WO 03/ 014380 PCT/I1B02/ 04767 1 M croorganisns and cells for diagnosis and
therapy of tunors The present invention relates to diagnostic and
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bacteria were discovered in excised tumors from human
patients. Investigators argue that chronic infections may
predispose cells to malignant growth. Chronic infections of
various strains of Chlamydia have been associated with lung
and cervical cancer as well as malignant lymphoma. Another
well described association between the presence of a specific
bacterial species and cancer development 1is Helicobacter
pylori in patients with gastric ulcers. Elevated levels of H.
pylori-associated antibodies have been found in patients with
duodenal ulcer and gastric adenocarcinoma. These observations
demonstrate a concomitant presence of bacteria at tumor sites;
however, it was not yet clear whether the microorganisms were
the cause of tumor formation or whether the tumorous tissues
were more susceptible to bacterial colonization. Intravenously
injected strict anaerobic bacteria, Clostridium pasteurianum,
into mice replicated selectively in the tumor suggesting a
hypoxic microenvironment in the necrotic center. Intravenous
injection of attenuated Salmonella typhimurium mutants
resulted in elevated bacterial titers in the tumor tissues in
comparison to the other organs of mice upon histologic and

bacteriologic analyses.



WD 03/ 014380 PCT/1B02/04767 2 Simlarly, the presence of virus particles
was reported in excised human breast tunors as early as 1965. Mre
recent |y, womasesson pol ynerase chain reaction (PCR) data, PChABoRA¥EET
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approach%%mo Ee%%yw§/é§¥¥%tions among patients. The presence of human
papillomavirus in squamous cell carcinomas of the esophagus
ranges from 0 to 72% (10- 15). In contrast to tumor tissues,
no virus particles have been found in tumor-free areas of the
esophageal epithelium of the same patient suggesting that the

virus particles are located only in the tumor tissues.

However, so far it could not be shown definitely whether the
above discussed microorganisms are responsible for the
development of disorders like tumors (except for
papillomaviruses) or whether, e.g., tumors can attract and/or
protect viruses or bacteria. Accordingly, there was no basis
for the use of such microorganisms for the diagnosis or
therapy of tumors. Conventional tumor diagnostic methods, such
as MRI (Magnetic Resonance Imaging) lack sensitivity and
specificity 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 reliable diagnosis as
well as the therapy of tumors which overcomes the
disadvantages of the diagnostic and therapeutic approaches

presently used.
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achi eved by the subject matters defined in the clains. Wien Vaccinia virus
(LI'VP st reprop/ocesse yi ng the |ight emtting fusion gene coORSIIMBEY04767
rvW-ruc-gfp was injected intravenously into nude mce, the virus particles
were found to be cleared fromall |nt93rnal organs within 4 days, as
determ ned by extinction of |light emssion. In contrast, when the fate of
the injected Vaccinia virus was simlarly followed in nude mice beari ng
tumors grown from subcutaneously inplanted C6 rat glioma cells, virus
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collecting luciferase-catalyzed 1light emission under a
low-1light video-imaging camera. Tumor=-specific light emission
was detected 4 days after viral injection in nude mice
carrying subcutaneous C6 glioma implants ranging in size from
25 to 2500 mm®. The signal became more intense after the 4th
postinjection day and lasted for 30 to 45 days, indicating
continued viral replication. Tumor accumulation of rVV-ruc-gfp
virus particles was also seen 1in nude mice carrying
subcutaneous tumors developed from implanted PC-3 human
prostate cells, and in mice with orthotopically implanted
MCF-7 human breast tumors. Further, intracranial C6 rat glioma
cell implants in immunocompetent rats and MB-49 mouse bladder
tumor cell implants in C57 mice were also targeted by the
Vaccinia virus. Cross sections of a C6 glioma revealed that
light emission was clustered in ,patches, at the periphery of
the tumor where the fast-dividing cells reside. In contrast,
cross sections of breast tumors revealed that fluorescent
,islands, were distributed throughout the tumors. In addition
to primary breast tumors, small metastatic tumors were also

detected externally in the contralateral breast region, as



detected externally in the contral ateral breast region, as WO 03/014380
PCT/ 1 B02/ 04767 4 well as in nodules on the exposed |ung surface,

suggesti 'go mwI\8t asis to the contral ateral breast and | umgI/IBoR/®asmMary,
light-emtting cells or mcroorganins, e.g. Vaccinia virus can be used to
detect and treat primary and nmetastatic,tunors. Simlar results were
obtained with light-emtting bacteria Sal monel la, Vibrio, Listeria, E.

coli) wh we j ect ntravenously into mce whi ch coul d be
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prostate, bladder, and breast tunors dition to primary tunors,
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subsequen I tunors in sane ani nma ran-cell s
six days post-injection. In nude mice baring tumors

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 strain
used. The homing-in process together with the sustained light
emission was also demonstrated in nude mice carrying prostate,
bladder, and breast tumors. In addition to primary tumors,
metastatic tumors could also be visualized as exemplified in
the breast tumor model. Tumor-specific light emission was also
observed in immunocompetent C57 mice with bladder tumors as
well as in Lewis rats with brain glioma implants. Once in the
tumor, the light-emitting bacteria were not observed to be
released into the circulation and to re-colonize subsequently
implanted tumors in the same animal. Further, mammalian cells
expressing the Ruc-gfp fusion protein, upon injection into the
bloodstream, were also found to home into and propagate in

glioma tumors.



expressing the Ruc-gfp fusion protein, upon injection into the

bl oodstream were also found to hone into and propagate in glionma tunors.
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designing nultifunctional viral vectors useful for the detection of tunors
based on signals like |light em ssion acrgjd/ or for suppression of tunor

devel opnent and/or angi ogenesis signaled by, e.g., light extinction and
(b) the devel opnment of bacterium and nmanmalian cell-based tunor targeting
systens in conbination with therapeutic gene constructs for the treatnent
of cancerTheEkesE ndiystenspdravehs heakoltbew (g advaindapes: mGa)i Fheytienget
the tunor, saecifi

| ] ] ff i | _ti , (b
expr essi on-and g%%ﬁcgf?gﬁlvgoﬁtpq Utefgﬁe(ra t%ﬂ%@@%ﬁ@%ﬁﬁfﬂ%}*ﬁgs Ea?%,sed on

V1T
pref er ablsy,gnanderlile taghtolemifssior ndhaybke fyronetippresenshl igxy seepeti on
to be switchEd on_or off: and (c), the |location of C;he delivery system

i nsi de t REVEGBPSRen BRI \PE | AR WPIGS St SHEBNIS T atin befdre attdlhting

gene expixessicelodndngl ol rthideld ey b prReRordt NEH & et Nen-Pr £ Nhathy €NLH ON
relates to 3n’gl a ragstl c and/or pharmaceutical conposition conprising a
mi cr oor g&RitemMPaSF dc el TORUNt aF AFAGTAREBNA SSYEif8ifce &Rcodiond i afdact aBi gh

protei n @heapeiteich geapalld sefrudtdUENY thedaled@tde: dON@hncet N Bhese
preferred enbodi nent, the m.croorgani smor cell of said diagnostic and/or
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expression and protein delivery.

Accordingly, the present invention relates to a diagnostic
and/or pharmaceutical composition comprising a microorganism
or cell containing a DNA sequence encoding a detectable

protein or a protein capable of inducing a detectable signal.

In a preferred embodiment, the microorganism or cell of said
diagnostic and/or pharmaceutical composition  furthermore
contains (a) DNA sequence(s) encoding (a) protein(s) suitable
for tumor therapy and/or elimination of metastatic tumors,
such as a cytotoxic protein, a cytostatic protein, a protein
inhibiting angiogenesis or a protein stimulating apoptosis.
Such proteins are well-known to the person skilled in the art

and further examples of suitable proteins are given below.

Any microorganism or cell 1is useful for the compositions of
the present invention, provided that they replicate in the
organism, are not pathogenic for the organism, e.g.
attenuated, and are recognized by the immune system of the

organism, etc. Examples of microorganisms useful for the



attenuated, and are recogni zed by the i mmune systemof the organism etc.
Exanpl es of m croorgani sns useful for the WO 03/014380 PCT/|1B02/ 04767 6
present iWO@ab14380 are bacteria and viruses. The term "baeCenBe/v4as used
herein refers to bacteria which are per se not tunor-targeted (i.e. they
can not differentiate between a cancergus cell or tissue and the

non- cancerous counterpart cell or tisstie) since the results of the
experiments Ie%din, to the present _invention show that bacterjia etc.
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Vibrio fischeri, Vibrio harveyi, Lactobacillus spp.,  Pseudononas spp. In
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capabl e %Lc%kg%ing.f'léﬁaﬂﬁ) 96/40238. Preferably, said bacteria are
intercellular bacteria such as FE. coli, E. faecalis, Vibrio
cholerae, Vibrio fischeri, Vibrio harveyi, Lactobacillus spp.,
Pseudomonas spp. In the method of the present invention,
viruses and cells, particularly mammalian cells, are preferred

which are not tumor-targeted. Particularly preferred are

cytoplasmic viruses.

In a particularly preferred embodiment, the diagnostic and/or
pharmaceutical composition comprises a microorganism or cell
containing a DNA sequence encoding a luminescent and/or

fluorescent protein.

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



whi ch can be a diagnostic or therapeutic ligand. The |igand WO 03/014380
PCT/ 1 B02/ 04767 7 can be a protein (including large or small peptides,
ant i bodi ewp oae43g) a synthetic conmpound (such as a synt hetPCa/IBeX@rei d
anal og), etc. Therefore, the in vivo location of |labeled Iigands in live
ani mal s and human patients can be visualized, e.g, inreal time by SPECT
or PET. Alnpbst any known protein |igand-receptor pair for tunmor |abeling
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tracers PET i ncl ude 55Co, 67Ga, 68Ga, 60Cu (I | 1) , 57N,

Co, 555 lESWV%Fée SPECE tart Fté’ieé?‘%r%%%s]i“ﬁ@ephﬁﬁﬁll@@éfs that may be

used for tumor i mgi ng according to the present invention. Both SPECT

In a more preferred embodiment of the diagnostic and/or
pharmaceutical composition of the present invention, the
ligand is a radionuclide-labelled 1ligand. Said 1ligand is,
e.g., useful for tumor wvisualization by single-photon
emission computed tomography (SPECT) or positron-emission
tomography (PET) resulting from the binding of radionuclide-
labelled ligand to its receptors expressed specifically on
the surface of tumor cells following intravenous delivery
of, e.g., engineered bacteria, viruses, or mammalian cells
carrying the receptor protein gene constructs. Radionuclides
may be used for conventional tumor scintigraphy, PET and
possibly internal radiotherapv of tumors. Examples of

radionuclides useful in the present invention are (a) R*-
emitters such as C, N, "0 or ®Cu or (b) y-emitters such
as 21,
tracers for PET include °°Co, %Ga, ®Ga, ®°cu(rI), ®cu(ri),

*'Ni, °°Co, °*?Fe, '°F, etc.

Other radionuclides that can, e.g., be used as

SPECT and PET are sensitive techniques that may be used for

tumor imaging according to the present invention. Both SPECT

and PET are capable of detecting trace amounts of 8" and ¥y



and PET are capable of detecting trace anobunts of 8+ and y WO 03/014380
PCT/ 1 B02/ 04767 8 em ssion fromradionuclides. PET is even nore sensitive
than SPBEO.o3lon3experi ments using small | aboratory ani nal PCTHBMN4767 magi ng
is perforned using a mcroPET instrunment, which is comercially available
t hrough, e.g., Concorde Mcrosystens (Knoxville, TN). Exanples of useful
radi onucl i de-1 abel ed agents are 64Cu-1abel ed engineered antibody fragnent

(Lowis orporon reds® Gectigler 868 PR80)s, P o 0eR0ERuEE, &
b;gog? SREQY Ltngﬁ?pex&m@zbaeps@?%?i?aﬁm?l@bd@aapnﬂ &mlmifgﬁgtU®@§ 9?
4 (1994?‘9‘%‘3@%@8 323 GSREPELER TdiRE [“kslé?gi SEEE eth o TPy
(1999), Q@mﬁe26551lamhv&ﬁ&ﬁblabéh&@uqhnﬂélg) hwmnmanﬂestcmseyemmm&m
(Beshara Haematol . 104 (1999), 288-295, 296-302). In order to

apply thég?%ﬁvbﬁagrrgénlabeled ligand in tunor detection, the genes
encodi ng the receptor proteins that the [|igands nay bind are deIivered by

intrave usI |nje ted _bacteria ruse i an_cel{, to
UL SRR R i ST R B S A EE AT R S
t halt' ce[éagnneeteavlelmuﬁoxdy rﬁm@:@@lmbaccrver ka8, all. rumf sharmslA rramlmlzrom);;el | s
repiica e a vy d nors, SI,on O e recep or protelns
P et GaDE Db ( Rprd Sl ° ot eea o by (e S CE

radi onuchidedl ehehed 4l garmbs) , Fop4exanple, 6ﬁoh4m@xa§3d@rly&’@ecromsa(m—r us,
to allom/effrcrent tunDr detectropggthe virus _can be used_to carry ne
n y%@h

const r uctetBRE BRI ARG SFPECEFOGZ PO et nSUTRAPMEant IR L splec?ti caFFgS

| i gands. g ntpauenousion d-yeexy,i oaret cikegeebi 'l@'étndé%%?'@taaw rug. th@*éﬁ the
delivery of the receptor gene and surface expression of the receptor

protei n TRORFR. tufBPPLi-ssuds. THER %he rddioriutdi de- IEBéIeHnFPd§ﬁ@§eare
inj ected(tpisaMepousty dinto thevdhasdendhe specithiondi nding7-2055) and

’Fe-labeled iron(III) hydroxide-sucrose complex (Beshara et
al., Br.J.Haematol. 104 (1999), 288-295, 296-302).

In order to apply the radionuclide-labeled ligand in tumor
detection, the genes encoding the receptor proteins that the
ligands may Dbind are delivered by intravenously injected
bacteria, viruses, or mammalian cells according to the
present invention. Since it could be shown in the examples,
below, that certain intravenously injected bacteria, viruses
and mammalian cells replicate specifically in the tumors,
expression of the receptor proteins in the tumors will mark

the tumors for targeting by the radionuclide-labeled ligands.

For example, in the case of Vaccinia virus, to allow efficient
tumor detection, the virus can be wused 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 1ligands are
injected intravenously into the host. The specific binding

between radionuclide-labelled ligands and their receptors



bet ween radi onucl i de-1labelled |ligands and their receptors W 03/014380
PCT/ 1 B02/ 04767 9 expressed on the tunor cell surface allows the detection
of tunorwomasedson f+- or y-em ssions originating only fPemIB476¢7UuNDr S.
Labelling the tunors with radionuclides will allow easy distinction

bet ween tunors and normal tissues. Therefore, handhold |3+ or y-detectors
that are attached to a surgical blade hol der can be designed. Based on the

i | f 13+- - enj ssi th bel |l ed t |y, ised
while t hEXPERSTER G nbPRalt PIos feel f o SRERECET B L it FHAd e b
preferredyins galilddum 64nf ar_t he PUIRASRS Rfs e g PLLSERS LRYENTA QR El}e

Gl lium 67 (67G) can be used for diagnostic imaging using PET, SPECT, or
sci nti gr &phprsl-t lhabekhbn fidve | temabil ivyth oraddwmcdtiale s wnfllanmbtowy

[esions <ang {UFPEE: nBRARE al LYl QLY PRONBS, DUlng! SGd B RY i beles ! yPes

of tunors h as 1 n pancreatic tunors, g tunors ‘e nechani Sm of

67Ga upt gkerkas eempiOROs€dRt-0 de yiduiosgho bt Bhkraasferdttkdanengdsns
route and transferrin- independent route, In the transferrin-dependent
route, i EUrHdSaeenl 3ABWROLIHRT oGRR - ORprdast Hredf Bemest PR rheecthiorl
significantly:increases 67 pt ake b unor_ cells. Furtherpore

anti-t raﬁs?ff el%/ri nglr;:ec p?%%sé;%?ﬁbogti}le s%{L %%efnjﬂceacgt Itynﬁrﬁckga@?égbydjt%%}y
cells. Fekcimmld whihDe tHmgiregovedryohi gloreicent saticansief KiGa are a
required to, overcone background signal. Thus, in this case, the use of
reconbi n&ht*P&&i nia virus carrying a transferrin receptor gene construct
for over-expressing transferrin receptors specifically on the surface of
tunmor cells iin live animals or human_patients follow ng intravenous

i nj ecti oh2bfichea '%LRE%%?EI%?eFérF@&alﬁﬂafxm_qrbEh%IgHQQQQQRj%% the

i ntravenguskyntH ghniexeloaccuradati@n-6f 67Gxd)n typar ofd | suseldt h the
hel p from the over-expressed transferrin receptors helps to significantly
i nprove PhAGAOGIIECtIBHIRDY| MEtEY iBET, 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 1in pancreatic tumors, lung tumors
etc. The mechanism of ®'Ga uptake has been proposed to be
through both transferrin-dependent route and transferrin-
independent route. In the transferrin-dependent route, it
has been shown that over-expression of transferrin receptor
significantly increases °®'Ga uptake by tumor cells.
Furthermore, anti-transferrin receptor antibody
significantly blocks °Ga by tumor cells. For small tumor
imaging, very high concentrations of %Ga are required to
overcome background signal. Thus, in this case, the use of
recombinant Vaccinia virus carrying a transferrin receptor
gene construct for over-expressing transferrin receptors
specifically on the surface of tumor cells in live animals
or human patients following intravenous injection of the
viruses is preferred. “Ga will ©be also delivered
intravenously. High level accumulation of ®‘Ga in tumor cells
with the help from the over-expressed transferrin receptors
helps to significantly improve tumor detection abilities in

live animals and human patients.



live animal s and human patients. WO 03/014380 PCT/1B02/ 04767 10 In an
alternative preferred enbodi nent, the diagnostic and/or pharnmaceutica
conposi t iwo 08/01438@ present invention conprises a m croor @aniBo/@reicel |
contai ning a DNA sequence encoding a protein capable of inducing a signal
detectabl e by magnetic resonance imagihpg (M), e.g. netal binding

pr ot ei ns. Furthernnre the protein can bi nd contrast agents,

chr omopher esy Lheands. Aty QoI S st ot viauaLiZatian Ofodd psses.

Preferably, sal protein | rece or capa
par anmagretacmnaceusipeat p@loalmgnéupa et atthe | pbebert |lingamd.iofu rm:nnprlses

visual i zatjen,. ggr%%afneqﬁj E?H‘c ggng g{ilﬁ@q%eg g%gg%tclo%l geda

super par anagneti c-ne her'r Ors "expres
speci f i cardyeinn capebder fate mﬁutcunm acelsllgn’adJI Idn/warrgl;akeleg byi mtageaniaus

delivery é’% ﬁgl%geerﬁgaégl g@ éﬁﬁﬁ i ruses mn%ml‘al &g%ﬁgnézns&ﬁ oe{]gqlshngsto

t he presen i nventi on recepq or Stein
sever al Eldv’ahe:ag@:se, Thethiegh plketelinof aanunulbahldon afortthese metsagentiay t he
tunors wi| | aﬁilitat r detectlon i rtual (gnyf par amagnet i

o Hedoto

’
super par arEgRZr T e Fet aﬁ%gég LsSTd R B 5hi ESPut Tpriet chtjc?ﬁ]e to
the systef ctispuadty oPraabedbmgavysaMt drpxtdite par agagaellc I.Qj’ceptor

super par a tic e _carefull sel ected to _keep adverse effects

i ni nal | CTREES t OF cH PORREy SabAFFRRFECEGHTT Q51 SHEGTHRAT THEHR Il es
are ei th&lbellé\é(ecﬂlf;;andchemaicﬂs ol saneieaatiecd by hmpal, ynfé§u1t\/ﬂngh f e
much safer to us .t han r}ak articles. Therefore, the use %f, | 1 gands

tagged wrth clﬂHl t8d oP'p atef et s SYREpPRFRFPAEHE "ﬁ‘t?&?lr_or

gener at i ngb@@méaasﬁlmés t|o| nkl@@llw tﬂbdﬁ;ﬂ&@ms exPreedd &E@waftl@atm%;
person skilled in the art ‘gIH‘P protein ligand (or ot er chem cal
compound®®i & d)SIPEf???stOf c*i"n Ealcle)}]étt%%%%ﬂwf- dy hee ¢hel at 8BS reyegous

di et hyl eie1i veEanbie pRfaacetd Coaet dri BTPArusEeN. of hgashigh ake- Rlcatigy n
according to the present invention carrying the receptor
protein gene constructs has several advantages. The high
level of accumulation of these metals in the tumors will
facilitate tumor detection. Virtually any paramagnetic or
superparamagnetic metals can be wused for this purpose.
Preferably, due to the systemic toxicity of naked heavy
metals, the paramagnetic or superparamagnetic 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 polymer-coated metals

is preferred.

Methods for generating contrast agents linked 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 1is labeled with metals. A similar labeling method

has been used in generating gallium-labeled somatostatin



conplex is labeled with netals. A simlar |abeling nethod has been used in
generating galliuml abel ed somatostatin WO 03/014380 PCT/|1B02/ 04767 11
anal ogs awo a®esdsé n produci ng i ndi um 111-1 abel ed | ow densiPCY/IBO2/(@o¢r ot ei n
usi ng DTPA-bi s(stearylam de). Details of protein nodifications with

chel ates used in contrast agents have ]feen previ ously described. For
exanpl e, nndifying proteins with the brfunctional chel ate

?N&?EAEZ)Q'qf%ﬁP d%ﬁaé qn netgl%%ﬁdiet lene;&kagégflgggtaaceilc aC|d
nDdlfylngqyuﬁnnﬁEﬂNmuhlhbeD@Bﬁﬂbl&ﬂﬂh&ﬁnykﬁmﬁde . Details of protein
Nea. 3 (R R S s Ml qHSE bid. RPTEASE VEVSEERRIBENR b
a iv e
carried (biaaterbyprheibulsllqw dil@scﬁpbédafh%lﬁr eahmdodi, fnedd%agl@hgmphg@telni
actlvatlon ue,to e r.ot ei.n el i ery Thi s .apprqach is based on the
princi pl 845 Eéﬁe %ﬁ¥8€? d° n@ﬁzyﬁgeéﬁ &r u ?ﬁeﬁéﬁgﬁi OLQREREY thocase
t he enzwmsfym ot ei @seaﬁywateeraamslteeme&adda/c@eiec ver edleont opc- D PR ug

nto act 0 . ecifi,c activation of t contrast agent in
;eak relg Hﬁ%ﬂd%ﬁ 'ﬁig'stﬁeﬁﬁonﬂ@@aX|§g€§1stéte %%99he eﬁ%yﬁ%)gr%@ﬁln

in the tmmmfyadrigms ptypehinget eciion. ThBeeNZYdipsi IOt i AndekirM Iy t oo
tunors is achleved t hrough i ntravenously injected ﬁﬁganeered bacteri a,

vi ruses, ddfc WERTR FatPRERPSPeRRhRERSEAFr y At geh@D di ngDbuncan ~ and
13- gal actw@qlcdﬁse for any10t hgedr.el alzed engyses) . 17he-13359al agtnsi dasencan

be in either extracellular secretedform or expressed an the bacteria or
manmmal i afSEEAIIRaHface. An  exanple of an MRl agent that can be cleaved by
13-gal actosi dase and used in MR inmaging for tunor detection is (4,7, 10-
tri(acetic acid)-1-(2-13-gal actopyranosyl ethoxy)-1,4,7,10 WO 03/014380
PCT/ | B0O2/ 04767

Alternatively, MRI can be carried out by the following

approaches:

(a) Modified gadolinium activation due to enzyme/protein

delivery

This approach is based on the principles of Gene-Directed
Enzyme Prodrug Therapy (GDEPT) , in which case the
enzymes/proteins activate a systemically delivered nontoxic
prodrug into active toxic drug. Specific activation of the
MRI contrast agent 1in weak relaxivity state into strong
relaxivity state by the enzyme/protein in the tumors allows
tumor detection. The enzyme/protein delivery to tumors is
achieved through intravenously injected engineered bacteria,
viruses, and mammalian cells, which carry the gene encoding
B-galactosidase (or any other related enzymes). The R-
galactosidase can be in either extracellular secreted form
or expressed an the bacteria or mammalian cell surface. An
example of an MRI agent that can be cleaved by B-galactosidase
and used in MRI imaging for tumor detection is (4,7,10-

tri(acetic acid)-1-(2-B~galactopyranosylethoxy)-1,4,7,10-



12 tetraazacycl ododecane) gadol i nium (Egad) (Mdats et al., 1997,). In this
conpound, a gal actopyranose residue is positioned at the 9th coordination
site of tweo8#s8é on. Due to this bl ockage, water proton®cansoxwucéuded
frominteracting with GId3+ ion, and therefore di mnished effect on Tl
relaxation time. In the presence of 8;gal act osi dase, the enzyne cl eaves
the gal actopyranose fromthe chel ate, reeing the coordination site, and

all ows i n ) a f mga we a
Strong 1o ARG ISR Rlo LR T EAR) 2080 ST EETLE H AR
cel | - baskd &hignecaymuessi oh G@éactowna;zosﬁ tnesdidaie the pnz;‘zhﬁonedi a@tted
rel axi vi st I S [, O | p+ et r Ther.ef or e,
this enﬁz%ma %EEISI a‘%ég cril va l'}Mong o@ I\/%I con rasra;tdy!agenlnoiﬂs1 can escl?se(ril‘(?l esf

t uror debb@¢kage,Iwab@nlpr@mpmﬂ ahe ababed@&lfcumtmaseragémng wnbhlad3new

contrast ents e e h Lypes S be
attachedlgg’t e c fQF Tﬁggeg%%g?ﬁﬂgg?ggﬁ 8 ?e% &géagl g%% "Ph
correspoﬁdéngpeaagmee (efnlBagalactheldaeepvathef ga&amboppﬂaaa&e bythe

galact05| nnosi,_dases and | ucosi,dases

03 ol uor ettt fie® SO R Eh8 heneTr iR har orob o WIS t RGP and
nodi fy tdietd) am@laXBbwsnlrreEefsxblenbradelémbnonﬁ thee cgeartes séneow@Enty
these fz nes My, t ellvereg b¥ t he en |neered ba&%@rla o V|ruses
or T4h CTel'f 80%? §oPY FRE2prESEst St ﬁ&emsulélﬁ:e RAsten

cont rast, agentus-ysi 6g rmﬁmh@lmmercelﬂhwms@w&naymm newypo es steae | @pﬁﬁlrfsor
enzyne- activated MRl tunor gﬁg|ng Thi s qggroach can be conbi ned with

t her apy X&' ¥hovil i n EHE St ol | ng SeEYTOMECIye 3/ 0 A3 PETYY BoS G4 Fs7

13 (b) Etﬂmm@ﬂfidsm x@ilﬂeélyﬁfdc&@ﬁt@hl§y§heﬁ§ef @ﬁm@frztsl Vathieg® fofre,t h1is
cont rast ents lengadollnlu first and ubsegggn%ly, t he

activati ¥ﬁeéﬁ@$ %%qeacg}ga %nb9ftM§I contrast agents e’ used

for tumor detection.

In addition to the above MRI contrast agent, similar new
contrast agents may be developed in which other types of
residues may be attached to the chelates. These residues can

be removed by their corresponding enzymes (similar to the
removal of galactopyranose by galactosidase) (e.qg. o-

mannosidases, a- and P-glucosidases, PB-glucuronidases) to free
the 9th coordination site of the Gd* ion and modify the T1
relaxation 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

tumor imaging.

This approach can be combined with therapy as shown in the

following sections.



sanme constitutively expressed enzyne (e.g. 5-gal actosi dase) -

One- Gene- Product - Based Detection and Therapy System (OGPBDTS) For exanpl e,
t he gadolwoioamoi43ased contrast agent can be activated by @&oTapey¥es7 e. g.
(3-gal actosi dase), as descri bed above, which can be used for tunor
detection. Subsequently, the |ntravenog§l y delivered prodrugs, such as
cBl, TM, PC (described in US-patent 646, 298), may be cl eaved by the

sane J3-gal : a t|ve toto iC

agai nst aﬁﬂ **** ¥of, Systens: _3’ A --" of
vect or s@ﬁenﬁomttrlaﬂme aﬁ\mtSGer(e- I@rodumotilBaseld @aﬁedumdmmnd fIh‘rSItapanﬁl c
Syst ens '. d. to a. constltutl e pronDter

t he enzéﬁ%ggg ) JEREY ¢
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pr ot ei ns Samdldwrmj:ngadbiveﬂymexpressbér enag'&uét se .and @e@@lﬁctésidﬁgéﬂ to an

exogenou vat abl e Qno. whi,
cxogenousl aetlaaall e Bael iy MY

positive by MRI. The activation of the vector-based prom)ter gene
construct is achieved by injection or by oral admnistration of the
activator drug. The repeated injection of the contrast agent allows the
real-time nonitoring of tunor size and |ocation of netastases during the
treatment procedure. WO 03/014380 PCT/1B02/04767 14 Preferably, for

t ransf ec thecII t ence encodi ng the (diagnostic or
theereu{E: é[g protel r%sde i bcéadf%g‘ltj{b]x)'@“s%a Cf CICP ?ﬁ?’l%%f:e%@g%FZ/ IGfm be
fl uorescent iRL@E NHRM &n PEESERL ' 'é & ve Lﬁél%té‘?é ?% Ss'afqé" kﬁ%%?ﬁﬁﬁé

person skilled in the art is tamliar exa efe
sequence@b@é[@/alvsfolcﬂe cent dhedsed afqrecbntoonardetﬂcrmg)n cofthsagngntly,

appr opri 8 exprEasl A, LAPSALE e%e S (ARl vl TUSES AL By Deppised,lp the

di agnostic or ar maceu composi t 'he”pres
bacu|ov|rd§scr1bed in US-patent 5,646,298), may be cleaved by the same

B-galactosidase in the tumors, to yield active cytotoxic drugs

against tumor cells for cancer treatment.

