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(57) Abstract: Described are diagnostic and pharmaceutical compositions comprising a microorganism or cell containing a DNA
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furthernore (a) DNA sequence(s) encoding (a)
protein(s) suitable for tunor therapy and/ or
elimnation of nmetastatic tunors, e.g. a cytotoxic or
cytostatic protein Presence of bacteria in tunors was
reported approximtely fifty years ago. Severa
publications substantiated the earlier clinica
findings that unexpectedly | arge nunbers of bacteria
were di scovered in excised t rs. from human
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however, it was not ye\-t clear whether the microorganisms were
the cause of tumor formation or whether the tumorous tissues
were more susceptible to bacterial colonizaticnm. Intraveneusly
injected strict anaercbic bacteria, Clostridium prasteurianum,
into mice replicated selectively in the tumor suggesting a
hypoxic microenvironment in the necrotic center. Intravenous
injection of attenuated Salmonella typhimurium wmutants

resulted in elevated bacterial titers in the tumor tissues in
comparison to the other organs of mice upon histologic and

bacteriologic analyses. | -




Epstein-Barr virus in squanous cell carcinoma in

Kirnura's disease, nouse nmammary tunor virus-1like

particles (MMIV) in human breast cancer, SV40 virus

i n macaque astrocytonma, and herpesvirus in turtle

fi bropapilloma has been reported. Surprisingly, the
concentration of virus particles in the tunors shows
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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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tunors grown from subcut aneously inplanted C6 rat
glioma cells, virus particles were found to be
retained over tine in L the tunor tissues, resulting
in lasting light em ssion. The ,i presence and
anplification of the virus-encoded fusion proteins in
the sane tunor were nonitored in live aninmals by
observing GFP fluorescence under a stereonicroscope
and by, «collecting luciferase-catalyzed |ight
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virus particles was also seen in nude mice carrying

JSubcutaneous 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 €57 mice were also targeted by the

Vaccinia virus. Cross sections of a Cg glioma raevealed that

light emissjion was clustered in «Patches, at the periphery of
the tumor where the fast~dividing cells reside. In contrast,
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- cddtStrRid viBaiC @e&ﬂ;\é@hﬁ{%&‘."ﬁg&n&@ gt?{:@g%la?#% (af}li n;(-)'s}‘lé-l.guc-gfp 24




animal s under a low |light imager immediately. No |ight
em ssion was detected thirty-six hours after bacteri al
injection in both athym c (nu/nu) mce and
i mmunoconpetent C57 mice as a result of clearing by
the i mune system 1n the cutaneous wound of an
intravenously injected animal, the bacterial |ight
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t herapeutic gene constructs for the treatnment of
cancer. These systens have the foll ow ng advant ages:
(a) They target the tunor specifically wthout
affecting normal tissue; (b) the expression and
"secretion of the therapeutic gene constructs are
preferably, under the control of .an inducible pronoter
enabl i ng secretion to be switched on or off; and (c)
the location of the delivery systeminside the tunor
g@n be_.verified by direct visualization before
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diaghostic ‘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 oytotoxic protein, a cytostatic protein, a protein
inhibiting angiogenesis or a protein stimilating apoptosis.
Such proteins are well-known te the person skilled in the art
and further examples of suitable proteinzs are given below.

Any microorganism or cell is useful for the compositions of
the present invention, provided that they replicate in the
_organism, are not pathogenic for the organism, e.qg.
attenunated, and ars recognized by the immune ayéte&u of the
organism, etc., Examples of microorganisms useful for the.




of candi date bacteria which m ght be useful for the
pur poses of the present invention and which m ght not
be tunor-targeted are given in Table 1, below The
-person skilled in the art can easily identify such
bacteria which are not tunor-targeted by conmonly
avai | abl e nethods, e.g. the nethods described in
section 6.1 of WD 96/40238. Preferably, said bacteria
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cyapgllagrici firlisks, a chem cal conpound) or nutant
| igand receptors can be genetically or chemcally

engi neered so that they wl|l )
In a particularly preferred enbodiment, 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 Twminescent
and/or £fluorescent protein, also comprises a DNA sedquence
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 teceptor capable of binding a ligand
Which can be a diagnostic or therapeutic ligand. The ligand -




not bind to any endogenous nol ecules. In addition to

i ncreasing specificity, these nutants/anal ogs wll

also limt adverse effect to the normal host

physiology. In a nore preferred enbodi ment of the

di agnostic and/or pharmaceutical conposition of the

present invention, the ligand_ is a

radi onucl i de-l abel l ed |igand. Tai d ligand is, e.g.

