﬁ%ge%%%yéte%ﬁgﬁlf delivered’%’m E

inionsoveic qred il ttdTeEvECHKi G ERTRY 7FRTeh is cytotoxic to tumors. To be
specific, GrEPT is a two-step treatment. In the first step, the gene
ﬁ&go%@%gqging;é is-adminisigted;andwlirecte te thecuyearring  the
where it ma be expressed u5|qgispeaf&gansc.rgﬂ{mgﬁ@gﬂtﬁf,dn the agent
$8E8nd stef prodrugs are administered and activated by theforeidys v, the
ehEgHIEOBT RS H R RERUATSIOI1f I BRFy iSTprotelns are present on| i?\h. o
s ineiso fimactvetrugs willzaises bbsrédmast8RIyaH te RIABRE Bnd™ ¢
therefore, exhibit. ayiqioxicity onitawars thedmmoecellSmhient BRAZEHRS ©F
%%%ﬁs%%%r%i toggicit ;*sﬁgeq&ﬁg &mi&r@ur{isg@ggerj_@ 4&encedingnacentical
rotein 1S delivered specifically to the tumgrs, using.intiavgnousivie 4,
pHEses Ergifedtéd -B}éﬁteﬁﬁ?eﬁﬁgesl%ﬁﬁ%ln?%a%%) ?é%%éa%:%o%? ng to
tespresent invention. These genes can be under the control of either
constitutive promoters or exogeRously regulated inducible promoters _
Sialionall cuau e tiRdie capYELsIon ol B o T
occurs In the target tissue, i.e. tumor. 0 g B Gar not be
éﬁﬂtﬁ?ﬁﬁ‘c-?ﬁﬁaﬁ‘?ﬁl&r}ﬁ?g%ﬁ?nm% all= glgr% |§£ h%&?gligﬁg-, celleyeley  when
orstisBUetepe CIlEmNaUCIBREBFOMotEHES Fof Sxambta - the &z mécanbe. . .
Wycwranidase appuadiag thedesstoRcyora dﬂ@@ﬁénﬁ@%ﬁé&ﬁic%ﬁl‘?m |
gégg%g&m%o%@_@gx_iggo pmoretxic fornu Rrgfetably; the gemet subuUnits,
|

encoding such an epzyme is dir 1 pro A WANGH IS a goRatdulives o
dHfctnitie p%%%&f‘ .XE%rthgru gi%%q%se%? e

| enzyme/prodry j i
arptueloien theepRarmbkettical tonpoSiticn of th%lpt)olr{é%ent \%agr?tl}}{‘!.’rhil]I g% data
listashinsTablmdzabove Mareaier rihksdéivery SystEiEf-HEpr t have &
3&’5’#%@&% allewstheapplicationmakenmpyads iwhick catit sofakhet bamos -
sed for tumor therapy due to their high toxicity when systemicly applied.
Such compounds include proteins inhibiting elongatign factors if -
bttty earbES 0 MU b IHES TS Todffying r‘i%%eoﬁgggs, ﬁ%%%%is%s, : Eﬁz
PIeigases i TyakiNE (6 ajl. | CIRrdmaoBg)), G S pETRRE AT At bele
sHggestibatthe lacaljelease afwtekinesmight havecd posiive ffect Gpecific

the Immunosuppressive, stat fwpor. Guther-qke,. theund~healing or
nREISGenis (Eécté‘ﬁéﬁl&ﬁ%ﬁé %ig}:%rom '

sevdrht BEBRIVEL S -arfifiity Itumior growt ditionally
or cell can contain a BAG or MAC (Mammalian Artificial all proteins of a
specific apoptosis, wound-healing or the cell can be a computer-
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49 designed cyber cell or cyber virus endocing these proteins in multiple
combinations. For administration, the microorganisms or cells of the

present invention are preferably combined with suitable pharmaceutical
carriers. Examples of suitable pharmaceutical carriers are well known in

the art and include phosphate buffered saline solutions, water, emulsions,
such as oil/water emuslions, various tyéPges of wetting agents, sterile

solutions etc.. Such carriers can be formnlated by conventional methods

and %Qe agpinistered tg;the giblieatahassuitale dogecheminsteitioims 1o
of the. microorganisms or cells may be effected by different ways, e.g. by

iy %%%s??n rail'pnéarl oneal, subcutaneous, intramuscular, topical or

- intradermal administration. The preferred route of administration is

ndraveaetsinjesiioinT hettoute b ammirastiation, 6t coukde, RipeHys diresent
tﬂ%ﬁaﬁ'&rﬁ]@rpf the t%@%&éﬁﬁnﬂe kinghofimicregrganisais arrellphentapedtical
in the pharmaceutical composition, -The e Legimen wi : re wall
e mamseu compalen Tt e nas W te s e v
AssivellRnowih theTnedifst arte &3y esHBPERS S patient depends

e manyfastorsaneiudingtie patient's siretbodpsurtidd UrEETag ML Lons:
theparticula-composnddehe admjaistered=tmeiasd seutecabns etc.. Such

administration, the kind, si logalization afithe tmal, genesal healthan e
At fé%ﬁé:rs drﬁag% b%?n ggﬁagﬁ%d%%n?érrenu% Prefecgré:% tu'ﬂ%gl%ttmtmn
asPhBiFEARRAWIER themicdsiGehishTs 8r SBHs8PHe pradent invention

a0t biagdeniumors doreemtaumbrsCpldsta@alimbes, BERTEATbroCofbh-exent

- RS, luagdumoss; ovatiaheaseinamas, anchpapecrBaticsediCinOPIRS RIS,

tymars, skig,umors. Bjsl description ohhediawinos Giguraiki=uteroal. e
imaging of GFP expression in 5“%‘%@5_‘38%59:6- lioma fumors IR oude, . The
et eSEHe @ﬁﬂﬁgc‘éﬁs?ﬁﬁﬁ &ra-fiplanted subcutaneously into the e
righttatersl ﬁ@ﬁmﬁaéérgﬁﬁmeﬁawwﬁquﬁ%ﬁ‘%&fﬁrﬁﬁ’raﬁ&ﬁi%&iﬁ‘é‘a o Ehe
apimals wese infectethintrayendushowittrlzms pig ofeWisrueogliipdings in the

ticles. GRR expresgign.nas-menitoreghendedssiyeresesncemen  will be
stereomicroscqpe. Bright field : iddle), apdAdait c1inieal
fig?dﬁ uor%%ccieqng,e %%%Ig)t} %%#c%@r;b %#a%zg%%qg%ﬁg%ous %Iiorgael;gngr any
afaSHRN. BEP g danBeBhsttv ?n%emo%aas%%asﬂ as 22 mmsin.
sizes(BeBY) @ntas dipasits daySEBoUER500TImaiRSIS pE AT SgEient S
oS, ﬁgfﬁ’yeéﬁ&fﬁmn Was Sesfidl "patch tlike p@?ﬁ%tﬂlhﬂﬂdim@d to be
snqws in Al). Marker.gene exp n n-thepmoece samesaaimal€an size
bggr%%ﬁ%?éga%cgﬁti%&gﬁsﬁﬁé(é%é& . e(%-D" and 14 éEi%QpJﬂé aﬁtﬁ{er drugs
irﬂ%eﬁ%%kﬁ?&%ﬁf@%ti&g(%sg )G TTE - YN zaion of tumor
abgioge et S Beyiivhatsi BRI05) were implanted subcutaneously

preferred tumors that can be treated with the wicroorganisms
or cells of the present invention eare bladdsr fumers, breast
‘pmors, prostate tumors, brain tumors, colon tumors, lung
TUmoOrs, ovarial carcinomas, and pancreatic carcinomas; liver

tumors, skin tumors.

Brief description of the drawings

sigure 1: External imaging of GFP expression in subcutaneous

¢6 glioma tumors in nude mice




the right lateral thigh of nude mace. Ten days after tumor cell implantation,

the animals were infected intravenously with 1 x 106 pfu of rvVV-ruc-gfp.

GFP expression was monitored 7 days post-viral injection. Vascularization

at the surface of the subcutaneous CO glioma.tumor is shown against the
bright green fluorescent background in the tumor following Vacci mediated
gene expressions. Bright field (A), fluorescence (B), and bright field,
fluorescence overlay , (C) images of gybcutaneous glioma tumor are
illustrated. (Bars - 5 mm.) Figure 3: Expression of GFP in subcutaneous
cgnamedueoref the same anthial weve days bt ede subsitkresagsly into
4SRN {08 Coslime ofle o e s e igheiOmabor cui

SvLmdip x i 1 =

jiﬁ%’&?bﬁ?%%hirﬁ%ﬁwﬁﬁjﬁ%ﬁhgﬁfgd 3&%%%&%%%% c:gé\leﬁ%or@g%alysigéygc G.Iz'!:ii:Dh
e¥pregsionstinde¥ fuouesaiice THick6scope = ERd%imoiias VERARTET " .was
extemaly Askhanithitheioverbingnbd stefievted(BaRpin-crBsdght field
ﬁ:e%i n (glgc)(% d.inthe %@gg}?c} legn (- BrghtfielddA. ) fluorescence

uoreécence (B), and bright field, fluoresce y (Q) i €S :9fne -
LUt AdNe B BiibEA tuﬁ%\ggrse ill‘f’éltra?(‘é1 c%%%%%r%%%estgéﬁbﬁg Slmox axe

L1 3
shprosSIGHE arbseeh aspakhcDRREYEE aldh g iR dtie PEUITARE bf fHe 22_ el
umey an the-sghty (dowble: areivs ?msCl@")d&larddmé#éné’é@)f‘Cﬁm‘ﬁ in size)
%ﬁ%ﬁ:ﬁio” ";H’m%flt&%?ye anghinthe nesmeal npugale sisstie (awaws iseer.  in
(b RIS ACIHR AR Igeie 0. BB AR gene

gxproession .in the tumor of the same animal can bhe monitorad
.ccntinuﬂusly & (c-g*?)y, 7 {p-p*7), and 14 (B-E7*y days after
intravenons viral injection. {Bars = 5 mm. )

Figure 2: Visualizatiopn of tumor angiogenasis

Cé glioma cells (5 x 10%) were implanted subcutaneously into
the right lateral thigh of nude mice. Tern days after tumor
cell implantation, the animals were infected intravenously
with 1 x 10° pfu of rVv-ruc-gfp. SFF expression was monitored 7
; days post-viral injection. vascularization at the surface of
+he subcubtaneocus C6 glioma CUmMOL is shown against the bright
green Flucregcent backgrmuﬁﬁ in the tumor following Vacocinia-
nediated gene expressions. Bright finld (&), fluorescence (B},
and  hright fisld, fluorescence overlay = {0} images of
subcoutangons gliomas Cumer are illustrated. (Bars = 5 mm.)

rioure 3: Expression of GFP in subgubtanegus gliocma tumor of

the same anlmal

Five days after the subcutanecus implantation of 5 X 10° ¢6
glioma celis into the right lateral thigh, 10° of rW—-mmg:p
virus vparticles were inijected intravenously. Five days after
viral "injac:ticm, +he animal was anesthetized and sacrificed
for analysis of GFP expression under fFlugorescence nicroscope.
The tumer was visualized externally (A~K), with the overlying
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: B 1 htfluorescence (8) ' a es of tumor cells expressing GFP Frozen
sections (30 gm thick) of the glioma tumor tissues were prepared from a

.nude mouse that has been intravenously injected with 1 x 108 of

rvVV-ruc-g-p virus particles. (Bars = 50 gm.) E'iqure 5: Low light image of

the anesthetized nude mouse to indicate the location of Renilla
luciferase-triggered light emission in the presence of intravenously

injected substrate coelenterazine (5 gg+ethanol solution) Figure E:

Monitoring tumor-specific viral infection based on GFP acne expression in
aXprietpdi krhesmotel includmgastbrutaretsgpc-1EHudn pistater the
WpoRCA-AY) agd MEF7 humae rgasthumer (B:B) tloude saieece (B), and
intracranial. C6 rat glj tumar (C-C . agrows indicate. the-logationgfih@neous
u%& in %%%v%{ ?atgg%‘?gﬁgﬂg mous% b%\gdtgr tgumor JéD'gré% C57 mieg:seﬁ:.hm15
BATRER m@?@?ﬁorﬁﬁe&%%@ﬁﬁ‘%htr%&oﬁﬁﬁ%@ 8fis 67 T x T0 o
myierusegnp AEUSIPErtDes. Brightiald ¢bp)fludhescerteImiigdRE end°t e
bright.field, flupreseege queniay éetiamyimagecottive tunfiraare difference
Ig%St%Ed'egﬁl?ggzrrsas;s‘rf_g;zm'lnSZtumar tissue apd in the normal muscle
tissue {arrows in D-D'F) is clearly visj_bble, Aatrerisks mark

the reflected skin (B-B’f and D~Df°). (Bars = 5 mm.)

Figure 4: Bright fieid (2} and fluorescence (B} images of

tumor cells expressing GFF

Frozen sections {30 gm thick] of the glioma tumor tissues were
prepared from a nude mouse that has been intravenously
injected with 1 x 10° of rW-ruc-gfp virus particles. (Bars =

50 .}

Figure 5: Low light image of the anesthetized nude mousse Lo’

indicate the location of Renille luciferase-triggered 1light

emission in the presence of intravenously injected substrate

coplenterazine (5 pg ethanol solution)

Pigure &: Monitoring tumgr-specific viral infection hasad on

GTE gene expression in a variety of tumor models

inciluding subcutaneous PC~3 buman prostete tumor (A-A77] and
MCF-7 human breast tumor (B-Bf7} in nude mice, intracranial C6
£at glioma tumor (C-C'7, arrows indicate the location af the
tumor) in Lewis rats, and MBE-48 mouse bladder tumor (O-DF7y in
C57 mice. Animals were monitored 7 days after intravenous
injecticns of 1 x 10% of xVV-ruc-gfp virus particles. Bright
fisld {top), fiuorescence {middle}., and  bright field,
fluorescence overlay (bottom) dimages of the Cumer: are
itilustrated. (Bars = 5 mm,}



fI2Eff 7: Monitoring Vaccinia-mediated GYP expression in a breast tumor
model Nude mouse carrying breast tumor was injected intravenously with
1 x 10 of rVV-ruc-gfp virus particles. Both the primary tumor (A-A", B-B",
and C-C") and the metastasized tumor (D-D", E-E, and F-F") were
visualized externally (IL-A" and fl-fl"), with overlying skin removed (B-B"
and E-E"), and when they were split open (C-C" and F-F") in a set of
bright field( fluorescence (1) and bright fiéld, fluorescence Overlay ( )]

|EGJIZP xre s|on |n Iug,g mett

OReREN ) HAEEH ORtBe clearance oflrght mrffrng bacterra from nude mice
b&ﬁﬁi mﬁ&daﬁec&m@lrgﬁeamssmmundemhe low #gtreifnafer Nudeously
QE%WW%Q”E@/GQQUMM&?&G ﬁ&thv&gaacegréﬁﬁgﬁguat%%h the primary
phlmurlum Ei) and V, cholera (¢, D). Qor&h stra s were tragsfo%rré%dz\éVLthtmer

ﬁm%ﬁrylﬁg tﬁe%ux op&% Ighgto coﬁJn tioh Was done 20 ?A

Cyaiid 2 ddySi(B, D) atedr Badtetinl MREioNd TR LIE O HERRRF BR Gl mAR 2" '
tamprs-hy ‘atienupted Sasicria by dehicerantbvaCO{GHGENA tambdrim®ié) . and
rtﬁigrb'mﬂé@%@f@ 'Qﬂﬂ%n%%'% jected With:1@7 attepuaiediSset: of bright
p%)' g%url @ﬁﬁD and Wlt?:o)dfho era (E- Hc,) bénth]ﬁﬁnsﬁrmed svrértehm;a orerlay

01 lé operon oton COﬁeCtIOI’l was

chified e@mﬁ%neqﬁmu@feﬁeawrom|gﬁvﬁﬁag%?h@rr6@ﬁﬁ§ctédl the same
withiSi ty phissurivieexhibitaditimieescéres’immedigshsthrough the Whol ! o
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.m:gta’ventouds baCtegc,gl mjeCtlon (E Slg;?m\ﬂ.?w B ventr 'i‘ﬁ?.\é’%a luminsscence

immediately through the whole animal (&), In contrast,
luminescence in the mice injected with V. chelera was visible
in the liver ares (E}. Two days afler bacterial injection,
both groups of nice deinc::rtstratad iuminescence only in the
tumor region (B, F). The light emission in the tumors infected
 with §. typhimurium slowly diminished four (C} and six (D)



Figure 11: Homlng in of bacterla to bladder tumors in C57 mice C57 mice
were intravenously injected with 10" attenuated V. cholera transformed
with pLITE201 encoding the nix operon. Nine days after bacterial delivery,
lvinescence was noted in the bladder region of the whole animal (A). The
animal was sacrificed and an abdominal incision was made to expose the
~ bladder. The light emission was limited to the bladder region (8). With the
removal of the bladder (C) from the mguse, the entire source of light
emission was removed (D) as demonstrated by the overla g of the low Igt
aBbeton emissiopdBage eler theipltbyraphidWaER ofe¥xiSed wl
Cglafﬂder 24 Figyre 12s. Homing in akbagiaria to Dyain lims tusiors irfous (&)
ewis rats Lewis rats were intravenausl d Of continued
aafenEitid V(}Ehole‘?ﬁﬁansfjo%% 5d with %}in%%z%l \egn%%%%ié%?ﬁe%ux
r@@emmﬂantgﬁfd@h%dwg%%d&eﬁ&ﬁnﬁ%n FiRFtiminescence was
noted in the head region of the whole animal during visualization under

he W lght imager. The pimalswiere.saeificeskand theiobeain removed.
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Wem{@@?ﬁj ARAYEN STy Wit 55X 985 hiffan fibrosarcoma cell  Wwhich
waieparanestlysteansforimetd néthaeiovivus dHRARFFonT ﬁ%lﬁ &ven
ﬁggs posi-injectgn, therapimAls iweare anesthetized oerd memlér!é”dleﬁder élght
orescent stereorn Djcrosgope,. géuolgeig&@\peﬁ@@g neteghonlyn thee right
HhEF 1850l 0F the Whole mice through the. skin (A 153): Lpom,expestrepfeast
reRRhoPHEsuEL By PeffeRHBAGSITE o erﬁ/ln in (Bl 3% ndin crass 1ignt
seetignsapkthiertuiioes G@F-B?lﬂao@é’é%ﬁt P&t heé‘%ve?é’ Visib ¥n dlstlnct o
sgions oGlassexaminationafitheiorgans dfhemicedifed B ®
%resegce mall}ﬂ rs Qi flyio remleellswdheﬂaegs ofthpemidrg, the

emonstratln% the a mlty of the flbréaD g%g%@%elm thgﬂgnggxﬁ&aﬂﬁﬁlomumr
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'ﬁgﬂe@ intravenagslydpiettecwithEosatianmaed nidhoctiyefige wes @
%”Sformﬁd With psog:0n plasmid SNAweaiting heagfpreDUA iggpction (B!

uorescence was observe under a
side view, F: vem:z: WY .