(c) Engineering of delivery vector systems with the Two-

Gene-Product-Based Detection and Therapeutic Systems
(TGPBDTS)

Gene 1 is linked to a constitutive promoter and produces the
enzymes/proteins for sensing the contrast agents (e.g.
metal-binding proteins, modified gadolinium, or other
agents) and gene 2 is linked to an exogenously activatable
promoter, 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
gene construct is achieved Dby injection or by oral
administration of the activator drug. The repeated injection
of the contrast agent allows the real-time monitoring of
tumor size and location of metastases during the treatment

procedure.



vacci nia, sindbis virus, Sendai virus, adenovirus, an AAV virus or a
parvovirus, such as MMM or H 1. The vector nmay also be a retrovirus, such
as MoMJLWwoNBWMuI®) HaMuSVv, MUMIV, RSV or GLV. For expre®€irapoz/o7éramal s,
a suitable pronoter is e.g. human cytonegal ovirus "imedi ate early
pronoter,, (pCW) . Furthernore, tissug and/ or organ specific pronoters
are useful. Preferably, the DNA sequenc é encoding, e.g., a |um nescent

and/ or fI protein tlvel lin Wi ha onoter all ow ng
hi gh expr esésf%%%}sﬁ £6 pr ontg{agr} SP @ 9i ndtici 515 l;%'p? E&é‘r e®WBHFERAGwn
to the percomisgi ithed Gdnacjmoatic Btrefmea:bayeuthe alp&w&mtﬁust:mbaﬁe

i nserted Ak%x?ethe bacterl enoge b acg) tegration. |f j;uc.h
const ruct® are madé i'n rra 88{1 ?16 54 J%ctp&ro S aBfy
transformeceseit limesa vmteh:t@rsmmgl ealt oPxpIsSes L don w;d:tolae genepakednf or

| ong-term ssion_.jin tunor, ce For_generatin ove described
DNA sequettts @P%(ﬁdlporth%oﬁg Nsd rﬁ& Wﬂ)ﬁk %P}%P Wn?gﬁ
contai n gaNAl sEAeneqiences, alkoi sbepoesnbhente@ use gerelcdmymidodsvkaawn in
the art. These nethods include e.g. in vitro reconbi natl on techni ues

synt het i CHEtHOYS And FRPEPREIR 8onb|e|’fz§’trle§r§l°r?et heFsS SR HeScr i bt FAPLe

Sanbr ook efrgdes Maiaecmtagr e adwW, il thabaiayaby tVenuad ,pia fngdbhit 9Ral
(1989) Cold Laboratory Press, Cold Spring Harbor, NY, for

Sprjng Harb
exanpl e. Ci\‘?é‘EFFFS?Ps oOf 4 ng@ctPHSSE }él sln8FnEﬁ8Hot:y%F%‘ég?y Rafelevhguin

03/ 014380, TJId B2/ Qdithib i slSviiranrsf egbanhs antred, exuassi Noud e BNAraY
sequences by using the above described vectors are known in the art. The

person sKIITEY PR thePaFYORASHS - DN G2 g8EndER! efiEoditly PREt siarko®. gay

| uni nescets Prod | HOLEEEBR Ot &, thatme@nLvhemdsRdv,n ﬁé}@lwagﬁeﬁtxw
and/ or pharmaceutical conposi t'ion of the pr esent invention. Duri ng th e

past decddte ?heCaldentfiy cRXPHASAREN d6! aTEre BT/ sbr Fetiadtl gepesmehesdi ng
l'i ght - e”hkil%ganOE%mS%1”6%@&%%&5%6&&r¢§0'"ﬁﬁﬁé@1££8”1é&?iyo promoter,,

(pCMV) . Furthermore, tissue and/or organ specific promoters
are useful. Preferably, the DNA sequences encoding, e.g., a
luminescent and/or fluorescent protein are operatively
linked with a promoter allowing high expression. Such
promoters, e.g. inducible promoters are well-known to the
person skilled in the art. Preferably, the above constructs
are inserted into the bacterial genome by stable
integration. If such constructs are made in mammalian cells
using mammalian vectors, stably transformed cell lines with
a single-copy insertion will be generated for long-term

expression in tumor cells.

For generating the above described DNA sequences and for
constructing expression vectors or viruses which contain said
DNA sequences, it is possible to use general methods known in
the art. These methods include e.g. 1In vitro recombination
techniques, synthetic methods and in vivo recombination
methods as described in Sambrook et al., Molecular Cloning, A
Laboratory Manual, 2" edition (1989) Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, for example. Methods
of transfecting cells, of phenotypically selecting



harveyi (Belas et al., Science 218 (1982), 791-793) and from Vibrio
fischerii (Foran and Brown, Nucleic acids Res. 16 (1988), 177), firefly

| uci f eraswo(ode1Med et al., M. Cell. Biol. 7 (1987), 72PCT3B)204a€quorin
from Aequorea victoria (Prasher et al., Biochem 26 (1987), 1326-1332),
Renilla luciferase fromRenilla renifoygis (Lorenz et al., PNAS USA 88

(1991), 4438-4442) and green fluorescent protein from Aequorea victoria

(prasher tarilsectGne, by (JO00)or 220 3N nhaNe DeCRofeser LOC Lhgt AL! ov

the tracing of bacteria, viruses or nu lan ce ased

eni ssi on . 2PRven stesiardidash vk o isx prass Hrowrnofint liése agenes in bacteria al |l ows
detection of bacterial colonies with the aid of the |ow |ight inmaging
canmera or individual bacteria under the fluorescent m croscope (Engebrecht
et al., Science 227 (1985), 1345-1347; Legocki et al., PNAS 83 (1986),
9080-9084; Chalfie et al., Science 263 (1994), 802-805). Luciferase genes
have been expressed in a variety of organisns. Pronoter activation based
on |ight ‘&% sBEERON usikid Lalix 1B thgs et o kieasni P gemmtensesnoereoding
denonst r gireft difhs, Rd zpbj a1083hdi RSIL a 166l |

i nf ect ed@)troot nodul éés) by Iﬁowhlglbgﬁ?w: %g%%ﬁ%_%%%% g?bglfelﬁgPI&? 3can
(1986), 968dsseB4n Ghenrfelagnegtic prndfantpina@wiicdd cqmees)ti@s70899) .

Fusi on oftniche LuxsAnand by es rgseted 03/ 80 [ 1,802/ 04,767
16 in a fully . qn(S:ti.onaI uci _g(?gse_prot er?gﬁ (égc ergéé%al B%Rﬁ%’ 861\élhe
(1989), 65928Ldd3gptiphi sahdgsi da0denéopFabl) sasuihuraduceenesnt enBadihdus
subtilis Baci: rj e . Xyl ose.pronoter. and then.fed
into i nséggﬂlta%@életltg% S g%%r{}égg%fé(%gl% %Egﬁ%aﬁenﬁFﬁ%ﬁagf v&ﬁ%hﬁﬁb? ng
of |ight haewieysi oiBadass condadt ed Sudiengea 218y (19d2) yi dea-gamer aandlherom

nmovenent _and .l ocgl.i thi on of _pat hogen{%/c bacteria in transgenic _arabidopsis
plants, WHCEHCcaft§CPREpat I‘lggﬁ‘ﬁ@a&r? atE®PPaL NycdedtCer 26466erRap- 16

| uci f er agegBesi, o yeNe €0RSELYCtL LG raGRONS rfked dy hocal hvaing ceil.

Pseudononas _or Ervinia spp.
Biol. 7 (1987), 725-737), aequorin from Aequorea victoria
(Prasher et al., Biochem. 26 (1987), 1326-1332), Renilla
luciferase from Renilla reniformis (Lorenz et al., PNAS USA 88
(1991), 4438-4442) and green fluorescent protein from Aequorea
victoria (Prasher et al., Gene 111 (1987), 229-233) have been
described that allow the tracing of bacteria, viruses or
mammalian cells based on light emission. Transformation and
expression of these genes in bacteria allows detection of
bacterial colonies with the aid of the low light imaging
camera or individual bacteria under the fluorescent microscope
(Engebrecht et al., Science 227 (1985), 1345-1347; Legocki et
al., PNAS 83 (1986), 9080-9084; Chalfie et al., Science 263
(1994), 802-805). o

Luciferase genes have Dbeen expressed in a variety of
organisms. Promoter activation based on light emission, using
lux AB fused to the nitrogenase promoter, was demonstrated in
Rhizobia residing within the cytoplasm of cells of infected
root nodules by low light imaging (Legocki et al., PNAS 83
(1986), 9080-9084; O'Kane et al., J. Plant Mol. Biol. 10
(1988), 387-399). Fusion of the lux A and lux B genes resulted



infection under the low light inmager as well as in tomato plant and stacks
of potatoes (G acom n and Szalay, Plant Sci. 116 (1996), 59-72) . Al of

t he | uci fwoagesi3expressed in bacteria require exogenousl yCadaed43abst r at es
such as decanal or coelenterazine for light emssion. In contrast, while
visualization of GFP fluorescence does, pot require a substrate, an
excitation light source is needed. Mdire recently, the gene cluster

encodi ng it ri ucifer . e prateins, for providing d a
W Ehin TR Gel T GArhol has T ok CDABE whe oL EdT at Be 15 * Xehbr hablas

| umi nescé@fs (IMEYhen6one- G282t nefhid. fBadber igeine (74b%)1992), ih87345384)
and Photg%_ Bi ochem 201 (1991),

cterjum.l.ei ognat hi..(Lee e ., Eur. J.
161- 167) aﬁ@ tPﬁﬁé#é#ﬁedsuﬁﬁféﬁﬁadFﬁﬁi§%F€§UEF7n§QQ?Qﬁﬁﬁ4W%oH§d@?ghFhe
em ssi on xylledepepdenbtelr exagentishy sskled dstimaie-H FanandezBynag,sand
Wl k, Gene.l1l5 1993&5 1@3&%732' %fct ria containing the conplete_|ux
operon seqUENEES w9 njEtd ed 51t i tYnedlI%RS - | ntpagiRgul af | ylight
i ntraveneunglsyioal | waed ddeiudtedal hgatdon Bad l1aeald zathes fakact erirgei n
live mce indicating that the |luciferase |ight em ssion can penetrate the

tissues ARYSEERhETY MA@ F3BARY ] IR YIRS dtagFeriapin Mersprbic 18
(1995), air%ﬂ;@@?)s.isv\op%h%%&ﬁhf’éﬁ / I&&2:‘394%@%610%Ztﬁb%&ﬁ?@hxmwa PAL

m croorgani smof the present invention is a erium i's not

t unor - t aPGePREeTebgCted 18t entBRidRrantt eFREHPNA KRSE ofcansidiuRite was
bact eri abesbhakpratibat ¥y ghtoche;usahul 3 segt. | Lion (Le.
BVPT (baqferiun} nediaﬁg% prgfeiﬁ thérapy lg% ﬁ%#%r ?%agpﬁg Igﬁg mﬁ?@h

m ght nofnpectarpr -wadeget ddrear bovi silatht niMabee las Twelperason insktbhedoi n
the art ¢ap %a§ﬁky'§gg§¥§f £ er| e r.e ot t -targeted by
connnnlygavgilable met od§¥ 2§§£a9§ﬁ% A%?ﬁ§§%9563@91§% ]fﬂggg%%%%% %?ﬁ'of
WD 96/ 40238. (F8P63af 6Py 7and direct applicability to humans, bacterial cel
| ines such as m |k and cheese associ ated m croorgani sns

All of the luciferases expressed in bacteria require
exogenously added substrates such as decanal or coelenterazine
for light emission. In contrast, while wvisualization of GFP
fluorescence does not require a substrate, an excitation light
source 1s needed. More recently, the gene cluster encoding the
bacterial luciferase and the proteins for providing decanal
within the cell, which includes luxCDABE was isolated from
Xenorhabdus luminescens (Meighen and Szittner, J. Bacteriol.
174 (1992), 5371-5381l) and Photobacterium leiognathi (Lee et
al., Eur. J. Biochen. 201 (1991), 161-167) and transferred
into bacteria resulting in continuous light emission
independent of exogenously added substrate (Fernandez-Pinas
and Wolk, Gene 150 (1994), 169~174). Bacteria containing the
complete lux operon sequence, when injected intraperitoneally,
intramuscularly, or intravenously, allowed the visualization
and localization of bacteria in live mice indicating that the
luciferase light emission can penetrate the tissues and can be
detected externally (Contag et al., Mol. Microbiol. 18 (1995),
593~-603) .



are preferred which are naturally consuned by nost individuals and have
intrinsic anti-tunor activity when injected directly to solid tunors. Such
bact eri a wWbD9/01438€¢| ude bacteria that were naturally isol aea/1Boxmvérunman
tunmors which devel oped co-exi stence (synbiosis) with a variety of types of
tunors or with a specific type of tunmory5 Extracellular secretion of the
therapeutic proteins by bacteria is nediated through either signal

pepti des E&refeecm%ﬁ,mﬁﬁepmt&idb G1i@kd 0fr PRLANGYSe s J0: PG 120di 14 onal
safety to the BMPT, bacteri al ir%ﬁacilbl e pronntgﬁés!,e%uc algweﬁ%‘f' ng n£ ucgd

| ac pronBPét Sy The WidER t dSexdybnousIgr ~ iR tr @ t erdpewt c apiteneitied
product i oy B hagt.erdal i LBTGr r@&g&?&&@g’fﬂ Pzi‘]bogtgﬁ ! '@5@8&8}1@5 In
ed. PTG has also own to be

bacteria has been well docunent _ _ een s
functi ondl® | wSpEBhotiar athpvartasenth anveakdon n(hdei t BYPT o(béatepianst er,

ot her ex ; : er | atjion.of \gene sion,.iLn
pacter | a halide: Cheoarar srenapal (R ERL"Lbo%: B hetfy SURLEETbEPe ]
pronot er Nodct Peatledndy—sahydicetetaeydliisted ato) ) Té¢bliez and TByj apdrson

Nucl ei c i S;: A2 9 , 03;12. - 1Q14 PCT/ 1.BQ2/ 04767 . 18
Tabl e 1. 'A&%(lg?rlp es’ of Etgl(ae%diggdgt g]a%‘ac?%srz%g% %@?ggﬁs%ggghm%ahcttebrelaus‘ggﬁi:hi n
t he presa&ite i poenttivgrer-Bactere¢dl bBr i edmdestyi @vainl Reler ertdosls,ai a.F.

Aer obes, .gra Pt acil| urt -bac i a, hogeni c (part
of nor mal g]fel (rl;%ea Bed-lé Selfﬁ%!ﬁggf)gg gh Slé%&lié%glr i6tc'uls On%efe%?déi %??gﬁgg i'sm needed by
human body); blastolysin 1971, J Bacte- fraction isolated fromL.

bul gari h i iol, 107; 382 ef |. 1975,
Bogaanoy o ab SLEbYr, Hat BACTI | ARRHf B0 Ar L 11069); HRY"FeautactRE AFsk

of devel gpildg Iciolam suobr asi milkmensd (M & ovs ks selc 1alte 2001 % o Bogshanoys et
ATCCH 11%%%‘ aﬁre%%;ébd F%N i%ﬁtt are naturally consumed by most
individuals and have intrinsic anti-tumor activity when
injected directly to solid tumors. Such bacteria also
include bacteria that were naturally isolated from human
tumors which developed co-existence (symbiosis) with a
variety of types of tumors or with a specific type of tumor.
Extracellular secretion of the therapeutic proteins by
bacteria 1is mediated through either signal peptides or
endogenous protein secretion pathways. To provide additional
safety to the BMPT, bacterial inducible promoters, such as
IPTG-induced Iac promoter may be wused to exogenously
regulate therapeutic protein production by bacteria. IPTG-
regulated expression of mammalian proteins in bacteria has
been well documented. IPTG has also been shown to be
functional in promoter activation in animals. In addition to
lac promoter, other examples of promoters that allow
regulation of gene expression in bacteria include the ara
promoter (activated by arabinose) and PLtetO-1 promoter
(activated by anhydrotetracycline (aTc)) (Lutz and Bujard,
Nucleic Acids Res. 25 (1997), 1203-1210).



57:259-261; Bogdanov et al. 1977, Biull Eksp Biol Med 84:709-712;
Ketlinskii et al. 1987, Vopr Onkol 33:51- 56; Wbllowski et al. 2001, Am
J din NwDro3/0738¢151S- 455S Lact obaci | | us Nonpat hogeni ¢ ( p&CT/1B62/030678l

flora beneficial organismKato et al. casei needed by human body); iv,
injected LC9018 strain of L. 1981, Gangllpscasel shows markedly inhibition of
the grow h of subcut a- 72:517-523,; Iy i nocul at ed sarcoma-180 in mce

Kato et 1 : . injected L. casel
f(at o et Ll el E : &Lg ) resemglnven er

T O0O5

] C SAX ;
| nrunol Irﬁﬁ,‘f#@{aher 26: 215 221 Eﬁ%ftclsﬂ'éﬁ’PP'I‘ us Nonpat t hogdni Refersase  bf nor mal
flora bepefiS§3l qr ganism M zutani and acidophilus needed hy human body);

inhibitofy effect on n liver tunmori- M tsuoka genesi s (M zut ani and| M t suoka
1980) ; rEALGES, gark-[dl - 1980, Cancer nmethyl hydrazine (DYH) -Tnhduced
intesti naf)osrtﬂ,gnrs iln male Lett 11:89-95; Sprague- Daw eM rats (Mclptosh et

g'ci égﬁgf ; Z ﬁ%%dt&%laﬁ n sﬁg}:ﬁlaf aﬁé B ﬁiorm, n&gg‘%%%? r geh
1T e T R

—

line (Bif

9
1999, Nutr VO 03/ 01 e eg( ogdan(jé?g?zéfgz{ ; Bogdanov et al. 1977; Ket- | 384;

linskii et al. 1987); may reduce the risk of developing
colon tumors in humans (Wollowski et al. 2001); Bogdanov et
ATCC#11842, al. 1975,
FEBS Lett
57:259-261,

Bogdanov et
al. 1977, Biull
Eksp Biol Med
84:709-712,

Ketlinskii et
al. 1987, Vopr
Onkol 33:51-
56;

Wollowski et
al. 2001, AmJ
Clin Nutr
73:4515-4558
Lactobacillus | Nonpathogenic (part of normal flora beneficial organism | Kato et al.
casei needed by human body); i.v. injected LC9018 strain of L. | 1981, Gann
casei shows markedly inhibition of the growth of subcuta- | 72:517-523;
neously inoculated sarcoma-180 in mice (Kato et al.
1981); shows antitumor activity from i.p. injected L. casei | Kato et al.
(LC9018 strain) (Kato et al. 1988); ATCC# 393. 1988, Cancer
Immunol
Immunother
26:215-221
Lactobacillus | Nonpathogenic (part of normal flora beneficial organism | Mizutani and
acidophilus needed by human body); inhibitory effect on liver tumori- | Mitsuoka
genesis (Mizutani and Mitsuoka 1980); reduces 1,2-di- 1980, Cancer
methylhydrazine (DMH)-induced intestinal tumors in male | Lett 11:89-95;
Sprague-Dawley rats (MclIntosh et al 1999); shows strong
antiproliferative effect of milk fermented by L. acidophi- | Biffi et al.

lus on the growth of a human breast cancer cell line (Biffi | 1997, Nutr
etal. 1997); Cancer 28:93-
99;

Mclntosh et
al. 1999, Nutr
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7-43;

Lactobacillus | Nonpathogenic (part of normal flora beneficial organism
sporogenes needed by human body);
Lactobacillus | Nonpathogenic (part of normal flora beneficial organism
lactis needed by human body);
Lactobacillus | ATCC#9338
ermentum
Streptococcus | Yogurt bacteria; nonpathogenic (part of normal flora be- | Kelkar et al.
thermophilus | neficial organism needed by human body); reported tu- 1988, Cancer
mor-specific transplantation resistance in mice after Lett 42:73-77,
treatment of initial tumors with S. thermophilus (Kaklij
and Kelkar 1996); T-lymphocytes are involved in antitu- | Kaklij et al.
mor activity exhibited by S. thermophilus (Kakljj et al. 1991, Cancer
1991); intraperitoneal administration of S. thermophilus Lett 56:37-43;
resulted in complete cure in a very significant proportion
of ascitic form of sarcoma-180 or Ehrlich ascites carci- Kaklij and
noma tumor-bearing mice (Kelkar et al. 1988); ATCC# Kelkar 1996,
BAA-250D. Microbiol
Immunol
40:55-58
Bacillus sub- | Nonpathogenic; B. subtilis bacteremia has been signifi- Banerjee et al.
tilis cantly linked with cancer patients (Banerjee et al. 1988); 1988, Arch
Intern Med
148:1769-
1774
Bacillus Nonpathogenic; peptidoglycan from B. megaterium inhi- | Nauciel and
megaterium bits tumor growth (Nauciel and Goguel 1977); Goguel 1977,
J Natl Cancer
Inst 59:1723-

1726




resulted in conplete cure in a very significant proportion of ascitic form
of sarcoma-180 or Ehrlich ascites carci- Kaklij and noma tunor-bearing
m ce (Kelwaro3mi43sd . 1988); ATCCH Kel kar 1996, BAA- 250D. NMcens@/abe7 nunol

40: 55-58 Bacillus sub- Nonpathogenic; B. subtilis bacterem a has been
signifi- Banerjee et al. tilis cantlye%]nked wi th cancer patients
(Banerj ee et aI 1988); 1988, Arch Int Med 148:1769- 1774 Bacillus

nepti doglvecan from-B. mc\n:\f erium-inhi- Nauciel and

Nonpat hogenic—p

megat er i Jﬁf"ﬂ'fhfss tunﬂ?lor’@?téﬁ?ﬁeﬂ“’( Nauci el and Goguel 1977); |Goguel 1977, J

Nat| Canc8edmpgst Q: 1723- 1726 \WD 03/014380 PCT/ 1 B02/ 04767 20 Bacill us
Nonpat hogéfradactpol ymjonaathegeeioias eeowings Apite and Yeatangbe (%Y - (Jranwhsags etSai t o and
Wat anabe | (i4@8¥g-Lanesheegishast the baariosimégm M vosgdartshpaedutadneal HAZE, Procogi n fr omv
snmegmat i $ mptioduced |ahorpliddopical demtionsrand inbibition phxyhiberisoek] gl Watk Adail Snis | and

i nhi biti on of synt hesbosuddic ddat, Heofg@tdmisddic acidemd paitedd 1@ tizeci |AJ Sdeoxyr i hbonucl ei ¢
acid and|protein in tidnsfordza but iodmtharof@shstohedwells”] N t he |MABRGE&RSF00N med
cells"; 72:3656-3660; Saito and Watanabe 1981, M cro-| biol | nmunol
25:13-22| Mycobacte- Nonpat hogenic; rium vaccae Mycobact|esaithampat hogeni c;
ATCC# 35782 riummnicroti Mcobacte- Nonpathogenic; sl owwhawbeg,
phot ochr pnogen 1981, Micro-

biol Immunol
25:13-22

L~

Mycobacte- Nonpathogenic;
rium vaccae
Mycobacte- Nonpathogenic, ATCC# 35782
rium microfi

Mycobacte- Nonpathogenic; slow-growing, photochromogen

rium habana | originially isolated from monkeys;

Listeria Intracellular pathogen

monocytoge-

nes

Enterococcus | Have been isolated from tumors and infection endocardi- | Milbrandt

Jaecalis tis, ATCC# 29212, 51299 1998, Clin
Cardiol
21:123-126

Aerobes, gram

negative

Escherichia Intravenously injected E. coli shows tumor-specific locali- | Shabahang et

coli ‘ zation. al.
unpublished

data




ri um habana originially isolated from nonkeys;

Listeria Intracel |l ul ar

pat hogen nonocytoge nes Enterococcus Have been isolated fromtunors and
i nfecti orwendocssdi - M | brandt faecalis tis; ATCCH 29212 pPCPFAB@N41€98, Cin
Cardi ol 21:123-126 Aerobes, gram negative Escherichia Intravenously
I njected E. coli shows tunor-specific Iggal | - Shabahang et coli zation.
al . unpublished data WO 03/014380 PCT/{tB02/ 04767 21 Sal nonel | a Ber nudes
and assog¢iales—haverysed+ntravenousty—i-njlectedPRawelek et al — typhi murium
Sal nonel | éﬁl%?”%{_z"pro ‘?rﬁ‘“@)eéla}l‘i/@s‘ffl%z‘f?@rusi slufnjegted hRpgelekebgdcar  1997;
Ber nudes | 8P"Erivmoopsaliepelio gbmprogtn dliverypisoior Papefleetrbs 571988 Gancet |al
2000: ) Bef nudes and [pnS¥3cBamades staha900: Llsamanbet 2k 3900; Zheawe| R PRYSHEpendent
[ (14) C] Fl AU accunul gtiabR0%k)Bstmydescand agsocigtey sowgdghtfmae-n t ubbdf; ti ssue
conpared|to nuscl e [BelmibEkdependentild§)4dFIAT] apoupdatioaofatl . 2001); Phage |
study of |t he i ntr avigleasaBO-feddigigher idymoniissis cardparet ts tusdlé on| Bdrmades etnuat ed
Sal nonel I a t yphi nu-| tissye (WpaiBr elal. 200 DnRiae [pakly efthsinwiteh Nt 2060,a88dve |mel anoma
showed NO 465: 57- 63} nouf\hdhhifiikikdTien ef dtemiatefl Soondla pphimi2002) Expl Med Biont| et  al .
2000, J |[Infect Dis|ridBo pefifs witlDfidastatio@mtinaha showed R000, | 83350463; Res 12: 127-
135; ANTITUMOR effect (Toso et al. 2002)
. Clairmont et

al. 2000, J

Infect Dis

181:1996-

2002;

Zheng et al.

2000, Oncol

Res 12:127-

135;

Tjuvajev et al.
2001, )
Control Re-
lease 74:313-
315;

Toso et al.
2002, J Clin
Oncol 20:142-
152

Vibrio cholera | Intravenously injected V. cholera shows tumor-specific Shabahang et
localization; nonpathogenic strains of V. cholera are al.
available; unpublished
data
Vibrio harveyi | Nonpathogenic; luminescent bacteria; ATCC# 700106.
Pseudomo- | Nonpathogenic; motile by means of multiple polar Hsueh et al.
nas fluores- | flagella; P. fluorescens bacteremia has been re- 1998, J Clin
cens ported in cancer patients (Hsueh et al. 1998); P. Microbiol

fluorescens can bind to nerve cells and behave as
a pathogen (Picot et al. 2001); normally grow at 26-

36:2914-2917,

30°C, but ATCC# 17583 can grow at 37°C. Picot et al.
2001, Micro-
bes Infect
3:985-995
Pseudomonas | P. putida bacteremia has been reported in cancer patients | Pekhov et al.
putida (Martino et al. 1996); L-Methioninase from P. putida 1983, Biull
depletes methionine and inhibits tumor growth (Kokkina- | Eksp Biol Med
kis et al. 1997); normally grow at 26°C, but ATCC# 95:87-88;

43142, 47054 can grow at 37°C.

Anaissie et al.




Tjuvajev et al. 2001, J Control Re- |ease 74:313- 315; Tosoetal. 2002, J
Cin Oncol 20:142- 152 Vibrio cholera Intravenously injected V cholera
shows tumwp-0sfpessd i c Shabahang et |ocalization; nonpathogemiiBoxtréen ns of V
cholera are al. available; unpublished data Vibrio harveyi Nonpathogenic;
| um nescent bacteria; ATCC4 700106. Pseélglorm- Nonpat hogeni c; notile by
means of nultiple polar Hsueh et al. n&s fluores- flagella; P. fluorescens
bact er emrahas—beenre=—1998,—3—€CcHHnr—~cens—portedi+n—ecancer—patients (Hsueh
et al. 1998); P. Mrobiol fluorescens can bind to nerve Y&f1Amand|behave
as 36:2914-2917; a4 pathogen (Picot et al. 2001): nornal Ige F2oMO%%t |26 30C,
but ATCC# 17583 can grow at 37C. Picot et al. 2001, M drid®bes Infect
3:985-99% Pseudonpnas P. putida bacterem a has been repgrted in cancer
patients|Pekhov et @al. putida (Martino et al. 1996); L- Ndattihostiahase from
P. putida 1983, Biull depletes nethionine and inhibits tiAeEugl ow h
(Kokki nat Eksp Biol| Med kis et al. 1997); normally grow Gin Migfopiobut ATCCH
95: 87- 88 43142, 47054 can grow at 37C. Anaissie et al. Nfct@s¢ 014880
PCT/ 1 BO2{ 04767 22 ({1987, AmJ Med 82:1191- 1194; Marti no |65:630-615;

Kokkinakis et
al. 1997, Nutr
Cancer
29:195-204;

Miki et al.
2000, Cancer
Res 60:2696-
2702

Anaerobes,
gram positive
Bifidobacte- Nonpathogenic (part of normal flora beneficial organism | Kimura et al.
rium bifidum | needed by human body); showed by Kimura et al. (1980) | 1980, Cancer
that “selectively localized and proliferated in several types | Res 40:2061-
of mouse tumors following i.v. administration” and “None | 2068;

of the same bacilli could be detected in the tissues of

healthy organs such as the liver, spleen, kidney, lung, Biffi et al.
blood, bone marrow, and muscle 48 or 96 hr afier i.v. 1997, Nutr
administration into tumor-bearing mice”; shows antiproli- | Cancer 28:93-
ferative effect of milk fermented by B. bifidum on the 99

growth of a human breast cancer cell line (Biffi et al.
1997); ATCC# 11863, 15696

Bifidobacte- Nonpathogenic (part of normal flora beneficial organism | Mizutani and
rium longum | needed by human body); inhibitory effect on liver tumori- | Mitsuoka
genesis (Mizutani and Mitsuoka 1980); B. longum was 1980, Cancer
shown to “selectively localized to and proliferated in 7,12~ | Lett 11:89-95;
dimethylbenz[a]anthracene-induced rat mammary tumors

after systemic application.” (Yazawa et al. 2001); was Yazawa et al.

shown to selectively localize and grow in hypoxic tumors | 2000, Cancer

(Yazawa et al. 2000); ATCC# 15707 Gene Ther
7:269-274;

Yazawa et al.
2001, Breast

Cancer Res

Treat 66:165-

170
Bifidobacte- Nonpathogenic (part of normal flora beneficial organism | Kohwi et al.
rium infantis | needed by human body); shows strong antiproliferative 1978, Gann

effect of milk fermented by B. infantis on the growth ofa | 69:613-618;




1996, Eur J din Mcrobiol Infect Dis 15:610-615; Kokkinakis et al.
1997, Nutr Cancer 29:195-204; Mki et al. 2000, Cancer Res 60:2696-
2702 AnaewoOlwam1438@r am positive Bi fi dobact e- Nonpat hogeni c PCpaBe2/@femor mal
flora beneficial organismKinura et al. riumbifidum needed by human
body); showed by Kinmura et al. (1980) 1980, Cancer that "selectively

| ocal i zed and proliferated in several types Res 40:2061- of npuse tunors
foll ow n i \L administration' and "None-2068: of the al coul d

be detecfed Tn the [uaepbiagcaneel iy G W9Pmndsthend | i ver, splleen,

ki dney, lung, Biffil| @morgells onspmese (Kabwhet afrelf Fl wekingrf alus ol Sekimgetad. 96 hr
after i.V. 1997, Nut¥985:Rekingptod 999 oATECER &569%n0r - bear i ng I9B&&anceshdws
antiproli- Cancer 28:93- ferative effect of mnilk fernment|desl§:1800-bi fi dum on
the 99 grow h of a fhuman breast cancer cell line (Biffi |el30&l. 1997);
ATCCH#H 11863, 15696 Bifi dobacte- Nonpat hogenic (part of normal flor
beneficial organism M zutani and riumlongum needed by |fckinactabdy) ;
inhibitory effect on liver tunori- Mtsuoka genesis (M|zi9paBioland|M t suoka
1980); B| longum was 1980, Cancer shown to "sel ectively BagaBilzed|to and
proliferated in 7,12- Lett 11:89-95; dinethyl benz[a] ant|higaagnss;i nduced r at
mammary tunors after systemc application.” (Yazawa et gl . 2001); was

Yazawa et al. shown to selectively localize and grow in ggpgxi c tuynors
2000, Canpcer (Yazgwa et al. 2000); ATCC# 15707 Gene Therjoéy 2q8r 274
Yazawa et al . Cancer 28:93-
99
Bifidobacte- Nonpathogenic (part of normal flora beneficial organism
rium latero- needed by human body);
sporus
Bifidobacte- Shows antiproliferative effect of milk fermented by B. Biffi et al.
rium animalis | animalis on the growth of a human breast cancer cell line | 1997, Nutr
(Biffi et al. 1997), ATCC# 25527 Cancer 28:93-
99

Actinomyces | Actinomycetes are fungus-like bacteria that form fila-
israelii mentous branches. They are known to reside in the mouth
and in the intestinal tract. Pathogenic proliferation of the
organisms, which is usually a result of trauma to the re-
gion of infection, can lead to actinomycosis.