dsef uhefor, t iLsuglizati.on by _singl e- photon

eniss%gn %o g?ggg 0 'éngﬂgngPEé?Fgﬁr or small peptides,
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{ ce ttgrs ,ex%Hgs's_egkgﬁec?lif&é%ﬂﬁ/e'ontﬂ?he"*%ur“flé@e bpcation of
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Lonacl ded gaﬁé' CEEPERF  gurenfognatumoanorlabeling is

uE Tl giapithe REtlow opO$aEbIprd JurR Nahy ﬁﬁi%h??g@ferably,

f P4 L radi onucl i des ,usef|
,%e_sen,t ?ﬁe@h?.gg%%gﬁlggi’a) mptank prioted ng Jgapds 1 (or analogs
i E;if5§£b;thmi;§l($gmpam“ﬂltﬁwsmﬁuﬁﬂt aﬁgéﬂélreg%ﬁgara can
biea O OfeEL eyt ¢ as trager Qr -
ABET gl ude “Co, . 67Ga, %%a%yeggﬂﬁf‘%fafe, FRoutppF) they will
TN Hﬂ%%o, B2y + GRAQGNOWSPECR R REL. artn  addition to
ibersatiivg t egteiigiies tiyhat ﬂﬁﬁgéﬂéﬂﬁ%gﬁééyan&%ggg] . als
1iRag rdi o.th resent _i pvention. §EEHT °
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and y 8 em ssion fromradi onuclides. PET is even nore

Tsensi tioses t ferRle@l. i ment s .using,smal |
ph2Pgrators t%hma\l s, @IU%QOS?RW%# ngcp’li s éarf%rlﬁga"ﬁl??ﬁg and/or
a n1c?%#ﬁ%é§ StTURRLEARR cRELi sthgontbesent | yinvention, the
tegandabie shroadghonecde-Goneanda MEGosySt ¥iBd ligand is
e (FKnoxvikLens TNk rExgﬂﬁJes of usg&ﬁl ) : L d
radi onucl | 6- 1 abal e agent s istellzationpeb¥d single-photon
ST HeRr PTG HDd Fompagrphy (VEPECTAl .or PMAS IWSAEnission

Faagony 81500 457 4BR S5TLERL L0 s
1 ad 13gand: PicM : ) " i

agéﬁgi pyrﬁ%gf”& h%’e_—”ﬁﬁ sCRECPREERy [a¥TisswHd ashegbfityally on
theeoeurpasy) qRdtnabretcdlls PMABWSAg 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) B*-
emitters such as ¢, N, 5% or %cu or (b) y-emitters such
as ' I. Other radionuclides that can, e.g., be used as
tracers for PET include *Co, “'Ga, %Ga, “Cu(rr), “cu(ry,
*Ni, **Co, %Fe, °F, etc.

SPECT and PET are sensitive techniques that may be used foi:
tumor imaging according to the present invention. Both SPECT

and PET are capable of detecting trace amounts of 8% and y




99 (2002), 3030-3035, SZFe-citrate (Leenders et al.
J.Neural Transm Suppl. 43 (1994), 123-132, 52

Fe/ 52i Mn-citrate (Cal onder et al., J.Neurochem 73
©(1999), 2047-2055) and 52Fe-labeled iron(lll)

hydr oxi de- sucrose conpl ex (Beshara et al.
Br.J.1llaematol . 104 (1999), 288-295, 296-302). In

order to apply the radionuclige-labeled ligand in
tunmor detection, the genes encoding the receptor

epvistsdions frivat #dtﬁ.oﬂdcga?rtgﬁg .{T@E'biilﬁi_ &7én 0Rbr¥CE8As {ve than
_Ipﬁbl V Ué}!: acteri q,, vlruses, or .