E‘lcmre 11z Homing in of bacterisz to bladd,er tumprs in {::57 mice

CE'? mice were intravenously injected with 107 asttenuated V.
cholera transformed with pLITEZ01 encoding e JLux eperm:h
Hine days after backtarial delivery, luminescence WRS m;*eed lnr
the bladder region of the whole animal (B). The animal wasg
sgorificed and an ahdominal inclision was made to expose the
bladder. The light emiggion was 1imited to the bladdexr region
(B), With the removal of the bladder (C) from the mouse, the
entire source of 1light enmission was removed {by as
‘demonstrated by the overlay of the low light photon emission
image over the photographic image of the excised bladder
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fluorescence stereo microscope. Twenty-seven hours after bacterial
injection, GFP signal was detected only in the tumor region. The tumor is
shown in a set of visible light (a), fluorescent (b), and visible and
fluorescent light overlay (C) Sages. (Bars5 mm-) The present invention is
etplaiiied by the examples. Example 1 Materials and Methods (A)
(SL7207hisG46, DEL407[aroA544Tn10]),attenuatedVibriocholera&
(Bengal 2 Serotyp 0139, M010 DattRSE¥ and attenuated Listen&
monocytogenee (D2 mpl, actA, plcB).The bacterial strains were kindly
provrded by Prof N Gabel (Unlversrty of NUrzburg Germany) (B)
. Al i o Rigas Apfimnors  in

mgeﬂgg obtained from Dr. Marrnes Biotech 24, 99 56 -58). The

W -dyal W”'}H}ﬁ:ﬁ@%&%é%?ueﬂﬁﬁégﬂﬁ CQ;[_,\%IU@@B WX11s of
>and 16X E u

nder the control of the y ose promoter was k

RSB Br oA U SR STRBERO AT RGO 1 Sheoding the
Transtasmation dheattetitotite m@sﬁmg tremstoried bimiection, faint

SloE{ORYALION: was noted in the head region of the whole animal
during visualization under the low light imager. The animals
were sacrificed snd their brain removad. Photen collection was
carried out for ore minute from rats with (A) and witheut (B)
brain tumors. Strong luminescence was confirmed in regions of
the brain of the rats with the brain tumor (marked with arxrows

in A)}. Luminescence was completely absent in the control brain
tissues (B).

‘

Figure 13: Transformed human Librosarcoma cells home in on

subcutaneous glioma tumors in nude mice

Nude mice with subcutaneous ¢lioma TUROIs wWere injected
intravenously wikth & x 10° human fibrosarcoma cells, which were
permanently transformed with retrovirus derived from pLEIN,
Seven davs post-injection, the animals were anesthietized and
monitored under a fluarescént stareoticrogcope. Fluorescent
cells were noted only in the tumor reglon of the whole mice
through the skin (A1-3). Upon exposure of the tumox tissuss by
reflection of +the overlving skin (BT -~3), and in cross
sactions of the tumors (€1 =33, Ifiuorescent patches were
vigible in distinct reglons. Closs examination of the organs
of +the mice showed the presence of small clusters of
flu@xescent cells in the lungs of the animsls, demonstrating
the affinity of the fibrosarcoma cells for the lungs im
addition to the tumorous tissues (Di-3}. (Bars = § mm (A1-C3},
= 1 mm (D1-D3};5. '

E;igure 14: EBoming of attenuated IListeris monocytogenes into

subcuytaneous prostate tumors



56 medium (Cellgro, )aediatech, Inc:, Herndon, VA) supplemented with

10% (v/v) FB5 and 1 x penicillin/streptomycin. The human PC3 nrostate

carcinoma cell line (ANCC, Rockville, MD) and the MB-49 mouse bladder

tumor cells and rat 9L glioma cells were maintained in DMEM medium

(Cellgro, Mediatech, Inc., Herndon, VA) supplemented with L-glutamine

and 10% (v/v FB5g HT1080 fibrosarcoma cells (ATcc, Manassas, VA)

were cultured in r12 minimal essentiadgnedia (Cellgro, Mediatech, Inc.,
- Herndon, VA) supplemented with 10% FBI and 1 x penicillin/streptomycin.
NEhe MGES WutdansnbavwhanpercinomateFiide prretattockimer vy, *he
rPeipanenty fapsiarred witteaplasmid/camyingtprd- KR cDNAattenuated
1{obtalned fiom L, Daisy.De. LagunLamayuda Upisisipl opa sindes  or

ki GYLD . % .
CA) was culturéd in DME14/F12 medium supplemented Wgh 5% ngﬂ%&gx 4

CBEE TRINbIYi BTG RPIsIAEE NV YAARTT B Sa 1B LR TEY Production
fanepsepagation efretsovirusitorgenesate a |@ﬁm¥muﬁ@g§gbbﬁmws after
h%a%@i%@%%ﬁg%ﬂ%@a%%&@lI%&@Ioﬁe@aﬂé&lm&t@, €A) tiere tunor

cultured in M medium s mented with 10%.(vLy. At 10%,4 .
r@m‘ncggﬁ cefls v%‘lgres%r%ns or?’r‘r%kedgwit gr% Eé%%%ﬁrﬁ%%r Paiégltltofa}

SEIGERARPRAICKI pHESPIEE et pRBfoh HEFGIF EtbtectBn *¥ o (©)
iMagunaligBaTransféction Systems, Promega, Madison, WI) for 12 hours.
Fresh medium was replenished at this time. Retreviral supernatant

ollected from PT67 cells 48 haurs:nastdransformation s Slered
t ?Ol?gﬁ? Sae&gglﬁxrﬁel tEergan Wa%ded to target HT1080 cells along with
polybrene to a final concentration of 4 ug/ml. The medium was replaced

after 24 hours and the cells were treated with G418 selection at 400 u

g/m1 and stepwisegigreased o 420 Figimi. (P rapagation of
recombinant Vaccinia virus. Vaccinia virus Lister strain (LIVP) was used

as a wild type virus. Recombinant Vaccinle virus r V-rug;i%# Was .5  were
BhstrEemEb) serifgeiRehomoRfyoLREBESMatich: The ™

)
ruo-gfpicassatieciVangetmn®ide. BiotomhirChdmirmin{ L 1RYp, his64s,

419_4%@1:4 07 [aroa544:3Tnl0l} , attennated Vibrio echolarae
(Bepgal 2 Serotyp 0139, HMHOLC Datit®sl), and attenuated
Listeris monccytogenes (D2 mpl, acts, plicR) . The bacterial
straing  were kindly provided by prof. ®. GEhel
(University of Wirzburg, Germany).

{8} Plasmid comstructs. The plasmid pLYTE20L containing the
IuxCDABE cassette wag obtained Irom Dr. Marix_}.es, Piotech
24,1998, 56-58). The plasmid pXylA~dual with tThe oparon
;e;quance of gfp-cb¥A, lux AB, lux CD; and Jlux E under the
control of the Xylese promoter was kindly provided by Dr.
Phil Hill (University of Nottingham, UK).

() Transformation of bacteria
The bacteriaz were transformed by electroporation.

(0 Tumor Cell lines. The rat C6 nitrosourea-induced gliomea
- eell line (ATCC, Rockille, MID} was cultured in REMI-1640



57 into the Vaccinia virus genome The virus was amplified in CV-1 cells

by addition of Virus particles at a multiplicity of infection (MOI) of 0. 1

pfu/cell to CV-1 cell monolayers followed by incubation at 37C for 1 h with
brief agitation every 10 min. At this time, the supernatant fluid with virus
particles was removed, and the cell monolayers were washed once with

serum tree medium. Complete growth medium was then added and the

cells were incubated at 37C. rVV-ruc-gf@ virions propagated in CV-1 cells
were purified through a sucrose gradient. A plague assay was used 72 h
Alterinfeqtian iadeterming thestter ofitecombivamadius byatairsngrAenented
Cells with, 50%,crysialyialesolution,inethenel » (G} faenenmyonof Mmige human
carrying tumor Implants. Five- t%lgl -va?gk-{%%g al HMi%hy% NN the
Pt eRD%E36 i By RRTGhtf 8hd. LéWis ra s({géo- 00 gin body wei ht)
\wBredsurshased Homlies | armer deRdik vy o FAsL /B ﬁﬂﬁﬁ%c%ev%ere were
ebtaipgd-feom slacksen LabataterieséBagtarhdfedE);eMin (rbftiple Heradon,
Jptestinal ﬁf@g&%g}iis&r};ﬁutgsm%m@argﬂggit;;jggolv@ag@ NONESENSET1080
mutation in codon 850 of thecmurigle A%Jc‘%%%ne,%t}ic@é%de@ﬁmd in Fl2
%ﬁﬁ%tiﬁﬁlgsp@rﬁaﬁéou% 8&findl adenoma formation. To

whrdmalimensinided MRISIES dfthatels WERSHRSR harvdSiet ad "
the celhpumeherwas detetmined P thed parsB RIS AHSIOR! AigRBECTYS1D
B&ﬁjnm&rﬁ ‘%%&%Epdﬂﬁ%@_ 10%@6_ éé’%&@f&@e, Q%Qfl apWi|mmg@£ 5 R&0Eville,
cells were suspended jn i0 te! L sa Nehro-TGE~
Wédteﬁ%%‘rgg us#;%" ?ﬁ%ﬁ%ﬁ%{?‘?ggﬁl ?hiksg%%ééh mo%g?ifu%oaf‘zz s
GlowtrtiAs nicktsEaasy rdettlingdhe sif@&?%e Biortiitha digital” ‘

caliren:Jumor itume Limid) was bstimatedblaresdrritia Wﬁ&lﬁl)/ﬁ?m‘m :
%%15‘?5@'548&8&‘3” YV issthe width, ang H igdbe heightiof the tumerin  (Life

Intracerebral gli ma_tumors,were generated by injecting C6
Technologies, Gra.lgd Island, 1&%? 9 y In] g9

{8} Production and propagation of rebrovimus to generate a
dlight-emitiing stably sy e Fevpmmened eell line. PTE7 packing
cells (Clemtech, Palo Alto, CA) were cultured in DMEM medium
supplemented with 10% (v/v) FBS. B TO% confluense, PTE&7 cells
were transformed with pLEIN (Clontech, Palo BAlto, CA} using
calcium phosphate precipltation metho::i (Profection Mammalian
Transfection Systems, Promege, Madison, Wr) for 12 hours.
Fresh medium was replenished at this time. Retrovival
.supernatant collected from  PT67  cells 48  hours Ppost
cransformation was filtered through a 0.45 um £ilter and wasm
added to target HTLO80 cells -alang with polybrens fo & final
cencentration of 4 pgfml. The medium was replaced after 24 |
hours snd the cells were treated with G418 gelection at 400 W

g/mil and stepwise increased to 1200 pg/ml.

{z"} Propagation of recombinant Vaccinia virus. Vaccinia virns
fister strain (LIVE) was used as a wild type virus.
Recombinant Vaccinia virus »VV-ruc-gip was eonstructed hy
ingerting, via homologous recombination, the ruc-—gfp-cassette
(Wang et al., Froc. Biolumin. Chemilumin. 3, 1996, 418-4232)



gnome cells into the head of rats. Prior to injection, rats were anesthetized
with sodium pentobarbital (Nembutale Sodium solution, Abbot :
Laboratories, North Chicago, IL; GO mg/kg body weight). A midline scalp
incision (0.5 -1 mm) was made, the skin was retracted, and a 1 mm burr

hole was made in the skull at a location 2 mm to the left and 2.5 mm

posterior to the brigma. Tumor cells were pipetted into an insulin syringe,
which was fitted with a 29-gauge needé and mounted in a stereotactic

holder. The needle was inserted vertically through the burr hole to a depth

of 3y, Afteriniagtion into-Ahe byainaks x 486 Chicells iwaslOaplified in
volume, the needle kept in_place for then wi The:

R nERhg Wik GURRE T g Cal gL s bearins Sbepnaas. ) O

prosate.aimof¥Were Génefated oveF ¥ 5o didné TontrTotiowitg oo

FubGWRe oS implantationsafl 3.x 186°ECa3dhwmantPredtate telissNBgdtation
mouse hladder tuor,cel re.implanted,in Lineusesbladdlertan vi
S%ﬂf:g aaniﬁ%%w%'i% b%xﬁdgére%%e’rs%% gééﬁﬁr%g anigl%! é/g.léh Q,;gggt waﬁ;::
BaRce {Tan H5¢ Dé’E@Sﬁ??lﬁbn?‘i?t%d ?or&pu%ﬁca{%oﬁﬁl}em;’e nude mice .
wece first inplastet k<G 7RergiDe deyumleise CASESaffirpctes then
&a%\aa%%%ga&@n@ow@@ﬁeimﬁm skin s decilifate-hreastitmot. rions

evelopment and metastasis. Qne day after p | ntatio
PRORFERICE-7 Himay B%eag?ggrscinﬁgfxnrf ceﬁz%%%r%%meéyg%v%hﬁgro% G Q—.’ﬁcm?
CEPSERE, -NAUrE BITH 0845 %77 75 1) W6 implafted it e mamman ~
fa¢ pacnF0e otthotaptic éranshlantsytiniuts tevéppe domtrigtapte Fbs | £e L ts
wets regacted aad-mineed itosbam cubesdoktisruertransplantation into

the mammary at pad. (R) Assay of Reni22a luciferase in live animals.

~Mice were anesthetized with Nembutal (60 mg/kg body yveiggg bﬁefor%ivem to
cifBry Renara icTerae a848P RERMEINEH erf8EUEHVIiES Were 59
delermingc-afievendis iBEGEON of dhhituredsBneissind 16-8Q gy Ln Dody
diljed efhanelsolutign)sof lugiferase assaydufier (0x5 MolaC)welgit)  weze
HDTA.; potassjum phgsphate, 7. le liye,ani imeged if a/+ mice
&)a‘?ﬁ%ﬁsﬁégl ngxf’f‘w%"& agrﬁ%tlﬁﬁe%% foé% %\%% ca%@e)ré, r&r?d%f? images sin
Visresr deletiasing b1 e I8RErE M@&?ﬁ%ﬁ%ﬁcsﬁ%ﬁer?pr?ng’, jr
Tha:ltiple intestinal neoplasial is an avtosomal dominant traltc
iﬁvalﬁng a nonsense mutation in codon 850 of the murine Apc
gene, which renders these animals susceptible to spontaneous

intestinal adenoms formaticn.

T gbtain tumors in nude mice, C6 glicma cells were rowi,
harvested and the cell nusber was determined by the Trypan

. Blue exclusion method. Disinfectant was applied to the skin
surf&ce, then spproximately 5 x 10% cells wers suspended( in 100
pl  of phosphate’ buffered saline {PBS} and injec;tad
gubcutaneously into the right lateral thigh of each mouse.
Tumor growth was monitcred by raecording the size of the tumor
with & digital caliper. Tumor volume (mm?) wes estimated by the
formula (L % H x W)/2, where L is the length, W is the widih,
and B ig the height of the tumor 1ln mm.
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seudocolored photon emission image was superimposed onto the gray
scale image of the animal in order to precisely locate the site of light
emission. (1) Detection of luminescence and fluorescence. ImmediatelY
before Imaging, mice and rats were anesthetized with mbutalTO (60
mg/kg body weight). The animals were placed inside the dark box tor

“photon counting and recording superimposed images (ARGUS 100,

Hamamatsu, Hamamatsu, Japan). Phé#n collection was for one minute
from ventral and dorsal views of the animals. A Ii%r%'ggig}aa}ge was then

rECOTAEa R e 1S Hght intkeias Wik supErrisosed o%\ér t'ﬁ%q%ﬁing e
imidgeto record thiatscation diamindscent tetiityi fifading BHEEPion, xats
%{@@Sﬁ%@ﬂ&ﬂ%@@fdﬁwﬁmgﬁwm‘ . ng@%&mg Enéﬁlﬁ@t' MZB sodium
stereq fluorescence microscope equipped with.a mercury lamp

it te SR e T oy
wEhgEEEONY BEE-BoR0 WeEp digfaFiRto Edmerd {oFRistdiBgy Bpder the
tsiior tisstesetinddreahesthésa, themimats Wwele cudmnized: with de skull
Qeerdose.ef. Negabusalgn, The tissuesofdntgrest wete maMkerior to the

mbedded jn Tissue-Tek OCT _compou iles_Scientific, rville, .

g’r’% %arﬁ’edg%%ro%n in Iiwﬁi%&nir%ﬁea%d\%v%t out %(%tigr% F%%gﬁ"gie{ctigﬁln%?