Eubacterium | Eubacterium species are normal flora of the intestinal
lentum tract. However, they may cause opportunistic infections.
E. lentum, the most often isolated species, has been linked
to endocarditis and some wound infections.

Peptostrepto- | One of the most common bacteria found in non-sparing Chatterjee and
coccus an- anaerobic (NSA) infections in certain surgical group of Chakraborti
aerobius patients; ATCC# 27337 1995, I Indian
Med Assoc
93:333-5, 339
Peptococcus | Found in wound infections; Chatterjee and
prevotii Chakraborti
1995, J Indian
Med Assoc
93:333-5, 339
Clostridium Strict anaerobe; wildly in soil; motility is inhibited in the | Dang et al.
novyi presence of oxygen; Vogelstein lab (Dang et al. 2001) 2001, Proc

showed that “intravenously injected C. novyi-NT spores Natl Acad Sci
germinated within the avascular regions of tumors inmice | US A

and destroyed surrounding viable tumor cells”, “Large 98:15155-
numbers (up to 10° in a volume of 500 pl) of C. novyi and | 15160;

C. sordellii spores could be injected intravenously into
normal mice without causing any noticeable side effects.”; | Nuyts et al.
ATCCH# 19402 2002, Anti-
cancer Drugs




2001, Br
(part of

needed bywbuwaan3body) ;
mlk fermented by B.

east
nor nal

Cancer
flora beneficial
shows strong antiproliferative 197@CT@oM47€f f ect of
in antis'on the growth of a 69:613-618; WD 03/014380

Res
organi sm Kohw et al.

Treat 66:165- 170 Bifi dobact e-

Nonpat hogeni ¢

riuminfantis

PCT/ 1 B02/ 04767 23 human breast cancer ,gell line (Biffi et al. 1997) and
ot her tunor cell s or tunors (Kohvm et aI 1978; Sekine et al. Sekine et al.
198_5 Saki uc et ou ] J.H:ﬂOT, /—\lL,u+ 10(73/ }28§;:\id'lg;CI DRLC‘ 1??1?1’;%6 307;
Seki ne Tv 97, harmButt Lo ITH0= 199, o t—et : 997,
Nutr Car ;é"%m%w Ag?(%l ﬂ%obact e- Nonpat hogeni ¢ (part |[of nor mal flora
benef i ci|827%¢Eani-sin mct-af-ero—Reeded by huran—body} i —sporus
Bifi dobac@@””’%ﬁ’ﬁm MGC%%P?% erative effect of mlk fer frent ed by B Biffi
et al. bs@“Hini malli s_animalis_on the growth of a humanlhreast cangcer cell
line 1997losiginm( Bj TheysetalR2001) damppstrateriiSpecifBsargcting et er | T8ey93talgg
Act i nomycegloligrli-nopretieegicamipast iyl tunioksebylsaginesradLlostrat | A8¥NADPI a | srael i |
ment ous |beanches. ‘Dd‘m;n aetebutylown”; toher eddtetbpapers (Fheysabak h | EavichniMict he
intestinal tract. Pa®IOQEICC# §4ol i feration of the organrshid, which is
usually (a result of trauma to the re- ion of infection, |é&d295e48d01 o
actinomjcosis. Eubacterium Eubacterium species are nor rﬁ@l flora of| the
i ntestinal Theys et al.
2001, Cancer
Gene Ther
8:294-297
Clostridium ATCC# 17836
bifermentans
Clostridium The link between C. difficile and cancer patients has been | Anand and
difficile documented (Anand and Glatt 1993; Simon et al. 2000); Glatt 1993,
ATCC# 700057 Clin Infect Dis
17:109-113;
Schuller et al.
1995, Arch
Dis Child
72:219-222;
Wehl et al.
1999, Med
Pediatr Oncol
32:336-343;
Simon et al.
2000, Infect
Control Hosp
Epidemiol
21:592-596
Clostridium ATCC# 19401
histolyticum
Clostridium Pathogenic; C. perfringens bacteremia has been often Bodey et al.
perfringens reported in cancer patients; C. perfringens enterotoxin 1991, Cancer
kills tumor cells and reduce tumor growth (Michl et al. 67:1928-1942;
2001); ATCC# 3624, 13124
Michl] et al.
2001,
Gastroentero-
logy 121:678-
684
Clostridium Brown and associates at Stanford described that “To de- | Minton et al.
beijerinckii monstrate the specificity of this approach for tumor targe- | 1995, FEMS
ting, we intravenously injected the inactive spore form of | Microbiol Rev




| entum tract. However, they may cause opportunistic infections. E. |entum
the nost often isol ated species, has been linked to endocarditis and sone
wound i nfwotmonsso Pept ost rept o- One of the nost common baecenBe/doemnd in
non-sparing Chatterjee and coccus an- anaerobic (NSA) infections in
certain surgical group of Chakraborti a§robi us patients; ATCCH 27337 1995,
J Indian Med Assoc 93:333-5, 339 Pept% occus Found in wound infections;
Chatterjee—and prevotii Chakraborti 1995 J lndian Med Assoc 93:333-5,
339 O osfridi um St r| etbedrdiki pdichwpendrapsition 9@ reprodystive i t yl 5397134k bilt ed in
the Dang|et al. noﬁteml@éﬁ‘?@séh%ﬁ- cek yiereduciasg etnstNiftaret gb (Dang et |al .
2001) 2001, Proc s achty wasristeciatdain 8 of 1G erstdedneC. | ¥raeial- NT $por es
Nat| Acad Sci ger nj thafiest!S diys hiter inthazengusaigictoaof megivens of 1%6ufeane in mice
USA and destroyed sjudostridmed sprgesyindibdtiog toapidt transkibs from Spcag gell@83:1BE551 nunber s
(up to 10% in a vol uoeeppddubiDO sta)e” GenBronrbaly1992n dthdr5él6Bd [A78sor del | i|i spores
coul d beli njected i|npapers emGUEdijyrikdaiti qunid Largetingr{Miatonset dilout| causi ng any
noti ceabl e side effEenos, FEMHNMiérsbisitResl17:35AF6CH0:18402 2002 emiivhiet alcancer
Drugs WO| 03/ 014380 PObk), BAZICA4EB2 24 13:115-125 C ost rii dionGend CC¥ 9714
sordel | fii C ostridium ATCC# 27555 absonum O ostridi um|Theys7et- al. (2001)

denonstrated "Specific targeting of Theys et al. acetobutggli- cytosine
deani nase Q&rr@ih 9 [HIRHIGs Dprdphde; TR FhLeihkd at Stadtbed APRL et LUM dI €M
acet obuty !9]509‘%9’1?’5’ o hczﬁéc €4 ALEY, RARSHiedivdry BEYFC Ghto Alce pkMY ! I 2 Nas 1999) ;
ATCC# 824 robl ol 65 0 %jéc% Qﬂ'fith CD-transformed spores of C. sporo- Ther 9:291-
genes produced greater antitumor effect than maximally 296
tolerated doses of 5-FU”; ATCC# 19404
Staphylococ- | Non-motile, non-sporing and facultatively anaerobic; a
cus aureus halotolerant (salt tolerant) organism associated with the
nasal mucosa of mammals which has both benign and
pathogenic strains; S. aureus bacteremia is frequently seen
in cancer patients; ATCC# 25923
Staphylococ- | Nonpathogenic normal microflora component of the skin;
cus epidermi-
dis
Anaerobes,
gram negative
Acidamino- Found in wound infections; Chatterjec and
coccus fer- Chakraborti
mentans 1995, J Indian
Med Assoc
93:333-5, 339
Plant bacte-
ria, gram
positive
Clavibacter Pathogen of tomato
michiganensis
subsp. michi-
ganensis
Plant bacte-
ria, gram
negative
Agrobacte- A. tumefaciens in plant tumors (Ullrich and Aloni 2000); | Aksac 1974,
rium tumefa- | Kunik et al. (2001, Proc Natl Acad Sci U S A 98:1871- Turk Hij Tecr
ciens 1876) described “Agrobacterium attaches to and geneti- Biyol Derg




Theys et al. 2001, Cancer Cene Ther 8:294-297 dostridium ATCC# 17836
bi ernmentans Clostridium The |link between C. difficile and cancer patients
has been Woandissd difficile docunented (Anand and d att PC39B¢2/@réron et

al. 2000); datt 1993, ATCC# 700057 din Infect Dis 17:109-113; Schuller
et al. 1995, Arch Ds Child 72:219-222; Whl et al. 1999, Med Pediatr
Oncol 32:336-343; Sinon et al. 2000,29nfect Control Hosp Epi dem ol
21:592-5 ClostridiumATCCHE 19401 histol tij cum Clostridium Pathogeni c;

C. perfr{ngens bact|eplbnirznsierns sess ties efhupariesfis’e it hag been pStHdidShgens| reported
in cancef pati ents;| reportedihptantbpslies agamsed dwaseders 99, Cancer kil | s| t unor
cells and reduce t Urfoundgn paiiehis (vivh vdrlougcanedrs (AsFacl928-Tugd 2 Zampyeki)et ATCCH
3624, 13{24 M chl ¢tHipTecr BRobDerg 8444-f Degrowrb26-38GyATCEY 62819684 Cl pstri di um
Brown angd associ at gs158%5 St anf ord descri bed that "To de- |MoeitAppl et @l .

Genet 1:361-
370,

Rezmer et al.
1999, Planta
209:399-405;

Ullrich and
Aloni 2000, J
Exp Bot
51:1951-1960;

Azmi et al.
2001, Planta
2001
May;213(1):2
9-36,

Kunik et al.
2001, Proc
Natl Acad Sci
USA
98:1871-1876
Erwinia her- | Non-capsulated, non-spore forming, short rods with a Meadows et
bicola single monotrichous polar flagellum, and are harmless to | al. 1976, Can-
humans; purified tyrosine phenol-lyase from E. herbicola | cer Res
significantly inhibited growth of established B-16 mela- 36:167-167
noma tumors;

Azorhizobium | Symbiotic, colonize plants, fix nitrogen;
caulinodans
Xanthomonas | Pathogen of pepper and tomato
campestris pv.

vesicatoria

Xanthomonas | Pathogen of beat and cabbage; E. coli lac promoter was Soby and Da-

campestris pv. | shown to be functional in this plant pathogen; niels 1996,

campestris Appl Micro-
biol Biotech-
nol 46:559-
561

Note: The content of this table is by no-means to be exhaustive. Any other similar bacterial

strains, which are not listed in this table, are also considered to be included.

Particularly preferred is attenuated Vibrio cholerae.



beijerinckii nonstrate the specificity of this approach for tunor targe-
1995, FEMS tin g, we intray_enousl _, injected the inactive spore form of

M cr obi ol wBe/0Y\38©3/ 014380 PCT/ |1 B02/ 04767 25 C. beij eri n®KiriiBoaMIreh upon
transition to a reproductive 17:357-364; state will express the E. coil
nitroreductase gene. N trore ductase agt7| vity was detectable in 10 of 10
tumors during Fox et al. the first 5 days after intravenous injection of

i nactive 1996, CGene clostridial spores, indicating a rapid transition from
spore Ther 3:173- to reproductive state" (Lemmon et al. 1997); other

rel at ed A78urphper sxamnete béi pebntkiri unumse fudr fetr rigre Mraparadtical .01995,

FEMS M cxo X al t 996 ATCCH 25752
1997, Ge‘%etz:l %ﬁ; %1%%%8%@%%5% i g%ﬁm%ﬁm@ pOTaopf]i’megn%F%V\ﬁ\n%ncF
associ at ‘éfsemp@u‘amortdlmru treatmenspdrogenesmgtestira bedcthaiun  (Metal-
system E c revi 00 Gene njected with
CDytranslg%al(riiﬁ%e%élelggd%rjl'5 %&is%g?%l ﬁﬁ@r% ﬁ%teczt nes prggg@iﬁ zyreatcé q'l
anti t unobaetéecs taﬁeimmakumhfl ydebéctioh ertaixeﬂlginseheofadicﬁhﬁla’éﬂ'@# cli9404

aureue. haT g o r ey aGr et or dPEhe) uPalarah Rl R ot o kel
mucosa offrwamﬁi:es%hl calmmasnd:mime beaegmmancﬂs patitegeni£r&t raapabls. @i eus
Nonpat hOBERT S KB I SFEF | BPA SaroOnoht Cat )t neSLRFRAO Sag i tier MO 5
Anaer obedicrgbanl negatd ve(Aeg2pm nal7Fewed i n meundol nfRret i onseyChathey | ee
ggg Coccgfléféﬁth%§£?b8£ akenﬁghﬁﬂgngggahléh. qi owN%%eﬁfﬁgg u%%l%%% 5
both insoluble and soluble forms of iron. Magnetospirillum
magneticum AMB-1 1is an example of such magnetic bacteria
that has been isolated and cultured for magnetic particle
production (Yang et al., Enzyme Microb. Technol. 29 (2001),
13-19). Since it can be expected that these magnetic
bacteria (naturally occuring or genetically modified), when
injected intravenously, possess the similar tumor
accumulation ability as that of Vibrio cholera, for example,
these bacteria can be used for accumulating iron-based
contrast agents in the tumors, which in turn allows tumor
detection by MRI. Similarly, other naturally isolated metal-
accumulating strains of bacteria can be used for tumor
targeting, absorption of metals from contrast agents, and

eventually tumor imaging.

Alternatively, viruses such as Vaccinia virus, AAV, a
retrovirus etc. are also useful for the diagnostic and
therapeutic compositions of the present invention; see Table 2

listing examples of viruses useful in the present invention.



Pl ant bacte ria, gram positive C avibacter Pathogen of tonmato

m chi ganensi s subsp. mchi- ganensis Plant bacte- ria, gram negative

Agr obact ewOA3/01438®f aci ens in plant tunors (U lrich and Al ecTr/1R@@ye7 Aksac
1974, riumtunefa- Kunik et al. (2001, Proc Natl Acad Sci US A 98:1871-
Turk Hj Tecr ciens 1876) descri bed "é%robacteri um attaches to and geneti -
Bi of Der WO 03/014380 PCT/I1B02/ 04767 6 cally transforns several types of

numen Copls b blitSoPAlecl M B prel BPRLAERI N2 aNti bOCi e5 against A
J . S

t uef aci SV vartous—cancers \N\%ﬁﬁ&%, Tk
Zanbr yski— SR SURNS Toor Bivol Per IS ISSEUPEM . op oy ot 261 30c RRBFEGES,)
1982, ") | "F8Gm8 it | Niivestiie it Hisl s Kapsifpiariot ot | Yigby 2080 4 o
209: 399-405; Ul | r i BFFessay oAy acompdation by mirgvepgyisly imjqc- 1 ogablisigddata Azpi gt
al . 20CIJZZ_PJ_anL@ﬁ ﬁdﬂ/ﬂc%?m%(1\rj Q-36: Kunik et al
pstein-Barr
Virus
Human zur Hausen 2002, Nat
papillomavi- Rev Cancer 2:342-350
rus
Retrovirus
Adenovirus Lindsey 2002, Lancet
Oncol 3:264
Adenoassoci-
ated virus
SV40 virus
Cytomegalovi-
Fus
Newcastle safe, replicates in and kill tumor cells; local injection is Schirrmacher et al.
Disease Virus | more effective than systemic injection 2001, Int J Oncol
18:945-952
Bovine en- Bovine enterovirus has been shown to exhibit wide tissue | Smyth et al. 2002, Int J
terovirus tropism for cell types in vitro. It also shows oncolytic Mol Med 10:49-53
activity towards human cells.
Lymphocytic | high stability, low toxicity, and broad host range Beyer et al. 2002, J
choriomenin- Virol 76:1488-1495
gitis virus
LCMY)
Lentiviruses
Derivatives of | safe, live attenuated, has been shown to induce regression | Grote et al. 2001, Blood
the Edmon- of human lymphoma xenografts in immunodeficient mice | 97:3746-3754
ston-B strain
of measles
virus (MV-Ed)
Herpes sim- Lachmann and
plex virus type Efstathiou 1999, Curr
1 Opin Mol Ther 1:622-
632;
Wu et al. 2001, Cancer
Res 61:3009-3015
Attenuated powerful vaccine, safe Barrett 1997, Biologi-
yellow fever cals 25:17-25;
(YF) virus
McAllister et al. 2000, J
Virol 74:9197-205

Note: The content of this table is by no-means to be exhaustive. Any other similar viral strains,
which are not listed in this table, are also considered to be included.



2001, Proc Natl Acad Sci USA 98:1871-1876 Erwi nia her- Non-capsul at ed,
non-spore formng, short rods with a Meadows et bicola single nonotrichous
pol ar fl| ayelodom3sand are harm ess to al. 1976, Can hunansPCpaBXi4eer
tyrosi ne phenol -1yase fromE. herbicola cer Res significantly inhibited
grow h of established B-16 nela- 36:167-167 nonma tunors; Azorhi zobi um
Synbiotic, colonize plants, fix nitrogemn, caulinodans Xant hononas Pat hogen
of .pepper_ and t to__canpestri,s pv. vesicatoria Xanthononas Pat hogen of
beat andaﬁéﬁﬁﬁ§§y§ B8 VIAS ot Weds V8SBY rand Da- canpestris pv.
shown to be functional in this plant pathogen; niels 1996, canpestris App
M cro biol Biotech- nol 46:559- 561 Note: The content of this table is by
no- means to be exhaustive. Any other simlar bacterial strains, which are
not |isteddrRrbhlg,tablie arg1al s conshder ed dmdee iicncl gded thRapbeaubar |y
preferred is attenuated Vibrio cholerae. WO 03/014380 PCT/1B02/047/67 27 A
further SeEREEdtdPNa0EaEREr PLASERE!IVIIAhd SHrepiiaEildatorfeld dPafndstic
conposi t iggRyf OFkef UFOIGH @Y RGNOT LEDNU LS IdHA  bher apestd LoddiPr dJ eahgent
is a magnetic bacterium (Metal- Binding-Bacteria-Mdiated Tunor Detection

( MBBMTD) PrIspdgm - baBrarpheal P owiilitbrlcdseddt L¥ReE habRghRee dt didificatsi-on of
i ron-based contrast agents. Magnetic bacteria can be isolated fromfresh
and marine sedinments. They are capable of producing magnetic particles
(Fe304) (Bl akenore, Annu. Rev. Mcrobiol. 36 (1982), 217-238). To do so,

they have efficient iron uptake systens, which allow themto utilize
Table 3. Examples of mammalian cells useful in the present invention:

Mammalian cells Brief description Reference
Stem cells It has been shown that neural stem | Aboody et al. 2000, Proc
cells implanted intravenously Natl Acad SciU S A

outside the central nervous system | 97:12846-12851;
target to an intracranial tumor.
Additionally, when implanted Herrlinger et al. 2000, Mol
intracranially at distant sites from | Ther 1:347-357

the tumor, such as into the
contralateral hemisphere or into
the cerebral ventricles, the donor
neural stem cells migrate through
normal brain tissues to target the
human glioblastoma cells.
Different types of tumor cells For example, ovarian cancer cells
have been shown to infiltrate the
pleural space of patients to target
malignant pleural mesotheliomas
(Harrison et al. 2000, Ann Thorac
Surg 70:407-411). We have
shown that intravenously injected
fibrosarcoma cells accumulate in
breast tumors and subcutaneous
glioma tumors (Yu et al.
unpublished data).

Note: The content of this table is by no-means to be exhaustive. Any other similar types of
mammalian cells, which are not listed in this table, are also considered to be included.

In a further preferred embodiment of the diagnostic and/or
therapeutic composition of the present invention the luminescent
or fluorescent protein 1is a luciferase, green fluorescent

protein (GFP) or red fluorescent protein (RFP).



bot h i nsol ubl e and soluble forns of iron. Magnetospirillum magneticum
AMB-1 is an exanple of such magnetic bacteria that has been isolated and
cul tured worospegsetic particle production (Yang et al., EBozjyBe/NMi€r ob.
Technol . 29 (2001), 13-19). Since it can be expected that these nagnetic
bacteria (naturally occuring or geneti c%l y nodified), when injected

i ntravenously, possess the simlar tunor® accunulation ability as that of

Vibrio c era, : Le, a j be.used. for accunul ati ng

i ron- basrelgJ %orﬁgrrgélt&ig%gﬁi ?ﬂéfﬁéﬁ?(gm%%@%g%g%ﬁ’ i ﬁChteurIchéW%ﬂ%arﬁﬁ%r oF

det ecti orfeldy MR .th& miagriogtict lerd/vat whalrmgcesalab&dcompakitacsusdl ahing
strains eri : u . r . targeting, absorption . of netals
from con Fggggggeﬁgggﬁgﬁgﬁ eggﬁ %wéq%i%unﬁ¥nﬁﬁ%8§ng% AFEPna ey 9vi Puses
such as Vabsitmedevi fos, AAY, duciéerasér usIet canar evahsomssefl ulprk@ertbe

di agnost i er utj.c,.c Ltions of .the present.invention; see
Table 2 eﬁF@?ﬁﬁghgka%%%eé&%ﬁranr %%égmuéﬁﬁtﬁe%ln(fﬁeg%?egéﬁgnPﬁ éﬂtFBH?OﬁD
03/ 01438phRCTErBORL04Y6¢om@BsTabbe 2f Erenpbmssaft vimwsesidsetohtaing he
present i nventfj on: Viral .strains Brief deEcr' ption References Vaccinia

virus Ve v Bhowi RIS 3T al CERSAE F neVRithiGse TR IR | $heor Handdlal

2002, un-lurecessaly ienc) Ui agediblaki Qrdy cbRAr aVenauUstys | iker  the
published data ted Vaccinia virus. Epstein-Barr virus Human zur Hausen
2002, NaCoRyEFill | dfadi -S RN CafyBENet 322350 v/l eRet PBYL) uprongdieovi @ fis

Lindsey 2002 dsaneet tnneakcBaRB4-.Adanqassoci ated virus

A preferred use of the microorganisms and cells described
above 1s the preparation of a diagnostic composition for
tumor-imaging. The diagnostic composition of the present
invention can be used e.g. during surgery, to identify tumors
and metastasis. Furthermore, the diagnostic composition of the
present invention is useful for monitoring a therapeutic tumor
treatment. Suitable devices for analysing, e.g., the
localization or distribution of luminescent and/or fluorescent
proteins in an organism, organ or tissue are well known to the
person skilled in the art and, furthermore described in the
literature cited above as well as the examples, below.
Additionally, the microorganisms and cells can be modified in
‘such a way that they bind metals and consequently are useful

in MRI technology to make tumor localization more specific.

The present 1invention also relates to the wuse of an
antimicrobial, e.g. antibacterial or antiviral compound, e.g.,
peptide or protein fused to a detectable protein for the
preparation of a diagnostic composition for tumor-imaging or
monitoring a therapeutic tumor treatment. This diagnostic
composition is useful for tumor detection through the binding
of the antimicrobial compound, e.g., a light-emitting or
radiolabeled antimicrobial peptide/protein with bacteria

localized in tumors (Peptide-Linked-Tumor-Targeting-Vector-



SV40 virus Cytonegal ovi- rus Newcastle safe, replicates in and kill tunor
cells; local injection is Schirrmacher et al. Disease Virus nore effective
t han systwoios/oi43pecti on 2001, Int J Oncol 18:945-952 BoviPaa/1BoR/04BovVi ne
enterovirus has been shown to exhibit w de tissue Snyth et al. 2002, Int J
terovirus tropismfor cell types in vitgﬁ. It al so shows oncol ytic Ml Med
10: 49-53 activity towards human cel |l s.”tynphocytic high stability, |ow

toxicity,. and. broa Qstkygyange Beyer et al. 2002, J chorionenin- Virol
76:1488-f}éh?caiQH gEﬁirugb?ECNV) Lentiviruses Derivatives of safe, live

attenuat ed, has been shown to induce regression Gote et al. 2001, Bl ood

t he Ednon- of human | ynphona xenografts in i nmunodeficient mce
97:3746-3754 ston-B strain of neasles virus (MV Ed) Herpes sim Lachmann
and plex virus type Efstathiou 1999, Curr 1 Qpin Ml Ther 1:622- 632; W
et al. 200E GRIENt RednBERBDOV- 30150A! tehpdiasd power thle vatd neofsaka

Barrett A - yeldo ; S 25:.17-.25: i Al Lister et
ot 2000, T iEzPIRy K0\ CUA QR RS b Pyl YoLBabil B8
no- neans Pepy tidleexhpaustiotee inAnyfuselkler tgi i | shevppalititr apnsteimhifidr atbenot

listed i E)&%?é%at@glng’o A ggx:a;:%a?%e ij_%edrle%otm?v\?l%q t'l%%l "fgll%? ljcsu\ﬁ@ro‘?(!h%:lr%?ﬁ)%/o

PCT/ | BO2 refer virus is-vaccini a

Examples of naturally occurring antimicrobial proteins include
ubiquicidin (UBI, 6.7 kDa) and lactoferrin (hLF, 77 kDa). UBI
was originally isolated from murine macrophages and later from
human airway epithelial cells. hLF is found in mucosa and
neutrophils, and is known to bind to surface structures of
both gram-negative and gram-positive bacteria. Small synthetic
peptides containing the bacteria binding domains of UBI or hLF
have been designed for imaging of bacterial infections, which
can be discriminated from sterile inflammations (Nibbering et
al., Nucl. Med. Commun. 19 (1998), 1117-1121; Welling et
al., Nucl. Med. Biol. 29 (2000), 413-422; Welling et al.,
Eur. J. Nucl. Med. 27 (2002), 2929-301). These peptides are
radiolabeled with °"Tc, which allows real-time visualization
in live animals using planar scintigraphy. For example, a
planar gamma camera (e.g. Toshiba GCA 7100/UI, Tokyo, Japan)
equipped with a low-energy deneral-purpose parallel-hole
collimator can be used to visualize the distribution of
mpo-labelled antimicrobial peptides in live animals or
humans. To apply these synthetic ©peptides for tumor
detection, first the tumorous individuals are infected with
a particular strain of extracellular Dbacteria. After
bacterial colonization of the tumors, the radiolabelled
compounds, e.g., peptides are delivered intravenously.
Specific binding of the labeled peptides to the bacteria in
the tumors can be visualized in real time by scintigraphy,

which therefore allows the localization of tumors in humans



Preferably, the cell of the diagnostic or therapeutic conposition of the
present invention is a manmalian cell such as stemcells which can be
aut ol ogouwOms/0hsBer ol ogous to the organism Exanples of eariBoareel |
types are shown in Table 3. Table 3. Exanples of nmanmalian cells useful in
t he present invention: Manmmalian cells i ef description Reference Stem
cells It has been shown that neural stenfAboody et al. 2000, Proc ceIIs

i mpl ant ed _i traveno sI y Acad, Sci utside the centg nery
oot om o PDpaat 3855”1 Bhet SIRL RSPt HRer e Lt ifor MLAdG L ared Ly Cofhen
i npl ant ed:dﬂ@“ddﬂd@,ereet; al sy&&%tﬂwlpepmd@@r aahabﬂy.-‘soal’bediBi]@élleal treshf rom

Ther 1:347-357 the tunor, such as into the contrala eral %m phere _or
into th&TAMFEEVent rief es, %H?efwa%%marméité cePRS A grea?‘te tRFough

nor mal br@snalﬁmﬁoﬁomsahgemtzhe;r hew@nc ghpobhast erm ¢od | Babdi éfewenh
types of tumor cells For exanpl e, ovarian cagcer cells,, have been shown to
infiltrat@dRPupledesr spsbeast palfient®to tHAdE! - malli gidht pPEURAR-

nmesot hel i1G1fRss 1 kdiakfil S0M Bfa Bl on 2000, sAmTTIheracpEBUr gré@tAlimdid),. Y8ehave
shown that intravenously injected . fibrosarcoma cells accunulate in br east

tunors afPTRBEHBNBuS 'glﬁlﬁ}?‘ﬂqﬁ%rgei’?&d@ﬁ &20 yhpabPesHaP @i ay¥ithot e

The cont entudfedddstt abl-6pks, bY rNAoFRARS IO RE-dBUST I V8ucANYa 8t NgEecen
simlar types of mamalian ceIIs which are not listed in this table, are

al s0 considRATRF 3N bePTAEPUAed CHI £F WERRE) pr BFerltetl RARRR FeRT O5F 1P Re
di agnost i (%1?&9'/ 8? ALST APLUG LE 1 GRHTQY T PDrQEl(é/hel@éfﬁgﬂésé?V%f opeLhe

| um nescent | uorescent protein is a luciférase, green fluorescent
protein ((GFR ‘Olrsut@blZ&U@O@s@@nﬁnprmwctlﬂjm.