?nan%glﬁgg cé??%ﬂ%%%%gdPﬁéngosﬁﬁ Y oA cARiBALS,  tumor
1G24 11 EoRftfpametiowsing thembxanpE®s inslument hakhich is

coOffdediol ailNkr 3M4a0L i py bacteri viruses, .and
(ﬁmml.i §n E,;l l's re@rﬁy%agggéﬁpggffi%déﬁl’yaq%n HWele uHprEosystems
57¥ddit6n G the receptor proteins in the tumors will

mark the tunors for targeting by the
For exanple, in the case

) L onucl i de- | ahel ed. | i gands,

E t’/g%%u‘lﬁ# gfﬁﬁ’f‘ ,r*"id&%%i fPPRERE 49@Rby are "‘Cu-labeled
eaaﬂégﬁreﬁ,ann@z;fyufragmerm wWajdu)axﬂiﬁﬁuggmn%? %1 (2002),
8898SEEUE S encogin or eins, that can bin
Jg@egificgfl to thga$$f§§ds.Ségég%ﬁﬁﬁﬁ§dély Tt iogt  al-.

ed, GheHni AAnd 19888 Nl 341vilRdd s alft Gwp ey aldéved g~ obis (N4~

mé tieyl EhPO5 Ol cGEHRZEAE) SYFLACO TN 63 Of et h%l., PNAS USA -
tunor tissues. en,  the -

e p in Lpt .
o8 CEE808E PaGFRarly. Mregaiitene (iaqroam ot al., J.Neural
Tramsmyvencusdyl i nt 023 he (ied4)., Thelsspeadd,i ¢ BrngyAoMn-citrate
Ne@hy I & oguicl i de- li d t he
;ﬁ%ieg%ors%g{eggféségdh%%§+%€g?ungﬁfczﬂgggﬁrfa Q4ZFF8§§) and
“The'aketedi dmos ITTindritusialevdrosor cymphigsi Grwshara et

alorj gdmal et § rom t ieoodU0sse-2abel bo8U36HE.
tunors with radionucltdes will allow ‘easy distinction
between tunors and normal tissues. Therefore,
IhanEder dtB apply - tet echdientledti dard adldiacheli §#nd in tumor
derd i Gal, adesdol de : i gned. . Based on.the
l'Si%gfl of B*?gor'g-éﬁgggﬁg ,ggﬁegﬁgﬁgFPgdpfﬁ%&ﬁ Scqfat the
G RalPy RIRE sérwhdrd ivreedenbyal intfraommaisly injected
baticmjﬁf,_ i Srﬂteﬁ;esat ﬁ:r nh!&'mﬂiémiaa?r Idﬁqlﬂsaf 'a)éd%{r%fi‘?{gf edo the
o i . for €_pug poses: e resent -
oo VB L AT oYBarolad b b ofn the examples,
below, that certain intravenously injected bacteria, viruses
and wmammalian cells replicate specifically in the tumors,;
expression of the receptor proteins in the tumors will mark

- the tumors for targeting by the radiongclide—labeled ligands.

For example, in the case of Vaccinia virus, to allow efficient
tumor detection, the virus can be used to CArry ¢ene
congtructs encoding receptor proteins that can bind
specifically to the ligands. Intravenously injection of
recombinant Vaccinia virus allows the delivery of the receptor
~gene and surface expression of the receptor protein in the
tumor tissues. Then, the radionuclide-labeled . ligands are
injected intravenously intoc the host.. The specific binding

between radionuciide—labelled ligands and their receptors




Lty

di agnostic i magi ng usi ng PET, SPECT, or scintigraphy.
It is known for its ability to accunulate in
inflammatory | esions and tunors, especially in
| ynphomas, but also in many other types of tunors,
such as in pancreatic -tunors, lung tunors etc. The
mechani sm of 67Ga uptake has been proposed to be
t hrough both transferrin-dependent route and
transferrin- independent rout In the
Akshew | n a S
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Sﬂmsl‘laérrbhdeechplder g:emehu—:onﬁési@ﬂiedorBased on the signal
tors, specifically

nch i PR GRLAAR CEPPQ 1341 GRPRRES | BRhancheanty

epatiisedt swi Dl owheg taidBYENOES ridlelt | eRsehiekheis kept at a
mdbiYses is preferred. 67Ga will be also delivered
1 At T avenousl y. High level accunulation of 67Ga in
tunor cells with the help fromthe over-expressed