WRICBUtR 208 Y aMERhét-FIRG RIECUP-EB60 Try Bl BB S 1 2
fhicresceRcEbf thértidsises wathmoniterstt enderas L eitBs60¥RBreStepecal Ly

rRiGFeggaPe R dihermages were racardedusingiiotashen sefipereion into
%:)k(x%am lr%:%ﬁRc:efs Ugsz? b}f%gn%% g elﬂrsavfg oag Sf@eﬂogoofume, the needle was
kept in place for 15 sec and then withdrawn. The skin incision
was closed with surgical clips. Mice bearing subcutaneous
prostate tumors were generated over a period of one monih
following subcutaneous implantatien of 3 x 1¢° PC3 buman
progtate cells,

MB-49 mouse bladder tumor cells were implanted in the G357
mouse bladder toe produce animals with bladder tumors. To |
generate animals with Dbreast cancer (fian and Delson,
submitted for publication), female nude mice were first
implanted with 0.72 mg/90 dav-relesase 178-sstradiol pellets
{Innovative Research, Rockville, MD) in the skin teo facilitate
breast tumor development and metastasj.s, One day after
estrogen pellet implantation, 1 x 10° MCF-7 humsn breast
carcinema cells transformed with pro-IGF-II (Dull et al.,
Nature 310 (19843, 777-781) were implanted in the mammary fat
pad. For orthotopic itransplants, tumors developed from
implanted cells were resected and minced inte 1-mm’ cubes for
tissue transplantation into the mammaxy £at pad.

(dy Assay of Renills luciferase in live animals. Mice were
anesthetized with Nembutal (60 mg kg body weight} before every
Renilla luciferase assay. Renilla Jluciferase activities were



recombinant Veccinia virus rVV-ruc-gtio into mice (4) Monitoring of
virus-mediated marker gene expression in immunodeficient mice Vaccinia
virus (1 x 106 pfu) carrying the Renilla luciferase - GFP fusion expression
cassette (rVV-rtic-g4p) was introduced intravenously into nude mice with
no tumors. The animals were observed once every 3 days over a
two-week time period under the low-light imager to monitor luciferase
catalyzed light emission immediately <#ter intravenous injection of
coelenterazine, and under a fluorescence microscope to,vi%u%[iez%g%T 4l of
dexprassicnd REMSST ABPEETRIGRTNSESAGTREr Jroch Midrescencs was
clggie@gﬁ@g]i%mﬁggima}lﬁl vﬁ%qﬁimaged@aem;nmcmmm?mﬁn and 95 pl
ocations that had small ski iofs. ESEERREL ANGA; and C. 1 M
Oﬁuai%%%% %%Es?gﬁﬁgaﬁséggggid(gi? ﬁe@%amis %nce tfﬁ{}g@féoné&aéi then
Phi e YhibRIR bRt Sacrifted ofié weBRAHH tWo Weeks after viral . .
sindeetibniane thismdrgans wetdnemoved BHICERAAM BTEF e Prekdfce* 92t
Aldumineseence apd SEhuaesgencasignalscOmeinéekiafiBe vikgade Fro
injection, no lyminesce rgr nceseauig-be:gde dim) . The
P@Aﬁn, iv%r, S%P?%eﬁ%er?ﬁ%ﬁgyeogﬂés}%e%ﬁgée?es I ég@fﬁgi%ﬁ?@%ﬁl&g the
| W@G@C&fﬁ?ﬁ?‘%s ot SABWCSAGEh ﬁggﬁci@agfteéﬁﬁjectlon and that the .
aties seemed torbaelcafed-rompthiadinidt b B¢ TmHtn & SH5T Soor = -°
Aaftersystemic delivaryatiadaedioodstream. (B)Visualization of Vaccinla
virus-mediated marker gene expression in glioma tumors of live nude
mice 61 The distribution of injected Vaccinja virus in ice ' 1
%bc&ﬁﬁéﬁﬁé%mﬁ%n%%%ﬁﬁﬁﬁgetu%éé v\\/Qaisﬂg'>z<:'z§i‘ur%:‘ijlr%éE . Nud%ﬁr%\%c[:iégam Y
W, W ess anpEoXimataly S0 mesin sizeaversinilabd infavdiudlg Tt =1 ©
glﬁ)é 1(])1% P{é;g of.thg V%%nggjg_vi@geS%&gws aﬁ&rﬁvirpsdnj@@tidmfthée the
nimals were monitored for GEP. expressi ; CeRRsed images
e XD B ISR e Presthce ?)i \%%aggr?f%%ﬁfgn%%g:r%gpﬁggﬂg@ cim
HREETRIMEN . wHHGR- R Fown RTEHE bR thatél 0 mm3'in size..
Sakprigingly cgreemilnatesceimmw st tictedSHly iRHE MR NS n ' the
liys AnimalsxSevendaysafter irakinjetion rbecdasfluardscehee hais Hight
very intensely localized in like. pattegy. restretedstedhe tarecord the
gft (B éﬁ?ﬁ')?ﬁggé%ﬂgg%%ggfgenti%%ne%ﬁ%e er%?jatg‘ blood vessel
Bratrbtal nody habe MHcal Rt UiraY infection of tumor cells that

surround the leaky terminals of capillary vessels. During real-time
qohsepvationsf themsamexprersidhe GEP signakfonpthe séMter GFHHERES Wos
%tg gg{gé%rtegs}?n(ﬁ]sagp%?giégd AW gseenr-Huorgseriiaeniare mioroscope
or

peared in the of rings at the periphery of iIng.patchesgFbe rilter
ST SNeR bf Wﬁ@ﬁse%ﬁ’ﬁ?%%?gsgéaﬁgc% hay %gve resulted frgm

i SONY
pregressitiar thetvird iRfestion tolHESeY cﬁ’%ﬁ/itrﬁﬁﬁﬁ‘é‘%ﬁ%noﬁl iiifg &
tpmargrowth@ns expansionyAfites casekr @xamination of the mice, with
the exception of the tumor region, no detectable green fluorescence was

- seen elsewhere on the body surface or in eéjé'ése&%g%g@rﬁ. Thige. animals
ekperifighUSHy Sfo at%ﬁ%ltﬁ?é stgfll tumor could be easil

aslly .
Iqealizegunntie: lbelad Yacemiavisobasaf o HERREMISS o Ren it 881es OF
alsq demansiated the.affipiy,of wirus aasticlesforthedumardlss @ TTocompound
d%—:"f'qrmine whether tumor size and.yascularzatign are glecisiva-faciorg fozen in
vi%i‘*?ﬁéntﬁﬁ'ﬁf’tﬁ#&r‘%i nude ?nxi‘éfé wéfe intravenously injected WIth.1X cur at
1309mI-ros g SAECIHE RS JaitleCne 455 After Eﬁjﬁ‘%& Aheous C6
cg%gxlplaqgggﬂg Sgpri@j@gaﬁékgaya;ajterwﬁgb@ﬁctiom@EP-m%g@’ﬁ' GEF
was 62 seen in 5-day-old C6 that a e eiaboui@dbrmm3 Leica
(I’—%bﬁ%?g%?ﬁ%miﬁgtiog%? Iatgg%? @gccﬁ%gal vi%ﬁt?shtwu%mor targeting by
visualization of GFP expression in implanted tnmors younger than 5 days
was not feasible in live mice, since sufficient levels of marker gene

expression required approximately 4 days to allow detection under a
fluorescence microscope. :



The finding that injection of the rVV-ruc-gfp Vaccinia virus into the
bloodstream of the host resulted in GFP expression and accumulation in
tumors suitable for non-invasive tumor detection allowed us to follow the
entry and replication process of this virus in the same anima/ in real time
(Fig. -I. C-C", D-D" and E-E"). A continuously increasing level of GFP
fluorescence was observed in the sanegnimal throughout 20 days
following viral injection, which was the time scheduled before sacrificing

the AMIMERSCSRCh aRiFEPEESEsn Befectible tBPEScerRPWAS Hdidativalaing
a veilidtrehgrviralfieplication in the tumor tissue, the latter appearing to
function as a protective immunoprivileged environment for viral replication.
The viraigepligation ipdhe:tumarswas.yerified-hy determining, e vical giter
and light emission of the isolated viral particles in cell cultures.
Interestingly” T8 TO&8REH ofIGHH-Te S5ERE ah g the Ra8VR sl Z5ti5h

within the periphery of the enlarging tumor were readily visible and

confirmag byextemalyvisualizationrgainsia hightgreenfluemscantn in
‘background (Fig. 1AA,,, D-Dgﬁ;g;)gﬁggi@%@.&ocgetermine the location

of viral infection within the tumors, the animals were sacrificed and the
skin'over, the tumor was carefully reflected to expose the tumor. In the
exp83eaiminor G fllokeddeneéasdotntin bhcdireiitiatetiiciferase —
exchrpvety dndhe bumposdissiie (F@s318=B" @and-D-12Yofhe nestumeilisiced

thighpuselesdisnatshow.any flugresgence,gf viralifectin, a3, azs were
|nd|Cﬁg%q:$é/darr8¥ves 'QVH% Sé)- a él'hgvgkln overl 1n%the ttimor was %{50 4

non?‘ uorescerﬁ cmdpa?e 3 yyaste(lslksain E’fg_. /-2 %n%elﬁﬁ‘ﬁo. un .
Cros8%elins éfthe BT hdReRsm tevealdtthbe Sithg Greehvzed light
fluossdeenbregiomsweia mostly fadndmas patchesemthe peripheegofdhe  of
tumesdtlentie-anows indrg. 34y wheredbeacivelydividingtumaie  to
cells arg-presunagbly located. ; 1o fusthepexaming the patterp of il ce  nor
infection in gi%qflloma tumors baged on GFR, expression, th?, tumor tissues

. Pluorezcence was de 41 gnimgls  wien

%reeh ecte% T e% imaged
were sectioned Tor microscopic ané1y3|s und“er the fluorescence

micfEopa L EomSERaRle dNalfEESBiTansietiiens skfiondrsveedthatin
GFP4iiorscencEmias preseindstarge clustars of Céllowithinithe tunsdrnals
(FigiBaptanedluaraseenae was Vigible isrnermeahdissues sieh asdhaeaiead.
h\t/e\?shﬂuggs "\ﬁ%&«ép%gﬁ&@éﬂd%ﬁ% Imﬂ@gpitmto%ﬁ,Jagzﬁ@%%g]@@a%m
rVV:ruc-cip virus carried a second marker gene, which encode

Renlladicieiass T e Taim aP 2 Koo rois ith b SPRddtore fo 2
wert SHREES dirdetly PSR Se tARSSItART fUoreSERitenwin fgRpats. One
'emissibn frorbeReniz2eafucifariiseciid the tumors. limodiagencafteror  green
coefanterazire {substiate tar Repllackiifarasekwas dekverediyg, spleen,

intrgygnayusJpjection,.a ey sirongneiferase activity was recardsd,only. . =,
in. the tymgrée lon ugder a low, light video, amegg (Flgi. 3 Bt}/,loweng{gJCh v
the sensitivity of the foWw lightVide§*caers 16 avoid Satdfation of fight“ ="*

detéBfor W wWErE Histe 6 iden iy ARECRhRRE uEifer &8d Beh etk pra’ sidrpune
| in |logaltzed pachestntheypéspheryofithertumor. Thesk lpatdhtlilem .
p_atterns_preci correlated with the GE'? _signals. © Affi_nity of Vac_cinia

virus deQﬁi@gﬁgz@ga@:?&gS.:EEE%Jé?ir@;f%ﬁ%gim&&%A%%%Qogene

animals 6 , . , .
expression in gilioma tumors of live nude mice




. observed in other tumors, recombinant Vaccinia virus was recombinantly
introduced into mice that carried different types of implanted. tumors. One

of these tumor models was a nude mouse with implanted subcutaneous

P0-3 human prostate carcinoma. Although the P03 implants from which

tumors developed grew at a much slower rate than the implanted

subcutaneous gliome tumors, these tumors showed the same dynamics

with regards to Vaccinia virus infection gghen identical titers (1 x 106) were
i%ectegjg rayenously (Fig, 6A-A"). Similar to our findings with glioma

tﬁum%org, JG’IQ—'_'-T'E:L r&88iorPihas Tl HeteFrserd whys etdrus hjceuds, mice
affthéfiuoresbentetested Iroughpubibis:a- week obsarvatian pefiedes  was
Femalmsadennise with:eSHOiEN RS AUMALS WRIRAISO 4880 wr® in size
lgbeled; Yaccinlg |&%c§|&9nghgggfe breast fumors were allowed to grow for

6 months after the animels recelvgd'ﬁr‘np an;sxhWle)?‘hu?}?aﬁlB?e?i&v " E u"”gfp_
| érgr%}fﬁ)masgéﬁﬁjtra‘?‘%?d’rméﬂlﬁﬁ] PTONCE- HEdIBat Methe tikhe ofardosidm were
- VRIS iEpaeiort dhre Geifors tackrenihedunaimum govdbantbihetuiiRizoscope
cohmedobeul 400 SUb L SR e g YAy AL on  ano
i Ergge?ioys! delivery of %HL)% 1%%%%—?ug%%§3/ir§é%aﬁ%f@'§ siPonsg?%If-‘ficmt@lY
expres“s%n Was bhEen B rrthEiHEhst (drprTe FORIFRE BBB?, Fig detected
PAIX, ARd BaR")ambovwissreomiselin the bodprExaminatioreferassys after
;i;atﬁn; mgff:u;ﬂﬂfepteiﬁgez@ﬁym@r%fy@éf&&%nlTﬁégen%ﬂaﬁ‘%musely

eHghoutithe fJumors. without apy in ion of central.or. periphera -
%%efgrenc of inf%ti_o%f(fig. 70-Ch. ghge Iﬁé%? thuer%%%%‘e:ﬁ%ése%pin T s
FEA5t tumor Modals are knoWtES itk SRS e SHd FRadtifion i tHére end of

Bhifefy sBfdtaor, " sialler metastasizbatemori folinthordhe [ficsitle ofiral
et botlyshowe d G- fluareseenta (FigufsBold Bk, A kyF derminals of
ExpBLLLling #esUEs ICr A5 Lxamiped Jordieleclon oLNOIAsases. o on.

sized tun as small.as 0.5 mm_In diameter on the surface

%%{8%’3‘;6 ggﬁti\%or G%ﬁ%resg(:%jr%e Flgﬁ TS TThE preSBREs ofRptenes
EhBRGRenht USRS RdiaBRdightehissiBREDnfifHedhecent  centers
BRprRESSIOn Bt theiciferase«@eR fugion proteireinpthespibiegsta Mers bk ding
powdiare elamin thewody whendhe subsiale eaglenigrazingwasniegted nave
intaenepsilolo Bedueanngls. Jhesg exnpriments, howed that o
l|:r]€t£%‘\gengu§ “de“\ég-fe Vacc4n_|a virus paﬁlcles were Selective % ‘ :
Accumulited 8 and Fepliiti8d in PRy difirietalERiey hross: frergsion.
A hete FiceTHkel§rmd Pasulcs 18 irneunctompratitedistatesaktgtion of
ta o miccoeneranmEN ol CdeeHming shethasyirgs BoriEes coultya:  sean
eweiRukof dumoks apd de-eniet e circulpfion,we dniggled €6 glioma, ;¢
ecz%éfri‘%?e' @eﬂq)%}gflrégf mi eoto f rm a second tumor in animals alreggy '
carrying a breast fimner infectad with o8l HtctaidUias. IFFginfeuld be
FRifidEs weretdkedediontive tuinbriede-cliterctheicirCulition,in based on
signifieant Bumhers athey wouldde able-ta-eolopize theeydyimplanted i vys
;%@El%ﬂé%‘ofm@%ﬂgri{?&&&h%i% gggond tumors showed that no GFP

signal was visible in the new gnome__tumor 7 and 14 days after

implantation of the glioma cells. To demonstrate that the newly implanted
Tftionss keFets eoutd & e etddrbydabelstkVactidia inmscalsecontkdose are
CTMW-MC-Q&EWHS (168 pay) wa&w;fawqgg%mﬁﬁ@sg- ﬂ\é@g%dce were
i@ -SPECHic. ression was, detected in the newly forme .

e i L CH e e Sy virus

P?ﬂﬁ%r?]ﬁﬁésé’ﬁﬁdiﬁﬁé’ suggEsted THRCHE RS Bartdesiniffediag kamers ion.
SNERr éRhBOADE rddeabarsbadkcero tHesitculatienat all, GFBEeRAtession was
released in sufficient numbers to infect and replicate in a second tumor.