In addition to UBI and hLF, there are many other examples of
antimicrobial peptides/proteins produced by bacteria,
plants, invertebrates, and vertebrates including humans
(Schroder, Cell. Mol. Life Sci. 56 (1999), 32-46; Cole and
Ganz, Biotechniques 29 (2000), 822-826, 828, 830-831) which
are useful for the purposes of the present invention, e.g.
pediocin PA-1 from lactic acid bacteria, gramicidin S from
Bacillus brevis), protegrin-1 from porcine leukocytes, SMAP-29
from sheep myeloid cells, buforin I & buforin II from Asian
toad, beta-defensins, LL-37, a fragment of human cathelicidin
hCAP-18, arasin I from catfish, granulysin, PAMP from
Propionibaeterium jensenii etc. Based on these naturally
occurring antimicrobial proteins, small peptides can be
designed and synthesized to retain the Dbacteria-binding
capability while eliminating 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
(e.qg. peptides/proteins), antiviral compounds (e.qg.
peptides/proteins) may be used for detecting viral particles

in the tumors. Lactoferricin 1is one of the examples of



WO 03/014380 PCT/1B02/04767 30 In a particularly preferred enbodi nent, the
m croorganismor cell of the diagnostic and/or pharmaceutical conposition
of the pwegeani43Bnventi on additionally contains a gene en®CWiIBeR/&767
substrate for the luciferase. In an even nore preferred enbodinent, the

m croorgani smor cell of the diagnostic and/or pharmaceutical conposition
of the present invention contains a r@é—gfp expressi on cassette which
contains the Renilla luciferase (ruc

e | i ) and Aequorea gfp cDNA sequences
under th@ntéBherbl PEPTA IS PERGSIPnithétt darty/ Faee gﬁEFE¥”ﬁ¥bﬁ%¥%ﬁli%s
Vacci ni argg th&e%é‘é@&%E cassgite.pA-prefesred use ofadhei oh cr agy ganisdrs
and cells described above is the preparation of a diagnostic conposition

for tunPRLiBAGFAGLaTher ek BB RC tHpos CLiS6HSSR Y heTpreSefbel  Avention
can be usegne-gmid¥1hg9psHEEehYprbBel UEHELEYN t HARE OGN ARIARMAY S.can
Furthernoré, the diagnhostic conposition of the present invention is useful
for noni 8&FPnBeavEREr &peFairgetukGcteidatfe ML IS AR HART e figimors

anal ysi ng,erfmort BEteh@gahi zation or distribution of |um nescent and/or
fluorescent proteins in an organism organ or tissue are well known to the
person skilled in the art and, furthernore described in the literature
cited above as well as the exanples, below Additionally, the

m croorgani sms and cells can be nodified in _ such_ a t hat, t hey bi nd
metal s aH@resvsEquERel pralaigserdp ! FHmWRPn?e€ﬁﬁoF5b3%é§ I&?t?ﬂﬂﬁtéi_

| ocal i zabk gR i ABr &13ReGIH | crudienh Presende + mveindd 0Muabso Tel@idhd wédgorise

of an antimcrobial, e.g. antibacterial or antiviral conpound, .e.qg.,
pepti de BELEESLEPN fU%@HgY%)h déC&ct aBFeSpF 5 eI n T tﬁ@gﬁﬁPgﬁgﬁaPioﬁa%f a

di agnost {,g ¢aIRASi G dy EHADr 2BBYHAEGOR O r@ﬂétgkb@gna tihefcanaeii cid unor
treatnment. This diagnostic conposition is useful for tunor detection
through thaolisndPigerofaliiering it ol ngorbolthe, B15goD £LAIGHUEN ¥R ng
or _radi ghabel 6d, A0l L0 erobicall PRI dekprongi) Wddhbagiari (hocalized in
tunmors (Peptide-Linked- Tunor - Tar get i ng- Vect or o
be used for detection by MRI, PET or SPECT) are injected
intravenously. Binding and absorption of the metal agents by

the bacteria etc. will allow indirect tumor detection.

The present invention also relates to a pharmaceutical
composition comprising a microorganism or cell containing DNA
sequence (s) encoding a cell receptor capable of binding a
ligand and furthermore a ligand which is coupled to a toxin (=
chimeric toxin). Suitable 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 Tfn-CRM 107 chimeric toxin was prepared by
conjugating transferrin to the mutated diphtheria toxin CRM
107 (Johnson et al., J. Neurosurg. 70 (1989), 240-248),
which targets the transferrin receptor. Second, the 425.3-PE
immunotoxin was prepared by conjugating anti-EGF receptor
antibody to the whole Pseudomonas exotoxin A (Myklebust et
al., Cancer Res. 53 (1993), 3784-3788). Third, the Tfn-PE
was prepared by conjugating transferrin to the Pseudomonas
exotoxin (Hall et al., J. Neurosurg. 76 (1992), 838-844;
Hall et al., Neurosurgery 34 (1994), 649-656) . It could be

shown in animal models and human patients that these



WO 03/ 014380 PCT/I1B02/ 04767 31 Detection (PLTTVD)). The present invention
also relates to the use of an antimcrobial, e.g. antibacterial or
antiviralwoeapoussd, e.g., peptide or protein fused to a POEFABEAMTGTC
protein for the preparation of a pharnaceutical conposition for tunor

t herapy. Exanples of naturally occurri$¥ antim crobial proteins include
ubiquicidin (uBl, 6.7 kDa) and | actofertin (hLF, 77 kDa). UBI was
originall ed cro es.and | ater_ .fr. uman_ai rway
eplthella %%i% ﬁé f%pnuéﬁgggaﬁﬁmoﬁeut?85&Vf%l%ﬂui|§gﬂﬁ8§% to
bind to $mduﬂﬂpbﬂa$mmmaessMalbothlgnﬂum@g@amaeEﬁﬂgg&ammxmemmgfafts
bacteri a. II nt hetic eptides ntai ning the bacteria |nd|n .domai ns
of UBl ofifLF* 5%5: esi fort Wi iy Bf et SFRHpaR fe%?? hEla

whi ch camirhes diser |mn@t@g‘rteﬂn ger speci i bamgt | ersré&Nsbberamgretrial .,

Nucl . Med. gggyu 9932 :&117 1 21; Vel li et _al., Nucl. Med. Biol
29 (2000)CFPEUDD:; O%| Uk EGPmOE Cﬁﬂg‘i M4ovIRI( ShEo)use of
2929- 301)thes'la”lesﬁeﬁépﬁ:b@‘esza&fg%tlﬁfgdl otnbrked W tho:090dcC, reli chad | eMEor
real-tln%&ylsuallzatlon in live animls using planar SC|nt|graphy For

exanpl e, T&THy gama canera (e.g. Toshi ba GCA 7100/ U, Tokyo, Japan)
equi pped mnth a | ow energy general -purpose parallel-hole collinmator can be
used to visualize the dlstrlbutlon of 99niTc-1 abel l ed anti m crobi al

pepti des T | iRES S/ el Snventhemandlsto &gpRfethed® syat hebpempeprtdeslf or

tunor  dele@ldsAftidn redmdhies A o[ QUSai RISl 1ake dNf et edc¥hiRindn
particular Strain of extracellular bacteria. After bacterial colonlzaglon

of the t@noir¥ THEUPREFoPABEFLBE acotfpbundscerter | cpppbilgefarkindingeped
intravenquglang  SRRCH ()C stalraﬂlﬂgga%fdt%l'&?eisedc&?ﬁé&' tQ fiﬂ@rﬁﬁ@&@iba in

t he tunors can be V|suaI|ze inTeal tinme by SC|nt|gra erefore
al | ows t REOLEdA-i zAHi6APSR t tpBFIPEHTAGNEMEO VEL DS/ msqssi@lﬁcmssawmcr@s 32

for generating therapeutic ligand fusion proteins by linking
therapeutic proteins to the ligand proteins are well known
to the person skilled in the art. Examples of suitable

therapeutic proteins are shown in Tables 4 and 5.



and animals. In addition to | abeling with 99nifc, the conpounds, e.g.,
synthetic peptides can also be | abeled with paramagnetic- or
super par awagnmi43ge net al particles for visualization usi n@CVRBOX476¢7he
conpounds can be | abeled with radionuclides, such as "CO 6%G, 60CU (I 1)
, 1211 etc. for non- invasive visuali zasté on by SPECT or PET. Furthernore,
the conpounds, e.g., synthetic peptides can also be tagged with
fl uorescent bes, fluoresce rotein uc fl uorescen
protein feef Brmple %F’Pf@ﬂ@%@@éyﬁgfl?r oSy BL e froameiaBif faftatea
e visualization-+n—an
i ndi vi dujal  THFAPSERS RISt o UBI  anBe®ERtOR here af e many og?fé‘Fe“%ﬂ;iarrpl es of
antim criobi e(F“zﬁE'ﬁ‘lh 488% pr ot ei ns produced by bac‘ eria, plants,
i nverteb rtebriates including humans! (Schroder, Cell. Ml. Jife
Sci. 56 (H@Q@)SHH}@Z—W@S Col |eMagiavell-taovm,  Bi ot echn| YeekendGinger BED) 9865252966
828, 830} gajlinpkinase (HAVe uswiyme/frodrug tranbpatiposesS1 t he present inventipn,
e.g. peﬁfﬁ):l n PA-1 fromljactic acid bacteria, gramcidin S from Bacil] us
brevis),| protegrin-1 fromporcine | eukocytes, SMAP-29 from sheep nyel ojd
cel | s, buf Gandicldvir&GiGWhorin |1 from Asi an toad, | beta-defensins, LL-37, @
f ragment| BérphrutilexGaiubitly Cil AH5021 RCAIBhI, Selectiv@itin | Hadepva o all DOBNCar@eGuab y5i N,
PAVP f r ofiinidife @R R THERERIST | |¥pdtRASDAlyian@ivss seRBas eI TRR 7t53@362 nat ural Iy
occurring antimn crobial profRighssphsiyRich bpeRdliTdkes can be designed and
synt hesi zed 4001 (12§ aiR)- t he Qﬁg@@gsl‘g)m infdiefQenscapabi ity while elimnatin
the bactegipkilling effeCtTl{él‘antl-E etRTab @il %k%pr pt ei ns. These synthetic

pepti des ol & ERvIRS cloBiSEfo B, Lk ed tunor detection. Simlar
;gpglefjggs q_lj}g ‘j-ne L%Eclois}?/ jll @vg{md% anc? Pnds (e o Sk _ay b
used for E_E% ichr?' fo\}ﬂql?‘sgl naW IVéJ‘ (ﬁ ?Sgep#lf ec?_ Cﬂ?ﬁ% Q‘feﬁGe%e éne of

t he exan ' O T rlr4 pti de/ protejn
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of V\D 03/ 0143

that may| b d to desiqgn i Pormatlon mn
y E1dole %-acetl% act g 1J11an]1an cells whereas,

(TAA) neither enzyme nor prodrug
alone was cytotoxic at the
same concentration or times.

_n

The HRP/IAA-induced cell kill
was effective in normoxic and
anoxic conditions.

Bacterial enzyme carboxy- | CPG2 can be expressed both| Spooner et al. 2000, Cancer Gene

peptidase G2 (CPG2) intracellularly or tethered to| Ther. 7:1348-1356
the outer surface of
+ 4~([2-chloroethyl][2- mammalian cells, where it is| Webley et al. 2001, Br J Cancer
mesyloxyethyl]amino)ben- | able to activate mustard| 84:1671-1676
zoyl-L-glutamic acid prodrugs for use in suicide
(CMDA) gene therapy.

or + 4-[N,N-bis(2-
iodoethyl) amino]
phenoxycarbonyl L —glu-

tamic acid (ZD2767P)
Human cytochrome P450 | Acetaminophen is cytotoxic | Thatcher et al. 2000, Cancer Gene
CYP1A2 through the cytochrome P450-| Ther 7:521-525
mediated generation of a
+ acetaminophen chemically reactive metabolite,

N-acetylbenzoquinoneimine
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E. coli nitroreductase

(NTR)

+ CB1954

CB1954 is weak
monofunctional alkylating
agent that is converted by NTR
into 2- and 4-hydroxylamino
derivatives. Cellular thioesters
such as acetyl coenzyme A
subsequently convert the latter
into a powerful bifunctional
alkylating agent that can kill
both proliferating and
nonproliferating cells.

a

PTX0147 is the plasmid
expressing NTR from the
human cytomegalovirus
(CMV) early pro-
moter/enhancer and  also
carries the b-globin second
intron and poly (A) sequences
and a G418 selectable marker.

Djeha et al. 2000, Cancer Gene
Ther. 7:721-731,

Djeha et al. 2001, Mol Ther 3:233-
240

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

Weedon et al. 2000, Int J Cancer
86:848-854

E. coli cytosine deaminase
(CD), E. coli uracil
phosphoribosyltransferase
(UPRT)

Despite CD expression, a
number of tumor cells were 5-
FC-resistant, which may be
attributable to the lack of an

Koyama et al. 2000, Cancer Gene
Ther. 7:1015-1022;

Theys et al. 2001, Cancer Gene Ther

active  cytosine  transport
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Cytochrome P450 enzymes

+ cyclophosphamide
(CPA)

Liver tissue has a high content
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 therapeutic
effects.

Intratumoral CPA activation
can result in a high, localized
concentration of active drug
metabolite at its site of action,
which may maximize
therapeutic effects while at the
same time minimizing the host
toxicities associated with he-
patic drug activation.

Huang et al. 2000, Cancer Gene
Ther. 7:1034-1042;

Kan et al. 2001, Cancer Gene Ther
8:473-482

rabbit carboxylesterase

+ 7-ethyl-10-[4-(1-piperi-
dino)-1-piperi-

Exposure of neuroblastoma
cell lines or of mixtures of
these cell lines with CD34(+)

Meck et al. 2001, Cancer Res

61:5083-5089

cells at a ratio of 10:90 to
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Mushroom tyrosinase

+ bis-(2-chloroethyl)amino-
4-hydroxyphenylamino-
methanone 28

A sterically undemanding
prodrug bis-(2-chloro-
ethyl)amino-4-hy-
droxyphenylaminomethanone
28 was synthesised and found
to be oxidised by mushroom
tyrosinase at a superior rate to
tyrosine methyl ester, the
carboxylic acid of which is the
natural substrate for tyro-
sinase.

Jordan et al 2001, Bioorg Med Ch
9:1549-1558

cm

E. coli B-galactosidase

+ 1-chloromethyl-5-
hydroxy-1,2-dihydro-3H-
benz[e]indole (CC-1065)

or + 1-(1'-chloroethyl)-5-
hydroxy-1,2-dihydro-3H-~

Prodrug cleaved by
galactosidase  shows  high
cytotoxicity towards human
bronchial carcinoma cells of

line A549.

Tietze et al. 2001, Chembiochem
2:758-765

phenyloxycarbonyl-L-glu-
tamic acid

or + 3-fluoro-4-[bis(2-
chlorethyl)aminofbenzoyl-
L-glutamic acid

benz[e]indole
A mutant of carboxypepti- | Activation of all three of the | Friedlos et al. 2002, Cancer Res
dase G2 (CPG2, glutamate | prodrugs not only kills the cells | 62:1724-1729
carboxypeptidase expressing the mutant CPG2

on the surface but also the
+ 4-[bis(2- neighboring cells through by-
iodoethyl)amino]- stander effect.




+ oxaphosporines, such as to the toxic products phos- ifosfamde (IFO
pham de nustard and acrolein, which al kylate DNA and pro- teins,
respect i WeDW3/0E38col i nitroreductase CB1954 is a weak D elraTaBo2#i47672000,
Cancer Gene (NTR) nmonofunctional al kylating Ther. 7:721-731; agent that is
converted by NTR + CB 1954 into 2- and;4-hydroxylamno derivatives.
Cellular thioesters such as acetyl coenzyne A subsequently convert the

| atter [mto a powerf UI bifoncttomat—at-kytatingragent—that—ecankiH—-Dbieha
et al. 2 The 38- both proliferating|and 240 nonproliferatin
cells. %Jbﬁ%ﬂ% W ISQ agsm d expressing NIR fifromthe human

cyt onega rly pro- Westphal et al. 2000, Cancer Gene
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a Koyama et al. 2000, Cancer Gene (CD), E. coil uracil nunber of tunor
cells were 5- Ther. 7:1015-1022; phosphori bosyltransferase FC-resistant,
whi ch may be (UPRT) attributable to the | ack of an Theys et al. 2001,
Cancer Gene Ther active cytosine transport 8:294-297; WD 03/014380

PCT/ 1 B02/ 04767 37 + 5-fluorocytosine (5-FC) systemin manmalian cells and
to the degradati on of the Kanmertoens et al. 2000, Cancer formed 50FU by
Gene Ther 7:629-636;
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Bl ock et al. 2000, Cancer
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Fas-ligand Sharma et al. 2000, Pharmacol Ther.
88:333-347
TRAIL Ligand for death receptors such | Golstein 1997, Curr. Biol. 7:R750-753.
as DcR2, DcR1, DR5, DR4.
TNF TNF is the ligand for TNFR1, | Baker and Reddy 1996, Oncogene 12:1-

which cell-death

signaling.

mediates

9

Theys et al. 1999, Appl Environ
Microbiol 65:4295-4300;

Lammertyn et al. 1997, Appl Environ
Microbiol 63:1808-1813

Recombinant antibo-
dies

Anti-GA733-2

Secreted or membrane-anchored
form of monoclonal antibody
(mAb) (CO17-1A) specific for
Ag (GA733-2) that is present
on the surface of most
gastrointestinal carcinomas.

Paul et al. 2000, Cancer Gene Ther
7:615-623

Anticancer drugs adria-

Some tumor cells express Fas

mycin (ADM), cytosine

antigen on their surface, and

Nakamura et al. 1997, Anticancer Res.

17:173-179,




patic drug activation.
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By the combination of ADM or
Ara-C with  IgM-anti-Fas
MoAb, the induction of
apoptosis in HL60 leukemic
cells was enhanced signifi-
cantly. 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 chemo-
therapy agents, which therefore
may improve the efficiency of
chemotherapy.
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Mizutani et al. 1998, J. Urol. 160:561-
570

Bacterial

toxins

Microcin E492

A low-molecular mass channel-
forming bacteriocin (7,887 Da)
produced by Klebsiella
pneumoniae. It has been shown
that microcin E492 induces
apoptosis in certain human cell
lines. Treatment with zVAD-
fmk, a general caspase in-
hibitor, completely blocked the
cytotoxic effect of this bacte-
riocin, which may provide a
safety mechanism when micro-
cin is used in anti-tumor
treatment. Microcin-E492-
insensitive mutants of E. coli
K12 have been isolated, which

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

Hetz et al. 2002, Proc Natl Acad Sci U
S A 99:2696-2701

may be used as a carrier to

CE

or



hydr oxy- 1, 2-di hydro-3H benz[e]indole A mutant of carboxypepti- Activation
of all three of the Friedlos et al. 2002, Cancer Res dase & (CPX,

gl ut anat ewproadr43gs not only kills the cells 62:1724-1729 pcanbexospept i dase
expressing the nmutant CPG2 on the surface but also the + 4-[bis(2-

nei ghboring cells through by- iodoet hyll?zgm no] - stander effect.
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The content of this table!9% )3( BbanMi¢rebigd exhaustive. Any ot her
simlar enzynme- prodrug pH2%®5 v%ﬁﬁ?)h are not llisted in this table, are also
considered to be included. WO 03/014380 PCT/|B02/ 04767 40 Table 5. Further
exanpl es| of therapeutic proteins that can be used for BMPT (bacterium
medi at ed|protein therapy) VMPT (virus-nediated proteln-therapy)—or—CMRAT
(cel | - mefiftightbetia togn QY ¢ hEoapiabeled. g menstenglfammal i an- cel | - nedi at ed rof ei n
t herapy)| agai nst tunor s| antip Saﬂ?ét?t beenppspdeidis, Descri ption References
drugs rsCDAOL Ligand of| @med, tamesi b | T@Fq opoul os et al. 2000, Mle
Cell. Biol. tunor cells ltegepaqm@rdglléﬂllzn}; ®8-(5515 i nduced by a vari ety] of
agents, |including TNF-a| pha, Ml - Fasr Ehatmgyt ot oxi ¢ drugs. Fas-1igand
Sharma et al. 2000, PharnBeotchibher313-28; IB8m847 TRAIL Ligand for death
receptors such CGol stein 1894l 02 .J Blediatr Bufg|50- 753.

37:539-544). Toxin-label
protein ligands have also been
used to target cell surface
receptors (Olson et al. 1997, Int
J Cancer 73:865-870; Arora et
al. 1999, Cancer Res 59:183-
188; Wild et al. 2000, Br J
Cancer 83:1077-1083).

19%

Pseudomonas exotoxin

Escherichia coli Shiga | Shiga toxins, Shiga-like toxin I| O'Brien et al. 1992, Curr Top Micro-
toxins (SLT-I) and Shiga-like toxin II| biol Immunol 180:65-94;

(SLT-II) are cell-associated
cytotoxins, which have been| Nakao and Takeda 2000, J Nat Toxins
shown to be able to kill tumor| 9:299-313

cells. The toxins kill target
cells by inducing apoptosis.

Escherichia coli Vero- | VT1 is an E. coli elaborated | Farkas-Himsley et al. 1995, Proc Natl
toxin 1 (VI1) subunit toxin active only| Acad Sci U S A 92:6996-7000;
against (tumor) cell lines that
express the VT receptor,| Arab et al. 1999, Oncol Res 11:33-39
globotriaosyl ceramide-Gb3. In
an example of VTI1 action, it
has been shown that VT1 elimi-
nates human astrocytoma
xenograft in nude mice.
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1996, Oncogene 12:1- which nediates cell-death 9;
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Note: The content of this table is by no-means to be exhaustive. Any other similar therapeutic
proteins, which are not listed in this table, are also 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 1ligand receptors will enable the targeting of the
therapeutic proteins to the tumor tissues. Intracellular

bacteria and viruses are particularly useful in labeling the

tumor cell surface with designated receptor proteins. However,

due to

neighboring cells,

"bystander

effect” of t

herapeutic proteins on

extracellular bacteria and mammalian cells

can also be used to deliver the therapeutic proteins.

In the case of Gene-Directed Enzyme Prodrug Therapy

(see below),

to secrete the enzyme-ligand fusion protein.

for example,

extracellu

(GDEPT)
lar bacteria may be used

The tumor cell

surface may be labeled with receptor proteins by viruses.

After the intravenous delivery of prodrug,

not only the cells

expressing the receptors will be bathed with and killed by the

active drug,

labeled with receptors)

Viruses

tumor cell surface with receptor proteins.

(such as Vaccinia virus)

the surrounding tumor cells
will also be killed.

may

(which may not be

also be used to label the

For example, the

is

he



apoptosis in HL60 | eukemic cells was enhanced signifi- cantly. Therefore,
we may use bacteria or viruses to deliver the gene encoding anti-Fas

ant i body.wboptessi on of the anti-Fas antibody on the suPtCaaBoaf47¢7unor
cells my sensitizes these cells to chenp- therapy agents, which therefore
may i nprove the efficiency of chenot heﬁlpy. Bacterial toxins Mcrocin
E492 A | ow nol ecul ar nass channel - de Lorfenzo 1984, Arch M crobiol formng
bact eri ocin (7 87 Da) 139:7 d b S|el pneunoni ae.

has beences%?/m E%F?ug% aret éﬁ SR?ngJC %1 yAcéEi% -t Q%aﬁnﬁféySEPHS%XQZ

i nduces S &%e2696eAdQheripept osvaccmnﬁartavﬁmhwrrart&a&yhnd,l nes. glreat gent
with zVA fink, a general caspase in- hibitor, conpletely blocked the

cyt ot oxi CTEFEAT O tH<ChEE e e??oé?ﬁsowﬁp€ﬁdﬁ€@'ﬁ?d%} @ Pemfedy

nmechani sraahien $h€fdce Ci BxpeedseEn) N afkipré¥@on t reat nens . %ﬁh@%@rﬁﬂ%-
i nsensitive nutants of E. coli K12 have been |solated whi ch { be used
P

as a car iSRG D3FhE4IBHBCHS BooFentsse Wiliemardr TheFOCFRL ugSFey
et al. 198GetidebMEeiOPi®dutic-1igand fusion proteins. In this case,

the ligand is the transferrin protein, and the therapeutic
protein could be a Pseudomonas exotoxin (or any other
cytotoxic therapeutic proteins). Tumor cell internalization of
the transferrin/transferrin receptor pair allows the
internalization of the therapeutic protein, which in turn
delivers the cytotoxicity specifically to the tumor cells.
Transferrin/transferrin receptor pair is only one of many
examples of ligand-receptor pairs that can be used. In
addition, mutant ligands and mutant receptors with highly
specific affinity toward each other may be used to avoid the

binding to endogenous proteins.

Additional examples of suitable proteins are human endostatin
and the chimeric PE37/TGF-alpha fusion protein. Endostatin is
a carboxyterminal peptide of collagen XVIII which has been
characterized (Ding et al., PNAS USA 95 (1998), 10443). It has
been shown  that endostatin inhibits endothelial cell
proliferation and migration, induces Gl arrest and apoptosis
of endothelial cells in vitro, and has antitumor effect in a
variety of tumor models. Intravenous or intramuscular
injection of viral DNA and cationic liposome-complexed plasmid
DNA encoding endostatin result in limited expression levels of
endostatin in tumors. However intratumoral injection of
purified endostatin shows remarkable inhibition of tumor
growth. Pseudomonas exotoxin is a bacterial toxin secreted by
Pseudomonas aeruginosa. PE elicits its cytotoxic effect by
inactivating elongation factor 2 (EF-2), which results in
blocking of protein synthesis in mammalian cells. Single chain

PE is functionally divided into three domains: domain Ia 1is



132: 3253-3259) . diphtheria toxin (DT) Toxin-|abel ed nonocl onal antibodies
have been used to target tunmor cell surface receptors for cell killing
(Kreit- maoo300Bs0o Curr Pharm Biotechnol 2:313-325; Thona®CTaB0247672002, J
Pediatr Surg 37:539-544). Toxin-label protein |igands have al so been
used to target cell surface receptors (Ason et al. 1997, Int J Cancer
é3:§656370; Agora et al. 1999, Cancer“Res 59:183- 188; Wld et al. 2000,

r ncer 83:1077-1083 Pseudonpnas exot oxin Escherlch a coli _shi,

Shi ga to&?%@lr%%|§§rhh&$%¥ﬁgn tp 9B FUEIAGE . TEEEPT Oéﬂrr Ef i

toxins (Sldalte@nte3hi §aahish@ch®ing | thdi dlod MMNekc180ne5- @éhrgétSLEd]JJ) are
cel |l -associated cytotoxins, which have been Nakao and Takeda 2000, J _Nat

Toxi ns &¥Weawoto @éﬁdabﬁémﬂénklﬂlt&ﬁorr@s%gﬁm]se c&PFs. CYRRLPBHXELEY kY
target gl lw gug&;ﬂa ARRRNOSI S aESChed | £RbR 6oLl Veie: p@réud&ncmgz

coli el abora ed as-H nsley et al. 1995, Proc Natl toxin
subuni t en&tmxantthetohBykAcéhesbﬂn@lsgAdgﬂaGQQ6370@Gheﬁnﬁ£QQﬂlq%lﬁﬁﬁ@

cel | Ilngg E@%ﬁ%ﬁyﬁ %ﬁ@h@glo& tﬁﬁxlAiﬁgaE&saban1%%9 ieekeReSIn

11: 33-39 I"0 0s eram de I n an exanple of VI1 action, it has
been shophateabfohb amnﬁlnqwdqmaﬂnnmﬁh%@tWbé%téﬁﬁde%eﬁﬁﬁwﬁ34qrﬂ%ﬁﬁﬁ@

m ce. m0§£8%43p81:%€q¥{|§83/9§297 to 1ts receptor. One of the highly

specific engineered chimeric toxins is the TGF alpha/PE40
fusion protein, where the C-terminus of TGF alpha polypeptide
has been fused in frame with the N-terminus of the PE40
protein. TGF alpha is one of the ligands of epidermal growth
factor receptor (EGFR), which has been shown to be
preferentially expressed on the surface of a variety of tumor
cells. TGF alpha-PE40 fusion protein has been shown to be
highly toxic to tumor cells with elevated EGFRs on the cell
surface and while it is less toxic to nearby cells displaying
fewer numbers of surface EGFR. The toxicity of TGF alpha-PE40
chimeric protein is dependent on a proteolytic processing step
to convert the chimeric protein into its active form, which is
carried out by the target. To overcome the requirement for
proteolysis, a new chimeric toxin protein that does not
require processing has been constructed by Theuer and
coworkers (J. Biol. Chem. 267 (1992), 16872). The novel fusion
protein is termed PE37/TGF alpha, which exhibited higher
toxicity to tumor cells than the TGF alpha-PE40 fusion

protein.