P&&@a&h@e&w peeeREEd el it Qmﬁ-'@n'fcdf:afﬁé ypu:ﬁﬂ%géfg of the

tunor detectiogn abilitiesIn _|live_animls and

PE&EERBSt s IR Ol al FREAAMEVET pr df Gled EMbodbentused for
dti beneisagrostizer iand s inghpERCeERE T A Qomfﬂﬂlg&hﬁl{y. It is .

present Ses m,cr oor gani sm -
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urt her nore, the rotelgg can contrast agents,

e&hro oPESEARi§ANRL or G0 F%ﬁwbﬁ@dleFOPOSEd to be
threughi Zadilon tnﬁnstﬂamﬁas—ddireefﬁra:bl youtal dapiot erans ﬁerr:m—

1ﬁd8‘§ghdéﬁﬁep§o te. ca t%g: ?ab‘gil aéﬁ? ang eexhl. <] route, . it

per paranagnetic’
hgpsbhgen; shaym bfharl QVEESEKPIQQS fon rrpft rtadnaﬁbmg:.mf receptor
sl@éﬁﬁf@&ﬂﬁ%l? O SHPLEHAT arBgnet i gragtal - 1 }lﬁgr cells.

|gan s to their receptors expressed speC| cal

hermore, -transferrin receptor antibody
significantly blocks ®Ga by tumor cells. For small tumor
imaging, wvery 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—éxpressing transferrin receptors

gpecifically on the surface of tumor cells in live animals
or human patients following dintravenous 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.




on the surface of tunor cells follow ng, e.qg.,

i ntravenous delivery of engineered bacteria, viruses,
or manmalian cells according to the present invention
carrying the receptor protein gene constructs has
several advantages. The high |evel of accunul ati on of
these netals in the tunors will facilitate tunor

detection. Virtually any-paranmagneti.c or
super par amagnetic netal s can B8 used for this purpose.
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lepedtledt atigerids anal mmdw&@ﬁtws P eRghtGisRG 4 specifically
hnddﬂéné-&ﬂf @Qelo'efdﬂ v‘grden if%/ r #,E {y)rotel % usi nglnt
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ﬁl&VFFEaPFoﬁ§GWP@ﬁr bacderiged virueenl,r a8t mg@MSian cells
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R n roteln P mfth t he blﬁhnctlonagglﬁgi Fhe receptor
ngi 0%#) Bgﬁfylhﬁs fIRA3L advantages. The high
1@?@1h)ﬂ%neccmmaeipantmceheﬁea@déﬂ:a@W PAPANe tumors will
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and nodif g proteins Mﬁth
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carr
selected to keep adverse effects at minimal. In most

currently available contrast agents, the metal particles atre
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 I:Sruteins
are well known to the person skilled in the art, e.g., the
protein ligand (or other chemical compound ligand) is first
.chemic:ally attached to the chelates (¢.g. diethylene
triamine pentaacetic acid (DTPA)). Then, the chelate-protein
complex is labeled with metals. A similar labeling method
has been used in generating galliu:u—labeléd somatostatin




approaches: (a) Mddified gadoliniumactivation due to
enzyne/ protein delivery This approach is based on the
principles of Gene-Directed Enzyne Prodrug Therapy
(GDEPT); in which case the enzynes /proteins activate
a systemcally delivered nontoxic prodrug into active
toxic drug. Specific activation of the MR contrast
agent in weak relaxivity state into strong relaxivity
state by the enzyme/protein ild the tunors all ows

BT CRLACRY 51 SR L Al onss

lhpopreteain wsnus;reitTPmmbmmtﬁalr@aadees,. mmmrw protein
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RARIYbsed N%%Fﬁ@ﬂ&r"—"?ﬁﬁﬁraa&@fté@t i ogGid  (MX-DTPA))
(MirzZad€h tet (adet, CBlaconjug Chem. 1 (1990), 59-65) and

)50 I opyr syl et hoxy)
m?&%ﬂ% cycé g% Zne) JadH i ni T (Egﬁgfiaﬁbat§ﬁ§¥4Hide of
dmgmhy}enetnlahnsecpapbaadetacgaha¢uopwEMﬂmmanesummman and
0Si §ion t 9t R 4c0QRGRat I O th