66 Mouse bladder tumors in the bladder, were used for Va cinia

injectionS. To determine whether tumor-affinity of virus particles is a
phenomenon limited to tumors in nude mice with a diminished

T-lymphocyte function or whether it is a general protective property of

tumors that may be demonstrated also in immunocompetent animals,

Lewis rats with intracranial C6 rat.glioma tumors and C57 mice with

14E-49 mouse bladder tumors in the bladder were used. A total of 5 x |IOs
CA nnome cellein a 100 11l voliime weaere ctearantacticallY imnlanted in the



Taken together, these experiments show that Vaccinia virus particles were
selectively accumulated and retained in a variety of tumors, probably .
protected by the tumor microenvironment, and that they were not able to
survive in the non-tumorous tissues :immunocompetent animals.
4v,taTrmtinnAllyinlected of immunocompromised as well as The
tumor-targeting process by Vaccinia v% s carrying the 67 light-pmitting
dual marker gene demonstrated the abifity of the Vaccinia virus system to
detact mmsa%@n@me@@taé@mormwwummlwb 3=Reaultes xm®
& ntrav ous u’yectlﬁx n_of ba terial ang rriaa@rrﬂlgn q%rg S EEH”%%'”%W
&e 0o suallzatlon oﬁ%ﬁf‘emlﬁng acteria present in whole animals
LREEFREENSTS ”:ﬁégﬁgﬁlzatmon of GFP expression 1in implanted

tumors vounger than 5 days was not feasible in live mnice,
gince sufficient levels of marker gene expression reguired
spproximately 4 davs to zllow detection under g fluerescence
microscope.

The finding that injection of the rV¥V-ruc—¢fp Vaccinia virus
into the bloodstream of the host resulted in GFP expression
and accmmulation in tymors suitalyle for non-invasive tumor
detection allowed us to Lollow the entry and replication
" process of this virus in the same animal in real time (Fig.

C=Cff, D=D'7 and E-E'F). A continuowsly increasing level of
GEP fluorescence was observed in the same animal throughout 20
days following viral injection, which was the time scheduled
before sacrificing the a’ni.'m:q“lq., Such an increass in detectable

fluorescence was indicative of & very strong viral replication
in the tumor ifisgsue, the latter appesring to funciion as & '
protective immunoprivileged enpviromment for viral replication.
The viral replication in the tumors was verified by
determining the viral titer and light emission of the isclated
viral particles in cell cultures. Interestingly, the loc::atipn
of bleood vessels and the neovascularization within the
periphery of the enlarging tumor were readily visible and
confirmed by external visuslization against = bhright green
fluorescent background {Fig. I1B~A7', D-DF7,E-E‘’ and Fig. 2}.

To determine the location of wiral infection within the
tumors, the animels were sacrificed and the skin over the
tumor was carefully reflected to expose the tumor. In the
exposed tumor, GFP fluorescence was found to be concentrated
sxclusively in the tumor tissue (Fig, 3B-B7 and D-D'7). The
non-tumorous thigh muscles did not show any fluorescence of
viral 'infection, as indicated by arrows in Fig. 3D-D77. Ths
skin ovarlying the tumor wae also nafi—vflucxezscent findicated



To determine the fate of intravenously injected luminescent bacteria in the
animals, 10 bacteria carrying the pLITE201 plasmid in 50 gl were injected
into the left femoral vein of mice under anesthesia. Following closure of
the incision with sutures, the mice were monitored under the low light
imager (ARGUS 100 Camera System, Hamamatsu, Hamamatsu, Japan)
in real time and photons were collected.for one minute. The imaging was
repeated in two-day time intervals to détérmine the presence of light

mission from a given_anima|, | s fo t he djstribution pattern of -
R TR B 1 AT Rt o AAERS B ot the
cHarasteriBav ST e baRYerdesrdiha usEEr RijEcBT of tHe REERESRRY vV regions
chelerairistthe biradsirea esuied:n fight emeispdedalizedrindtie ey tumor
IRRRIALe I JRigeLon,0f B; yphimurium: howguer wasvidelivery dividing

disseminated throughout thept dy of the animal suggesting a difference in
tﬁ%ﬁré’&?%smﬁtﬁ“hggtege sy(;ltgrg ?ﬁ%%?g‘ 8A-8D). Imaging the same

animals 24 and 4$ hours' post-infection showed that all of the detectable

light €émission frorantheceatlier time-diminishediand Wastelrniratedn €6 glioma

| b%g{%w;egeli/g%%@%reo&d@ffégg L : %%‘émgélﬁug&?ét t?_ﬁ#nliﬂéﬂt oMifis were
acteria in oodstream via the femoral vein ar is prqoce

CORTIMEATY phSFon BRTESTr BT Sxith DioaRs, WS wert Founn 1o Tocence

| EBEERRESIor- SSHTFR ddia wahe Bhtdhedin ifirdiGonipetEHEmitgcTLons

andwads. stgdistingahat tHerermevahokbacteriafresetie Blvod drefficiehesters

i%EOMﬁefR%éﬁhBQﬁ@ri%&@clﬂie inEtpsgliona tuserSie Nnudesrieedetice was
termine if hacteria preferenti cojQnize OrQUS ti , NU iceq ;

\?\lﬁt %%?gay%d%h%%f (a%%%%%%% m%yl% tf%grqigi%ﬁing egg9 %v’ereg%{egétedllwrr

i HKMidHERoral vein with 107 S. typhimnrium or 107 V.

cholera in a 50 al volume of bacterial suspension. Following injection, the

ingisigRNaURES were:sriured anethenaninaals were-monitguad feLsie carried

dgy%@@ﬁﬁét@%kmygagﬁgeg%ﬂhea&&g&;&{vmn Hime; pint, {OIRASase in
were collected for exactly one minute. Igr&ggce
r S

ected with. S.
A Tomnd EEH bR bor ke AT AL RRBu R ewere 2oLe.
wibleHaRrstthe Sranal SraRar t6hfe fiditys 3 thEFon fNRFEGSfMEE  with
(Eigyre 9ApNudednice injectedratil Mcholarai demonstrated  the  tumors.
pineseeolagiviyanly In GINEIIEGON dUnd R 8a0Y DSeHBlON rentila

period (Figure’9E). Regardless of the bacterial strain injected, tv%q days |
atBrIEERSE luMife sCEHETENRS wWaE obB&RRE TR n tﬁ%‘:‘tﬁﬁloz’ror%é%i‘ngﬁ" very
(Figuress 95! sd BFJRHoNREGHAY bE thevnfce Urgerdss lofrtight iffag tumorn
days fowr andisix ppstinjectivgtshowethdecrensed amiunts 6f detBgtablerering

(ng_ﬂgn%%@é%&%&%%ﬁga@f ehanmals injagied Wil GedyPUBINN Lo avoid
igures 9C an . 1 NIS TINAING was In marked contrast Wi e, 1ndal
TR Hice oA RIS CRCIOHE wF TG dBpshaiiod Bt ry the

ORIsLiryval BUL B PO EIRiCHKDE HREBABteHR IRFaKIART RASSIh 41 the
diarpatiadicrease indightemissionriigures 2cand Hid). phdesmiee precisely
'bg%gﬁ}gfgpggt%%%u%gg% P&L?%Qgﬂan prostate tumors 7 in the right

hin [ '

eg were intravenously injected with107 attenuated A,

monacytugenec transformed with psod-gfp plasmid
{C} Affinity of Vaceinia virus delivered to the blotdstream

for different tumors implantad inte animals

To determine whether the attraction of the Vaccinia virus was
limited to glioms tumors or whether this attraction could be



DNA carrying the gfp cDNA. GFP fluorescence was observed under 69 a
fluorescence stereomicroscope. Twenty-seven hours after bacterial
injection, GFP signal was detected only in the tumor region (Figure 10).
No GFP signal was observed in the rest of the animal. 4C) Determination
of minimum size and age of glioma tumors necessary for bacterial
infection. The purpose of this experiment was to determine whether the
size of the tumor has any influence ont ability to be colonized by

cteria. JTumors were induced in the right hind leg of pude mice by .
‘é]%oﬁu aﬁgouélfnje%ﬁ%ﬁrof g %nrﬁgsc’ellsxagsc%%%%ﬁa:e%. o%ﬁ%?é’b?z,ﬁ%}é?%, was

BRECHP SPRIHAOY inddttietiuarhuatad . pRuiitifcandar CHileradivithsrent
the ek | TE201ingdsmicd/eraunjeeted trteavenousiy trotighdine femieibé wes =z
NEH: Presence gl iumingsognihactesandbedumas was-aetermined Bostate
ghotan,gollection, gy exactly gpe miguie under (g low gL ImagEr O g
andctour%aﬁ/s pos%-'-lfﬁeg lon. THe tumor volime was alsd determine [ by

ArFE AR thFBRtentlon w4 Bigitditiper “1hE o4t tiffEpoifiplanted
suieraiemiaescentiadtivity wasngoted intthestemadrsmeas onsiieweiht diter sawme

Sy inductignyCorrggpeading tumogyelungs Wepe,approximalelyi2l0 3unen

T%M . Dé' ame in to, breas tbg?ors of nude .mice In arder to dete .
_%v eelfﬁ%% a.lfi hc:{@[aé:glo ri? 5 wers 1;‘&3&@: ec? :Lra'gz:avenuusly (F:Lg..‘

cteria |zat}iion umors
GR-AT) . Similar to our Eindings with glioms tumors, GEP

expression was initially detected 4 days after virus
injection, and the fluorescence lasted throughout the 3-week
obgervation period.

Femals nude mice with established breast tumors were also used
for labelsed Vaccinia indectiong. These breast tumors ware

allowed to grow for € months after the animsls received |

implants of MCF-T7 human breast carcinowma cells transformed
with pro-IGE-11 cDNA. At the time of Vaccinia virus injection,

the tumors had reached maximoem ¢growth aund the tumor volume -

{akbout 400-500 mu®) did not change significantly during the
experimental period. Bimilar to previcus experiments, © days
after intravenous delivery of 1 'z 10° rVV-ruc-gfp virus
particles, strong GFP expression was observed in the Dbreast
tumsr region (Fig. 6B-BFf, Pig. TA-A'’ and B-B'} and nowhere

) else in the body.

Examination of cross sections of virus-infected breast Tumors
revealed lmminescent ,,i.slands,, throughout the tumors without
any indication of central or peripheral preference of
infection (Fig. 7¢-C77). The HCF=-7 tumor cells used in these
breast tumoy models are known to metastasize and in addition
to the primary solid tumor, & smaller metastasized tumor found
on the left side of the body showed GFF flucrescence (Fig. 7

D=pfft, E~Eff, mnd F-I'7). Ezcised lung .tiﬁsues were also
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|is limited to glioma cells or whether this is a general phenomenon

observed with all tumors, female nude mice bearing tumors in the right

breast pad were intravenously injected with 10" V. cholera in a 50 al

volume of bacterial suspension. The animals were monitored within the

first 10 minutes after inoculation under the low light imager for one minute

and demonstrated the typical luminescent pattern in the liver region

(Figure Two days later, while the liver hgd 70 become clear of

luminescent bacteria, the breast tumor was Colonized by. the labeled V.
AR P addfioM -5 #68in Amae traicasatc Hetosrtizest roasts as
derreristrated IUminescent dttivity ¢Figure 1h). Qn-daydivestheranimalsy were
haskaleated thebagierieuihat.colanized the inciailonwopndyhowever the. -
t%@éﬁ&e”}@%ﬂ%m'QSE%QE@%H%%JE . Figure D shows the )
continuéd colonization and propagation ot e bacteha inSHESFi&R WGt reed
witife thidinatctatic, Smadies e Radasscs?iig clesgédrl mmivkestentin these
dexivitg tontinaed fonbversthenysdl she tightbreasbimenSIMAE substrate

W%@ﬁaﬂ@f&coﬂ%te@ﬁ&&&wﬁﬂ%gwﬁl@% thi&é'%%m‘“@fin live

b cteria is not strajin dependent (Figures .11E and ' t*: 11F).
B IRl s (EBRRORL tiety arier ety dslivered
IR FinSGHTFicatisife sHelmie otiorsitespaseoohdttedore  and
(BCEgliombydvatringudedhirythese animalsindbedighthinglegr R8N MOE nude
Was @)l oWerkin gy Eprrl&gﬁysc,%Oéﬂ@iQﬁaﬁﬁigé&&%%aﬁegb%%%g itgf the
a

@&gjprg& Jul ‘pﬁp&gﬁ%ggting the absence of a significant bacteria t
would cause colonization of this tumor. However, when the animal was

rechallenged with 107 attenuated V. cholera intravenously, the leg tumor
Froved-etrobydurtiedbeentaictivity particléemensitatenhat |asger BOreumors
effiectiveheovartines wihinthe imorsdo NR5 eseaRe MO ioma cells into

- the thigh of mice teo form a sscond tuwmor in animals already

carrying a bresst tumor infected with labeled Vaceinie virus.
If the virus particles were released from the Rumor o
re-enter the circulation im significant numbers, they would be
able to colonize the newly implanted glioma tumor. Monitoring
of these second tumors showed that no GFE signal was wisible
in the new gliome tumor 7 and 14 days afier implantation of
the glioms cells. To demonstrate that the- newly implanted
glioma tumors could be targeted by labeled Vaseinia virus, a
second dose of rVWeroe-gfp virus (1 2z 10% pfu)  was
intravenously injected. Five days lizber, tumcr-specific GFp
expression was detected in the newly Formed glioma tumor in
addition to GFP expression seen in the original breast tumor.
These findings suggested that the virus particles in infected
Tumors were either not released back into the circulation at
all, or were not relessed in sufficient numbers to infect and

replicate in a second tumor.

Two additional tumer models, including ILewis rats with
intracranial C6é yat glioma tumors and C57 mios with MB-49
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the blood in sufficient quantities to infect susceptible sites such as other

tumors, (E) Bacteria home in to bladder tumors in immunocompetent C57
mice were intravenously injected with 107 attenuated V. cholera
transformed with pLITE201 encoding the lux operon. On day nine after
bacterial delivery, luminescent activity was 71 recorded by photon
collection for one minute under the low light imager. Light emission, nrs

noted in the bladder region of the Wholg@nimal (Figure 121), The animals
were sacrificed and an abdominal incision was made to expose the

bladder. hluninescentaotivityvasisositiveddeantiretrto BesRmiféd o oeinia
thesnladder (Figuie, 128 Winpnaemoyalafdbe blagder tamithery  of  virus

particles is a phenomenon limited Lo tumors in nude mice with
a dimpinished T=lvmphocvte function or whether it iz a general
protective property of tumors that may be demonstrated also ;i.n_
immunecomgateﬁt animals, Lewis rats with intracranial 6 rat
gliowmz TumoTS and 57 mice with MB~-45 mouse bladder Tumors in
the bladder were used. & total of 5 x 10° €6 glioma cells in a

100 gl volume were stareotactically implanted in the brains of
3 of 4 immunocompetent Lewis rats, and the tumors were allowed
to grow For 5 days. The other 2 vrvabts wWere injected
intracranizlly with phosphate-buffered saline to sServe as
controls. On davy six, =all 4 rabs were intravenously injected
with rvv-ruc-gfp virus particles via $+he femoral veln., Five
davs after virus injection, all 4 animals were sacrificed, and
their brains were carefully excised for analvsis by
flucrescence wlcroscopy. GFP expression wWas detepted in the
brains with implanted intracranial tumors (Fig, 6C~Cff) while.
no GEFP e@ression was seen in the control brains. In parallel
egperiments, CS7 mice, with or witheut bladder tumors, Wers
divided into two groups. One roup was injected intravenously
with rVV-ruc-gfp Vacecinia virus (1 x 10" pfu) and the other
with saline solution as control. Five days after wirus
injection, the animals weIe sacrificed and examined under the
flporescence microscope. GFF express:non was observed in the
hladder tumer region in € 57 mics bul not in gontrel m:me
{Fig. 6D-DFf} .

raken together, thess experiments ghow that Vaccinia lvi::us
particles were selectively accumulated and retained In &
varisty of tumors, probably . protected by the  Lumox
micrcenviromnment, and that they were not able o survive I1n
+he non-tumorous tigsues of jmmunocompromised as well as
immunocompetent animals. The rumor-targeting process Y