In a particular preferred embodiment of the diagnostic and/or
pharmaceutical composition of the present invention the ligand
is not the naturally occurring ligand but any compound which
is capable of specifically binding to the receptor, e.g. an
antibody. The term “antibody”, preferably, relates to antibodies
which consist essentially of pooled monoclonal antibodies with
different epitopic specificities, as well as distinct monclonal

antibody preparations. Monoclonal antibodies are made from an



Pl ant toxins Hyperforin Hyperforin is a plant derived Hostanska et al.
2002, Pharnmazie antibiotic. It was shown that 57:323-331; hyperforin can
i nhibit twowmsogewm h by activating mtochon- Schenpp et alPCTAB@2)47€ncogene
dri a-nmedi ated apoptosis 21:1242-1250 pathway. Note: The content of this
table is by no-neans to be exhaustive. fgy other simlar therapeutic
proteins, which are not listed in this ble, are al so considered to be

i ncl uded. .nce the tupor tissues can be _labeled with |jgand rec ptor
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enable the targeting of the therapeutic proteins to t tunor t
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"bystander effect" of therapeutic proteins on ne%gpborlng cel |
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ther apeutdse PELARINS. FAbt Redcaseudf) ﬁeﬁﬁa@é@@éﬁdwﬁméw@x@ oéaplgbﬂ@ebapy
(GDEPT) (see below), for exanple, extracellular bacteria na¥ used to
f

secrete WECEFiGARLY HARELRGstON HriEReEREOTThe FlroARdelF (2Dd)) 53@9W§? Be
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of prodru not only t Il's expressing the receptors w |l be bathed
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Vaccinia“virus carrying, e. errin receptor gene (also encCoding
a S|ngIekbéﬁpwﬂé,f@mtlb@dﬂegupﬁa@@ée%ﬁﬁ@@@ioﬂﬁﬂenE%Qﬁe@mQ%ﬂdﬁ atHaeric,

transfergf%gle 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 1live organisms via intravenously injected engineered
bacteria and viruses. Such receptors can be, e.g., transferrin
receptor, EGF receptor, somatostatin receptor, etc. Over-
expression of receptors on the cell surface following
bacterial or viral infections will be used to mark the tumor
cells. Secondly, a fusion protein (an immunotherapeutic
protein) between an antibody, preferably an antibody fragment,
(specific to the overexpressed surface receptors) and a
therapeutic protein (e.g. any type of toxins, see Table 5) is
prepared. The intravenously injected fusion protein may bind
to the marked tumor cells and exhibit cytotoxicity toward

these cells in the tumor tissues.

The present invention also relates to a diagnostic and/or
pharmaceutical composition containing a microorganism or cell
as described above and furthermore (a) an antimicrobial

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



receptor on the tunor cell surface will mark these cells for targeting by
t herapeutic-ligand fusion proteins. In this case, the ligand is the
transferrwo opioosed n, and the therapeutic protein could becaiBexydenonas
exotoxin (or any other cytotoxic therapeutic proteins). Tunor cel
internalization of the transferrin/transferrin receptor pair allows the
internalization offthe t herapeutic proggin, which in turn delivers the
cytotoxicity,specifically to the tupor cells.., Trans, ferrin/transferrin
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a carboxyterm nal peptide of collagen XVi|| mhicq:has been characterhfed
(Di ng etPaptidprRABTOSAIgE)(1988) thYmRRFUtIE RICTHEIRM SRAWPEh&GAITLe

endost at},p ifnhidyits spaghbehyalecaldn ?é@éi tenattirait andeAtglahijomybridlices
GlL arrest”and apoptosis of endothelial cells in vitro, ,and _has antitupor
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tumors. eepeessionsr atierohabriis R¥ebaldf akf i PrEdTéRFoAnA | ACEAGWSIOF

renarkabkﬁt%ggﬁggd§M1(¥P LUBDY 5 91 oW JA3RUdomdNasexot axigh H-%rd thacter i a
toxin secreted by Pseudondnas aeruginosa. = elicits its cytotoxic effect
by i nacbieeaeirmg, el omgachon ceact dpe2 (ERROPRLAM chaREsulRaund  Brockitty of

protein : IS I l%e 19 N0 haji kS sf o

G vi ded FHES R oD By R A Sa s e o b3/ OLASB0 BT/ | H0a) 0Arar "5

reqU|{ed1hbo bitith ngstbjeelt] sigf aceuneceprecl ddehai acermpdatiegui r bR ¢ or

transl ocating A.he t.0xjin.jipnto the g l: qcyt : ERal 1 1+ds

r esponsi BPEC 5%Qbyt%¥%§%%ptycby LAr9Rt «08bli a1CY 1050t 1 488 P deRBERS! | 1td
bacteria in the tumors helps to concentrate therapeutic
proteins specifically in the tumors, which therefore may

elicit tumor specific cytotoxicity.

Furthermore, the protein suitable for tumor therapy and/or
elimination of metastatic tumors can be an enzyme converting
an inactive substance (prodrug) administered to the organism
into an active substance, i.e. toxin, which kills the tumor or
metastasis (Gene-Directed Enzyme Prodrug Therapy (GDEPT)). The
principle of GDEPT is that an enzyme/protein activates a
systemically delivered nontoxic prodrug into ‘active toxic
drug, which is cytotoxic to tumors. To be specific, GDEPT is a
two-step treatment. In the first step, the gene encoding a
foreign enzyme is administered and directed to the tumor,
where it may be expressed using specific transcriptional
elements. In the second step, prodrugs are administered and
activated by the foreign enzyme expressed at the tumor. If the
enzyme/proteins are present only in the tumors, the active
drugs will also be produced only in the tumors, and therefore
exhibit cytotoxicity only toward the tumor cells, while at the

same time, systemic toxicity is kept to a minimum. The gene



inactivating EF-2. PE40 is derived fromw | d type Pseudononas exotoxin
that | acks the binding domain la. O her proteins such as antibody

f ragnent sworosfpr438ei n | i gands can be inserted in place of PCRAB&R/(IAINQ
dormain. This will render the PE40-ligand fusion protein specific to its
receptor. One of the highly specific engineered chineric toxins is the TG
al pha/ PEA0 fusion protein, where the Cﬂferninus of TGF al pha pol ypepti de

has been fused in frane wth the N.term nus of the PE40.. protein. T al pha
is one of REMGgafie YOr/ BFick& Fal g o e:‘lh‘?egcetogr srpeeccejpﬁjoczr)a]%é@@? %]il%hp
has been tshows t audieng pr ehereténhalibyy exphesseddon diieirsagfate odchevasj ety
of tunor cells. TGF aIFha-Bgﬁg fusion protein has been sho to be hjghly
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active feymotirgh h8dicaphbelyoundirihe tasgetthdo cpteredmod hef the
requi renent for protealysis,. a new chineric toxin protein that does not

require BEECESS g ivastMeetrebhstRrLEt BECHY STHBU ST Tomor kTS JL - Bi ol .

Chem 26¢nb992)sucHb$idmotEies navele fisiomrg-pr odet 1oi st ier rege 37/ JiGF,
al pha, which exhibited higher toxicity to tunor cells than the TGF
al pha- PE4G-9hiisi-ofretilokai naeFabaCpar RSt & lpref efFed™ en6dilneHMC I~ t B

di agnost itG and/ %%eo‘i&%rc@%%ﬁh@i%le ¢RERGEkLison of the present invention the
ligand 1is not the naturally occurring |igand but any conpound which is

capabl e of specifically binding to the receptor, e.g. an antibody. The

term” antEiqud%(}Zam i[@,f erabl y?nzﬁﬁ@t esnt ®ANLDedE68 1 a¥BECRLAASISInG the
essential l'y of pooled nonoclonal antibodies with different epitopic
speci fi ciltdsss, adaxeld as ©imti nctohoncl Bl aPReBRESTPPePBEGL i onggent
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antigen containing fragnents of the particular receptor by
gene encoding such an enzyme is directed by a promoter which

is a constitutive or inducible promoter. Further examples of
enzyme/prodrug pairs which are useful in the pharmaceutical
composition of the present invention are listed in Table 4,

above.

Moreover, the delivery system of the present application even
allows the application of compounds which could so far not be
used for tumor therapy due to their high toxicity when
systemicly applied. Such compounds include proteins inhibiting
elongation factors, proteins binding to ribosomal subunits,
proteins modifying nucleotides, nucleases, proteases or
cytokines (e.g. IL-2, IL-12 etc.), since experimental data
suggest that the local release of cytokines might have a

positive effect on the immunosuppressive status of the tumor.

Furthermore, the microorganism or cell can contain a BAC
(Bacterial Artificial Chromosome) or MAC (Mammalian Artificial
Chromosome) encoding several or all proteins of a specific
pathway, e.g. antiangilogenesis, apoptosis, wound-healing or

anti-tumor growth. Additionally the cell can be a computer-



met hods well known to those skilled in the art (see, e.g., Kohler et al.,
Nat ure 256 (1975), 495). As used herein, the term "antibody" (Ab) or
"nonocl oD oant43Body” (Mab) is meant to include intact npCeaBixs7ers wel |

as antibody fragnents (such as, for exanple, Fab and F(ab')2 fragments)

whi ch are capabl e of speC|f|caIIy binding to a receptor. Fab and F(ab')2
fragnents |ack the Fc fragnment of i nt 4¢t anti body, clear nore rapidly from

the circul ati on, and nay ve |l es on-s eC|f| tissue. bindin t.han an

i nt act aﬁ?PBSH?d(VHH?reF % o ¢ ﬁhﬁﬁ th E%n§2%he5f9 oS, M hese
fragnentﬁugfgppée&@ﬁbgﬁatagnﬁelI as the products of an FAB or ot her

i munogl obul i n expression library. Moreover, antibodies of the present

invention include chinmeric, single chain, and humani zed anti bodi es.

Ant i bodyFka%@%n@g@ra&&m ue B cirBoahhh: &hbr t hernapy ofusting pfé@él@if‘
proteins (i.e. inmunother eutlc proteln%) bet ween, anti bodi es

and
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be used to mark the tunor’ cells. econdly, a fusion protein (an
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t her apeu protein .g. any type of  toxins, see Tab 5) Is prepared.
The |ntradmmnustgremjéotéMEfusﬂﬁﬁC¢rdﬁE|m Faytah kel d@éethédﬁﬂﬁkéﬁrﬁbh%@
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preferred route of administration is intravenous injection. The
route of administration, of course, depends on the nature of the
tumor and the kind of microorganisms or cells contained in the
pharmaceutical composition. The dosage regimen will Dbe
determined by the attending physician based on various clinical
factors. As is well known in the medical arts, dosages for any
one patient depends on many factors, including the patient’s
size, body surface area, age, sex, the particular compound to be
administered, time and route of administration, the kind, size
and localization of the tumor, general health and other drugs

being adminstered concurrently.

Preferred tumors that can be treated with the microorganisms
or cells of the present invention are bladder tumors, breast
tumors, prostate tumors, Dbrain tumors, colon tumors, lung
tumors, ovarial carcinomas, and pancreatic carcinomas; liver

tumors, skin tumors.

Brief description of the drawings

Figure 1: External imaging of GFP expression in subcutaneous

C6 glioma tumors in nude mice




elimnation of netastatic tunors and/or (b) an antimcrobial conpound
fused to a detectable protein or a protein capable of inducing a
det ect ablwogBgnaBo Anti-tunor therapy using such fusion pcotBIziE7éret ween
antim crobial conpounds (e.g. peptides/proteins) and therapeutic proteins
can be carried by firstly preparing fug'on gene constructs encodi ng hybrid
proteins betmeen antim crobial peptides %roteins and therapeutic proteins
(see TabI above) Af t rotei n __expr, i 0 he b roteins. are
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Figure 2: Visualization of tumor angiogenesis

C6 glioma cells (5 x 10°) were implanted subcutaneously into
the right lateral thigh of nude mice. Ten days after tumor
cell implantation, the animals were infected intravenously
with 1 x 10°® pfu of rVV-ruc-gfp. GFP expression was monitored 7
days post-viral injection. Vascularization at the surface of
the subcutaneous C6 glioma tumor is shown against the bright
green fluorescent background in the tumor following Vaccinia-
mediated gene expressions. Bright field (A), fluorescence (B),
and bright field, fluorescence overlay {C) images of

subcutaneous glioma tumor are illustrated. (Bars = 5 mm.)

Figure 3: Expression of GFP in subcutaneous glioma tumor of

the same animal

Five days after the subcutaneous implantation of 5 x 10° C6
glioma cells into the right lateral thigh, 10° of rVV-ruc-gfp
virus particles were injected intravenously. Five days after
viral injection, the animal was anesthetized and sacrificed
for analysis of GFP expression under fluorescence microscope.

The tumor was visualized externally (A-K), with the overlying



48 encodi ng enzyne/ protein is delivered specifically to the tunors using

i ntravenously injected engineered bacteria, viruses, or (mammalian) cells
accor di ngwo®3ohsspr esent i nvention. These genes can be umdenBex7€ont r ol

of either constitutive pronoters or exogenously regul ated inducible
pronoters additionally ensuring that the conversion of the prodrug into
the toxin only occurs in the target tissue, i.e. tunor. Such pronbters are
e.g. IPTG,, antibiotic-, heat., pk-, |ight-, tall -, robi c-, hos
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prepared from a nude mouse that has been intravenously

injected with 1 x 10° of rVV-ruc-gfp virus particles. (Bars =

50 um.)

Figure 5: Low light image of the anesthetized nude mouse to

indicate the location of Renilla luciferase-triggered 1light

emission in the presence of intravenously injected substrate

coelenterazine (5 pg ethanol solution)

Figure 6: Monitoring tumor-specific viral infection based on

GFP gene expression in a variety of tumor models

including subcutaneous PC-3 human prostate tumor (A-A’’) and
MCF-7 human breast tumor (B-B’’) in nude mice, intracranial C6
rat glioma tumor (C-C’’, arrows indicate the location of the
tumor) in Lewis rats, and MB-49 mouse bladder tumor (D-D’’) in
C57 mice. Animals were monitored 7 days after intravenous
injections of 1 x 10° of rVVv-ruc-gfp virus particles. Bright
field (top) ., fluorescence (middle), and bright field,
fluorescence overlay (bottom) images of the tumor are

illustrated. (Bars = 5 mm.)



desi gned cyber cell or cyber virus endocing these proteins in nmultiple
conbi nations. For admnistration, the m croorganisns or cells of the
present WwowaMni438n are preferably conbined with suitabl e poansexwaési cal
carriers. Exanples of suitable pharmaceutical carriers are well known in
the art and include phosphate buffered saline solutions, water, enulsions,
such as oil/water enuslions, various pes of vvetti ng agents, sterile

solutions etc.. Such <carriers can he, forrrul at eg conventl onal met hods
and can ﬁégu§6n1%'qﬁkﬁEMFQ§%Q9uaVéﬁﬁ#B#ﬁ pediatg i on

of the nhergarganhspsneretel I's may be ef fect ed by di fferent ways, e.g. by
i ntravenous, Tntraperitoneal , subcutaneous, intranuscular, topical or
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expr essi 6n 5 n)subeGt BRESus ToB™yICoifa funors in nude mice WD 03/ 014380
PCT/ 1 B02/ 04767 50 C6 glioma cells (5 x 105) were inplanted subcutaneously
into

Figure 8: Visualization of the clearance of 1light emitting

bacteria from nude mice based on the detection of 1light

emission under the low light imager

Nude mice were intravenously injected with 107 cells of
attenuated S. typhimurium (A, B) and V. cholera (C, D). Both
strains were transformed with pLITE201 carrying the lux
operon. Photon collection was done 20 min (A, C) and 2 days

(B, D) after bacterial injections.

Figure 9: Homing of glioma tumors by attenuated bacteria

Nude mice with a C6 glioma tumor in the right hind leg were
intravenously injected with 10" attenuated S. typhimurium (A-D)
and with V. cholera (E-H) both transformed with pLITE201
plasmid DNA encoding the lux operon. Photon collection was
carried out for one minute under the low light imager. Mice
injected with S. typhimurium exhibited luminescence
immediately through the whole animal (A). In contrast,
luminescence in the mice injected with V. cholera was visible
in the liver area (E). Two days after Dbacterial injection,
both groups of mice demonstrated luminescence only in the
tumor region (B, F). The light emission in the tumors infected

with S. typhimurium slowly diminished four (C) and six (D)



the right lateral thigh. At designated days after tunor cell inplantation,
the animals were infected intravenously with 1 x 108 pfu of rVWW-ruc-gfp
Vi rus parwDoBes138@G-FP expressi on was nonitored under a fl RCTABEXNICE
stereom croscope. Bright field (top), fluorescence (mddle), and bright
field, fluorescence overlay (bottom imnmages of subcutaneous glionma tunor
are shown. GFP signal can be observed 5h tunors as small as 22 mB8 in
size (B-B"), or as old as 18 days, (about 2500 mB in gsi e% ch_A" ll)l| N
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into the ateral thigh of nude mce. Ten days after tunor cell
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Cross séeﬂﬁ@mi@@%@és)poaadihmtt@e primary breast tumor in the right
breast area and a metastatic tumor (arrow) in the left breast
area, and in the incision wound (B). At five days, the light
emission was visible only in the tumor regions, and not at the
wound (C). Eight days after Dbacterial injection, the
luminescent activity was abolished from the smaller tumor
region but remained strong in the primary breast tumor (D).
Homing in of E. coli to breast tumors in nude mice was also
observed two days after intravenous bacterial injection (E:

side view, F: ventral view).

Figure 11: Homing in of bacteria to bladder tumors in C57 mice

C57 mice were intravenously injected with 107 attenuated V.
cholera transformed with pLITE201 encoding the lux operon.
Nine days after bacterial delivery, luminescence 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
(B) . With the removal of the bladder (C) from the mouse, the
entire source of light emission was removed (D) as
demonstrated by the overlay of the low light photon emission

image over the photographic image of the excised bladder.



anputated leg (DD " ). Bright field (A), fluorescence (B), and bright
field, fluorescence overlay (C imges of subcutaneous gliom tunor are
il lustratw0.o30ss8st r ongest GFP expressions are seen as pa&CehBe/i40€7at ed

al ong the outer surface of the tunor on the right (double arrows in CGC "
). Sharp difference of GFP expression in tunor tissue and in the normnal
nmuscle tissue (arrows in DDD") is cledly visible. Asterisks nmark the
reflected skin (B-B" and D-D'). (Bars = 5 nm) Figure 4. Bright field (A
and fluorescence (B) images of tunor cells expressing GFP Frozen sections
(30 pm t i gl)e0f1 4 hepghi @B LHUMBE tdS8Uas et WHERAT §UibhaMiamddde {Puse
that has~beenm intravenousty injected with I X 108 of TVV-Tuc-gfp ViTfus
particl e§eWiBaradte 50 gm) Figure 5: Low light inmage of the anesthetized

nude MOUgELQ kaégca&sréheiﬂlef@&é&@ugiYRei_rﬂjé@tédlciv&ﬁ@serdsri geersd bight
em ssion in the presence of intravenously injected substrate

coel ent ersZeneatsdpd et Bhndereoltuenedpriiegurel Br RbATESPILnEAamEpeleefi c

Cral infecti s . . Cop . |
! hetudi ng SRt heodu e S Tore I RTER Y b de & AL B0l Dt TRECT S
breast tumminéBeBntp mwasnudecad ciy therheadniralgiGs ofatthyg iwinmle uamimal

(CGC', arrows indicate the |ocation, of th u ) . W ats, .

VB 49 oass Biadber i oingef n e b SIORE) auPoels g rifite ,
days aft e@erkenthavefdaesd iamdedthedns ofaih xrehifreai. rRBbtac-gbplectisn was
particles. Bright  field (top), fluorescence (m.ddle), and, bright fi ,

f | uor escEREELETe Pty f(%&otérb%r?‘jr?féﬁ s£5(f’mt ﬁg%ﬁu%%%ar@) iU Sy ?%grs =
5 mMm) V@&@ghobﬁﬁﬁléajﬂﬂﬁﬂﬁdOH&@Yneééeﬁ&@uw&s7bohﬁﬂkh@dInm regions of
Vacci ni a- nredj at ed GEP expression in reast tunor nodel Nude nouse

carryi ng tBPeREEHuRSr t%ﬁs L% dtidd itﬁter STYOR {PEgKgd 198t arrows

r' W-ruc- ghpayi.r usmpaldsicelines wWBet ledie gidtArabsent in the control brain

ftissues (B).

Figure 13: Transformed human fibrosarcoma cells home in on

subcutaneous glioma tumors in nude mice

Nude mice with subcutaneous glioma tumors were 1injected
intravenously with 5 x 10° human fibrosarcoma cells, which were
permanently transformed with retrovirus derived from pLEIN.
Seven days post-injection, the animals were anesthetized and
monitored under a fluorescent stereomicroscope. Fluorescent
cells were noted only in the tumor region of the whole mice
through the skin (Al-3). Upon exposure of the tumor tissues by
reflection of the overlying skin (Bl -3), and in cross
sections of the +tumors (Ci1 -3), fluorescent patches were
visible in distinct regions. Close examination of the organs
of the mice showed the presence of small clusters of
fluorescent cells in the lungs of the animals, demonstrating
the affinity of the fibrosarcoma cells for the Ilungs in
addition to the tumorous tissues (D1-3). (Bars = 5 mm (Al-C3),
= 1 mm (D1-D3)).

Figure 14: Homing of attenuated Listeria monocytogenes into

subcutaneous prostate tumors




tumor (A-A", B-B" , and CGC ") and the netastasized tunmor (D-D", E-E" ,
and F-F') were visualized externally (A-A" and DD " ), with overlying
skin renowed3B3BY and E-E " ), and when they were split PopaRoy@@s€2’ and
F-F') in a set of bright field, fluorescence (') and bright field,
fluorescence overlay (") images. GFP & é)r ession in lung netastases in the
sane aninmal was al so visualized (GG" (Bars = 5 mm (A-A" to F-F"), and
Bars = G'). Figur Vi sual i zation af..the clearance of

o Lt ng VBB TS, MEGH I L B cABREL RS UaTERT B O TFPGht P ohEsi on
under theilgbw |Higt ié@g%réluﬂﬁtmvenmwyl bhi avesaustyhi njoéchedemibbed 07
cells of _attenuated S. t hlnurlun1%. qﬁ V. chol era §§F6ﬂ2 Bot h
strains dere ??%ﬂ%YB?ﬂ%ﬂe FTRESTRIGE dcaﬂFai g PREATALP o 1cphoPh

col l ecti %Mgan@or@le?o E‘bncﬁiﬁA C)Gl?'a:‘ndf?uéi@é@ceﬁ&e Phsafdfe Ratt Qidddr a

i nj ections igure 9 nlng of glioma tunors by attenuated bacteria Nude
mce wt rflaloc;@sgnarmea tUROFEP n WAETPFGAPChI NdWISEd wseyen nth%@éﬁouéf?
i nj ect ed i th L 1 rp YR i (fs t@@qJ olLen
(E-H bot# trangjf71 O%gp% TE20I1bl asm d DNAC enco n ti\{ tﬁ%xkg g?on

Phot on caldaEen onTh\as tuzrmm ed @lliltOWIhorll@n@ nﬁseutut@ﬁmuémbh@ Wrellristy gha
I mager. Mcg, e'sQJ fﬂTdS vfs)’%é“%&”?ff&‘&@éé&?t'P%ﬂ@?&@@fﬁa (C)

i medi atel'y throug e anl n contrast um nescencte I n the
m ce |nje@w@®SMiﬂBa¢S Ghdi@ma)mas visible in the liver area (E) . Two days
after bacterial injection, both groups of m ce denonstrated | um nescence
only in the tunor region (B, F). The light em ssion in the tunors infected
with S thhghipmesienn sinownt idinmis shed ofiowd ©F) taed esianpB)s WO 03/ 014380
PCT/ 1 B02/ 04767 53 days after bacterial injection. Tunors infected with V.
chol era showed enornously increased |light em ssion four (G and six (H)
days after injection suggesting continued replication of the bacteria in

the tunor tissues. )
Example 1l: Materials and Methods

() Bacterium strains. The bacterial strains used were
attenuated Salmonella typhimurium (SL.7207 hisG4e,
DEL407 [aroA544::Tnl01), attenuated Vibrio cholerae
(Bengal 2 Serotyp 0139, MO010 DattRSl), and attenuated
Listeria monocytogenes (D2 mpl, actAhA, plcB).The bacterial
strains were kindly provided by Prof. W. Gobel

(University of Wirzburg, Germany).

(B) Plasmid constructs. The plasmid pLITE201 containing the
luxCDABE cassette was obtained from Dr. Marines, Biotech
24,1998, 56-58). The plasmid pXylA-dual with the operon
sequence of gfp-cDNA, lux AB, lux CD, and lux E under the
control of the Xylose promoter was kindly provided by Dr.
Phil Hill (University of Nottingham, UK).

(C) Transformation of bacteria

The bacteria were transformed by electroporation.

(D) Tumor Cell lines. The rat C6 nitrosourea-induced glioma

cell line (ATCC, Rockille, MID) was cultured in RPMI-1640



Figure 10: Homng in of bacteria to breast tunors Nude mce with breast
tunors in the right breast pad were intravenously injected with 107
at t enuat eaoM3/0c438d era (A-D) or wth 107 E. coli (E-F) tracsfiBoxade™ t h
pLI TE201 plasm d DNA encoding the | ux operon. Photon collection was
carried out for one mnute under the low light inmager. Twenty m nutes
after bacterial delivery, |um nescent 2¢. chol era were observed in the

liver % Forty- ei ght hours after inj ectlon light em ssion was noted in
the prinBf{iBPeatte Neghaterhnt 1BF eastedmelotand VA) met B HAMen i ¢hror

(arrow) wmthhqol ef(tv/tazr)ea@s A@ay @n@ehactlnqmr,r@t%le%owri@l (Bhe Himddve
days, the lig em ssion was visible only in the tunor regions, and not at

the wouRf3( Efosﬁﬁﬁﬁt Céé&é“ﬁfnﬁef:eﬁéctléﬂeal AlTlﬂCecﬁ%"ltlH@r M et erte

activity wasasababisked fagmmt hﬁmﬁfﬁlé@ué UARA réeglsa@,n fulborermined wdFong
in the primary breast tunor (D Hom ng in of E. coli” to breast tunors in
¢

nude mi cBawas24nrss ivnJAHPEJIeNIHaySehigER; i M@ﬂé@éﬁ@@s Hdct-er iB@TREQRct i on

(B si d?A '%ppﬁer&é%ﬁer&' wYtﬁW)Lr—gE'u&léErﬁn%l athl@Miing i (‘VP\fr b%%"se“@ri(%o
bl adder turmrs in mce C57 mice were intravenously {:ect ed with 107

at t enuat éélbvosaéﬁémér galdanstAFoed MpRASpRSTEYBY é/r‘@@%h ﬁgl Heefludnop&kdn.
Ni ne day 1?: ﬁmﬁi b(f:%é%{’dfél ?\Ie'd\i%fl_y Cél’i@ﬂ?sc%(ﬁﬁa%% 10t edcln }Eé’%c@é&‘?dder

region o ani nal he ani ha sacriticed anhd an om nal
i nci si onV:Ms S#ﬁﬁéetﬂgnéﬁéoyéthhéoobIF%d@rnd Thex I@WCMWW%@mY%m ed to

the bladdgr (RGN neB W %M%éf@m&ha%ewel%ad ( ) Ft&%ltffe,

nouse, the entire source em sSSI on was renove
denonst r¥Ped Periascordm ds,raoTSﬁdr@leldovwiﬁrgh@ pﬁuasmﬁudemasmy@mg mmyelfbﬁrer

Lhe_phot ogr apbjs | MR ok e g seg bl agder, V.034014380 PCL/ | 502104767

54 Figure 12 braln i oma evii 8 Tat s
Lewi s raUsivereitmir awmraoubilydanj €t edvas t kul@8reel IsnoﬂJMEMt/ﬁ?éﬁua;m@ﬁlum

cholera transfornmed with RU TE201 encodi ng the )
supplemented wit FBS and 560 pg/ml  of G418 (Life

Technologies, Grand Island, NY).

(E) Production and propagation of retrovirus to generate a
light-emitting stably transformed cell 1line. PT67 packing
cells (Clontech, Palo Alto, CA) were cultured in DMEM medium
supplemented with 10% (v/v) FBS. At 70% confluence, PT67 cells
were transformed with pLEIN (Clontech, Palo Alto, CA) using
calcium phosphate precipitation method (Profection Mammalian
Transfection Systems, Promega, Madison, WI) for 12 hours.
Fresh medium was replenished at this time. Retroviral
supernatant collected from PT67 cells 48 hours post
transformation was filtered through a 0.45 um filter and was

added to target HT1080 cells along with polybrene to a final
concentration of 4 pg/ml. The medium was replaced after 24
hours and the cells were treated with G418 selection at 400 u
g/ml and stepwise increased to 1200 pg/ml.

(F) Propagation of recombinant Vaccinia virus. Vaccinia virus
Lister strain (LIVP) was used as a wild type virus.
Recombinant Vaccinia virus rVV-ruc-gfp was constructed by
inserting, via homologous recombination, the ruc-gfp-cassette
(Wang et al., Proc. Biolumin. Chemilumin. 9, 1996, 419-422)



| ux operon. Twenty-four hours after bacterial injection, faint

| um nescence was noted in the head region of the whole animl during

vi sual i zawooa/owsder the low |ight imager. The aninmals weP€TdRX(4767ced and
their brain renoved. Photon collection was carried out for one mnute from
rats with (A) and without (B) brain tupprs. Strong |um nescence was
confirnmed in regions of the brain of the rats with the brain tunor (marked

with 0% Do i) vabUELOES GANGR, VBSREAND! Rl Yyabaent,dd LRB1GenkEol s orain
ti ssues . Fgure . Transforne uman fibrosarcoma cell's honme in on
subcut an€¥ud gkl dsabyurods tilennude wires et iviles witt R subktimheoisy gbf ona

Luor s vere LDLSEteliof PLIgMeRoUSy M2 x 105 byman [LbAosgreomycell s

whi ch were™ “pernan y' transtor ned retrovirus derrve

Seven days1peatdi Myeciheihathen anicmed Povef§r anest het tRedbrand apntdored
under a fluorescent stereom ¢roscope. Fluorescent cells were noted only in
the tunofVEEYi 37 dHI herlnbhesSmtdde t nifighPRENQKRRT (ALRAE Ygdh BkPeure

of the tyaytit:h%ua@aéoyreﬁ@%@?t | £ Oft Hichecover Indral skd s ( Bére3)wadiedi n
cross sections of the tunors (C_-3), fluorescent patches were visible in

di sti nct OPERi BHER VB ekBAR NBLFGHTO! GHP G FandTOBE t RE i Ee "Efovkd® he
D bbb BT b RCBRERR B, 7260 LU 058 vl P
lungs i npragdyghted tont hev+lnorells t iweswes pibli£3pd (Barsughb am fwdrdly, =
L BRI L9 e ortnge ! A psghetial B! S onger gepen Tt
subcut angevsrhinantRE3 tptrest atfe redwmb inanther i misgltty heted ey wete cells
W th peoHL iy SBF AErV A BNATLELPFy FRYSERBRGRB BERAROGFP {1 uor escence was.
observed under a fluorescence stereo m croscope. Twenty-seven hours after
(G) Generation of mice carrying tumor implants. Five- to
six-week-o0ld male BALB/c¢ athymic nu/nu mice (25-30 g in body
weight) and Lewis rats (250-300 g in body weight) were
purchased from Harlan (Frederick, MD). C57BL/6J Min/+ mice
were obtained from Jackson Laboratories (Bar Harbor, ME), Min
(multiple intestinal neoplasia) is an autosomal dominant trait
involving a nonsense mutation in codon 850 of the murine Apc
gene, which renders these animals susceptible to spontaneous

intestinal adenoma formation.