W%%%IP Du&(; toﬁ?ﬁ?s i‘iagckal%, \(}/altégrgqérotig?sst g’rg %xcl %{ been
de3omPeteracting with Gd3+ ion, and therefore

di m ni shed effect on Ti relaxation time. In the

presence of ! 3-gal actosi dase, the enzyne cl eaves the

al act opyranose,fromthe chelate, freeing the
Ai%ﬁﬁﬂﬁﬁﬁﬂﬁlah ¥Rle caRd BRI oa*Fipevepdtbl BYt r Bhei t fohlowing

amfrdaithesant r ast agent froma weak to a strong
relaxivity state. Since the bacterium , virus-, or
manmal i an cel | - based enzyne expression occurs only in
tunors, the enzyme-nedi ated relaxivity state

{(d)r apidifiedM |dadiiS@igacubceMtrdtidnt NQuEUMBES. enzyme/protein

dégryé%fgre this enzynme-nedi ated activation of MR
detection. In

t agents can be used for tunor
addition to the above MRl contrast agent, simlar new
contrast agents nmay be devel oped in which other types

Th%.fs approach is based on the principles of Gene-Directed
Enzyme Prodrug Therapy ({GDEPT); .in which case the
enzymes/proteins activata 8 systemically delivered nontoxic
rrodrug into active toxic drug. Specific activation of the
MRI contrast agent in weak relaxivity state into strong
relaxivity state by the enzyme/protein in the tumors azllows
- tumor detection. The eﬁzyme/protein delivery to ftumors is
achieved through intravenously injected engineered bacteria,
éiruses, and mammalian cells, which carry the gene encoding
Efgal_actosidase (or any other related enzymes). The B~
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 iz (4,7,10-
tri(acetic acid) -1~ {2-8~-galactopyranosylethoxy)-1,4,7, 10~




resi dues may be attached to the chel ates. These

resi dues can be renoved by their correspondi ng
enzymes (simlar to the renoval of gal actopyranose by
gal act osi dase) (e.g. a- mannosi dases, a- and

0- gl ucosi dases, | 3-glucuronidases) to free the 9th
coordination site of the G& ion and nodify the Ti

rel axation tinme for tunor detections. The genes
encodi ng these enzymes may at3 be delivered by the

' I bacteria,. . vjruses, o nmmalian cells
R S E R S e i e vMeaber Stnaw-¢ 1997,
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tﬁgntrast agents_(e.g. nodified gadolinium Ttirst and

bsBHBERETY, The HcIatAgtiBHI%ean ithi®ecBEYBEr oglggves the
gb;:ac?@ysme: 0 ;facbiux uthe el c;hgﬂ)ﬂtrees S eﬂeéﬂﬁcy YTH:I{e?_- @oordination
a 0 . - i f CL - se ectli on an
D TRl s L S T e e
THemor i Vieakn basedstomg astlagjoritw atalre . Sdniceathed bpcterium-
¢ AR IQRAENTE 68 %m&aqahﬁcteéiﬂggged AgndoRE" | e occurs

i ch .can be used faor tunor tection. ~“Subsequently,
OB i At avEHBEESy ddihRer BB pRBaPadiatedich redaggvity  state
tiddsitdn v(jdesczrzjs&a:edadqmrUslzﬂ@t et gﬁe%_@m&%ﬁ), THBYeB8re, this
/€ V. ) 1 - ga i dase in the tunors,
ex?%ﬁgél/g?eéﬁge{%%ea cy vc?tt[& I'c °af?3§’§é e rr?s“:"tq: A f4s be used
feprivmpic sletiocddoment . (c) Engineering of delivery
vector systens with the Two- Gene-Product - Based
Det ecti on and Therapeutic Systens (TGPBDTS) Gene 1 is

linked to a constitutive pronoter and produces the : ‘
Irpn p@fa&/:prot &9 ndhieor abensi MRE heovbntststagrgent s simifar new

cdfi@l=tDi BgEREs PRl Be,  ARdL{dges 93dol i um lc:;?:rhe(}t h%gzpes of

éﬁgans and gene 72 IS | i nked t'o an_exogenous .
x e Byrahbreredwhpcibes diglafesn tHhase typsidues can
bectematred drygthangd antyesponBithnefibiRést N@inilar to the

detea}ion vectQor systemis found
remova of galactopyrancse by galactosidase) (e.g. o~

mannosidases, o~ and B-glucosidases, B-giucurﬁnidases) to free
the 9th coordination site of the Gd* ion and modify the Ti
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
“tumeor imaging.