Y N indacted Vaccinia virus carrying the



mice, luminescent activity was no longer visible anywhere in the animals,

however, the excised bladders continued to demonstrate light emission

(Figure 12t). Based on the results-of this experiment, bacteria can target -

tumors in immunocompetent, as well as nude mice. Furthermore the

bacteria can also target smaller tumors. (F) Bacteria home in to glioma

tumors in the b Lewis rats with glioma tumors in the brain were

intravenously injected with 10 attenuaged V. cholera with the pLITE201

plasmid through the left femoral vein to determine if bacteria can cros _tge

Dlobd-braihthamiar dndlager ifnodThmAeReESHPetEt aﬁﬁal@%i& y of

wholevaimals svere ragnitered dar ane ndistitesunderithetgw kgt imegestatic

the following.day. and Jow.levels of luminescent activity was observed

%1“%%%% fhe éllg”l}%lle T%%l%%%%\?ere sacrificed and the brain tissue was

removed in one piece in order to further evaluate the exact location of the

luminescent bacteria. Visualization of the excised brain under the imager

?Ig%@%rg&)@g;g%ggﬂg@iggsﬁa%ﬁm%@ spenifisiegioas ﬁabemﬁ_#ﬁﬁ and
igure . Similar Jmaging of control rats withqut por. t , Whic

were intravenouslyi Jé”éatlg(% %A’/ﬁ%%ﬁ%%é endégagl&%é%ii %ﬁ%o%g%ged

absence of any luminescent activity (Figure 13B). (G) Transformed human

filppgsarcema colin-hemenin o stacutaneniisy isnradriiorshepeml Hicehole

72 Nude mice with human breast tumats werg.inieetedintiaygnously with

5 x 105 human fibrosarcoma cells, which were peLaanently transformed

With retrovirus derived from pLEIN. Seven days post-injection, the

Faimaiscwend mne sthetizéd-witly Kle ATBuUtar eprumbRitdrededitdst ot niinescent
fiyprescent stereericreseapa.d&; UAEsCBAtealis wersnatethanlysthe LI TE201
tumor region of the whole mice thro the skin (Figu AAL; ORein of
&gﬁfé‘iﬁg otthe turkidr 15stes By e %gg%io%\no c%hég %\gef%ﬁ]t g%r?i#éu%e b
s -3aed inersibesitondot I inRoR GagGR 4 c%h%), SreLCm Wk
flupreseent patehasiwerewasiblerimdistinet ragions. Glbse eR¥mihkdidh ofReser
the:rgans f themice shaved ihepresenemiof smalelusters ghpan) in real

fluorescent ce Isgglcthe Iun% o{:gﬁgggggls,&gmg,@grmgg.aﬁmy Ofmaging

theHbrSSiredng calls for the lungs in additign to the fumorous .
-Wnpl%‘a@:eésﬁgtruéﬁonW%"éﬁgriaf:ﬁ%%miﬁ%’%%%&%ilﬁat & %%lé%me the

carry t

lighésemittin gt oleinteh cotlirip &%preSsith Gasgeties aﬁﬂ%%efatbeﬁﬁg Found

| gane-expiessigr eomstisimineiscanfigo@tion ¢A) RetibnalecUsifigithewing an

light-4mitting. expression:systems, deseribed aheyeniBommeoWllhemcteristic

imaged based on light emissjon for u%}o 45 days.in anlgwajﬁiérhg%muated v,
I a

RIS R S e AREBIE I ARy DRIAYS g%?[fffllino acteriain the |
abseneeof setestiontiBheislorsidiyr prieing Heicidpedtic gbhEtassEtys=+on

iR gis.sqnfiguration with.the light;emittingpeeteir expressionoassete onsf -
the same replicon, light emission can, he used indi r nout i
tf?é’@?ﬂré’ﬁﬁf %trlll}@?': igb&l#?y d%é%ﬂ?é%%& Q.fhroug ou &

ﬁ%%xéhcg%%d%t . In contrast to ligh -emittln%% :

pmwmﬁfhétmrapé@ﬁépmﬁt@ﬁ%sqaﬁ};ﬁamo%n e interaction
exQiXiNTSF alpih usiarpraitiguare &R ol s6eetéFroiftiiie aninals
bagteria.igto the medivm orinte 1he cyieselof tumersells ferinhikiion of the
detectabie light emission from the earlier time diminished
rapidly and was eliminated completely from the injected
animal. These findings suggest that light emitting bacte;:ia
injected into the blocdstream wia +the Ffemoral vein are
| clearsd. This process was confirmed by photon emisslon
analysis of excised organs, which were foupd to lack light
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73 of tumor growth. To achieve protein secretion from the extracellularly
replicating E. colil cells into the tumor, two constructs with different signal
sequences can be designed. For secretion of endostatin, the ompF signal
sequence can be placed upstream of the coding sequence of endostatin,
which facilitates the secretion into the periplasmic space. To release the
endostatin into the medium, an additional protein, the PAS protein, needs
to be coexpressed with endostatin. PAés:; has been shown to cause
membrane leakiness and the release of secreted proteins into the medium
ERolasiama ef altiBiotdahnolwe?y 1994 et okfigaWargtepompetent mice
dsBioteehnol. 36 (L394), £ 9 e sesend-eanstslct fof theseeretion fom  the
%igggow[%a&%gw/EQ@g@p%{}ﬁg}g&rotein from S. con has the

mpli sighal sequence upstream of the fusion gene and the release from
the periplasmic space into the medium is facilitated by sequences present
in domaiffll GhaladexbroXinme b dbarg et s PRR2ES (Fodpiiegsdse
Kondo et al., J.Biol.Chem.263(1988),9470;KiharaandPastan,
El:?cogége%éiggé)ﬁ %%&J&B“@Q&%éﬁ&&?&b%.@%en@@é@&ﬂ@d EURMOTOUS

0

seudomonas exotoxin/TGF alpha fusion tejn from L. monoc NeSs, «..
HRASEAR! 6 dE Gty AP0 (NG BTl PG o)+
768) ciwbe placdd Lpstreans of ehentasting SeaTeReRs E¥r Fégulkhien frmeral
?%Q%Stﬁ%kﬁn%ﬁseﬁqonamfﬁ% iHAT%Edawa fusiopmsotaia eXpressian pl
evels in bacteria, vectors can be generated where,the.thera in
&RcdtiRg g%%es%g‘r%%l? ﬁ:&&f thesélg’rgt?o "ot the T?%%r%g%?rgor %%lﬁ%%reegﬁ' che
SyHISHEPIOTRBRISFEREY aMiIEtohbs e a7 (1 0¥8F =1 g4y Fored
\Shthout exaganoustidductin thete iyt thertugapediic fratdingarervation
lewip Ecaaikandin komonaoytogenea. scide minimakievelyobtherageutie:. In
proteins in, gggte%iag ‘Pj{%gidg grﬁh%gfg %@I&Mﬂ”o"i@&ﬂ%&&@ﬂe%ﬁ&%@ﬁ% were

a 0

Stig e%%?neeree cféria’ In t owing, the construction of six plasmid

| Wi R e BRI ReH T alF e YRS ORBIY 7 P EndbStafiN AR o -0-tF

Reeutibenofizsdetexin/i Gibalphefdionqrotein misecolBigres PA) . Nude
meRacytogenss s desaribed. Al plagaids 40 be deansieredintd Elecniiwikcent
cacr:@/ittt%CongE{tuti%_/ e'yt%%PfffégQ hagteral lwsongrommand alhitbeonservation
p&fasmld‘s o be Fansterred into |. monoc togenes wUzltgarr the. .1 straic
@etitftivelf edpfessed®od-g HF RAEE&fE™ PladMids %Pypeafé:glran(
BSBT42eRI akuabldauTepifiens intE) esitionly, aheHRERTGRBsPFRRTHEY was
#5, A0E 6 repligate ipE. edibanddmgnonseytbgenest (Brenstragtiorst  9F) .
AT Veglers Jor ROtGInexRiEssionaRd seqrlipfomE eel dhedays four
constructionof the endostatin secreU%n gectog tgebg US%‘%}{I;E- g&]d 5,88 rabie
6o S Hh & Esdiny skttt SARAn Eadostat (501 bpy will be,
dmplifietebyRER from thaplasriiosE S3With BdRticlucidhesRe Wit -
regpiradirestristionsies o8 both ends, followediby ligbtidirigtowes 1n marked

pBluescript (Clontech C Jgning vestornio.ogreiie PBINGRRed with
T%%ngr%% %*ﬁ%iﬁ%ﬁ%?ﬁ%ﬁ%ﬁ e%.,qéin%so 4 (1985), g,jsg o
e

ApliFEEHATFET adrhoiITine BB R EBRe FOHst @AY in TFRTe With t gt EE%Q
epglostatitsequentetivegenerate pBlue obipr/ EQIThe@dsteBlLigh @ dramatic
cagsels driven by, the. TZpremeisr il herexrised sand érserted into the
pLITE201 vector described in Example 1(B), above, carrying the

luxeDABE cassette, to produce the plasmid pL/TE-ompF/ES. The

h _
- sHtdents encoBt g M PHECRIERSRET6 D 49d pOIBbtRiE] wifl be “0C®

amplifige frathdive chionbsoral Dhieof MibHeTagPoRkCuS HORFERS With 107
named-Achromebasierlophagus) ANCIBHLOSSmit Fagipobyperasty plasmid

using the primers 5-GGGAAAGAC RAACGCTTA3-1 and 4 wmde
SRR EHIRAD R ATIA CE T 7 i Fee e es 1 fpjemmedt vade

cloning sites of pCR-Blunt (Clontech Corp., USA) to create the expression
cassette under the control of the lac promoter. The resulting plasmid will
be named pCR-PAS. The lac promoter linked to the pas gene will be
excised from pCR-PAS and
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75 inserted into pLITEompF/ES to yield the final plasmid BSPT41-ESI.
Plasmid pVC85 (Rondo et al., 1998, J.Biol, Chem. 263; 9470- 9475)
contains a T7 promoter, followed by an ompA signal sequence, and a
sequence encoding domain Il. and 11l of Pseudomonas exotoxin (2E40).
The DNA sequence encoding PE40 will be excised with restriction
enzymes and replaced with a fragment of PE37/TGF alpha
(Pseudomonas exotoxin A 280-613/TG#ealpha) obtained from the plasmid
CT4 (Kinara E' Pastan, 1994, Bioconjug. Chem. 5; 532-538) to create the _
Flasylid P ss s 7/ F B ApPC T HE B FressOIFOAskaify6p  bours  after
GAPARESE TE efpitianink6dRo taTylprmsotée Wikt bedexoidatl dnd the tumor
ipsefied iNwipktE20; o yieldthe finahplasmitsBSFIA2RBE {€) the rest of
%%QS%H%%@ pf plasmid vectors for protein expression and secretion from

. raanocytogeztes '‘Genes encoding endostatin or PE37/TGF alpha will
be inserted downstream of the listeriolysin (LLO) signal sequence in the
plasifiid pekiniogbaerated) GHMUES: artpCoit-RES7AGERpha. tuncrs
Constitutive expresgiea fihe therapauticprotaing yyill be: ebtained by
linking the above secretion cassettes to the listeriolysin promoter obtained
from the pCHHI vector. The sod-gfp expression cassette, excised from the
PasmkPpE6E%, § to Bt &t A*PRAGH brdids Wit bETISeERftghether the
pCHE|-ES télgendrate BSPIO3Eser dnd Imerp@CHEPEIAHT@RRlpha toto be

qenemie &bRIM Pde:&erdhe ?ﬁﬁﬁgl‘iﬁi%ﬁéthﬁxmﬁmuﬂﬁl Prefeingignt hind
r the r nJPTG. i i r isteri '
R e U T SR o RN BB e s

~ FERTREBRAs{R pSERC Brafeurd anB HénetPENAS GEA BT rogHfduction,

489)euugdieetate. B SRTHSESamd BSRTAG-PThEleisa Wkid lomordyITE201
Gansigting abthe Bagiue sublikx-baciatiopiegeiRGugpropeierand e vein.
lac opgrator JPTEHNduced GET expressiondrom fhe B 1, 5:Promotele {8 mineq

has been documented in E. monocytogenges in the c¥tpso of mar%mall

|
s FEARPle B DEmohet atichiof THE BxpresSBR of tititEfasE MRaFGETS o
ik bEtteridtBREverifitatio st thEXEtre BBl SRIUBANT aftreBomBiRant tumox
tosinike Falphatfusiongeteinent by measuring the dimensions with a
digital caliper. The earliest time-point when Iluminescent
activity was noted in the tumors was on day eight after tumor
induetion. Corresponding tumor volumes were approximately 200

s,

{1} Basteriz home in o breagt tumors of oude mice

In order o deternine whether bacterial colonization of fumors
iz limited to glioma cells or whether this is a general
phenomenon observed with all tumors, Iemale m,{cie nice bearing
tumors in the right breast pad were intravenously injected

with 107 W, cholera in a 50 pl velume of bacterial suspension.
The animals werxe monitored within the first 10 ninutes after
inoculation under the low light imager for one nindte and
demonstrated the typical luminescent pattern Iin the liver
region (Figure 113}, Two days latex, while the Iiver had

i
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their function in cell culture assays To be able to detect the presence of E.

coil and L. monooytogenes in tumor tissues in live animals, the levels of
the constitutively expressed luciferase and GFP in bacteria need to be
adequate. Therefore, after transformation of recipient E. coli or L.
monocytogenes with the constructs described in Example 4, the colonies .
with the highest luciferase light emission or GET fluorescence will be
selected. In addition to characterizing_light emission from each selected
colony before intravenous injection, th ability of the selected

h%ansform nts to g%ﬁri dostain.and Regudomonassexpiads/l Giuaipha was

%ﬁ%eprs difrinto the medium needs 1o be confi%rgecai. Lhepresencedfs main
corigastass dnd. PdeL dbIRGES eXotoRIHITEBF alpha faRion” protein

SMhesized mathin Eatcod anddemobocyEbgendsHil Wﬁ@%mﬁwtx;amd

Sxlragting.these prateins, fromithereell piallet. Tie seereted proteitien greimale

medium W”||@§~e cgnceg%r% %f%\(ljé{@yzggl%gg@pp%iogmm wound,

%nﬁ&f\%ﬁ eget%rmln“éd% y Western blotting, It is imperati e@l- Fioure

5 &:en mé)l% ¥ oy N gur

fertaine thaspereBRER T SIRETRswWIy BHthesized proteins ex%elsﬁied
S

n .ol The
atIs

presentin the,mesiumylt is alseessentiakio eonting, ineteitior-e, swaller
constitutivge %reosn%ci_}onc@‘e%%%%tati%me@_%n%&gxgtoﬁmmm for
CHBIRE rukftSh éo?egn, that expression can he induced ind, G/Lantifkeiments
ewsTocitogdREs upbn IR addifith of 8T8 to the bacterial culture . .
madiupeknrdbedlosigmaf BitureclinSicthersBcieEss e refgtive™® = “
AmeUAts 177 freleinsesietedbby the eonstitetvadrplessiBhaystem L1E  and
needs to be compared to the induced expression levels for a defined time’
fﬁ%ﬁ(l)d first in bacterial cultures. it is equally essential to determine that

both proteins when synthesized in E. coil and |. monogytogenes are
liologicatymsiatye Wtgdieratelifork ¥ PrdBosEd¥bn ﬁct% gt% e?nter: the
Rroleias wereawihesized psavioushciacE. coileatd Wete showAbWE-=2 Gther
aqtjé/eé The darg%g}%pg%gxgggngﬁ%ﬂggcm@d betvestodid ddrefgen aninals

Fh&ther endostat f f i SINGLER Ffor 10 -
ST E BB AP D AGE, (R Fo EOUMEN A 8S30

ore fanning protein.gxpressi
ﬁm@aeﬁmﬁ%%ﬁk@%%e‘%ﬁﬁ%@ﬁ%%hé%n%%glg 7?‘%’?% :‘;muﬁ
alpha fusioatimteinsareiseensediforn ISACEAR RIG tRAETPA Signal
nentide ineRRinAtion Wi demaindheb PE. Fawthorr thefserighgipninal was

signal peptide may also fagilitate the.secregon phendesiatinanskheously, the
hATBAL 89%#16 aphéiafusaf?r?%rotaéin into the medium as well as into

tReytose of fifedast ﬁﬁﬁ@ﬂ@eﬂ&%?ﬁ'@“ﬁ?éteﬁ&&ﬁgﬁgyéell migration

inhibition assay and the protein synthesis inhibition assay, it can be Ny
expected o fetermine thaihath preieipsieecretedimtotie ndgiuntaps  Larges
biolo%ically actlge.ighe %g%%@ﬁgnd uiantitiesofthese-psateins mayrbe time.

r&GEtatEd by Fepfacing the constitutive promaters,with promotersihakeane into
bWﬁ&Q@é@WPT@eIﬁ%?&’aﬁﬁﬁﬁ%‘fﬁgigzé%reo%en g%%ﬁédleaﬁcribi% Be 1

altpenasiveceCretion SystEms sushas e 2ok HIyBERGapERIG T T Lo te otees

- segratioppathuay (Sehieset al., Mol.Gen.Genet. 256 (2997), 306), may
be useful. Alternative secretion signals from other gram positive bacteria,

such as the Bacillus. sp. endoxylanase signal peptide (Choi et tont mice
A ofiot Blofeehmok 5 52 GU0YARD; SERL arl L%‘S‘;““m%m‘“a

Biotechnol.Bioeng. 67 (2000), 398) can be introduced. (.2%) Confirmation
ofC%n,dostatQ agggrgs%g@fg%%%@gpogﬂﬁ&&% alpha fasibnorbteigated V.
m