To obtain tumors in nude mice, C6 glioma cells were grown,
harvested and the cell number was determined by the Trypan
Blue exclusion method. Disinfectant was applied to the skin

surface, then approximately 5 x 10° cells were suspended in 100

pl of phosphate buffered saline (PRS) and injected
subcutaneously into the right lateral thigh of each mouse.
Tumor growth was monitored by recording the size of the tumor
with a digital caliper. Tumor volume (mm®) was estimated by the
formula (L x H x W)/2, where L is the length, W is the width,

and H is the height of the tumor in mm.



bacterial injection, GFP signal was detected only in the tunor region. The
tunor is shown in a set of visible light (a), fluorescent (b), and visible
and fl uorwedadaf14386 ght overlay (C) inages. (Bars = 5 nm ) PChaB@@3ent
invention is explained by the exanples. Exanple 1: Mterials and Met hods
(A) Bacterium strains. The bacteri al strai ns used were attenuated

Sal monel I a typhi nurium (SL7207 hi sG46, 8DEL407[ ar oA544::Tnl0] ), attenuated
Vi brio choI erae (Bengal 2 Serotyp 0139, M)10 DattRSl), and attenuated
Listeria %ﬁé€9¥8§éﬁés BT | TUROTE  PRER) . FPRETRRr DY 188 PEEARIWET©

kindl'y pgovesled oy 1Br ofnt N tk@bgkad( Wi vedisd | ype{ oWk gbunge 8IdHNYYat £ B)
Plasm d constructs. The plasm d pLI TE201 containing the | uxCDABé cassette

was obt avaed BnestBetived neth Biodboh p2dtdoshibsl 5§ NembhéapRasiodium

pXyl A- du o] . Ux -AB, nd lux E
tnder 1« nao EbPror BpBE, SR BRUEIER el ol ERay gt b b |
H 1l (Unweepgbitly &f Ift\lmillm@han:ale)lnc(le)loTr an@fbrﬁ‘ﬂt i ) oWabamtaeiel,a Hhne
bacteria ere trans d by el ectro tlon Tum)r l.i.nes. r at
C6 nitro86ur erXaFnaug ngﬁ ()rrﬁndcgll HEET&@ %&a? RE: I\?Irb)t% ]&#fur ed
in RPM 364@ VBMMSBOHEBCPM B@%Oé&?&i‘c &bd medisu mng Cpb!sgé@;LoNEd:Ioat’tE‘mdﬂ,

I nc. ndon suj pIe nted with 109 E?\s/ %FBSa X, .

peni ci I I 1ﬁ)lglinfl"ept & niimeh PPESSHE BO c&'ei ﬁBﬁﬁ ¢B8l 15T aTCe,
Rockvi | | @hitb) mml tﬂi&’d@r 491ﬁ‘hUS£ Hoadeeigd uneedtel | sn@nehauatt e ghi 0171
cells werg maj n ned. i di um%()g/il gro, Medi atech,, Inc. don,
VA) suppP ﬁﬁﬁ?t gnlf:h (0 Id@ffam Qnd*399 ¢ v/ VY SFBSIS]EL ‘F?IE)J?JO b
celI's (ATEEoulyBnarsabpur¥Aholer eocul mm IoF Bl MAdyed eshenticd s a

(Cellgro, Mediatech, Inc., Herndon, VA) supplenmented with 10% FBS and 1 X
peni ci | | the breept @ﬁyéu #i. 10THe6 MEFL IS hidren rtdargo baresi ndra weddle jwies

(ATCC, R985¥'£heplace 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 month
following subcutaneous implantation of 3 x 10° PC3 human

prostate cells.

MB-49 mouse bladder tumor cells were implanted in the C57
mouse bladder to produce animals with bladder tumors. To
generate animals with Dbreast cancer (Tian and Deleon,
submitted for publication), female nude mice were first
implanted with 0.72 mg/90 day-release 17B-estradiol pellets
(Innovative Research, Rockville, MD) in the skin to facilitate
breast tumor development and metastasis. One day after
estrogen pellet implantation, 1 x 10° MCF-7 human breast
carcinoma cells transformed with pro-IGF-II (Dull et al.,
Nature 310 (1984), 777-781) were implanted in the mammary fat
pad. For orthotopic transplants, tumors developed from
implanted cells were resected and minced into 1-mm’ cubes for

tissue transplantation into the mammary fat pad.

(H) Assay of Renilla luciferase in live animals. Mice were
anesthetized with Nembutal (60 mg/kg body weight) before every

Renilla luciferase assay. Renilla luciferase activities were



MD), permanently transfornmed with a plasmd carrying pro-1G~ |1 cDNA
(obtained fromDr. Daisy De Leon, Loma Linda University, Loma Linda, CA)
was cul t uwed3io3BVEM F12 nedi um suppl enented wi t h 5% FBSrandB&B@7¢rg/ m  of
(418 (Life Technologies, Gand Island, NY). (E) Production and propagation
of retrovirus to generate a light-emtting stably transfornmed cell Iine.
PT67 packing cells (O ontech, Palo Al 8, CA) were cultured in DVEM nedi um
suppl emented with 10% (v/v) FBS. At 70% confl uence, PT67'cells were
transford@ﬁemmime®LE¢KE(CinhrevhnO@albnﬁecbiOQw@fusimgxt@abcbﬁnﬁpmdsphhte
precipitation nethod rot ecti on al i ran on S stens Pronega
Madi son, c@@f SRLRrasLy uﬁg #ﬂé&ﬁN%gFPGﬁ -QQHﬂ Vt RS ot
Ret r ovi rat mclpﬂéﬂ@é@nés@@w@ﬁfesrfr(@m E’Tﬁ7N§@M814ﬁth@m pesd 0. 1 M
transfornatlon was filt through a 0.45 mfilter and was added to
target HFIABBHSLER| &Y @%&%\fﬁ't hPP g7yl§‘re'new¥181§ fANE  2BdRGest raeTen ey
pg/ M. Theagedi um wasdserl aesd @éi@g Bhe MREL:a2RY tAecEeids wewe 1tlrg@ftt ed
with (418 selection at 400 p. g/m and stepw se increased to 1200 pg/

(F) Prop8iR? oS 28e Aec it ndhe \VHBRYSF a WRirtus CRRESTHi ASincusTmayst ﬁo
strain (kiyP)3Waes sugedade WM@&f&tO@B%ﬂﬁéﬂﬁbs,F@%EW@&”@ﬁElMQCCMﬁ'a‘@wéw
rVW-ruc-gfp was constructed by inserting, via honol ogous reconblnatlon
the ruc-Bfpudeeekrred phahgheterdissiopr dlads diafmi AUPECRERPPERFINONYO 1dEe,
419- 422) YO 03CQ143680, T/ HBOZHQITET b LALO:HES VALChBLA1KELYS 1020ATP.
The V|rus was anp CV-1 cells by addition of virus particles at a
nultlpI|Eh¢ySb¢e @ﬁfb%ghbnem%&ﬁ}o%f 0. 1 pfu/cell to CV-1 cell nonol ayers
foll owed by incubation at 37C for 1 h with brief agitation every 10 mn.
At this tine, the supernatant fluid with virus particles was renoved, and
t he cel | (Mondlesgerts omer ef wasimeichesumrecan thdsef Linefesesemeeli uimnCatis tetley
growt h medium was then added and the cells were incubated at 37C

- uc-Re P %R r eReing, ophgat 8adi ha k. 1eke| areqkhetbueht velht Nesbyhaa®

SUCrose (60 mg/kg body weight). The animals were placed inside the

dark box for photon counting and recording superimposed images
(ARGUS 100, Hamamatsu, Hamamatsu, Japan). Photon collection
was for one minute from ventral and dorsal views of the
animals. A light image was then recorded and the low light
image was then superimposed over the light image to record the

location of luminescent activity.

Imaging of GFP expression in tumors of live animals was
performed using a Leica MZ8 stereo fluorescence microscope
equipped with a mercury lamp power supply and a GFP filter
(excitation at 470 nm). Images were captured using a SONY
DKC-5000 3CCD digital photo camera.

(J) Histology of tumor tissues. Under anesthesia, the animals

were euthanized with an overdose of Nembutal®. The tissues of
interest were removed, embedded in Tissue-Tek OCT compound
(Miles Scientific, Naperville, IL) and immediately frozen in
liguid nitrogen without fixation. Frozen sections were cut at
-20°C using a Reichert-Jung Cryocut 1800 cryostat. GFP

fluorescence of the tissues was monitored under a Leica



gradient. A plaque assay was used 72 h after infection to determne the
titer of reconbinant virus by staining the cells wth 50%crystal violet
sol uti on woposvhgsol . (G Generation of mce carrying tunoPCrnpoznwe. Five-
to six-week-old male BALB/c athymic nu/nu mce (25-30 g in body weight)
and Lewis rats (250-300 g in body wei ght) were purchased from Harlan
(Frederick, MD). C57BL/6J Mn/-F nmice ®fRere obtained from Jackson
Laboratorjes (Bar Harbor, ME), Mn (nmultiple intestinal neoplasia) is an
aut osonef L aRE FRERCE r MUCTISHRNY | Agda HomsdiSdatut HEEEn FRCRBADR 85U t he
nurine ApG +JeNsp YbEEhargnders these animals susceptible to spontaneous

i ntestinal adenoma formation. To obtain tunors in nude mce, C6 gliom
cells were grown, harvested and the cell nunber was determ ned by the

Trypan Bl ug Usion ﬁ@%&% dAsli&euant ﬂﬁ%@é}%d@%fé&%&@

surface, then a prOX|na y 5 x 105 cell s were suspended 7 n 100

phosphat e buff eredomblinaet( PBSriadd VmpesteHV-subcaﬁpnecuslmlceto the ri ght
| ateral thigh of each nobuse. Tunor growth was nonitored by recording the
size of the tunor with a digital caliper. Tunor volume (mMmB) was esti nmat ed

by the forayl mohktsriing VE 2irwkemediakedt Aarkepgybne\\ekprebeivhdih, and
His the height of the tumor in mm WD 03/014380 PCT/|1B02/ 04767 58

I ntracerebral glioma tunors V\éF@uQéﬁéfaﬁéénﬁymFﬁFectl ng C6 glioma cells
into the head of rats. Prior to injection, rats were anesthetized with
sodi um pent obar bi tal ( Nenbut al gr) Sodi um sol ution, Abbot Laboratories,

Nor t h ChV@aegmw Lvm@s mjllkg Boédyprfwki garyvingntbei d?@ns:ddlap meﬁr@@e((} 5-1

cn) was , was.retragc 1 el t he
skul | a#rﬁg félcsé’[l oneﬁprrrﬁl £5°tné e%e[dc andqﬁg n#gp%%ér %St \(l)ﬁsﬁf[%q‘bﬁ%rra
Tunor celhsraesrops pet Ladoi ntideamiicrs Wilth sy i tigeorswhirbh s niiltst e th a

29- dl d ted i t tactic hol Th dl
nsort SPREFT TR PYCSt Hrtigh 1Ha=Bar PURDI & 19 DK he SRS BRmLCR thper

i nj ecti ofhé NtI®w-1light imager to monitor luciferase catalyzed 1light
emission immediately after intravenous injection of
coelenterazine, and under a fluorescence microscope to
visualize GFP expression. Neither apparent luminescence nor
green fluorescence was detected in the animals when imaged
externally, except at certain locations that had small skin
lesions. Such luminescence and fluorescence signals
disappeared after a few days once the lesions had healed.
Animals were sacrificed one week and two weeks after wviral
infection, and their organs were removed and examined for the
presence of luminescence and GFP fluorescence signals. One
week after viral injection, no luminescence Or green
fluorescence could be detected in brain, liver, lung, spleen,
kidney or testis. These results indicated that the rVv-ruc-gfp
virus did not show organ specificity after injection and that
the virus seemed to be cleared from the animal by the immune

system soon after systemic delivery via the bloodstream.

(B)Visualization of Vaccinia virus-mediated marker gene

expression in glioma tumors of live nude mice



the brain of 5 x 105 C6 cells in a 10 | volune, the needle was kept in

pl ace for 15 sec and then withdrawn. The skin incision was closed with
surgi cal wbiop®14380 ce beari ng subcut aneous prostate tunor CRIB&/@esver at ed
over a period of one nonth follow ng subcutaneous inplantation of 3 x 106
PC3 human prostate cells. MB-49 nouse bl adder tunor cells were inplanted
in the C57 nouse bl adder to produce afitmal s wi th bl adder tunors. To

generate _aninma]s with breast cancer (Tian and DeLeon, submtted for,
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infection of tumor cells that surround the leaky terminals of
capillary vessels. During real-time observation of the same
tumors, the GFP signal from the center of these patches
started to disappear, and new green fluorescent centers
appeared in the form of rings at the periphery of the fading
patches. The new sites of intense GFP fluorescence may have
resulted from progression of the viral infection to nearby
cells within the tumor during tumor growth and expansion.
After careful examination of the mice, with the exception of
the tumor region, no detectable green fluorescence was sSeen
elsewhere on the body surface or in the dissected organs. This
experiment clearly showed that a mature solid tumor could be
easily localized by the labeled Vaccinia wvirus, based on
light-emission, and it also demonstrated the affinity of virus

particles for the tumor tissue.

To determine whether tumor size and vascularization are
decisive factors for viral retention in tumors, nude mice were
intravenously injected with 1 x 10° rVV-ruc-gfp Vaccinia virus
particles one day after subcutaneous C6 cell implantation.

Surprisingly, 4 days after viral injection GFP expression was



before imaging, mce and rats were anesthetized with Nenbutal (r) (60 ng/kg
body weight) . The aninmals were placed inside the dark box for photon
count i ng wod3fessr di ng superi nposed i mages (ARGUS 100, HRCRTBO204767
Hamamat su, Japan). Photon collection was for one mnute fromventral and
dorsal views of the animals. A light |nage was then recorded and the | ow
light 1mage was then superlnposed oveP2t he light image to record the
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mce (A)Théniftading ofhad risi eediab ed fnertieer rféneuexgles Yeowima virus
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n1croscog§C;p, D-D'’ and E-E’’). A continuously increasing level of
GFP fluorescence was observed in the same animal throughout 20
days following viral injection, which was the time scheduled
before sacrificing the animals. Such an increase in detectable
fluorescence was indicative of a very strong viral replication
in the tumor tissue, the latter appearing to function as a
protective immunoprivileged environment for viral replication.
The viral replication in the ‘tumors was verified by
determining the viral titer and light emission of the isolated
viral particles in cell cultures. Interestingly, the location
of Dblood vessels and the neovascularization within the
periphery of the enlarging tumor were readily visible and
confirmed by external visualization against a bright green

fluorescent background (Fig. 1A~A’’, D-D'’,E-E’’ and Fig. 2).

To determine 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
exposed tumor, GFP fluorescence was found to be concentrated
exclusively in the tumor tissue (Fig. 3B-B’’ and D-D’’). The
non-tumorous thigh muscles did not show any fluorescence of
viral infection, as indicated by arrows in Fig. 3D-D’'’. The

skin overlying the tumor was also non-fluorescent (indicated



visual i ze GFP expression. Neither apparent |um nescence nor green
fluorescence was detected in the animls when inaged externally, except at
certain |woaBionsot hat had small skin |esions. Such | um mezaBoxE7eémd
fluorescence signals disappeared after a few days once the | esions had
heal ed. Animals were sacrificed one week and two weeks after viral
infection, and their organs were renmov8d and exanined for the presence of
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exam ned. Nude mice with tunors approximately 500 nmB in size were
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In addition to GFP, the recombinant rVV-ruc-gfp virus carried
a second marker gene, which encoded the Renilla luciferase in
the form of a fusion protein with GFP. Therefore we were able
to directly superimpose the site of GFP fluorescence with
light emission from Renilla luciferase in the tumors.
Immediately after coelenterazine (substrate for Renilla
luciferase) was delivered by intravenous injection, a very
strong luciferase activity was recorded only in the tumor
region under a low light video camera (Fig. 5). By lowering
the sensitivity of the 1low 1light wvideo camera to avoid
saturation of light detection, we were able to identify the
Renilla luciferase gene expression in localized patches in the
periphery of the tumor. These patch-like patterns precisely
correlated with the GFP signals.

(C) Affinity of Vaccinia virus delivered to the bloodstream

for different tumors implanted into animals

To determine whether the attraction of the Vaccinia virus was

limited to glioma tumors or whether this attraction could be



started to di sappear, and new green fluorescent centers appeared in the
formof rings at the periphery of the fading patches. The new sites of

i nt ense GFB 0BlousBescence may have resulted from progressipen/1B2/a4he vir al
infection to nearby cells within the tunor during tunmor growth and
expansion. After careful exam nation of the mce, with the exception of
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Female nude mice with established breast tumors were also used
for labeled Vaccinia injections. These breast tumors were
allowed to grow for 6 months after the animals received
implants of MCF-7 human breast carcinoma cells transformed
with pro-IGF-11 cDNA. At the time of Vaccinia virus injection,
the tumors had reached maximum growth and the tumor volume
(about 400-500 mm®) did not change significantly during the
experimental period. Similar to previous experiments, 6 days
after intravenous delivery of 1 x 10° rVV-ruc-gfp virus
particles, strong GFP expression was observed in the breast
tumor region (Fig. 6B-B’’, Fig. 7A~A’’ and B-B’’) and nowhere
else in the body.

Examination of cross sections of virus-infected breast tumors
revealed luminescent ,islands, throughout the tumors without
any indication of <central or peripheral preference of
infection (Fig. 7C-C’’). The MCF-7 tumor cells used in these
breast tumor models are known to metastasize and in addition
to the primary solid tumor, a smaller metastasized tumor found
on the left side of the body showed GFP fluorescence (Fig. 7

D-D'’, E-E'’, and F-F'’). Excised lung tissues were also



fluorescence was indicative of a very strong viral replication in the
tunor tissue, the latter appearing to function as a protective

i mmunopr iwbloagessenvi ronment for viral replication. The PCTABOY®pP7H cati on
in the tunors was verified by determning the viral titer and |ight

em ssion of the isolated viral particles in cell cultures. Interestingly,
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(Fig. 4)-"Bot HoCfPobresekfitB was visible in normal tissues such as the
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reconbi nant r VW-ruc-gf irus carried a second rker gene, which encoded
t he F@niT@adpﬁgrmgpggg%@%her virus particles could moveé out of tumors

and re-enter the circulation, we injected C6 glioma cells into
the thigh of mice to form a second tumor in animals already
carrying a breast tumor infected with labeled Vaccinia virus.
If the virus particles were released from the tumor to
re-enter the circulation in significant numbers, they would be
able to colonize the newly implanted glioma tumor. Monitoring
of these second tumors showed that no GFP signal was visible
in the new glioma tumor 7 and 14 days after implantation of
the glioma cells. To demonstrate that the newly implanted
glioma tumors could be targeted by labeled Vaccinia virus, a
second dose of rVV-ruc-gfp virus (1 x 10° ©pfu) was
intravenously injected. Five days later, tumor-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 released in sufficient numbers to infect and

replicate in a second tumor.

Two additional tumor models, including Lewis rats with

intracranial C6 rat glioma tumors and C57 mice with MB-49



the formof a fusion protein with GFP. Therefore we were able to directly
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human breast carcinonma cells transforned
with rVV-ruc-gfp virus particles via the femoral vein. Five
days after virus injection, all 4 animals were sacrificed, and
their Dbrains were —carefully excised for analysis Dby
fluorescence microscopy. GFP expression was detected in the
brains with implanted intracranial tumors (Fig. 6C-C’’) while
no GFP expression was seen in the control brains. In parallel
experiments, C57 mice, with or without bladder tumors, were
divided into two groups. One group was injected intravenously
with rVVv-ruc-gfp Vaccinia virus (1 x 10° pfu) and the other
with saline solution as control. Five days after virus
injection, the animals were sacrificed and examined under the
fluorescence microscope. GFP expression was observed in the
bladder tumor region in C 57 mice but not in control mice
(Fig. 6D-D’’).

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 of immunocompromised as well as
immunocompetent animals. The tumor-targeting process Dby

intravenously injected Vaccinia virus carrying the



with pro-1G--11 cDNA. At the tinme of Vaccinia virus injection, the tunors
had reached nmaxi mum grow h and the tunor volune (about 400-500 Mm®B) did
not chang®OIBYM3Be cantly during the experinental period. PETMBO247670

previ ous experinments, 6 days after intravenous delivery of 1 x 108
rv-ruc-gfp virus particles, strong GEP expressi on was observed in the
breast tunor region (Fig. 6B-B", Fig.6?A-A" and B-B ") and nowhere el se

in the body. Exani nation of cross sections_ of virus-infected breast t rs
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fluorescence (Fig. 7 DD , E-E' , and F-F"). Excised lung tissues were
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intravenously delivered Vaccinia virus particles were selectively

accunul ated to and reptinzkeedteprintravenmsein@esiod breast tunors in
nude mce, likely as a result of the imunoconprom sed state of the tunor
m croenvironnent. To determ ne whether virus particles could nove out of
tunmors Boddedeentiere t tiee ciffadid atf orntweviemiosistlad 08] gttedn ls@inedaand t he
t hi gh of

unor § POEREE i o | Bl 6 Wadern 10y PR Y it By e
rel eased,f59m §hent WOt Owvere 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 determine the
presence of light emission from a given animal. It was found
that the distribution pattern of light emission following an
intravenous injection of bacteria into mice was characteristic
of the bacterial strains used. Injection of the attenuated V.
cholera into the bloodstream resulted in 1light emission
localized in the liver immediately. Injection of S,
typhimurium, however, was widely disseminated throughout the
body of the animal suggesting a difference in the interaction
with host cell system (Figure 8A-8D). Imaging the same animals
24 and 48 hours post-infection showed that all of the
detectable light emission from the earlier time diminished
rapidly and was eliminated completely from the injected
animal. These findings suggest that light emitting bacteria
injected into the bloodstream via the femoral vein are
cleared. This ©process was confirmed by photon emission

analysis of excised organs, which were found to lack light



re-enter the circulation in significant nunbers, they would be able to
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mice injected with §. typhimurium, luminescent bacteria were
disseminated throughout the whole body of the animal similar
to the findings in the non-tumorous mice (Figure O9A). Nude
mice 1injected with V. cholera, demonstrated luminescent
activity only in the liver region during the early observation
period (Figure 9E). Regardless of the bacterial strain
injected, two days after injection, luminescent activity was
observed only in the tumor region (Figures 9B and 9F).
Monitoring of the mice under the low light imager on days four
and six post-injection showed decreased amounts of detectable
luminescence in the tumors of animals injected with S.
typhimurium (Figures 9C and 9D. This finding was in marked
contrast with the findings in the tumors of mice injected with
V. cholera, which demonstrated not only survival but also
propagation of the bacteria in the tumor mass with a dramatic

increase in light emission (Figures 9G and 9H).

Nude mice bearing subcutaneous human PC3 human prostate tumors
in the right hind leg were intravenously injected with 10’
attenuated L. monocytogenes transformed with psod—gfp plasmid

DNA carrying the gfp cDNA. GFP fluorescence was observed under



brains with inplanted intracranial tunmors (Fig. 6CC') while no GFP
expression was seen in the control brains. In parallel experinents, C57

m ce, W twoams/owi3Bhout bl adder tunors, were divided into Peo/1BIXMpPE. One
group was injected intravenously wth rVW-ruc-gfp Vaccinia virus (1 x 108
pfu) and the other wth saline solution as control. Five days after virus
injection, the aninmals were sacrificed®nd exani ned under the fluorescence

m croscope. GFP expression was observed in the bladder tunmor region in C
57 nice But ThBPTERCEBREr of LRFEEMICEPFCOBE- D' I WePANER SV6Fet AL & hedfder
experi mepist ShOM t DAY e ¥aE6H NI BFPI BllgnaPaivhisClhiescwekd $ahsClinvalnt tumor
accunul ated, and retained in a variety of tunors, probably protected by the
tunor nFeFbeRviFoEHERL L 0And NOn&E R ek 7ddt ORBPEVED 40r Fhge Hest tor%
non-t UNDEREISahidsues of i munoconprom sed as wel |l as i nmunoconpet ent
animals. The tunor-targeting process by intravenously injected Vaccinia
virus carrying the WO 03/014380 PCT/1B02/ 04767 67 light-emtting dual

mar ker gen e :the @bl it f <ithe CGlRl aeVi y (o]

ot ot pringlyCatghapat e ot ininsu 2120 2HAELR) BV pldonh) UL 1 s
of intravenous injecti oecessbayt forabagtérimminfieatibnght -emtting cells
into mce (A Visualization of light emtting bacteria present in whole
animals after intravenous injection To determne the fate of intravenously
i nj ect edTheinponepoert obhatheéri expertimereni was s tolOlettactere awbhathgrnglitche
pLI TE201_.plasmd. in 50 | were injected dnto the |eft fenoral  veip of mce
under an%ls%) esolr?a. thSI F%W%% @F suteY of* Y¢S sP6n W% h%g‘gtlﬁlyesgot Hoee m ce
wer e noniéboridzeddery tdeetdeawd. ghinén@geere( ARGUSDA Catkre a rSyhtemind
Hamanmat s time, and photon r.e_col leﬁ tSedas]c or

one mnu 89 ThePPRRGTHS vEk TRRBRERTIE ¢ hoIaa) oh nY ALaryal

determ ngeébeibpdiesenceagts 10,9, em ssi om,f raamd al @i $EN tamoral indudctsas ,f ound
attenuated S. typhimurium and V. cholera with the pLITE201
plasmid were injected intravenously through the femoral vein.
Presence of luminescent bacteria in the tumor was determined
by photon collection for exactly one minute under the low
light imager two and four days post-infection. The tumor
volume was also determined by measuring the dimensions with a
digital caliper. The -earliest time-point when luminescent
activity was noted in the tumors was on day eight after tumor
induction.  Corresponding tumor volumes were approximately 200

mm>.

(D) Bacteria home in to breast tumors of nude mice

In order to determine whether bacterial colonization of tumors
is limited to glioma c¢ells 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 pl volume of bacterial suspension.
The animals were monitored within the first 10 minutes after
inoculation under the low 1light imager for one minute and
demonstrated the typical luminescent pattern in the liver

region (Figure 11A). Two days later, while the 1liver had



that the distribution pattern of light em ssion follow ng an intravenous
injection of bacteria into mce was characteristic of the bacteri al
strai ns uweds/l4pecti on of the attenuated V. chol era int @crhBoXi4oerdst r eam
resulted in light emssion localized in the liver imediately. Injection
of S. typhinmurium however, was w del¥ di ssem nat ed t hroughout the body
of the aninal suggesting a difference /R the interaction with host cel
system (Fi gure 8A-8D). Inaglng the sane aninmals 24 and 48 hou
post-lnf%%Q?%% SA6REd Phat! WRinesCente bﬂ%?%ﬁ%%bléjFigﬁ?eéﬁFss?%WP?réﬁﬁthe
earlier ééi‘@nﬁié‘& b ﬂzh%@&e napidlag apd wasiekbhM nat ehoniret €6y theomatine
injected aninal ese findings suggest that_ light emtting bacteria
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bacteria were mnatedthrou hout the ol e body qf. the an sim | ar
to the fPHERHYs Vnstiarﬁaterﬁr?tﬁﬁn s HrCER F&%B?Edgﬂ @tlj'tﬁ%lrerﬁ cﬁ%nj 2 ed
with V. tip) era, denonstrated Iunlnescent activity only in the liver
region during the early observation period (Figure 9E). Regardl ess of the
bacterial strain

To determine whether the bacteria from the tumor enter the

blood circulation in significant quantities to colonize other
sites, a second tumor (C6 glioma) was induced in these animals
in the right hind leg. The tumor was allowed to grow for 10
days. No luminescent activity was observed in the glioma tumor
demonstrating the absence of a significant bacteria that would
cause colonization of this tumor. However, when the animal was
rechallenged with 10’ attenuated V. cholera intravenously, the

leg tumor showed strong luminescent activity.

The findings of these experiments demonstrate that Ilarger
tumors retain bacteria more effectively over time.
Furthermore, the bacteria within the tumors do not escape into
the blood in sufficient quantities to infect susceptible sites

such as other tumors.
(E) Bacteria home in to bladder tumors in immunocompetent mice
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



injected, two days after injection, |lum nescent activity was observed only
in the tunor region (Figures 9B and 9F). Monitoring of the m ce under the
| ow | i ghtwormages3son days four and six post-injection showed/THexN4eersed
amounts of detectable |um nescence in the tunors of animals injected with
S. typhinmurium (Figures 9C and 9D. This finding was in marked contrast
with the findings in the tunors of nicglinjected with V. chol era, which
denonstrated no nly survival _hut al so ropagati pn of the bacteria in the
oor eSS fet o Rt Fen B bietdofn PGnETan ROREEE (IGITStEE SR ok
Nude m ceigeer iRggeubculigRousnivebin Phds huredpriast ghe buseber iredivh
right hind | eg were intravenously injected with 107 _attenuated L
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fl uorescence stereom croscope. Twenty-seven hours after bacteri.al
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The pur p85€€ of }Pﬁﬂ@eé%ﬁﬁ irﬁé?ﬁlw_t%a%ieflér rﬁ%%e‘fh%%b%ﬁeané’if‘@é_r@f tthe
tumor hagnanyah My ENCengRobbs, abLhbl yeleiBeq cohaBRed DhAGkRdA. thmors
were induced in the right hind 1eg of nude mce by subcutaneous injection
of gliondemenssrate Heghbfi badssdandays mre2, 12£) 6, Basednan1Ghef namwhts

| nduct i ogs _atfegualagey sl MR and, V. el €nd M L heupld JE20h,
plasm d were injectedintravenously through the fenoral vein. Presence of
| uni nescemrubacerPe et the t Wl wes detedei nedceby PhstosrEerkect iy f or
exact |y pae: Bl Ml Eaidlpso LRELOW ohi oL, | prgors Lo and four days

post -i nfectron. e tunor vofune was al so determ ned by neasuring the
dinensions with a digital caliper. The earliest tinme-point when
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Lewis rats with glioma tumors in the brain were intravenously
injected with 10° attenuated V. cholera with the pLITE201
plasmid through the left femoral vein to determine if bacteria
can cross the Dblood-brain Dbarrier and target tumors in
immunocompetent animals. The whole animals were monitored for
one minute under the low light imager the following day and
low levels of luminescent activity was observed through the
skull. The rats were 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 demonstrated strong luminescent
activity in specific regions of the brain (Figure 13A).
Similar imaging of control rats without brains tumors, which
were intravenously injected with the 1labeled Dbacteris,

demonstrated absence of any luminescent activity (Figure 13B).