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




positive by MRI. The activation of the vector-based
pronoter gene construct is achieved- by injection or
by oral adm nistration of the activator drug. The
repeated injection of the contrast agent allows the
zeal -time nonitoring of tunor size and | ocation of
net astases during the treatnment procedure. 14
Preferably, for transfecting the cells the DNA

encodrng the (dragnostrc or therapeutic)
IO Sl deiNery cvect fystemns céar amdiontion of

wmomateabtprﬁ@mﬂs ar(% Hr eﬁr‘éﬁ&fh@da é{a?c%ﬂnﬂ{m)an first and

Egg:gigl%i Veﬁé e oerson Sglrleu In an art
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GFBDTS)

conposrtron of the present |nvent|on |nclude

bacul ovi rus, vaccinia, sindbis virus, Sendai virus,
. adenovirus, an AAV. virus or a parvovirus, such as

MVM or H1. The vector may also be a retrovirus, such

as MoMJULV, MQWILV, HaMusSVv, MUMIV, RSV or @GLV. For
FeXpregsmmher n tlaenrajesjo]arr&mmi-bblsedpraaﬁtgastr SaGefit can be

t ne | ovi rus, "i nmredi earIy pronoter,,
PE%&J % nﬁP% ti d&u- a%ﬂ agi-gghdagedifigs described
abowﬁntahschamanueaiuhse&f&b%rahh&g?t&@¥%®@i&@qugﬂﬁgéquent1y,
c nescent ,and/ or or escent
thd Qi BSvefods1 f:le\l.'ll.g ered. Brodrugs.’ s Rff oFBI, TMI, PCI

‘protein are opera y
(desomibrA HityHSpatesdi @n64§uéﬁs)prnmpthescléaqu by the same
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b g PR he Dbty E0° Wl a0E vl e Pokextc arugs
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integration. If such constructs are made in nanmal i an
cells wusing mammual i an vectors, stably transforned
cell.lines with a single-copy insertion will be

(genenatiedcirohg 089 RNIMvaENPT $8SEQR I U G8ILLS: the Two-
<AL A T S e e e e

{TGRADES) said DNA sequences, it is possible to use
general net hods known in .

Gene 1 is linked to a constitutive promoter and produces the
enzymes/proteins for sensing the contrast agents {e.qg.
metal-binding proteins, modified gadolinium, or other
agents) and gene 2 is linked to an exXogenously 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- by - 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,




the art. These nethods include e.g. in vitro

reconbi nation techniques, synthetic nethods and in
vivo reconbi nati on nethods as described in Sanbrook
et al., Mlecular doning, A Laboratory Manual, 04
edition (1989) Cold Spring Harbor Laboratory Press,
Col d Spring Harbor, NY, for exanple. Methods of
transfecting cells, of phenotypically selecting is
transfectants and of expressing the DNA sequences by

Puefegabhy, atmwve tafelsmtfieman\gectms cﬁm.dmem | pNAhesequences
. The rs [ int art 0 DNA sequenges
e@%%%ﬁ%ﬁgtﬂgr&%%%¥§°%£¥§,6%uﬁﬁﬁ5§€%ﬁgl%? PERSFESS Hfescribed
2P Heei fo X-hat a cdmmipe sqsed | andher difignastsaerandpedtein are
pBaénBceid | Gal veiEesi Li-on Qf nt.d tiop. :
Dp%iqg t he past deche,rfhgﬂ_iﬁgﬁg?g%gg idﬂégﬁgg' A" person .
SKLUIEE T oft JR&t REEL difal fahkiaRNWSEhnEXaMmlRSs efherieng. The
DY obegnentesmdaact £1 4@l bbUebhetanrdl LM ¥ BebBmbinant virus
C$E%%$§1%48elas g; al ., Science 218 (1982), 791-793 .