. 3l s g
Secretion ﬁo acteria into growth m ) Lo
cholera transformed f%ith pmﬂjgélé% encoding the Jux operon L

day nine after bacterial delivery, juminescent activity was



E. coll strams(DRSa and 131,21(20E3) wili be transfofrhéd VWith

BSPT#1-ESi and BSPT#2-PTi plammid DNA. L. monocytogenee strain
EGBA2 will be transformed with plasmids B5F113-E5c, 8SPT#4-PTc,
BSPT#5-ES1, and BSPT#6-PTi individually. After plating on appropriate
antibiotic-containing plates, individual colonies will be selected from each
transformation mixture. These colonies will be screened under a low light
imager and fluorescence microscope fg?r luciferase and GET expression,
respectively. Three colonies with the mdst intense light emission from

each transfogpatipn baichayilhhke choserciar fusiher siudies. Tundenfy the  Low
secretion of endostatin and Pseudom X QLT i EOtQIRy: o
TR Sadi SaREtod HIMBIOTRAE ol St Wi B gt o @Bgion
wEdithn 19ieg phatémaked EdERREgiPdowr te %ﬁi‘:‘i}éﬁaﬁ thEre sactt

e rnatanisavithbepassedithicughwe6.48aykn-pére-Sx@Hler, AH¢ theladder.
hagieriulfres medivg will heiseskforRrecipitatinniohibe sesretedlimited to
proteins. The -precipitates, wit be collec ntrifugation, R S Willsw the
el Rl e callciduce ygslon Bels von o
St atiGNTPRASFRForAUOE cYAEsHShdhfg #5710 &1 5’%baecter| I N
atHeire avillinel com paveete proteiiis frome 2o, phéardersupsinatanties o
ieisenaalion il g:0%:S05 el anamilciae) Wesioubiat ablysiesu
will be petformed usin clon | against en a (fo 88s  in
tﬁg ant%go:%isy prff&?f%%x%?g%col égé%%)e% y %%nﬁl M%%ﬁéag %rle%rg% the
SRy ST 8RE mBRocBhAf anfodyPagains &?—'alp a (E')ncogene"
Ressarch:P oo cts, xQalrbritkie, sual 195 AJPRE optimal growth :
conditions 11 be established for secretion by sampling the growth

medjyh glaiffereat fings duin et/ Silasmeihedhas-aagn usedats
previously to analyze secreted proteins in Salmonella typhimurium culture
supernatant (Raniga et al., J.Bacteriol. 177 (1995), .3965). By use of .
thess. methds whth 70kdmbantorsssretéd pliteiSa th& Bat et EANGRS V¥
‘medivpgenasaiad. hytach péthe coastrwcts withbutdndwifisn Wille pLITEZ0L

& 5%%!%@& dtﬂ?o%%{ﬂ{“@%t%%‘&r%ﬁ%%ih%m% oiseereteproeindcteria
int PTG- .

e medium, | dependent promater activatio peri Wi
cSfed GEPBY ity IDTECtS TPBAcIoAl Sire 1o Shat o A =

ure in log %hase for 3.t0 6

hburemebiRe SeBieted Hralins WRFPb&BREGyEIHEROVESHS) Faffcicn ==
obihe hiolngieal netivity ohendestatin gbtrelethbpiE. bk afa 1l MHeRECYIGY and
genss Ysing:a migration, inhibition-assayil-nay beas sbawaithatt through the

endostatin jnhibits vascular. endothelial, growth, factor {MEGELINdUGetscue  was
hd ambifi€al \?&%Sen‘g%ﬁ?eliaﬁaé%%%%fe%%) migration, Thus,

he
bRFESTEFa ity BF eRAGSRIA e B8 by DadBFattin BY T usig. oo
thesRAMBE migratite assayiprosived: byauteade Bicldses partamn ©f the
oﬁ&c%g%@m@g% q{@@é&m{gﬁﬁti@w@@? gserkine48-gpiaticele oteiig e cant
chambers (Neuro Pr althershur D) £P in .M e 13R).
Eﬁﬁrlr%%%%lﬁgﬁg,gﬁ[%%ae&%%%%%reeaséupo%%%a%tg f%grkrni eaﬁﬂﬁs * which
sERtibATOHERTEPNIINe SABETT0 I—WEC@’?&%B&méﬁ)ﬁ%% .%r £
mireAtter intubatomubbyHUVEGEHitbe Wiked iftife ugp&cdfimbdiacter e,
The paigration of HUVMECSING the jowenchambertndatad by WEGHpre 138} .
(R&D Systems, Minneapolis NIN) will be quantified by microscopic A
analysis. The concentration of functional endostatin in the medium will he,
directly préporisRBF IR EelFEEB ﬁﬂﬁﬁﬁiﬁﬁ?ﬁ%\@%m}a on. C)
Testing the eytot@uiscagtiilynafsegrbterch resomiinaimt REdsXimistumor
cell cultures - o
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The inhibitory activity of the himeric toxin in mammalian cells will be

measured based on inhibition of de nova protein synthesis by inactivating
EF-2 (Carroll and Collier, J.Biol.Chem. 262 (1987),7). Aliquots of
bacterium-free supernatants obtained from the expression of various
recombinant PE secretion constructs in E. coil and in L. monocytogenes

will be added to the C6 glioma cells or to HCTI 16 colon carcinoma cells.
Following treatment with medium, the-gammalian cells will be pulsed with
CE)-leucine, and the incorporation will be determined in the protein :
Frgtioni o a&%ww%m@%é@re%&%hmﬁs n RGERISTPELY
i ghorfocytdgen éssinfe ctethmaramatian cedd lthe bdcteha wilfbepermanently
@ﬁﬂ@%&%&@m%@eﬂnemwgﬁgraa#gwtrﬁ@ah Tbr@-m&mma&a@n days
cells containing. L. manocytogenes in the cytosol.will.be lysed,. t
Qrgﬁega?é%%egcét%gﬁ%frerﬁﬁeé?r%‘rﬁ the ffv/%%?e by fi tl%i%i%tr%%%% r%é%%%a igﬁbmah
el lysateebiEifthg tHEEEG etePchimBHRIBRARERN be FEERFFHEFO5CODS.
Throteir syathesisintsbitierexpetimbnts fhelimhiitorcohCE Jdegdipe ©f the
dRearposation indmencalheulirenill bedirectlydpropprtionalde thepesure of

mount of th

13 e | e irec by prORSY mrposuze of
B R e D

Onf ﬁ .
termination of the entry, localization and

HiRibition SRy &Sy TRECHPSaBteriEnR (TS b (e BHmatess ~

Rativrede Siticeraryta s mat rrmblaviédcusirinjdéwtibatie e 85685e thelose
HRIRSYSieNbBY enteringastupior siheimiraedintedatatizationdeswice of
Bassiblede {o Jmiteg Ioh glission . aninals, THAEIOCAIBRLAR:  tne
only be verified by sectioning the tumaor tq | enﬂ;yt e-ea&x\_}c}:%nste}rﬁ_sﬁg}fﬂ!_ﬁ;ﬁghéel__LS
EiRehH: L OERMArELifths At Rtdr ettt BaRteria can be seen
feoutiheut Biwentive adhbE dtie ordpie rePReaE. T #@¥&mine whether

one or multiple bacteria enter through the same site, red fluorescent

protein can be 81 used to label the extracellularly replicating E. coli and ’
green fluorescent protein for the intracellularly, replicating.z.

oSBT AL B eI e PP LTo oy L T 8 Jopsgrs that
fraorescihte 1 GB5nEREEHNE, BROERIY) SRIUULHE|SFSSIRAAEN BRFettes
localizagigniofd weeikapadtinogeayogenssoaivhe deietminet: in cis
individually and simultaneously in.the central gt peripheral regions of the
tumor_ It can be expected that the patterns of entry and distribution

obtained in implanted tumors mimic those of spontaneous tumors,

. accordingly, the bacterium-based:didprsisahé protein therapy will

become a valid approach.

Usging the light-emitting ezxpression -systems described above,
tumors could be imaged based on light emission for up to 45
days in enimals. These Ffindings suggest a remavrkable plasmid
PNA  stability in bacteriz in the sabsence of selsction.
Therefore, by placing the therapeutic gene cassette in cis
configuration with the light-emitting pafc:tein expressicn
cassette on the same replicon, light emission can be used as
an indicator of therapeutic construct presence and stability.
In contrast to light—emitting proteins, the therspeutic
proteiﬁar endostatin and Poeudomonas exotoxin/TGF alpha fusion
protein, are reguired to bs secreted from the bacteria into
the medium or into the oytosol of tumor cells for inhibiTion




With the experiments described in section (H), below, the entry,

replication, and distribution of light-emitting bacteria in spontaneous

tumors can be compared to the distribution patterns in implanted tumors.

Further, double-labeling experiments will allow the operator to precisely

locate the extracellularly replicating E. coli and the intracellularly

replicating L. monocytogenes in the same tumor sections. Lastly, it can be
determined (subsequent to a five-daytsmcterial colonization) whether

bacteria are distributed evenly in the tumors or preferential Igcalizat'%:on the
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camaining®BSand dissedted iMpiRRHEHRTsiz&SThE' S R ples Wit be & P€

@g@ge@r@pgﬁé% pafatosmaldelyde (PEAyemEBS at room temperature.
They will be washed once with PBS, and embedded in Tissue-Tek at

rgg;n terns;;gggg‘gg.%’nan%%heggggétatin and Pseundomonas exatowin/T6F

alpha Tusion preteln axpraggion levels in bacteria, vectors
coan be generated where the therapeutic protein encoding gengs
are under the control of the T7 promober or the Pae synthetic
promoter (¥Freitag and Jacobs, Infect.lmmun. &7 (1999}, 1844).
Without exogenous Iinduction. the levals of the therapeutic
proteins are low in E. celi and in L. monocytogenes, The
minimal levels of therapeutic proteins in bacteria provide
greater safely following intravenous injection of the
engineered bacteria. In the fallowing, the construction of =six
plasmid DN&s for congtitutive and regulateaﬁ expragsion ©OF



in the dark at 4C for 24 h and slowly frozen at -70C. Before sectioning, the
tissue will be kept at -20C for 30 min. Then, 10- to 50-gm-thick sections

will be cut with a Reichert-Jung Cryocut 1800 cryostat and collected on
poly-L-lysine (1%)-treated microscope slides. During sectioning, the 83
material will be kepf at room temperature to avoid several freezing and

thawing cycles. Finally, the sections will be rinsed in 13138 and mounted

in PBS and kept in the dark at 4C. To ménitor the entry of light amitting E.

coil and L. monocytogenes from the blood Stream into the tumor, 27 nude _ .
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the tumor will be used for preparing thick sections (60-75 gm), which will

be analyzed under a flugrescence stere microgco e to pbserve the .
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i EHiLCRRR SRR the WERHENEF thmors Bbtamad from e4ch time

point of the experiment. THeregibistofintatest-wiHd identified, thin

sectioned, prepared, and analyzed with laser scanning cvtometry and ‘
yader dhieconfocal midteseage IQliped HMAGSACONRIHELRB: o be used
paraIIeFexperlments, animals with spontaneous tymors, as listed in Taple,
62wilfoe dBtdihed-andafsed i enctsin SRIGH EpERRRHEE RitE. 2"
esibicarryintpthé35Hcténal lwt bheken. uwd Biimalstof d4eh thnsst hbdeplasnid
witke used, apekthesdusitrraseilight emissien memiiored daigsunderthe: sites
Igw lightdmagep L is expacieddhat the sponjangeusly preuring tUBSescript
can be imaged simllar%vg the imﬂ%”teg %J%Q:rs tbcase&gglIJL on a8c4é bgﬁ@&i(g_lgs. The
IGEHERHRS ;S:r%ggib’n. 3 oﬁhoe spgntaeneous timor mogels, mice with
mﬁﬁg%}ng%wﬁgéﬁagahari et al., EMBO J. 4 {188h}, 3589
is amplified with Tag polymerase and inserted upstream in

frame with the endostatin se'que;zme to gensrate pBlue-ompl/ES,
The expression cassette driven by the T7 promoter will be
excised, and inserted inte the pLITE201 vector described in
Eyample 1(B), above, carrying the IuxCDABR cassette, to
produce the plasmid pLITE-ompF/ES. The seguence encoding the
PRS factor (a 76 amino acid polypeptide) will be amplified
£from the chromosomal DNA of Vibrio ealginolyticus {(formerly
named Achromobacter iephagus) (NCIB 11038) with Tag polymerase
‘using the primers 5'-GGGAAAGACATGAARCGCTTAZ-’ and 5'-
ABACAACGABTGAATTAGCECT-3Y, and inserted inte the nultiple
cloning sites of pCR~Blunt (Clentech Corp., USA) to create the
expression cassette under the control of the lac promoter. The
resulting plasmid will ke nawed pCR-PAS. The lac promoten
tinked to the pas gene will be excised from pCR-PAS and




intestine and mice with adenocarcinoma of the mRmmary tissue, will be
used for bacterial localization experiments injection of E. coil exPressing
Rrp expressing GFP as described above. It following intravenous and L.
monocytogenes can be expected that these experiments will emphasize

15

inserted into pLITEcnpE/ES to  wyield the final plasmid
BSPTH#L-ESL.

‘Flasmid pVCE5 (Kendo et zl., 1838, J.Bicl. Chem. 2863: 9470~
B475) contains a T7 wromoter, followed by an omphA signal
sequencs, and & seqﬁence encoding. domain II. and TII of
Pseudomonas exotoxin (PE40). The DNA sequence encoding IER40
will be excised with restriction enzymes and replaced with a
fragment of PE3T/TGF alpha (Pseudomonas sxotoxin A 280-8613/TcHE
alpha) obtained from the plasmid C¥4 {Kiharz & Pastan, 1994, |
Bicconiug. Chem. H:  532-538) to create the plasmid
pVCES-PEI7/TIGY alpha. The exprassion cassetbte of ompAPE3IT/TER
alpha linked to the T7 promoter will be excised and inserted
into pLITEZ0! to yield the final plasmid BSPT#2-PTI.

{C} Congtruction of plasmid veotors for probein expreasion and

secretion from L. monoovtogenas

“Genes encoding endostatin or PE3Y/TGF alpha will be inserted
dovnstrsan ol the listerieclysin (LL0O} signal seguence in the
plasmid pCHHEI o generate pCHHI-ES and pCCHI-PEST/TGF alpha.
Constitutive ewproesgion of the thara;se:t;tic proteips will be
cbhtained by linking the above secretion casdsettes to the
listericlysin promoter obtained from the pCHET wvector., The
sod-gip expression cassetis, axcised from the plasmid psod-gfp
{Gobz et al. PNAS in press.) will be inserted into pCHEI-ES €o
generate BSPT#3-ESc, and inte pCCHI-PE37/TGY alpha to dgenerate
BSPT#4-PTc. For the expression of the therapeutic proteins
uncie:t: the control of an IPTG inducible promoter,  the
ligteriolysin promoter in BSPTH#3I-ESc and BSPT#4-PTc will be
replaced with the Pu,. promoter from the plasmid pSEAC (Yansura
and Hemmer, PHAS USA 81 (1884), 4398} %o generate BSPTHS-ESL
and BEPTH6-FPTL. Fapa 18 & hybrid promoter consgisting of the
Baciliug spbtilis bacteriophage BSFO-1 promoter and the lac
eperator. IPTG-induced GFP expression from the Pue. promoter



the significance of the bacterium-based diagnosis and protein therapy
system. Tumor description Spontaneous adenocar- cinoma of large
intestine Spontaneous carcinoma
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has been documented in 1. meonocytogenes in the cytosol of
mammalian ¢ells.

Example 5: Demonstration of the expression of luciferase and
GFP in bacterls snd verificsticon of the secretion of
endodtatin and recombinant toxin/TEF alpha fusion protein and
their function in cell eulture assays

To be able to detect the presence of E. celi and L.
monocytogenes in tumor tissues in live animals, the levels of
the constitutively exupressed luciferase and GFP in bacteris
need to be adequate, Therefore, after transformation of
recipient E. coli or L. monocytogenes with the constructs
degcribed in Example 4, the colonies with the highest
luciferase light emission or GFP fluorescence will be
selacted. In addition to charachterizing light emission fLrom
each selected colony before intravencus injection, the ability
cf the selected tCransformants to secrel endostabin and
FPrseudomonas exotoxin/TGF slphs fusion protein into the medium
needs to be comnfirmed. The presence of endostatin and
PFogudomonas exobtoxin/IGF alpha fusion' protein synthesized
within E., cold and L. monocyrogenes will be determined by
extracting these proteins from the cell pellet. The secreied
proteins in the medium will be concentrated and analvzed by
gel separation and the ¢quantity will bs determined by Westezn
bletting. It is imperative o determine the percentage of the
newly synthesized proteins expressed from each plasmid
construct in either R, c¢pli or L. monocytogesnes that is
pregaht in the medium. It is also essential to conflim, in
addition to constitutive expression of endostatin and
Pseudomonas exctoxin/TGF alpha fusion protein, that expression
can bhe induced in E. ceoli and in L. monocytegenes upon the
addition of IPTG¢ to the bacterial culture medium. For the
design of future tumor therapy protocols, the relative amounts



of bladder with metastasis to the liver Spontaneous adenocar- cinoma of
mammary tissue Spontaneous carcinoma of
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of protein secreted by the constitutive expression sysiem
needs to be compared to the induced expression levels for a
defined time period first in bacterial cultures. It is egqually
esgzntial to determine that both proteins when synthesized in
E., eoli and L. monccytogenes are kiologically active if
generated from the proposed constructs. Both proteins  were
synthesized previcusly in E. coll and were shown to be active.