(G) Transformed human fibrosarcoma cells home in to

subcutaneous glioma tumors in nude mice



i nduction.- Correspondi ng tunor volunes were approximately 200 mm8 (D)
Bacteria honme in to breast tunors of nude mce In order to determ ne

whet her baotoanieko col oni zation of tunors is limted to glpCarmox@iéss or
whet her this is a general phenonenon observed with all tunors, female nude
mce bearing tunors in the right breast pad were intravenously injected
with 107 V. cholera in a 50 gl vol une d€ bacteri al suspension. The ani mal s
were nonitored, wnthlgﬁlﬂe first 10 m nutes after , inocul atjion under the | ow
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Example 4: Construction of bacterial plasmid vectors that
carry the light-emitting protein encoding expression cassettes
and the therapeutic gene expression constructs in cis

configuration
(A) Rationale

Using the light-emitting expression systems described above,
tumors could be imaged based on light emission for up to 45
days in animals. These findings suggest a remarkable plasmid
DNA stability in bacteria in the absence of selection.
Therefore, by placing the therapeutic gene cassette in cis
configuration with the light-emitting protein expression
cassette on the same replicon, light emission can be used as
an indicator of therapeutic construct presence and stability.
In contrast to 1light-emitting proteins, the therapeutic
proteins, endostatin and Pseudomonas exotoxin/TGF alpha fusion
protein, are required to be secreted from the bacteria into

the medium or into the cytosol of tumor cells for inhibition



| eg tunor showed strong | um nescent activity. The findings of these
experinents denonstrate that larger tunors retain bacteria nore

ef fecti vewgp oomer3sa i ne. Furthernore, the bacteria wthin thaaBw@re’ do not
escape into the blood in sufficient quantities to infect susceptible sites
such as other tunors. (E) Bacteria hone_in to bladder tunors in
innunoconpetent mce C57 mce were |nt§avenously injected with 107

attenuat e g chol era transforned wi th pLI TE201 encodlng t he | ux operon
On  day % ne CWreRr BEQVERT al BeIFQE%ﬁveluﬁFﬁ §LBnt SEEFPHEY wdsoMmo ©
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to denonstrate |ght em ssion (Figure 12C) the results of this
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further eval the e act | ocati on of the Iun%peﬁgent bact eri a.

Visual i z ﬁ g Fﬁgna sequence upstream of usion gene anhd the
release from the periplasmic space into the medium 1is
facilitated by sequences present in domain II of the exotoxin
(Chaudhary et al., PNAS 85 (1988), 2939; Kondo et al.,
J.Biol.Chem. 263 (1988), 8470; Kihara and Pastan,
Bioconj.Chem. 5 {1994), 532). To promote secretion of
endostatin and Pseudomonas exotoxin/TGF alpha fusion protein
from L. monocytogenes, the signal sequence of listeriolysin
(LLO) (Mengaud et al., Infect.Immun. 56 (1988), 766) can be

placed upstream of each coding sedquence.

For regulation of endostatin and Pseudomonas exotoxin/TGF
alpha fusion protein expression levels in bacteria, vectors
can be generated where the therapeutic protein encoding genes
are under the control of the T7 promoter or the P, .. synthetic
promoter (Freitag and Jacobs, Infect.Immun. 67 (1999), 1844).
Without exogenous induction, the levels of the therapeutic
proteins are low in E. coli and in L. monocytogenes. The
minimal levels of therapeutic proteins in bacteria provide
greater safety following intravenous injection of the
engineered bacteria. In the following, the construction of six

plasmid DNAs for constitutive and regulated expression of



exci sed brain under the imager denonstrated strong |um nescent activity in
specific regions of the brain (Figure 13A). Simlar imaging of control
rats wit wotodborgsns tunors, which were intravenously inj @cTadoas4vér t he

| abel ed bacteria, denonstrated absence of any |um nescent activity (Figure
13B). (G Transfornmed human fibrosarcoma cells hone in to subcutaneous
glioma tunors in nude mce WD 03/ 0143884PCT/ | BO2/ 04767 72 Nude mice with
human breast tunors were injected intravenous with 5 x 105 hunan
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l ungs in addition to the tunpbrous tiss l e 4: Cbnstructlon of
bacterla¢l¢$mmmsdB$EE#6534Wha1#5caan§ e ﬂemﬂuG&ﬁﬁtunng?pr@@éﬂnaedcddlng
expression casgett and the therapeutic gene expression constructs in cis
conf i gurBPFOR (A" ®ati onal e Using the light-emtting expression systens
descri bed above, tunors could be inmaged based on |ight em ssion for up to
45 days .,in animals. These fi dlng suggest renar%able | asm d

st abi | i t§ ) nCEREEENFELPR PRePLBSE ﬁe SEFetPFoRTOFhEr € BFGSSWon‘Bﬁil ng
the therapeutic gene cassettgehBe€idn €984 gUrabhen with the light-emtting
protein expression cassette on the sane replicon, light em ssion can be
used as

The construction of the endostatin secretion vector to be used
in E. coli 1is as follows. The coding sequence of human
endostatin (591 bp) will be amplified by PCR from the plasmid
PES3 with the introduction of the required restriction sites
on both ends, followed by ligation into a pBluescript
(Clontech Corp., USA) cloning vector to generate pBlue-ES. The
ompF signal sequence (Nagahari et al., EMBO J. 4 (1985), 3589)
is amplified with Taq polymerase and inserted upstream in
frame with the endostatin sequence to generate pBlue-ompF/ES.
The expression cassette driven by the T7 promoter will be
excised, and inserted into the pLITE201 vector described in
Example 1(B), above, carrying the 1luxCDABE cassette, to
produce the plasmid pLITE-ompF/ES. The sequence encoding the
PAS factor (a 76 amino acid polypeptide) will be amplified
from the chromosomal DNA of Vibrio alginolyticus (formerly
named Achromobacter iophagus) (NCIB 11038) with Tag polymerase
using the primers 5'"-GGGAAAGACATGAAACGCTTA3-"! and 57—
AAACAACGAGTGAATTAGCGCT-3', and inserted into the multiple
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



an indicator of therapeutic construct presence and stability. In contrast
to light-emtting proteins, the therapeutic proteins, endostatin and
Pseudonora® oaxos3exi n/ TG- al pha fusion protein, are requi Pe€d/IBe@/@e67secr et ed
fromthe bacteria into the nediumor into the cytosol of tunor cells for

i nhibition WO 03/014380 PCT/1B02/ 04767 _ 73 of tumor growth. To achieve
protein secretion fromthe extracell ul’a | y replicating E. coli cells into
the tunor, t constructs_ with different signal seguences can be_ desjgned.
For secreffBRtEE erddd$t atPhi TF AP HHHTE sitanaly%segtﬂjen Eecaﬁfll?i’é‘a}L pI%%%F“lg
upstreansgbrthergodi ng sequence of endostatin, which facilitates the
secretion into the periplasmc space. To release the endostatin into the
medi um an additional protein, the PAS protein, needs to be coexpressed

with endpshahif. JS5 hagoheen exhayn, t o1ga8se grEkyianecheaki ness agdt7¢-he
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o pha t B Iaaos PR Al Aok A on eV EPE T e bt AP T EC Ry AR DM e T
gener at ed1pher & inlked hey apret I8 promeiterencadi nge geres sear earithdens¢reed
C ol S e AR EL ] 185} AR SH o aBiggmL sy (Freftag and

{(C) Construction of plasmid vectors for protein expression and

secretion from I. monocytogenes

Genes encoding endostatin or PE37/TGF alpha will be inserted
downstream of the listeriolysin (LLO) signal sequence in the
plasmid pCHHI to generate pCHHI-ES and pCCHI-PE37/TGF alpha.
Constitutive expression of the therapeutic proteins will be
obtained by linking the above secretion cassettes to the
listeriolysin promoter obtained from the pCHHI vector. The
sod-gfp expression cassette, excised from the plasmid psod-gfp
(Gdtz et al. PNAS in press.) will be inserted into pCHHI-ES to
generate BSPT#3-ESc, and into pCCHI-PE37/TGF alpha to generate
BSPT#4-PTc. For the expression of the therapeutic proteins
under the control of an IPTG inducible promoter, the
listeriolysin promoter 1in BSPT#3-ESc and BSPT#4-PTc will be
replaced with the Pgpac promoter from the plasmid pSPAC (Yansura
and Henner, PNAS USA 81 (1984), 439) to generate BSPT#5-ESi
and BSPT#6-PTi. Pspac 1is a hybrid promoter consisting of the
Bacillus subtilis bacteriophage SPO-1 promoter and the lac

operator. IPTG-induced GFP expression from the Pg.c promoter



W t hout exogenous induction, the levels of the therapeutic proteins are
lowin E. coli and in L. nonocytogenes. The mninmal |evels of therapeutic
protei ns Woobace3eri a provide greater safety foll ow ng i nPCRUABORNNSZ67
injection of the engineered bacteria. In the follow ng, the construction
of six plasmd DNAs for constitutive a.pg regul ated expression of WO
03/014380 PCT/1B02/ 04767 74 endostatin and Pseudononas exotoxi n/ TG al pha
fusi on praotei in E. _coli,and.L. nocyt ogenes i s describped. Al plasmds
to be | it Beeba TordtehcEEl iR, Fr oSN s i Fo oY Pk ol
bact eri almdmma ldper aglland all the plasmids to be transferred into L.
nonocyt ogenes will carry the constitutively expressed sod-gfp cassette.

Pl asm ds BSPT#1-ESi and BSPT#2-Pti are able to replicate in E. coli only,
and plasm ds BSPT#3, #4, #5, and #6 replicate in E. coli and L.

nonocyt ogenes. (B) Construction of plasm d vectors for _protein expression
and secr E¥yRPEe ofi EDeRePstyRbieR et r the | eFPBESSHel erfioktat Farase r@tfon

vector to be : i . ~Jheecpdin e~pf hunan
bndootat i n_ (50 poitTrEEEls Afarvel bl Slliod e SOl e e aLEe R W Th

t he i ntroendoistatdin Enel mepembdshands thoxdni/AEEs iatlpha dusiginh peed=sinf elndowed
by ligation into a pBlyescript .G ontech rp.....USA) cloning vector to
gener at e pBl ue- ES. Thé:%ed‘rﬁ)lgpué:’icé:ﬁaﬂn §‘é‘q6’?ﬂ‘gg %ﬁgﬁaﬁssﬁysal ., EMBOJ. 4
(1985), 3589) is anplified with Tag pol ynerase and inserted upstreamin
frame with the endostatin sequence to generate pBlue-onpF/ ES. , The

expr essi O c&setdR@riven HLete THPr BERFRGR | | Obe LexcFdd, &Rd L-

i nsert ed Jdd Qe Hd JEZO L ¥R6E OF 1 488651 BRd 1ive xR L(Ble 2BO¥Es of
carrying the I"'uxCDABE cassette, to produce the plasm d pLI TE-onpF/ ES. The

sequence @rcodPRgtihetipadys sotgreqed6luniferased vl ypERt i He) bacterpa
ﬁgpn{?idf kg%}eoé‘% gamé% gfo%rﬁ&@%@g@%. DNy, 0f o ¥hPE O ﬁkawol ¥LheusoLhaemBhl Yor
phagus NCI B 11038) with Tag pol ynerase
recipient E. coli or L. monocytogenes with the constructs
described in Example 4, the colonies with the highest
luciferase light emission or GFP fluorescence will Dbe
selected. In addition to characterizing light emission from
each selected colony before intravenous injection, the ability
of the selected transformants to secret endostatin and
Pseudomonas exotoxin/TGF alpha fusion protein into the medium
needs to be confirmed. The presence of endostatin and
Pseudomonas exotoxin/TGF alpha fusion protein synthesized
within E. coli and L. monocytogenes will Dbe determined by
extracting these proteins from the cell pellet. The secreted
proteins in the medium will be concentrated and analyzed by
gel separation and the quantity will be determined by Western
blotting. It 1s imperative to determine the percentage of the
newly synthesized proteins expressed from each plasmid
construct in either E. coli or L. monocytogenes that is
present in the medium. It is also essential to confirm, in
addition to constitutive expression of endostatin and
Pseudomonas exotoxin/TGF alpha fusion protein, that expression
can be induced in E. coli and in L. monocytogenes upon the
addition of IPTG to the bacterial culture medium. For the

design of future tumor therapy protocols, the relative amounts



using the prinmers 5 - GGGAAAGACATGAAACGCTTA3-1 and 5' -
AAACAACGAGTGAATTAGCCECT-3', and inserted into the multiple cloning sites of
pCR- Bl untwO@ong3ech Corp., USA) to create the expressi onPcagBetdesunder
the control of the lac pronoter. The resulting plasmd wll be naned
pCR-PAS. The lac pronoter |inked to t pas gene wll be excised from
pCR- PAS and WD 03/014380 PCT/1B02/ 04767 75 inserted into pLI TEonpF/ ES to

ield th i . asm #1- ESI | id - (K .al.,
g. Bi ol . %hf‘;mﬁégg%?ﬁgﬁggrg‘ggg) ]%%ntteﬁ{s%?ﬂﬁ 1§¥%eer18£1 gﬁ%\%gh b)s/i}gﬁg%lrrpA
signal &eggéncey BAd wrpediashceo ebediimgluimhi expreanion | LevklsPsudoaonas

exot oxin .k . i | 1 ised wit
restrict id(%r%ggl%)gy%E%a%rlee&qa@gﬁ%wiqﬁ%é%é?ngn%ﬂoéd%7fi‘r%:§%l %ﬁléalfly
( Pseudonesgsnéiatlodin de280nB18/ TGt hbphaprolueadise dvifarons yriveh ¢ Bsed di€£T4

Ki hara & Past an, 4, . Biogconjug. Chem 5; 532:538).to.create the plasmd
éVCSS-PE 7/Téﬁaglp%§% The e§838§§?8ﬁ68§§se?F8 o$l8ﬁ8§ﬁ%§%i¥GFaCEFﬁﬁa }gnked
to the Tocpewateer frbh behexpropdsedd tossttedtsintBoipl| PERRLikhe ywetrd the
final pl asrri% BSPT#2- PTI .., &% Consgﬁ:‘rjucti on of plasm d vectors for protein
expr essi SHEAGS1EECT BERIHOPSIH £ FonGoftoGiRe¥oEEnS508RC58i RE 8fdedEat i n
or PE37/ TGF alpha will be inserted downstreamof the listeriolysin (LLO

si gnal seguence in the | asmd pCHH to generate pCHHI - ES and .
pCCHI - PE?%FTé—eSéﬂ%ﬁa.Of <£1iﬁ%t PEREFVBCBXPr 88SCEALEE 1fd hethigiekst | €OpE HEBI ns

will be yebtakrednbtiafkinng o e RRALE 886 &ld QR 1CRESEIdeSE T O dbf using
listeriolysin pronoter obtained fromthe pCHH vector. The sod-gfp

expr essi ééec@@ t 21 9®3ki BeRtLAemithecqiitaki ol g3 odl g p PAGGaor et farmimiNAS
in press kh insertad | s t T#3- ESG, into
pCCHI - PE§)7C/O ?ecaléhalb%hﬁa to lgcgrger g?gngéé%ﬂ_[p#eEﬁﬁ&%t%g}Q?% e%el%p%rp egg?‘gnqgf a&geé

t her apeuPE4OpFeFepAPhaumder RERY /It radiphef fars IPTGiatdici bl @rproaoteredt he

listerioleygin p4or0L £1 id%i%nggﬁéE%ﬁm§pds§éﬁgf4ﬁﬁggifﬂél if® combination
with domain II of PE. Further, the listeriolysin signal
peptide may also facilitate the secretion of endostatin and
the chimeric toxin/TGF alpha fusion protein into the medium as
well as into the cytosol 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 into the medium are biologically
active. The presence and quantities 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,
alternative secretion systems such as the E. coli
HlyBD-dependent secretion pathway (Schlor et al.,
Mol.Gen.Genet. 256 (1997), 306), may be useful. Alternative
secretion signals from other gram positive bacteria, such as
the Bacillus sp. endoxylanase signal peptide (Choi et al.,
Appl.Microbiol.Biotechnol. 53 (2000), 640; Jeong and Lee,
Biotechnol.Bioeng. 67 (2000), 398) can be introduced.

(A) Confirmation of endostatin and Pseudomonas exotoxin/TGF



replaced with the Pspac pronoter fromthe plasm d pSPAC (Yansura and
Henner, PNAS USA 81 (1984), 439) to generate BSPT#5-ESi and BSPT#6- PTi .
Pspac i s wOlwglor4360 pr onot er consisting of the Bacillus sulPCTlIB&2/04767

bact eri ophage SPO- 1 pronoter and the lac operator. |IPTGinduced GFP
expression fromthe Pspao pronoter WO 03/ 014380 PCT/|1B02/ 04767 76 has been
docunented in L. nonocytogenes in the 3§t osol of mammlian cells. Exanple
5: Denonstration of the expression of |uciferase and G-P in bacteria and
verificati of15P3 f¥sIQ8 BERSRLGE SeERGsitR FRoMBarsesisi dte S&amthTGE

al pha fusion protein and their functiaiism cell culture assays To be able
to detect the presence of E. coli and L. nonocytogenes in tunor tissues in
live animals, the levels of the constitutively expressed |uciferase and

GFP in bacteri.a need to bhe adequate, Therefore,_after transfornmati o
Ceci pi ent: ECOU3) Lo LS Ny (UL L2 M EHE hewh bl PRUCHST TS ett Th
Exanpl e 4gpthe- ﬁ@iOQhQSB‘é@@lﬂzt—?‘?lhb@%ﬁEd IR, fqra%ﬂdm é§'é’€ka9£
fluorescence will be selected. In"addition to characteri zi ng ?3

em ssi onEEPBA  edthl selleet edtm%f@/rrb%d or &3t r avesi dsj edid

ability gebchhepsgl ec apsf or mang s 1 ngﬁg
Pseudom)ngs %xot%gl n/%‘%ﬂ%? % fusion péf%t)%ﬁ ﬁ]lto the medj‘hum needfs to be
confirnedlaThegpr essnce @ppe”@@@fstaaﬂ n aadtiPsetilonopataeRbdnoxi n/Q@@fpha

f usi on pig&ggi‘dé ?t Reshagds Withi & &L té‘c@dtf}'gom %]%thﬁga%&eé

det er m ne racting these proterns rom € cel e secreted
pr ot ei nsmirntuhe. ndthiasn \M:bltoneeeomjddi rla¢ e &b careck rathl yzédrbyﬂ delw skipghrtati on

and Lhe SwaOLLtvoh| oite, determaed by sl ar n ol oLl 0g hLol Sl PeEAl | ve

to deterinin he per centage o new esi zed prot ei ns expressed

from eacdaxprasmdn, cnaspeutnveihyel ﬂ.‘heeeEcodohu.eer Mithnttrm@cyrtcrajemestem i's

pr esent is a s}? ssentd a%dl ti.onto
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for further studies. To verlfy the secretion of endostatin and
Pseudomas exotoxin/TGF alpha fusion protein from each selected
transformant, the cells will be grown in minimal medium to log

phase. After centrifuging down the bacteria, the supernatants

will be passed through a 0.45-um-pore-size filter, and the
bacterium-free medium will be used for precipitation of the
secreted proteins. The precipitates will be collected by
centrifugation. Pellets will be washed, dried, and

re-suspended in sample buffer for protein gel separation.
Proteins from aliquots corresponding to 10 pl of bacterial

culture will be compared to proteins from 200 pul of culture
supernatant after separation in a 10% SDS-polyacrylamide gel.
Western Dblot analysis will be performed using polyclonal
antibody against endostatin (following the antibody production
protocol described by Timpl, Methods Enzymol. 82 (1982), 472)
and monoclonal antibody against TGF alpha (Oncogene Research
Products, Cambridge, MA, USA). The optimal growth conditions
will be established for secretion by sampling the growth
medium 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.Bacteriol. 177 (1995), 3965). By use of these methods, the



Pseudononas exot oxi n/ TG- al pha fusion protein, that expression can be
induced in E. coli and in L. nonocytogenes upon the addition of IPTGto

t he bact ewDaB/ote3Bd ure medi um For the design of future t®COMBOXEIGPY
protocols, the relative anobunts WO 03/014380 PCT/1B02/ 04767 77 of protein
secreted by the constitutive expression system needs to be conpared to the
i nduced expression |levels for a defind® time period first in bacterial

cultures. It is equall essential, to determ ne that,K both proteins when
synt hesi 2BAURE G SHFTCEAT ProHsHoNyt bhertdS avechrbioyi AN Ect ReaL iR

gener at edehe@AtERELRT @RRSED TOKISE r H6hStrBOtl R eheuRs (YRR L iR thES 284
previ ous caoli and were shown to be active. The results of the

ly in_ E
experineﬁggagééé??ged bel ofiSSABEILE coREi r ARCRRESKer @hdddtat j#ngent of

successf gktyesear ebedtbiam EinCokihelsink@ivit)e Qmfc-dgnalddept i geohdter
conbination with PAS pore formng _ protein expression. These experinents

. p >
wi |l al SBEERBREEPLt REPCPERGITEF Wit hhalangaped AT tal prhaafddngn IR ebds
are secr ghedpabitemibactenivuesi g 1Hg Besirgnalz pept bde ot scorinatihon
with domain Il of PE. Further, the Iisteriolysin signal peptide nmay al so
faci | i t aPBFAESdeRFRERBASOVLLAdBSt ABFAYAAdaSt RBO¥R meri ¢ toxi n/ TGF al pha
fusion protein into the nediumas well as into the cytosol of infected
tumor cells. Using the endothelial cell migration inhibition assay and the
protein syfBhe¥erifihgablenopf atkaybitcloghrrbeagkpettedof cendosetatie t hat
both protei reted. jntg -t.h i um are hi ol ogi cal |. acti.ve. .The
presence aﬁ%%(ﬁ%g%ﬁ %)S’eg'ofcotlﬁe%g%?ﬂdt NS l%)?%e = é‘&d%‘é’t &d n'blxgrragﬂloélci ng
the constitutive pronoters wthinpi®iRiions alskaly can be i nduced by I PTG In
addition to the secretion system described below, alternative secretion
systens such as the E. coli H yBD dependent secretion pathway (Schlor et

al ., MitCemdenebeedd6 §A89d). U6, mRMkeausef ul inAibeepat iv@scular
secretion S|ﬁnals her_gram positive bacteria, such as _the Bacjllus

fromo ]
sp. endo%yfg %Eéléigﬁépw%épﬁ4£$Q4}ﬁNE§EW%&Q?uced human umbilical vein
endothelial «cell (HUVEC) migration. Thus, the biological

activity of endostatin secreted by bacteria can be tested
using the HUVEC migration assay provided by Cascade Biologics,
Portland, OR. The inhibition of «cell migration will be
assessed in 48-well chemotaxis chambers (Neuro Probe,
Galthersburgs, MD) (Polverine et al., Methods Enzymol. 198
(1991), 440). Bacterium-free supernatant from each secretion
construct will be added to HUVECs for preincubation for 30
min. After incubation, the HUVECs will be placed in the upper
chamber. The migration of HUVECs into the lower chamber
induced by VEGF;¢s (R&D Systems, Minneapolis, NIN) will be
quantified by microscopic analysis. The concentration of
functional endostatin in the medium will be directly

proportional to the degree of inhibition of HUVEC migration.

(C) Testing the cytotoxic activity of secreted recombinant PE

toxin in tumor cell cultures

The inhibitory activity of the chimeric toxin in mammalian
cells will be measured based on inhibition of de novo protein

synthesis by inactivating EF-2 (Carroll and Collier,



Appl . M crobi ol . Bi otechnol . 53 (2000), 640; Jeong and Lee,

Bi ot echnol . Bi oeng. 67 (2000), 398) can be introduced. (A Confirmation of
endost at i woangi148seudononas exot oxi n/ TGF WO 03/ 014380 PCT/ PBOABQA0AGET 78

al pha fusion protein secretion frombacteria into growmh nedium E. col
strains (DH5a and BL21(XDE3) will be transfornmed with BSPT#1-ESi and
BSPT#2- PTi plasm d DNA. L. nnnocytogené@ strain ECGDA2 will be transforned
wi th plasm ds. BSPT#3- ESc BSPT#4- PTc, BSPT#5- ESi , and_BSPT#6- PT
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Pseudonekt exot oxi g TG ahphael isi oRoptovena trestmach weéltbcmedium, the

t ransf or I il {be,_qgr i 0, m_nigal i og ase.
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t hr ough mnd A mapore- vizé fud téeteanthedeinbddtcerprmtdire fmedtummwi ITlo be
used for ecipitarion of secret r ot gl The i pLtat wi.l I be
coIIecté%ggfﬁ%%%t%#%uagfﬁéﬁsePéﬁfe%é?%qéénéﬁéﬁé %g,tgéﬁedgkéﬁgﬁﬁs o

r e- suspendedonocyappkachulihdecter] preoined I ggel csepay atihen. batet eansvifiilom
al i quots corresponding to 10 | of bacterial culture.wl] be conpar to
o1 ot o1 n% ¢ GHLIBG g dor EEae s BEREHRt Rt TBRF BRI Cihar L POHIEhE S 106
SDS- pol yregiryd pragle (@alls Westainibhotr analyeis tWddndie pAr f eidred usiseg.

pol ycl onal . anti body agai nst endostatin (follow ng the antibodg producti on
pr ot ocol WHescPehedYB9ATI ifld  MBEhoBR BRSSP R {ifogPpmoNed) Txely the
monoc| Onfglfsﬁg i %«éﬁﬁ ﬁgﬁafa%n,TGEh@I RBAnE ONsRYeBE1 Regeakeh coRtadwahy, the

Canbri dge, . The optimal growth conditions. will be established for
secr et i oveBELs@prhikgerhe §rswhg Will be assayed in protein synthesis
inhibition experiments. The inhibition of [*H]-leucine

incorporation in tumor cell culture will be directly
proportional to the amount of the biologically active chimeric

toxin protein in the medium and cell lysate.

Example 6: Determination of the entry, localization and
distribution of intravenously injected bacteria in tumors of

live animals

(2) Rationale

Since only a small number of intravenously injected bacteria
escape the immune system by entering the tumor, their
immediate localization is not possible due to limited light
emission in live animals. Their location can only be verified
by sectioning the tumor to identify the early centers of light
emission. 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 fluorescent protein can be



medium at different tines during growth. A simlar nethod has been used
previously to anal yze secreted proteins in Salnonella typhinmuriumculture
super nat awD o3kae3Bga et al ., J.Bacteriol. 177 (1995), 396%CI/IBy2/043€ of

t hese net hods, the WD 03/014380 PCT/|1B02/ 04767 79 anobunt of secreted
proteins in the bacterial culture medium generated by each of the
constructs without induction will be &stablished. To estimate the increase
in the amount of _secreted proteins in the nmedium, |IPTG dependent  pronoter

activat i BPe@xper i ABRed wERE RXEERGs i AR by r88dilcg tHPEG £o  €RE! badt%r i al

culture (ﬁPeéz‘i’gf@ﬂ@§@sf:@ht3 fpt Rt iRV S, BRd therageenelad1pr Alginewiky be
assayed as above. Verification of the biological activity of endostatin

secr et edLbymEnO§Mt|Og§|ﬁl@SL Bionveyeabbnesg ushag d stighattiiom ehhichet ired
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growth fac uce “Ruran u |c vel n cell” (HUVEC)
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bacteri a can be tested wusing t HUVEC . gr.ati on assa ed by Ca cade

Bi ol ogi c8%7° g‘?gﬁﬂﬂ? CC%he | H?ﬁ‘ bi th%]teoqgn Cf Jlxglrfi) ]ld‘liy be e
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ol verine et al_, t hods Enz acteriumfree

supernat*é‘t‘ﬁlo?rorﬁteagﬁnse%?etq ?%G& pﬁg}%fdb?d %

prei ncub@i sopibeEiSH @bﬂalﬁéaerm nCﬁMdrﬁi’hdthﬁlﬂdli\éECSniMﬂd bglq@eaceﬁ in

t he upper chanber. The m gration of HUVECs into the | oner chapber i nduced
by VEGF18PSFRREPEysEERETSM AREAREIPILIYNI RPewbRC e T iqiifsi @[}P osis

M croscophg 3Rty shSthdhgpgoncentbatdnd fvalidcippnsbcendostatin in the
mediumwi || be directly proportional to the degree of inhibition of HUVEC

mgration. (C) Testing the cytotoxic activity of secreted reconbi nant PE
toxin i nwit'ﬁmrtrﬁ-,el lexplrtiWe@s sThee b RPE BEH O Hh aglicditn ofial he i swy i azHoxi n

' nannaeéggy, 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-day bacterial colonization) whether bacteria are
distributed evenly in the tumors or preferential localization
occurs in the periphery of the tumor or in the necrotic
center. A possible reduction in bacterial entry into
spontaneously occurring tumors due to the immunocompetence of
these animals can be overcome by increasing the number of

intravenously injected bacteria.

(B) Intravenous injection of E. coli expressing red
fluorescent protein and L. monocytogenes expressing green
fluorescent protein into nude mice and into rodents with

implanted and spontanecus tumors

E. coli (DH5a) carrying the DsRed (Matz et al., Nat.Biotech.

17 (1999), 969) expression cassette under the control of a



cells will be neasured based on inhibition of de novo protein synthesis by
inactivating EF-2 (Carroll and Collier, WO 03/014380 PCT/1B02/ 04767 80

J. Bi ol . Chwmo32688¢ 1987), 8707). Aliquots of bacteriumfre®CTIBmUMet ant s
obt ai ned fromthe expression of various reconbinant PE secretion '
constructs in E. coli and in L. nonocytogenes will be added to the C6
glioma cells or to HCTI 16 colon carc doma cells. Fol | owi ng treatnment with

medium the npammalian cells will be pulsed with [3H] -Ieucine, and the
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protein can
bacteria (1 x 10° cells re-suspended in 50 ul of saline) will

be intravenously injected, and the wound incision will be
closed with sutures. Tumors will be measured three times a
week using a caliper. Tumor volume will be calculated as

follows: small diameter x large diameter x height / 2.