At TTon ViR SRRz iSRS %hd SEORRETNR ei Suitable
vigusRs Rolsat 18ay (16885ed178) thei debbhyobtticl eraphabeicentical
Sl ln . NI o) s o Bl OL 7). 7255 737). )
cosicfin, o bl prsagh otnyénb 3 D and 80P Haculovirus,
vaS N 56009957)vinse- B88dpi ReWUG.a adeviovdrase an AAV
viimom &enial |parenfd) SshéRr 882 MM dbr » BEYY Wl 8ector may

a%%@%%%’a44%$'4442 and green flugrescent Eroteln from

SqUOT €a ESAER TS PP aShe?s HMORYLY, diaulVy HeYgiy, MuMTv,
R P 333LViav Eobeerprdastvnbde trkaimAald,ove t BaitbBieN@romoter
- ;.0f Jbact e, Vi lian cells based .an
'lslloi eﬁtac' emhggﬁgn.é#?glﬁ%(%ﬁmt [ on d%‘dm eeci(ipafteessie&’}" I% promoter,
de JoHekheTORRL b 858E| oW/ dot evideon sPechittepramoters

areO i MEL W Phe f&a80 ¢, OtntNeNhOWddh @l dsTRgl Ak £4IBE Ay, , &
lugt{iﬂe%@e\ﬂtdualpﬁ,act eri_a under the fl uorescent ]
mCroscope {ENGE regﬂPOEFsﬁ?9F sPreted oA 9ggperatively
Linkesl ;_3:4.7:;11 Legogkiomsitenl .3l RNASIB3 Ki486) exP08B8s9684; Such
pr@'ﬂt@lt@x%,ete%;’ i ﬁuﬂ%ﬁ@@roé&?ggg' asc%z'gg?.l:—g{lgwgf to the

Luci f erase génes have been expressed i a vari
PegEgRn st 160t okbt Bhe agttvafirehepabdd orthid giivove construets

arenm ssheartdi nginwx AR d SS%d%hﬂi@qbni E;%%ﬁge?‘seby ‘stable
s % . enqnst r at i n i zobi_,a residing
inlPERERPRe yt OFS TGRS LBIFES of*f nFaEPedn 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 se@ences and for
constructing expression vectors or viruses which contain said
DNA sequences, it is possible to use general methods known in
the art. These methods include e.g. in vitro recombination
techniques, synthetic methods and in wvive 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 exanple. Methods
of transfecting cells, of phenotypically selebting
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root nodul es by low light imaging (Legocki et al.]
PNAS 83 (1986), 9080-9084; O Kane et al., LT. Plant
Mol. Biol. 10 (1988), 387-.399). Fusion of the lux A

"and -lux B genes resulted 16 in a fully functional

| uci ferase protein (Esther et al., PNAS 86 (1989),
6528-6532). This fusion gene (Fab2) was introduced
into Bacillus subtilis and Baf%‘l | us negat heri um under
the xylose pronoter and then"Ted into insect |arvae

tar&smmw&be&had olfnbﬁpkags{‘ﬁg‘)édﬂér%m?f é’&l.{g“ﬁsqgs g W¥ng the

%g g] SI on_was” conduc using a
O(Yt?o Sirerd SCTHECT AR eheh tkamm 11 dhiez arken of

pat hogeni ¢ bacteria in transgenic arabidopsis plants,
whi ch carry the pathogen-activated PAL

pronot er-bacterial l|uciferase fusion gene construct,
was denonstrated by | ocalizing Pseudononas or Ervinia

Thiep . pexsdreckkohleadaen thes | vk | kgl RS’ s@%u&\ﬁ!:és %ncodlng
p@tf&?ﬂgt pl ant, and st acks of %g‘tlat oes (G
o8 P 7 SCrU PR EISo R, Sioznscemy. proteims that can
by @ﬁfiér anethexpdiegnesdtia mxw | Eha 8t i cB10GRRREEE ¥ion of
de sty at s d nal _or  coel ent erazi pe
tfﬁgr dplsht eign Sq'?lg%%% nﬁcon?j‘rjl%%]tngv\h F‘S viRigk i z485de,  the
& FnéFﬁgC:?F’c@‘F estthcdsgdedinnt oEquitmictimaist mehes aﬁncoci:.ng

l&ﬁﬁtt-éﬁli@ﬁlrhéj gﬁt:otéi)ﬂé Cfrénﬁ peedes; i\/biﬁc{féxeggé yfﬁom Vibrio

gene cI i encodi_ng the bacterial lucrtefase
ﬁ&’@ﬁ%o Fndsf 6t frlovi diHgrgecadd (W8Hin The-18)l ,and from

vibireh | fidarins ) UNEDABE Wasy | Balohed ﬁr@ Q15 Xenaul %é_s- 16

acteri a

Q48R 237 | F3at T csitbranac @ et cebgad i Haloe coll.