The results cof the experiments described below should confirm
whether endostatin is successfully secreted from E. coii uging
the OmpF sigunal peptide in combination with PAS pore Lorming
protein expression. These axperiments will also show if the
FE40/TGF .aipha and PE37/TGF alpha fusion proteins are secrctad
from bacteria using the Omph signal peptide in combination
with domain IX of PFE. Further, the listeriolysin signal
‘peptide may alsoe facilitate the secration of endostatin and
the chimeric toxin/TGF alphs fusion protein into the medium as
well as dnto the cykosol of infected tumor cells. Using the
endothelial cell migration inhibition assay and the protein
synthesis inhibition assay, it can be expected to determine
that both proteins secreted inte the medium are hioclogically

active. The presence and guantities of these proteins may be
regulated by replacing the constitutive promoters with
promoters that can be induced by IPTG.

In  addition to the secretion system described Dbelow,
alternetive secreticn  svsiems sueh  asg the E, coll
HiyBD-dependent secretion pathway (Schlor et al.,
Mol.Gen.Genet. 256 (1997), 306}, may be useful. Alternative
secretion signals from other gram positive pacteris, such as
the Bacillius sp. endoxylanase signal peptide {Choi et al.,
Appl.Microbiol.Biotechnol. 583 (2000}, 640; Jeong and Lee,
Bivtechnol.Biveng. 67 (2000), 398) can be introduced.

(A} Confirmation of endoastatin and Peeudomonas exoboxin/ToF



pituitary -models Source Jackson Laborato- ries Bar Harbor, ME Jackson
Laborato- ries Bar Harbor, ME
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alpha fusion protein secretion from bactaria inte growth
' sl v

E. coli strains (DHSx and BL21{ADE3) will be transformed with
BEPT#1~ESL and BESPTH#2-PTi plasmid DNA. T, monccytogenes strain
BGDRAZ  will be transformed with plasmids BEPTHI-ESC,
RSFT#4~PTe, BSPT#5-ESLi, and BSPTH#6-PTLi individually. After
plating on appropriste émtibiotic-c@ntaining plates,
individual colonies will be selected from each transformation
mixture. These colonies will be sgihesned under a low Light
imager and f£luocrescence microscope for luciferase and GFP
expression, respectively. Three wvolonies with the most intense
1ight emission f£rom sach transformation batch will be chosen
for further studies. To verify the sacretion of endostatin and
Pseudomas exotoxin/TGE alpha fusion protein from each selected
trangformant, the cells will be grown in minimsl medium to log
phase. After centrifuging down the bacteria, the supernatants
will be passed through a 0.45-pm-pore-size filter, and the
bacterium-free medium will be used for precipitation of th“e'
secreted proteins. The -precipitates will be colleckted by
centrifugation, Fellets will  be washed, dried,; and
re—-gugpended in sample buffer for prdtein gel separation.

Proteins from aliquots correspomiing to 10 pl of bacterial

culture will be compared to proteins Ffrom 200 gl of culture
supernatant after separation in a 10% SSs-polyacrylanide gel.
‘Western blot analysis will be performed using poiyclonal
antibody zgainst endestatin (following the antibody production
protocol described by Timpl, Methods Enzymol. 82 {1982), 472}
and monoclonal antibody against TGF alphs (Oncogene Research
Products, Cambridge, MA,  USA). The optimsl growth conditions
wiil be established for secretion by sampli'ng the growih
mediuwrn at different times during growth. A similar method has
been used previously to analyze secreted proteins in
Salmonella typhimurium culture supernatant (Kaniga et al.,
J.Bactericl. 177 (1985}, .3965)., By wuse of these methods, the



Hackson Laborato- ries Bar Harbor, ME Charles River aboratories,
Reference Zhu et al., Cell 94 (1988), 703 Zhang et al., Cancer, Res. 59
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ampunt oI secrsted proteins in the bacterial cultum medimn
generated by each of the constructs without induction will be
established. To estimate the increase in the amount of
secreted px&ntéims in the msdium, IPTG-dependent promoker
activation exper;iments Wikl be narried out by adding IPTG o
the becterial eculture in log phase for 2 to § hours, and the
secreted proteins will be aséayed as above.

(B} Verification of the biolegical setivity of endostatin
secraeted by E. coli and L. monooytogenes using a migration
inhibition nesay '

Tt has been sghown that endostatin inhibits vascular
endothelial growth factor (VEGE)-induced himsn wmbilical vein
endothelial cell (HUVEC) wmigrabtion. Thus, the biological
activity of endostatin secreted by bacteria can Dbe tested
' uéiz;g the HOVEC nmigration assay provided by Cé.scade ‘Bicologics,
Portland, OR. The inhibition of cell migration will be
assessed in  48-well &m@t&xis chambers {M=uro  Probe,
'Galthersburgsf' MD)  {(Polverine et al,., Methods Enzymol. 188
{1981}, 440). Bacterium—free supernatant from each secretion
conpstruct will be added to HUVECs Ffor - preincubation for 30
min, After incubation, the HUVECes will be placed in the upper
chamber. The migraticn of HIVECs into the lower chamber
induced by VEGF (ReD Systems, Minnsapolis, NIN) will ba
quantified by wmicroscopic analysis. The ooncentration of
functional endeostatin in  the mediom will be directly
‘proportional o the degree of inhibition of HUVEC wmigration.

(C) Testing the aytotowic activity of seoreted resombinant PE

toxin in tuvmor cell cultures

The inhihitory activity o¢f the chimeric Coxin in mammalian
cells will be measured based on inhibition of de nove protein
synthesis by inacgtivating DF-2 (Carroll and {Collier,



(1999), 3512 Guy et al., PNAS USA 89 (1992), 10578 Hosokawa et al.,
Toxicol.Pat hole 21 65 Wilmington, (1993), 283

g0

J.Biol.Chem. 262 (1987), 8707). Aliguots of bacterium-free
supernatants obtained from the expreasion - of  varlious
recombinant PE secretion constméts in B, coli and in L.
monceytogenes will be added to the €6 glioma cells or %a HCTT
16 colon carcinomz cells. Felloﬁing treatment with medium, the
mammalian cells will be pulsed with [*H]-leucine, and the .
incorporation will be determined inm the protein fraction. To
determine the presence of secreted chimeric toxin proteins in
I. monocytogenes—-infected mammalian cells, the bacteris will
be eliminated from the medium by gemtamicin' treatment. The
mammalian cells containing L. m&naaytagenes in the ocytosol
will be lysed, and the releassd bkacteria removed from the
lysate by filtration, The mammalian cell lysate contaiﬂing the
secreted chimeric toxins will be assayed in protein synthesisg
inhibitien experiments. The inhibition of [*Hl-leucine
incorporation in tumor ¢ell culture will be directly
propertional to the amount of the bioclogically active chimeric
toxin protein in the wmedium and cell lysate,

7 Exampie 6: Determination of the entry, localization and
distribution of intravencusly injected bacteria in tumors of

live apnimsls
{&} Rationzls

Singe only é small number of intravenously injected bacteria
eacapsa the immune sys:tem by entering the tumor, their
lmmediate localization is not possible due to limited light
emisgion in live animals. Their location can only be verified
by sgectioning the tumor to identify the early centers of light
emigsion. Looking at =sections at a later time point, bacteria
can be seen throughout the entire tumor due to rapid
replication, To¢ determine whether one or multiple bacteria
enter through the same site, red Ffluorescent protein can be



Example 7: Verification of bacterium-mediated tumor targeting and
bacterium-secreted protein therapy in rodents with implanted or
spontaneous tumors (A) Rationale  bown in the previous .examples,
intravenous injection of light-mmitting bacteria results in entry, replication,
and accumulation only in the tumor regions in animals. This process can
be monitored by imaging of light emission in tumors. Placing the
endostatin and chimeric toxin expressiig gene cassettes in cis
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87 Western blot analysis. These experiments will result in inhibition of

tumor growth in endostatin treated animals or a more dramatic tumor
regression in animals treated with chimric toxin proteins. The tumor

growth in control animals is not expected to be affected by the bacteria

alone. In afollow-upexperiment,micewithspontaneous adenocarcinoma of
mammary tissue (strain FVE-—neUN(Ng%OZ), Table 6) will be used to study

the effect of secreted proteins on tumoi growth. An experimental scheme
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endostatin and chimeric toxin proteins in tumor treatment may give the
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reproducible GFP or RFP detection may be obtained using frozen
sections after a glow tissue freezing protocol (Shariatmadari
et al., Blotechnigues 30 (2001), 1282). Briefly, tumer tissues
will be removed from the sacrificed animals to a Petri dish
containing PBS and dissected into the desired size., The
samples will be mixed for 2 h in 4% paraformaldehyvde (PER} in
PES st room Cemperature. They will be washed once with PBS,

and embedded in Tissue-Tek at room temperabture, and then kept
in the dark at 4% for 24 k and slowly frozen at —-70°%. Before
sectioning, the tisspe will be kept at ~20° for 3¢ min. Then,
10= to S0-um~thick sections will be ouft with a Reichert-Jung

Cryoocut 1800 cryostat and collected onn  poly-L-lvesing
(1%} ~treated microscope slides. During sectioning, the



- 89 CLAIMS 1. Use of a bacterium in the preparation of a composition
for detection of a tumor, tumor tissue, cancer or metastasis or for
monitoring treatment or effecting treatment of a tumor or metastasis in a
subject, wherein: (a) the bacterium is Vibrio, a metal-accumulating
bacterium, Lactobacillus, Bacillus, Mycobacterium, Actinotnyces,
Eubacterium, Peptostreptococcus, Peptococcus, Acidaminococcus,

- Clavibacier, f4grobacterium, Erwin/a,”Azorhizobium, Xanthomonas, -
nBtfidabacteriuin, Sfepiogaccys thermePRUNE, EMBIACOCRYS, avoid several
sseudomonas, Siaphylecoceus, Clostidium 8 milkassacialed bacteiym
6r a‘chees8 bssocia ecfsgac%gnum; (b) A& Bactdriuf (Hisan Atenuate

rfgraedf Srpdhdgenit ogarisl drisk@fomygathegénicofgemisian) at 4°C.

accumulates at a tumor, tumor tissue, cancer or metastasis due only to
rotection of the_bacterium in the tumorous envirgnment from clearance
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metal-accumulating hacterium, Enterococcus, Pseudomagn
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-eeals. Lagipbaglus bulgpsicus. Lagiebaells easel, Lactobgllitrragenes
acidophilus, Lactobacillus brevis, Lactobaclillus paracasei, LacI:rtgbau us
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mBAsHssubilis, Bacikusymegateume Baghlius polymy, idygabacteriumdurs,
egnigtis, M %Qﬁpt | [accae, acteti icrati,
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pEdasisdium aceipbutyliciun i &dostridium bifesmentand 1Clbstridium difficte, two

n&lestudiypisiohdicm, Glosidiim peringsns, Glostedium bellgtngki ehi ok
Clostridium sporogqgenes. 3. The use of claim 1 or claim 2, wherein the
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bRagteriin isnVikie aBdations of tumors obtained from each time
point ¢f the experiment. The regions of interest will be
ddentified, thin sectioned, prepared, and snalyred with laser
sganning oviametry and under the confocal microscope followed
by image reconstruction. '

In parallel eXperiments, animals with spontaneous tumors, as
listed in Table €, will be obtained and wused in intravenous
injection experiments with E. coll carryving the bacterial lux
oparon. Two animals of sach Ltumor model will be tzsad, and the
luciferase light emission monitored daily under the low light
imager. It is expected that the spontanecusly occurring tumors
can be imaged similarly to the implanted tumcrs based on



(a) the composition is for systemic administration to the subject; or

(b) the bacterium is capable of inducing a signal detectable by magnetic

resonance imaging (MRI), single-photon emission computed tomography

(SPEC), positron emission tomography (PET), scintigraphy, gamma

camera, a 13 detector or a 7 detector; or

comprises a recombinant construct encoding a protein capable of binding
- a contrast agent or chromophore. 5. it use of claim 1, wherein: 90

a)the batteriuin corpisasRNA thakenchges adueierasg ot s see Ntumar

0, e ool diRbadoln TR
8 edeBopESiaoBE clafm E,

encoding a protein suita
ket

(c) the bacterium

%aD A sequ

o i Ao
WHEFEIRARE bRefiiin idVibkiobe used

enee
a

tine '
&ars, and

o drae itirid. fisbhesl Viloric. darvesidiitesocacctisl faetalks, dntravenous

IMagnetespirilym. x,

Qgﬂig& i%tﬁogmulateg 1:Or?ih)égv‘teve er ;Fr? ﬁl%‘ba%fericﬁ%lalﬁ S

8. The use of any o?ﬁaim%s%

u

dolhe uggof any.af claips ]éédw@.rei%%cytagenea'

ic.administration into a subje

1.
sGisdotbat

e umBFPRIBIERSSUe Eahcerdmietistsisthase o figpance 9f the
brits: esdiof-dlaime @, dilkeretsthe sighatistetectablerbymagnetion.

resonance imaging (MRI), single-photon emission computed tomography
(SPECT), positron emission tomogfg.ggg (ELET), scintigraphy, gamma

. camera, a 13+ detector or a detector.

0. The use of any of claims

1-8, wherein the batEEsHthiRRRGTS dreeicendmot 2e@e3rS tumor tissue,

cancer or metastasis through detection of light.
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Zhvi et al.,
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Zhang et
al., Cancer.
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(19589},
3312

Guy et al.,
PNAS USA 89
{1982),
10578

Hosokawa et
al.;
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11. The use of any of claims 1-8, wherein the bacterium comprises DNA

encoding a detectable protein or a protein capable of inducing a

detectable signal. 12. The use of any of claims 1-8, wherein the

bacterium comprises DNA encoding a protein that can bind to a

contrasting agent, chromophore or a compound or ligand for visualization

of tissues. 13. The use of claim 11, wherein the DNA encodes a

fluorescent or luminescent protein. 8514, The use of claim 11, Wherein

the DNA encodes a luciferase and/or a substrate for luciferase.

The use of any of claims 1-14, wherein the bactm%‘%t%om&m} r 283

bacterium comprising a recombinant DNA encoding alg&ll receptor

_capable of binding a detectable ligand for detection of a tumor, tumor

tissue, cancer or metastasis in a subject. 16. The use of any of claims

1-15, wherein the tumor, tumor tissue, cancer or metastasis is a breast,

prostate, bladder, brain, colon, lung, ovarian, pancreatic, liver or skin

o lanér tieudfsantdoor pothstisis i un-12dThbarbctofany bhrgeting

ClaiW&a&%&ﬂ@%@@é&@é&"ﬂwﬂs%&%ﬁ%%@ﬁ@t%ﬂm |
_suitable for treatment o{La t%FCP 8..1he use of claim 17, wherein the

protein suitable for freatment of arfun%wf Isa cﬁo?ox?g%rotgeln a cytostatic

protein, an inhibitor of angiogenesis, a protein that stimulates apoptosis, a

protein that inhibits an elongatiqr fagks a-0tein that binds to a

ribosomal subunit, a nucleotide-modifying protein, a nuclease, a protease,

a cyt%klne an enzyme or a receptor. 19. The use of claim 17, wherein
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' L%nochromﬁ P450 n| oreducéaseﬁ, (;e/losme eagsn%se caéébo%est%ralgeésm
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IRBfapEREETGETd i6r iforapeidsyiretion M@h@ué‘é«@hﬁnw%ﬁﬁ% gene
dad 9etvtherain dire ceempasiti amdst o gy sigmie administatioannta a suldjest. for

their temporal and $pa.cial delivery via bactaria.