The localization of bacteria in the tumor, based on GFP or
RFP, will also be analyzed using cryosectioned tumor tissues.
A reliable morphological and histological preservation, and
reproducible GFP or RFP detection may be obtained using frozen
sections after a slow tissue freezing protocol (Shariatmadari
et al., Biotechniques 30 (2001), 1282). Briefly, tumor 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% paraformaldehyde (PFA) in
PBS at room temperature. They will be washed once with PBS,

and embedded in Tissue-Tek at room temperature, and then kept
in the dark at 4°C for 24 h and slowly frozen at -70°C. Before
sectioning, the tissue will be kept at -20°C for 30 min. Then,
10- to 50-um-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



WO 03/ 014380 PCT/1B02/ 04767 81 used to |abel the extracellularly
replicating E. colt and green fluorescent protein for the intracellularly
repli catiwg@ o3l143smnocyt ogenes. By visualizing the distribecranowd47¢the red
and green fluorescence in tissue sections, the entry sites as well as
replication and |ocalization of E. coli _and L. nonocytogenes can be
determ ned individually and sinultaneddsly in the central or peripheral

regions of the tumopr. |t can be expected that the patterns of entry and
di st ri buURRbFT bRt aiidd i RS HsRnt 88 At stRTRPE2EREEe 7 2¥PdAL aFfiRIAL

tunors, agg8rdhggland t hRahasherdpindasedidaag9si She and QU4 Nyt her apy
w Il becone a valid approach. Wth the experinents described in section

(B), belvinsedieineRByandenbiichedonn BRE dndt kebbt iontbe Heght aeniitdi ng
bacteria in spontaneous tunors can be conpared to the distribution
patterns in inplanted tunors. Further, double-Iabeling experinents wll

al | ow t heoopesai bert oth@r eshseyy dpcal ggtithe exitiares! ukarl yorepldcating E.
coli and the intracellularly reglicating L. nmpnocytogenes in the sane
tunor seBPReREtoggRefy friom e helaetershurad (subSedlient timoh Rilvarily

bact eri ah;i ol gahzatdon) nybet Ber +R3G! &1d acahsr e3lill bUlRd syenhyd mikhe
tunors or preferential |ocalization occurs in the periphery of the tunor
or in thélrcibiilcd6 ceaten. REBTIH eCedddet | Bricl Vie baavesr | aftent riyunait o

spont anegust Yo@RENE ! | 99ah HRLS dUSnt enkhesl %ﬁgc%gﬂae_tge%npfthé heser 16

animal s can be overconme by increasing the nunber of intravenously Injected
bacteri adr¢®y MWitldaveeerisve npactingirasferuscoin egpiessiofy Fedcofliuoridgtent

protein and LpyTAGEY 998@?5.&%&ﬁéfi 9 gﬁ%ﬁ 18 'fﬁf&{?s%% pﬁg&ﬁi}“ Wil
nude m cée and into rodents with I nplanted and Spontaneous tufrdrs” E. cO
(DH5( x) reaceyvag tdre DsRedrawdaianiset ahjecldbnBi obéch. L. 17 fd@99)toPEe9 s

expressi on, S2RSEhEE WRPR™ chl® i IRa Lods R OB/ 04282 PEY 2R304 %0 T
animals from each tumor model will receive both E. coli and L.
monocytogenes (1 x 10° cells of each). Five hours, 25 hours,
and 5 days after injection, three animals of each treatment
group will be sacrificed, their tumors excised, and processed
individually as described in the above cryosectioning
protocol. After freezing, each tumor will be cut into two
halves. One half of the tumor will be used for preparing thick
sections (60-75 um) , which will Dbe analyzed under a
fluorescence stereomicroscope to observe the distribution of
bacteria in the sections of tumors obtained from each time
point of the experiment. The regions of interest will be
identified, thin sectioned, prepared, and analyzed with laser
scanning cytometry and under the confocal microscope followed

by image reconstruction.

In parallel experiments, animals with spontaneous tumors, as
listed in Table 6, will be obtained and used in intravenous
injection experiments with E. coli carrying the bacterial lux
operon. Two animals of each tumor model will be used, and the
luciferase light emission monitored daily under the low light
imager. It is expected that the spontaneocusly occurring tumors

can be imaged similarly to the implanted tumors based on



82 constitutive pronoter are used in this experinent. L. nonocytogenes ECD
strain derivatives with in-franme deletion in each of the virul ence genes
wer e i ndiwodaald3go | abel ed with the green fluorescent proP€TNBERABSEt e
driven by the constitutive SOD pronmoter. The |ocalization and intratunoral
distribution of bacteria wll first be studied in nude mce with inplanted
C6 glioma or HCT116 col on carci noma t8fors. C6 glioma or HCT116 col on

carcinoma cells (5 x 105 in 100 I) w.ll be subcutaneousl |njected into
the righadkewtakgleslfreass; REPEeSPhRPve THRY LT afher SPAREARERPF iSHeEt i on,
the ani nplgid || m@@eareﬁ%rhe&aéﬁgcar@mﬁoﬁae Jef thEemnadle Vehfe SULg C&lrﬂdy
exposed. nght emtting bacteria (1 x 106 cells re-suspended in 50 of
sal i ne) Mi¢¢ whkhi pieapeRsedngmen et B BABMERY WoERES/ncfstHonP ﬁnpﬁeﬁe
closed wih suiyy Fiaﬂu S1widtibe %%@%%%@ntt@r egolisREng WSk vesiond a
cal i per. Tunor volune w be cal cul ated as |l ows: small dianmeter x
Iarge(MInuﬂ@qunhenbhﬁ7/ ZoliheeXEcaEBZGQ|O&FBf Pt &ri a MANAWE AIHHSS,
based on % ind Brp A%} LS20 e@n?% USing, y%%ecékﬁé'@geéurf‘?ir t
ti ssues. |a | € norpho oglca I st ol ogi ca preservati on,

r epr oduct o ge G—'@cmrﬂ?@lmt ectlilon emphass asbt diheed usginig faegen Osfecttlh@ns
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sacrificed animals to a Petrl di sh containing PBS and di ssected into the
desired size. The sanples will be mxed fqor 2 h in 4% par af or mal dehyde
(PFA) in PBS at room tenperature. ¥h§§' i1l be washed once with PBS, and
embedded in Tissue- Tek apdroindaigetpics eniandl tedelept in the dark at
4C for 24 h and slowy frozen at -70C. Before sectioning, the tissue wll
be kept at -20C for 30 min. Then, 10- to 50-mthick sections wll be cut

with a Rei cligifsdung sEry98ULak800 Crivasdat and cebhegséed onrpekyehckysine
(1% -treated mcroscope slides. During sectioning, the WO 03/014380

PCT/ | BO2/ 04pégies description
Mouse 129/85v- Spontaneous Jackson Zzhu et al.,
Madh3Par adenocar- Laborato- Cell 94
cinoma of ries (1988), 703
large Bar Harbor,
intestine ME
Mouse FVB/N-~ Spontaneous Jackson Zhang et
TgN (UPII- carcinoma Laborato- al., Cancer
SV40T)29Xrw of bladder ries Res. 59
with Bar Harbor, (1999),
metastasis ME 3512
to the
liver
Mouse FVB- Spontaneous Jackson Guy et al.,
neuN (N#202)  adenocar-— Laborato~  PNAS USA 89
cinoma of ries (1992),
mammary Bar Harbor, 10578
tissue ME
Rat F344/CrCrlB Spontaneous Charles Hosokawa et
R carcinoma River al.,
of Laborato~ Toxicol.Pat

pituitary ries, hol. 21



83 material will be kept at roomtenperature to avoid several freezing and
thawi ng cycles. Finally, the sections will be rinsed in PBS and nounted in
PBS and kweptosiom3she dark at 4C. To nonitor the entry of [PCghBox7¢71i ng E.
coli and L. nonocytogenes fromthe blood streaminto the tunor, 27 nude
mce wll be injected wwth C6 tunor cells, and 27 nude mce wth HCT116
colon carcinoma cells. Twelve days aft&® tumor devel opnent, 9 aninals from
the C6 group and 9 fromthe HCT116 group will receive an intravenous
injection of E. coli with the RFP construct. ARIH&I®Tani HaP830rorBéach
group will receive an intravenous injection of L. ggnocytogenes
transforned with the GFP cDNA construct. The third group of 9 animals from
each tunmor nodel will receive both E. coli and L. nonocytogenes (1 x 106
cells of each) . Five hours, 25 hours, and 5 days after injection, three
animals of each treatnent group wll be sacrificed, their tunors excised,
and processed individually as described in the above cryosecti oning

protocol .gAlL ffﬁ%f@f-g& 4 Us@r Wi Es) S‘ﬂ_ i t Y hal f
of the tunor %?I be usedl or pr epar]?%l%&%%l C %gs%ic%%ins ?%%p%ﬁetl ch
wi |l be anal ppnddbarderiam-teocreéedepretetiar tbarepysiopeoctiendbseitd t he
distribution of bacteria in the.sections of tumyrs obtained fromeach tine

poi nt of the experiment . LT 5 FOTRGBE W De identified, thin

sectioned, prepared, and analyzed with |aser scanning cytonetry and under
t he confocal m croscope followed by inage reconstruction. In parallel
experiments, aninmals with spontant®uRatirialeas |isted in Table 6, will
be obtained and used in intravenous injection experinents with E. col
carrying the bacterial lux operon. Two animals of each tunor nodel wll be
used, andist Bdownycid efthse BYeFHtOWS SEPBALABAI tlovledh vaidus uhbdeecthen| od

e i maged” S A TR e Sl hnCad itor S et b Vit gy e O

PCT/ | BO2¢Qd@@wIlation 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 expressing
gene cassettes in cis configuration with a light-emitting gene
cassette provides an indirect detection system in vivo for

their temporal and spacial delivery via bacteria.

The endostatin and chimeric toxin gene cassettes are linked to
signal ©peptide encoding sequences, which facilitate the
secretion of these proteins into the extracellular space in
the tumor or into the cytosol of infected tumor cells. Both
proteins secreted from bacteria into the extracellular space
of the tumor are expected to function similarly to directly
injected purified proteins. Both proteins secreted from L.
monocytogenes into the cytosol of the infected tumor cells
will resemble the viral delivery system reported earlier for
endostatin. The bacterial systems <can be used as a
constitutive secretion system or as an exogenously added
IPTG-activatable secretion system in the tumor. By regulating
the expression levels of the therapeutic proteins in bacteria
that colonize the tumor, the secreted amount of proteins

inhibiting tumor growth can be determined. Without the



84 bacterial luciferase expression. Two of the spontaneous tunor nodels,
mce wth adenocarcinoma of the large intestine and mce with

adenocar cwpoa@14B0 t he mammary tissue, will be used for b&CTaBo2i4767

| ocal i zati on experinents follow ng intravenous injection of E coil
expressing RFP and L. nonocytogenes expressing GFP as described above. It
can be expected that these experi nment $6wi | | enphasi ze the significance of

the bacterjumbased di agnosis and protein therapy system Table 6
Spont ane%gglFﬁ%r Odni %Tgﬁo&@ies WM hR &Y aPRORSHE TIRRFS SRR c ETREf eiltice

speci es dessaPho@] WOUEEcE2BESHa cERINEARBAUS PAcksRR ZRU nBthidlum while
Madh3t m Par adenocar- Laborato- Cell 94 cinoma of Ties (1988%:;'] 703 | arge
Bar Har bbt, Pliorfestiffer Mt Miuse ThYB/ N 1Spoprantde s agsers ora Fefang tet the

TgN( UPI |reé§;}5_|§éﬂ@”@ufa@98h%t Qmi¥als @(_{\Pﬁ{l\% RYADSI 29XV @fs AHladder d % Res.
59 with Bar r bor gggg), nmet ast asi s 3512 to the liver Mouse B-
fre

Spont aneba@ BaRKssks fthel onsefe @dYNDOHt Heteno akhel dbsrapy- PRADSA

89 cinonBoRfrsiesd (EPNhe RIFMAGBAE s HAERYS ., $0348 cdnssie M Bat tn
F344/ Cr O 1B Spont aneous Charl es Hosokawa et R carcinona River al., of
Labor at ot rq@knet . Phheplagitead@lr idesl a3y Svs Wl 0821012886 1T /MaRE2) (2767

administration of antibiotics, similar to treating a bacterial

infection.

(B) Determination of the effect of endostatin and Pseudomonas
exotoxin/TGF alpha fusion protein secreted by E. coli and L.

monocytogenes on tumor growth in animals with implanted tumors

The inhibitory effect of endostatin and the cytotoxicity of
the chimeric toxin secreted by E. coli and L. monocytogenes in
tumors will be determined as follows. Thirty-five nude mice
bearing 10-day-old C6 tumors will be injected with bacterial
constructs as follows: (a) Five mice with E. coli engineered
to secrete endostatin; (b) Five mice with E. coli engineered
to secrete chimeric toxin; (c) Five mice with L. monocytogenes
engineered to secrete endostatin; (d) Five mice with L.
nionocytogeties engineered to secrete chimeric toxin; (e) Five
mice with E. coli secreting endostatin and chimeric toxin; (f)
control group: five mice injected with E. coli expressing
bacterial luciferase alone, and five mice with L.
monocytogenes expressing GFP. At the time of Dbacteria
injection, each tumor volume will be determined. Three days
after injection, the replication of bacteria in the tumors
will be monitored under a low 1light imager or under a
fluorescence stereomicroscope. The 1light emission and the
tumor volume will be measured daily up to 20 days after
bacterial injection. Ten days after injection, one animal from
each group will be sacrificed and the levels of the secreted

proteins present in the tumor tissue will be analyzed using



85 WI mngton, (1993), 283 MA Exanple 7: Verification of
bacteri um nedi ated tunor targeting and bacteriumsecreted protein therapy
i n rodentwows3se npl ant ed or spontaneous tunors (A) Rati @caliBo2s7ehown in
t he previous exanples, intravenous injection of light-emtting bacteria
results in entry, replication, and acg%nulation only in the tunor regions
in animals. This process can be nonitor'ed by imaging of Iight emssion in

tunmors. Placing t ndostatin and_chimeric _toxin_expressing e .
cassett NeFFEER BERE GaRatin i | ABASH GRRRERLTATRS gahe | ddtiie Ln
provi desiahibhdiorcbrdeieeid Gr@ydt el i endoyoat of ttﬁhatédt efpakdls ¥y a
spaci al delivery via.bacteria. The endostatin and chineric toxin gene
cassett e8°hFe F%ﬁ?@%lFo Enial TR FHR Theotftng2BafGeAceSraaticch wWith _
facilitatrihbeicseexahn qrofeimeseTREOt BT |FHSvieigXidoagaldiul aiisgpace in
the tunor or into the 8ytoso| of infected tunor cells. Both proteins

secr et ed>Fr At ba¥PEFFET] RPoPEhBLEREFaEePY uFE? BpaEer18f 2LABSt unor are
expected to function simlarly to directly injected purified proteins.

Both proteins secreted fromL. nongcytogenes into the cytosol of the
i nf ect ed Rumo’ cel FRLIQNTEP es&fRCE 1iRB Lyi r al™be® i velytEy st etRIERRI/P

earlier §88no€ag8shahhn. oFheBaghek/ al: igksle s L3k le USETLASuN(N#202) ,
constitutive secretion systemor asS an exogenously added |PTG activatable

secreti oh2RY8t B WhlEhBet ussh. Ty stagn abiengtiard ofpreawidird everseBis the
therapeubhC Rl R3S hADACRAT | dxpd PBhe SO PNike e GUHBRL e g&cratad

anount of proteins |nhibit|ng tunor growth can be determ ned. Wthout the
6

WO 03/ 014880r Hed | B 04767 CB6 it | 6nadtySEPTGithe Bahiusiecor yApr ot n
whey el CooREOEALE, il Epkenouy i) poLpd BeeLaghoo iy Leckephysh Al mim
chimeric toxin 1in the tumor tissue will be determined by
Western blot analysis. An identical experimental design will
be used to assay the effect of IPTG-induction of endostatin
and chimeric toxin production in bacteria in C6é tumors as well
as in the spontaneously occurring breast tumor mouse model. It
is expected that multiple IPTG induction of protein expression

in bacteria might be required for successful tumor therapy.

At any stage of tumor treatment, it may be required to remove
the light emitting and therapeutic gene containing bacteria
from the animal. To carry out this experiment, mice with
12-day-old C6 tumors will be intravenously injected with B&E.
coli expressing the bacterial luciferase. Three days after
injection, antibiotic therapy will be initiated by
intraperitoneal administration of gentamicin (5 mg/kg Dbody
weight) twice daily, or the newly discovered clinafloxacin
(CL960) (Nichterlein et al., Zentralbl.Bakteriol. 286 (1997),
401). This treatment will be performed for 5 days, and the
effect of antibiotics on the bacteria will be monitored by

imaging light emission from the animals daily.

By completing the above experiments, 1t is expected that
endostatin and chimeric toxin proteins secreted into the

tumors will cause the inhibition of tumor growth and



reci pient tunorous animals during delivery of bacteria. Using the BSPT
system the onset and duration of the therapy can be controlled by the
addi ti on wh 0BBT4380 Upon conpl etion of the treatnent, the IpaecBOd/@I6del i very
system can be elimnated by admnistration of antibiotics, simlar to
treating a bacterial infection. (B) Determ nation of the effect of
endostatin and Pseudononas exot oxi n/ T&f al pha fusion protein secreted by

E. coli and L. _ nonocytogenes on tunor growh in animals wth inplanted
t unors qu?ﬁﬁlﬁtd?%%tffé@tgr@lsséﬁéi‘ostgﬁ nl%mcf‘rﬁfecjéﬁﬂ%ef%\nxi &ty HMOThe

chi meri g d @xd 4k 586 atied bye Eacgobive@ndinl . hBBROCYAOGSNES Fi Nrodatos S waithl  be
determned as follows. Thirty-five nude mce bearing 10-day-old C6 tunors

wi Il be inplaierr witHYEet il Widdhs SRS LR URHY oWSCUERL DG v&IYROLE “wi t h
E. colt @ggéfﬁ@é&& t Gy S@er et RNAeHAd), EppiRicstimrce With kecaelted
engi neere to secrete chimeric toxin; (c) Five mce with L. nonocytogenes
engi neertie st sl epRd e FHOFEAL LN LORAN MRAE Sie W t UROr KrBALESREgEEYes
engi neered;d O sechole SRORELLfgl P8bALLée) TRbVeenBYae Wit G cdlincseeet ing
endostatin and chineric toxin; (f control group: five mce injected with
E. coli kapresst nfromatcher turor ueyf efmspigrsasionnats préikiieé 1St AsLan
nonocyt o S| . oAt ent| b ; (2 TIN=YoX o] o)

unor v tne w1 1o b5 Herarernag. PRy B caaye M rer o A eb i ae iy hp e
replicat (B3PDf dbctleeiprésenrhelnvemtitonwill be nonitored under a low |ight
i mger or under a fluorescence stereom croscope. The light em ssion and
the tunor volunme will be neasured daily up to 20 days after bacterial
injection. Ten days after injection, one aninal from each group will be
sacrificed and the |l evels of the secreted proteins present in the tunor
tissue wll be analyzed using WO 03/014380 PCT/|1B02/ 04767 87 Western bl ot
anal ysis. These experinents will result in inhibition of tumor growh in
endostatin treated animals or a nore dramatic tunor regression in animals
treated with



chimeric toxin proteins. The tunmor growth in control animals is not
expected to be affected by the bacteria alone. In a follow up experinent,
m ce wi t hwopantaseous adenocarci nona of mammary tissue (PCTABOR/04767

FVB- neuN( N4202), Table 6) will be used to study the effect of secreted
proteins on tunor growth. An experinental schene identical to that
described for the C6 tumor analysis w BP be used. At the conpletion of
tunmor therapy, the presence of endostatin or chinmeric toxin in the tunor
tissue will be determ ned by Wstern blot analysis. An identical

experimental design will be used tocagsay the effect of | PTG induction of
endostatin and chineric toxin production in bacteria in C6 tunors as well
as in the spontaneously occurring breast tunor nouse nodel. It is expected

that mulfi pAedkg’gﬁ%og;aQP%hamf RLELR ‘Eé%‘?ﬁs%io%gaosii'%i%%‘:tc%rn{p%i@i%& De.
required for successtul tunor tﬁerapy. ACTany stage of tumor treatments it
may be refoioedianisemove cehd |dgtitaiening i ag WA tskeenapedt | engedeng a

CoM a1 1B BELAI LS pLEOMANE 8L 0 81T By 01 S PRLLEL g T

unors w ravenous i h] ec
expressidgteteathbeteigadl| uci ferase. Three days after injection,
antibiotic therapy will be initiated by intraperitoneal adm nistration of

gentamcin (5 ng/kg body weight) twice daily, or the newly discovered

clinaf |l oxaciThe (A=260)st{id caheérdei phaetrmakceutientlr addmpdBakt 25n obf 28Gim

(1997), ,401). This treatpnent wll.Dbe 8erfo§ge% f 5 days, aq?.the %ffect
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that endostatin_an chiferic t oxi n Proteins secreted into the tunors wll
f
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nmeasurabl e tunor regression. It is anticipated that tunor regression wll
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or 2, wherein said protein capable of inducing a detectable

signal is a luminescent and/or fluorescent protein.

4. The diagnostic and/or pharmaceutical composition of any one
of claims 1 to 3, wherein said protein is a cell receptor

capable of binding a ligand.

5. The diagnostic and/or pharmaceutical composition of claim
4, wherein said composition further comprises a ligand which

is a radionuclide-labelled ligand.

6. The diagnostic and/or pharmaceutical composition of claim
4, wherein said composition further comprises a ligand which

is a paramagnetic- or superparamagnetic-metal-labelled ligand.

7. The diagnostic and/or pharmaceutical composition of claim
4, wherein said composition further comprises a ligand which

is coupled to a toxin.

8. The diagnostic and/or pharmaceutical composition of claim
4, wherein said composition further comprises a ligand which

is coupled to a therapeutic protein.



Experiments with simultaneous application of secreted endostatin and
chinmeric toxin proteins in tunor treatnent may give the nost prom sing
resul ts. woaspesswval of the engineered bacteria from thePCamBo2/ay67

adm nistration of antibiotics is an added safety neasure of the
bacterium secreted protein therapy (BSPT) of the present invention. WO
03/ 014380 PCT/ 1 B02/ 04767 89 Clainms 1.9\ di agnostic and/or pharmaceuti cal
conposition conprising a mcroorganismor cell containing a DNA sequence
encoding a detectable protein or a protein capable of inducing a

det ect ablos sianaliadmogthe dagnastca analar. RL2Y TBaRlLL £al o6 oyPoShY ! BReOf

claim 1, wherein sald m croorgani'smor c re contarlns DNA
sequenced) cdrddd g teaB prbediaifs)sadd tldidlaad dis taamemtitheshvapy and/ or
elimnation of netastatic tunors. 3. The diagnostic and/or pharnmaceuti cal
conposition of claim1l or 2, wherein said protein capable of inducing a
det ect ablld. Sihadizgnestiei apdéent rhadhaceilticeds compqridtisim. o8, cThem

di agnost i;c apgd/lar . pha eut j . £O it4 0N of, clial 3,
wherein ééingsg%éﬁn %ggg g%#§€é%§ep¥gfh&%gpé%{e%%ﬁu%ﬁ%ﬁ nS ahgkggﬁépag.
The di agsdgniad aired/ ®r pphaeiac eutdwsing oapesghiadn deftedtaibihe 4y whepeehisai d

conposi ti t her. S i gan { i : ronuclide:| abel |l ed

| i gand. é%%?hék |adﬁ%§¥ﬁ%éaﬁg$§9 ﬁ%grgﬁﬁghggcé%écgﬁéggbgi6% SgSEFgﬁﬁ%nﬂ,
wher ei n sgiett¢ongdusintoofair bher chigandesequlirgdndomicisuakizmtion of
paranagn%tgc- Qr superparamagnetic-netal-labelled Iigand. 7. The
diagnosti& andror phar maceuti cal conposition of claim 4, wherein said
conposition further conprises a ligand which is coupled to a toxin. 8. The
diagnosthg ang/ or pharnma euticaé co si_tion %{ cl.aim 4b m@erein aid
conposi tion f -85 Se sTHY P ha kG ARG S 2doupPBRO PO LA hétap@tii ¢
protein. one of claims 1 to 10, wherein said migroorganism is a

bacterium or a virus.

12. The diagnostic and/or pharmaceutical composition of claim

11, wherein said bacterium is a magnetic bacterium.

13. The diagnostic and/or pharmaceutical composition of claim

11, wherein said wvirus is Vaccinia virus.

14. The diagnostic and/or pharmaceutical composition of claim

11, wherein said bacterium is attenuated Vibrio cholerae.

15. The diagnostic and/or pharmaceutical composition of any

one of claims 1 to 10, wherein said cell is a mammalian cell.

16. The diagnostic and/or pharmaceutical composition of claim
3, wherein said luminescent or fluorescent protein 1is
luciferase, RFP or GFP.

17. The diagnostic and/or pharmaceutical composition of claim
16, wherein said microorganism or cell additionally contains a

gene encoding a substrate for a luciferase.

18. Use of the microorganism or cell as defined in any one of



WO 03/ 014380 PCT/1B02/ 04767 90 9. The di agnostic and/or pharmaceuti cal
conposition of any one of clains 4 to 8 wherein said ligand is an

ant i body.wo®3/014380 di agnosti ¢ and/ or pharnaceuti cal conposiPCIraro2wf47€l ai m 1
wherein said protein capable of inducing a detectable signal is a protein
i nduci ng a signal detectable by magnetic resonance inmaging (MRl) or
capabl e of binding a contrasting agent3l chronophore or a ligand required
for visualization of tissues. 11. The diagnostic and/or pharnmaceutical
conposi t icdriof dnyo drife Tofr cihke meraprarinn vherai lagneds ki gr 60rPani ShPRs a
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of claim erein-sal"d bacteriumis a magnetic bacterium 1

di agnosti c and/ or pharmaceutical conposition of claim 11, wherein said
virus is ¥accinia yir .14, e di 0St hC -pha utJ

conpositﬁgﬁ o] gla%ﬁfgi?}héheﬁginggggﬁ bggfe??ﬁ%?%%ﬁatﬁgﬁggt%@ggéﬁgioor
chol er aemobi toHiegdilsgestriiedawmd/obypN&Inaceut i cal conposition of any one
of clains 1 to 10, wherein said cell is a mammalian cell. 16. The

di agnosti c and/ or pharmaceutical conposition of claim 3, wherein said

| um nescendt. oThé | direscerttiprat@f ori pharmeideertdsal REGmpos GEPon 1L Tary

di agnosti c _and/ or. phar naceut i.cal. cQnposi {1 .qf. c| aj , j I
m cr oor g&ﬁlies rﬂd%rcjc%ﬁls ggd??i %ﬁalfluf%(lzloenrt acltorllng)r}églgnednelgewnc%rgi %é@gﬁggggﬁig e
for a | ucidmpoase. fifsedisteo o4 phetainr saigabilemfor deinomstidefamedand/any

one of WD.Q3/,014380 PCI/ |1 B2/ 04767 .91 cl ains {0 far the.pr ration

of a diaéﬁﬂgPP€%&8ﬁpd§EtPS a828ZlFuﬁﬁw¥¥ﬁ%g?%%%%$ i t%OF | 8géﬁgﬁg$%%é%tic
tunor trepimRtind fled)s® arcdsitbdigaldiie abweo e B8, o mhererot ¢ imocapaide ngfor

nnnitoriqg%gs,carried out ?ﬁ_NRL. 2q. The di agnostic and/ or pharnmaceuti cal
conposi t i UGF“&h? detectable signal.

21. The diagnostic and pharmaceutical composition of any one
of claims 1, 2, 3 and 10 to 17, wherein said protein suitable
for tumor therapy and/or elimination of metastatic tumors is
endostatin or recombinant chimeric toxin PE37/transforming

growth factor alpha (TGF-alpha).

22. The diagnostic and pharmaceutical composition of any one
of claims 1, 2 and 10 to 17, wherein said protein suitable for
tumor therapy and/or elimination of metastatic tumors is a
protein capable of converting a nontoxic prodrug into a toxic

drug which is cytotoxic to a tumor.

23. The diagnostic and pharmaceutical composition according to
any one of claims 1 to 17, wherein said DNA sequence(s) is

(are) on a BAC, MAC, cyber cell or cyber virus.

24. Use of the microorganism or cell as defined in any one of
claims 1 to 23 for the preparation of a pharmaceutical
composition for tumor therapy and/or elimination of a

metastatic tumor.

25. Use according to claim 24, wherein said tumor is a bladder

tumor, breast tumor, prostate tumor, glioma tumor, Iliver



one of clainms 1 to 17 further conprising (a) an antimcrobial conpound
fused to a protein suitable for tunor therapy and/or elimnation of

nmet ast at iwotoanne3go and/ or (b) an antim crobial conpound f RE€EABO204367
detectabl e protein or a protein capable of inducing a detectable signal.
21. The diagnostic and pharnmaceutical conposition of any one of clains 1,
2, 3 and 10 to 17, wherein said protei ®2suitable for tunor therapy and/or
elimnation of netastatic tunors is endostatin or reconbi nant chineric

t oxi n PE8Whoranskdnnitgomr ove ot attwer al phad( Forogl pleaarizd. dgaecinoma

di agnost | TAC .G onposition of any one of clains 1, 2 and 10
to 17, mkgrggﬁcgggéggrg?é?%ﬁéﬁgfable for tunor therapy and/or elimnation
of netastatic tunors is a protein capable of converting a nontoxic prodrug
into atoxic drug which is cytotoxic to a tunor. 23. The di agnostic and
pharmaceutical conposition according to any one of clains 1 to 17, wherein
sai d DNA sequence(s) is (are) on a BAC, MAC, cyber cell or cyber virus.

24. Use of the microorganismor cell as defined in any one of clains 1 to
23 for the preparation of a pharmaceutical conposition for tunor therapy
and/or elimnation of a netastatic tunor. 25. Use according to claim 24,
wherein said tunor is a bladder tunor, breast tunor, prostate tunor,
glioma tunmor, |iver WO 03/014380 PCT/1B02/ 04767 92 tunor, skin tunor,
colon tunor, lung tunor, ovarial carcinoma or pancreatic carcinona.