The endestatin and chimeric toxin gene cassettes dre linked to
signal peptide encoding sequencss, which Ffacilitate the.
secretion of these proteins into the extracelliular space in
the tuomor or inte the cyvioscl of infected tumer colls. Hoth
proteing secretad from bagteria into the extrasellular space
of the tumor ars expected to functiom similazly to directly
indected purified proteinz, Both proteins secreted £rom 5.
monocytogenas into the ovtosol of the infected tumor cells
will resemble the viresl delivery system reported gariier for
endostatin. The bacterial systems can be used as. a
constitutive secretion system or &8 - an exogenously added
IrTE~-activatable secretion system in the tumor. By regulating
the expression levels of the therspeutic proteins in bacteris
that <&olonize the tumor, the secreted amount of proteins
inhibiting tumor growth can be determined. Withont the



21. The use of any of claims 1-20, wherein the bacterium allows for

visualization of a tumor, tumor tissue, cancer or metastasis. 22. The
use of any of claims 1-20, wherein the bacterium allows for external
visualization of a tumor, tumor tissue, cancer or metastasis. 23. The

use of any of claims 1-22, wherein the bacterium is Vibrio cholerae, Vibrio

fischeri or Vibrio harveyi, and the bacterium comprises: (a) a protein

capable of emitting light; and/or (b) a protein capable of inducing light
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Hanthemanas, Bifidobacterium, Streptococcus thermophilus,
Enterococcus, Pseudomonas, Staphylococcus, Clostridium, a
milk-associated bacterium or a cheese-associated bacterium Fﬁﬂ(biz’the
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tumorous environment from clearance from the subject by the immune

system,
The inhibitory effect of endostatln and the cytotoxicity of

the chimeric togin secreted by E. cold and L. monocyiogenes in
tumors will be determined as follows. Thirty-five nude mice
bearing i10-day-old €& fumors will be injected with bacterial
constructs as Ifollows: (&) Five mice with B. coli angineared
to secrete endostatin; (b)) Five mice with E. coll engineersd
e secrets chimeric toxins (¢} Five mice with L. monocytogenes
cangineered to secrate endostating  (d) Five nice with L.
nionceytogetiss engineered to secrete chimeric toxin; (e} Five
mice with E. coli secrebing endostatin and chimeric toxin: ()
eontrel group: five mice injected with E. ceoli expressing
bacterial iuciferase alons, and  five mice with L.
mbnocytog@nes expregsging GFP. At the time of bacteris
ludection, each tumor wvolume will be determined. Three days
after injection, the replication of bacteria in the tumors
will be =monitored under a low light iImager or under &
fluorescence stereomicroscope. The light emission and the
tumor volume will be measured daily up to 20 days after
bacterial injection. Ten davs after injestion, one animal from
each group will be sacrificed and the levels of the secrated
proteinsg presgent in the tumor tissue will be analyzed using



(i) cannot differentiate between a cancerous cell or tissue and a
noncancerous counterpart cell or tissue; and (iv) is not tumor-targeted;
and (c) the antimicrobial compound is fused to: (i) a detectable protein or

a protein that induces a detectable signal; and/or (i)a protein for tumor
therapy and/or elimination of metastatic tumors. 27. The composition
of claim 26, wherein the antimicrobial ggmpound IS a bacterial binding
peptide or protein. 28. The composition of claim 26, wherein the
mmmbhlcbmmnmblmmlecmﬂém theygroimeeonsistiaiof  result in

1hiquicidig astoferiin, pediacinPAL, gramiciding, Rrotegrind., a%MéaE’zé%r a
buforlnérbuforln I, ensins, LL- 37 cathelicidin bCAP-18, arasin |

nulysii. DBy %gni‘gctofer?glﬁ eegon Z@Th%‘%ﬁ?ﬁﬁiﬁsﬂﬁﬁ%?*&?ﬂm with
c%‘?%@ﬁé%lﬁﬁ%@%léf@%’é%ﬁ@mg%‘éphﬁ@%ﬂlprm‘@%mwsé@atml animals
isactetiadhipdirgsdomaibef afmeieiasaectsddrpmibergrougieansisting of
ubiquicidin, lactoferrin, pediocin PA-1, gramicidin S, protegrin-1,

MAP;29, n _buforin li beta defensins, LL-37 cathejl jdin hCAP-18,
ngrasml gr:tl)j;.]g {;Lsm MP S TACoTe ?e??’l’cm WieR) ThE c%{lmposst?oﬁ% sous
SRR WGHEN tF antAHERRBIal CBRfSBnd HESBeeh mEURTaaBN (¥4202) ,
Telirhinake rmitidbé<killmgactivityswhile retainiagfuictobe-hirding ahllityrdteins

oﬁp&@&ﬁﬁacegﬂ'@alt@@mg&@iti@&p@@nﬂéiﬁm thct@m%b%?&%&&%az to that
AL SRR AL il e
T?C&&]a N erEer herapy, the presence of endostatin or
chimeric toxin in the tumer tissue will be determined .by
Western blot analysis. Arn identical experimental design will
e used to assay the effect of IPTG-induction of endostatin
and chimeric towxin production in bacteria in C6 tumors as well
as in the spontanecusly occurring breast tumor mouse model. Tt
is ewpected that multiple IPTG induction of protein expression
in bacteria might be required for successful tumer therapy.

AL any stage of tumor treatment, it may be regquired to remaove
the light emitiing and therapeutic gene containing bacteria
from the animal. To carry out this experiment, mnice with
Liwday-old C6 tumors will be intravenously injested with E.
coli expressing the bacterial luciferase. Three days after
injection, antibiotic  therapy will Dbe initiated by
intraperitoneal adminigtration of gentamicin (5 mg/kgy body
waight] twice daily, or the newly discovered clinafloxacin
{CL960) (WNichterlein et al., Zentralbhl.Bakteriol. 286 (1987,
401} . This treatment will be performed for 5 days, and the
eifect of antibicotics  on the bacteria will be monitored by
imaging light emission from the animals daily. )

By completing the above experiments, it is ezxpected that
endostatin and chimeric toxin proteins secreted ' into the
tumors wWill cause the inhibition eof tumor growth and



() the bacterium is Vibrio, a metal-accumulating bacterium, Lactobacillus,
Bacillus, Mycobacterium, Actinomyces, Eubacterium, Peptostreptococcus,
Peptococcus, Acidaminococcus, Clavibacter, Agrobacterntm, Erwin/a,
Azorhizobium, Xanthomonas, Bifidobacterium, Streptococcus

thermophilus, Enterococcus, Pseudomonas, Staphylococcus, Clostridium,

a milk-associated bacterium or a cheesg-associated bacterium;

(ii) the bacterium: (A) is an attenuated form of a pathogenic
RREGEHRR bF is ERGHpatiseafie oBanisks 15 aB)aépairtfatediata tumor
reqoestimor tiskle, tancerbi evetdstasis siveonrisupeotestionrofithes with

hacterwman t@%ﬁprwnwimmeggcgmﬁg@@@e f%&g@leegmﬂm
ﬁ}[ fhe; immune system; 53 mulga;lcannot differ ntlate between

cancerous cell or tlssue an a noncancerous c?ﬁm}fgrpar%ell o‘?%lssumcmtsad
spfpstatin gl BBRTGCIEFGEEY. ProBeithe MoniBaFor-sraEmAs may
Wi 7Radierginchidomppsisiohtis .a Pharnracewtical €dnipesibion:i 88erad

RBSIRAC EMICREORGAN SMSANDL CRLA FOR DIAGNOSISAND 55 an
JHERARY OF TYNORS Deseribed are diagnostic and pharmaceulical, ...

compositions ‘comprising a microorganismi or celr contammg aD
%ﬁ%}]c‘éﬁemlﬁﬁﬁﬁ%&ﬁﬁw&n or a protein capable of inducing a
detectable signal, e.g. a luminescent or fluorescent protein, and, in a
particular embodiment, furthermore (a) DNA sequence(s) encoding (a)

~ protein(s) suitable for tumor therapy and/or elimination of metastatic
tumors, e.g. a cytotoxic or cytostatic protein.
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CLAIMS

1. Use of a bacterium in the preparation of a composition for detection of a tumor,
tumor tissue, cancer or metastasis or for monitoring treatment or effecting treatment of a
tumor or metastasis in a subject, wherein:

{(a) the bacterium is Vibrio, a metal-accumulating bacterium, Lactobacillus,
Bacillus, Mycobacterium, Actinomyces, Eubacterium, Peplostreptococcus, Peptococcus,
Acidaminococcus, Clavibacter, Agrobacterium, Erwinia, Azovhizobium, Xanthomonas,
Bifidobacterium, Streptococcus thermophilus, Enterococcus, Pseudomonas, Staphylococcus,
Clostridium, a milk-associated bacterium or a cheese-associated bacterium;

(b) the bacterium:

(1) is an attenuated form of a pathogenic organism or is a non-pathogenic
organism

(i1) accumulates at a tumor, tumor tissue, cancer or metastasis due only to
protection of the bacterium in the tumorous environment from clearance from
the subject by the immune system;

(iit) cannot differentiate between a cancerous cell or tissue and a non-
cancerous counterpart cell or tissue; and

(iv) is not tumor-targeted.
2. The use of claim 1, wherein:

the bacterium is Vibrio cholerae, Vibrio fischeri, Vibrio harveyi, a metal-
accumulating bacterium, Enterococcus, Pseudomonas, Actinomyces, Eubacterium,
Peptostreptococcus, Peplococcus, Staphylococcus, Acidaminococcus, Clavibacter,
Agrobacterium, Erwinia, Azorhizobium, Xanthomonas, Streptococcus thermophilus,
Enterococcus faecalis, Lactobacillus bulgaricus, Lactobacillus casei, Lactobacillus
acidophilus, Lactobacillus brevis, Lactobacillus paracasei, Lactobacillus plantarum,
Lactobacillus rhamnosus, Lactobacillus salivarius, Lactobacillus sporogenes, Lactobacillus
lactis, Lactobacillus fermentum, Bacillus subtilis, Bacillus megaterium, Bacillus polymyxa,
Mycobacterium smegmatis, Mycobacterium vaccae, Mycobacterium microti, Mycobacterium
habana, Bifidobacterium bifidum, Bifidobacterium longum, Bifidobacterium infantis,
Bifidobacterium laterosporus, Bifidobacterium animalis, Closiridium novyi, Clostridium
sordelii, Clostridium absonum, Clostridium acetobutylicum, Clostridium bifermentans,
Clostridium difficile, Clostridium histolyvticum, Clostridium perfingens, Clostridium
beijerinckii or Clostridium sporogenes.

3. The use of claim 1 or claim 2, wherein the bacterium comprises nucleic acid
encoding a detectable protein or a protein that induces a detectable signal.

4. The use of claim1, wherein the bacterium is Vibrio; and
(a) the composition is for systemic administration to the subject; or

(b) the bacterium is capable of inducing a signal detectable by magnetic
resonance imaging (MR1), single-photon emission computed tomography (SPECT), positron
emission tomography (PET), scintigraphy, gamma camera, a B’ detector or a y detector; or

(c) the bacterium comprises a recombinant construct encoding a protein
capable of binding a contrast agent or chromophore.

5. The use of claim !, wherein:
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(a) the bacterium comprises DNA that encodes a luciferase or fluorescent
protein; and

(b} the bacterium comprises a DNA sequence encoding a protein suitable for
therapy of a tumor, tumor tissue, cancer or metastasis.

6. The use of claim 1, wherein the bacterium is Vibrio cholerae, Vibrio fischeri,
Vibrio harveyi, Enterococcus faecalis, or Magnetospirillum.

7. The use of any of claims 1-5, wherein the composition is formulated for systemic
administration into a subject.

8. The use of any of claims 1-7, wherein the bacterium allows for detection of a
tumor, tumor tissue, cancer or metastasis based on a signal.

9. The use of claim 8, wherein the signal is detectable by magnetic resonance imaging
(MRI), single-photon emission computed tomography (SPECT), positron emission
tomography (PET), scintigraphy, gamma camera, a B detector or a y detector.

10. The use of any of claims 1-8, wherein the bacterium allows for detection of a
tumor, tumor tissue, cancer or metastasis through detection of light.

11. The use of any of claims 1-8, wherein the bacterium comprises DNA encoding a
detectable protein or a protein capable of inducing a detectable signal.

12. The use of any of claims 1-8, wherein the bacterium comprises DNA encoding a
protein that can bind to a contrasting agent, chromophore or a compound or ligand for
visualization of tissues,

13. The use of claim 11, wherein the DNA encodes a fluorescent or luminescent
protein.

14, The use of claim 11, wherein the DNA encodes a luciferase and/or a substrate for
huciferase.

15. The use of any of claims 1-14, wherein the bacterium is a recombinant bacterium
comprising a recombinant DNA encoding a cell receptor capable of binding a detectable
Hgand for detection of a tumor, tumor tissue, cancer or metastasis in a subject,

16. The use of any of claims 1-15, wherein the tumor, tumor tissue, cancer or
metastasis is a breast, prostate, bladder, brain, colon, lung, ovarian, pancreatic, liver or skin
tumor, tumor tissue, cancer or metastasis.

17. The use of any of claims 1-16, wherein the bacterium comprises DNA encoding a
protein suitable for treatment of a tumor.

18. The use of claim 17, wherein the protein suitable for treatment of a tumor is a
cytotoxic protein, a cytostatic protein, an inhibitor of angiogenesis, a protein that stimulates
apoptosis, a protein that inhibits an elongation factor, a protein that binds to a ribosomal
subunit, a nucleotide-modifying protein, a nuclease, a protease, a cytokine, an enzyme or a
receptor.

19. The use of claim 17, wherein the protein suitable for treatment of a tumor is
rsCD40L, Fas-ligand, TRAIL, TNF, Anti-GA733-2, microcin E492, diphtheria toxin,
Pseudomonas exotoxins, shiga toxin, endostatin, glucuronidase, beta-galactosidase,
thymidine kinase, horseradish peroxidase, carboxypeptidase G2, cytochrome P450,
nitroreductase, cytosine deaminase, carboxylesterase, tyrosinase, e verotoxin 1, or

a cell receptor capable of binding a therapeutic ligand for tumor therapy.
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20. The use of any of claims 1-19, wherein the composition is for systemic
administration into a subject.

21. The use of any of claims 1-20, wherein the bacterium allows for visualization of a
tumor, tumor tissue, cancer or metastasis.

22. The use of any of claims 1-20, wherein the bacterium allows for external
visualization of a tumor, tumor tissue, cancer or metastasis.

23. The use of any of claims 1-22, wherein the bacterium is Vibrio cholerae, Vibrio
fischeri or Vibrio harveyi, and the bacterium comprises:

(a) a protein capable of emitting light; and/or
(b} a protein capabie of inducing light emission.

24. The use of claim 23, wherein the protein capable of emitting light is a fluorescent
protein or a luminescent protein.

25. The use of claim 23, wherein the protein capable of inducing light emission is
selected from the group consisting of a luciferase and a substrate for luciferase.

26. A composition comprising:
an antimicrobial compound; and

a bacterium for detection and treatment of a tumor, tumor tissue, cancer or metastasis
in a subject, wherein:

(a) the bacterium is Vibrio, a metal-accumulating bacterium, Lactobacillus, Bacillus,
Mycobacterium, Actinomyces, Eubacterium, Peptostreptococcus, Peptococcus,
Acidaminococcus, Clavibacter, Agrobacterium, Erwinia, Azorhizobium, Xanthomonas,
Bifidobacterium, Streptococcus thermophilus, Enterococcus, Pseudomonas, Staphylococcus,
Clostridium, a milk-associated bacterium or a cheese-associated bacterium;

(b) the bacterium:

(i) is an attenuated form of a pathogenic organism or is a non-pathogenic
organism

(i1) accumulates at a tumor, tumor tissue, cancer or metastasis due only to
protection of the bacterium in the fumorous environment from clearance from
the subject by the immune system,

(ii1) cannot differentiate between a cancerous cell or tissue and a non-
cancerous counterpart cell or tissue; and

(iv) is not tumor-targeted; and

(¢) the antimicrobial compound is fused to:
(i) a detectable protein or a protein that induces a detectable signal; and/or
(1t)a protein for tumor therapy and/or elimination of metastatic tumors.

27. The composition of claim 26, wherein the antimicrobial compound is a bacterial
binding peptide or protein.

28. The composition of claim 26, wherein the antimicrobial compound is selected
from the group consisting of ubiquicidin, lactoferrin, pediocin PA-1, gramicidin S, protegrin-
1, SMAP-29, buforin I, buforin I, beta-defensins, LL-37, cathelicidin hCAP-18, arasin |,
granulysin, PAMP and lactoferricin.
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29. The composition of claim 27, wherein the microbe-binding peptide or protein
comprises a bacteria-binding domain of a protein selected from the group consisting of
ubiquicidin, lactoferrin, pediocin PA-1, gramicidin S, protegrin-1, SMAP-29, buforin I,
buforin II, beta-defensins, LL-37, cathelicidin hCAP-18, arasin I, granulysin, PAMP and
lactoferricin.

30. The composition of claim 29, wherein the antimicrobial compound has been
modified to eliminate microbe-killing activity while retaining microbe-binding ability.

31. A pharmaceutical composition, comprising:

(a) a bacterium comprising nucleic acid encoding a receptor that can bind to a ligand,

(b) a toxin coupled to the ligand that binds to the receptor encoded by nucleic acid;
wherein:

(i} the bacterium is Vibrio, a metal-accumulating bacterium, Lactobacillus,
Bacillus, Mycobacterium, Actinomyces, lubacterium, Peptostreptococcus, Peptococcus,
Acidaminococcus, Clavibacter, Agrobacterium, Erwinia, Azorhizobium, Xanthomonas,
Bifidobacterium, Streptococcus thermophilus, Enterococcus, Pseudomonas, Staphyvlococcus,
Clostridium, a milk-associated bacterium or a cheese~associated bacterium;

(i1) the bacterium;

(A) is an attenuated form of a pathogenic organism or is a non-
pathogenic organism

(B) accumulates at a tumor, tuimor tissue, cancer or metastasis due only
to protection of the bacterium in the tumorous environment from clearance from the
subject by the immune system;

(C) cannot differentiate between a cancerous cell or tissue and a non-
cancerous counterpart cell or tissue; and

(D) 1s not tumor-targeted.

32. The composition of claim 26 or claim 27, wherein the composition is a
pharmaceutical composition.
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ABSTRACT

MICROCRGANISMS AND CELLS FOR DIAGNOSIS AND THERAPY OF
TUMORS

Described are diagnostic and pharmaceutical compositions
comprising a microorganism or cell containing a DNA
Sequence encoding a detectable protein or a protein capable

of inducing a detectable signal, e.g. a luminescent or

fiuorescent protein, and, in a particular embodiment,

furthermore (&) DNA sequence (s} encoding (a) protein{s}
suitable for tumor therapy and/or elimination of metastatic

tumors, e.g. a cytotoxic or cytostatic protein.

(no suitable figure)