 BEel.all, (EBB?)J BeoerEn, 2%@&99&) £26l - AR  victoria

r isnt o act riar uIt -in_contl nuous
%f%}t%é]gm S c?r‘}" géﬁg G8nt ndusty28uddd2) » Renilla
11@,@%@@11;?? R rreon n%a:ﬂeﬂapuﬂegﬁfoamsthkre@n@t léﬁ {15090 .usa 88
169 Nt aj_ni ete | ux_operon
(sequ}ence“%ﬁ]ﬁ)nj egeq i) %gbISFF?Sﬁ%gpP?“tam from Aequorea
V_}q!#c?msbﬁ’ﬁaﬂhqr eff dhnt,r o uslly, (1%1)QWGIEQ-¥H$3) have been
dddSMdldza 0 z f cterjia_i.n |i
n ce |ér‘1%| g:gta :Engg?ga* qﬁlé ?Eé??n(?asééﬁl B CEnssi gﬁr“ses ox
t Fed+5 t Resers Aeslaght c amibeiodet Qb:ta@d:fcrmatlon and

exptesssiall yof Cotharfe elyefbs, ML baM:Efi)Q' Qr1cd (48P2¢tion 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
(1524), 802-805).

Tuciferase genes have been - 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. 1‘5
(1288), 387~399). Fusion of the Jlux A and lux B genes result;




593-603). 17 Preferably, the m croorgani smof the
present invention is a bacteriumwhich is not-
tunor-targeted, e.g. an attenuated bacterium A |ist
of candi date bacterial strains that m ght be useful
for the present invention (i.e. BMPT (bacterium

nmedi ated protein therapy) and tunor imaging) and which
m ght not be tunor-targeted are listed in Table 1.
The person skilled in the artfcan easily identify
such bacteria which_are not tunor-targeted by

igo dndidt avamdpicnste tivsd Lerasy, Prpﬁelﬁet(ﬁa&éler et al., PNAS
sdesardgeqd idnaeadnaon .6.thial fI0:196/ 4R238. (#aeiz)SalAt YJ.ntroduced

—and direct appllcablllty to humans bacterlal cel
intResBGELIES YA Hid chRdsPaRhyS: &ggatherium under the

m91©@@orgaam§ﬁ§r &ﬁﬁipthbﬁrrﬁﬁdmhhﬂh)aﬁ&s&&turahfyae and was
have intrjinsi.c

I
et Pinor 240, | hey RREREYRN octod PRy | (IHaF 10 | T liane
cuiwsion saoch bandectadahsmnglncIMdﬂ Baghdr iwiddrat capera. The

I&E}%ﬁ'éﬁltl &nﬁs Qe ZLE 49.5%1 hé'?aﬁatﬁésﬁ]a{fc %%bldle&/ H?Pl%ns genic

Co- exl st ence a varrety o
araid AePEH S\ E’:h‘—uat%cpewpb t GPEC B f Qhﬁmpathogen—actlvated PAL

p@éhb%é%l—bﬂbﬁériﬁy ethonretasde theisneUhkaelr AoRishIubY, was
bacteria is nediated through either signal peptides

Qr _
dERABFENBLEEIpr B YR A IGh pRIREERCTH™D provi & vinla  spp.
iaddictiionalundaf etiiet Ackhel )T, ibagker izd wellcidd ein tomato

use?{o od stsaugch a IPT u:egdu(%%. cog&np%%gotsezr 1'3373/ kiﬁant Sci.

exogenous St-€ tRerapeuti ¢ prote
1aBoddeetdn bYH- B&tterla | PTG regul at ed expressi on of
manmmal i an proteins in bacteria has been well

docunented | PTG has al so been shown to, be  functi ona
A pridhot ERCactidFAtesASER arfRAeS e, bRy t PBRTRELA| grequire
eﬂbgﬁﬁbﬁélyohhdédesmtﬂit@i picHiLrdeddredl add avelenterazine

B0 SO QENE. CXAT SASUONED MAGHSI  BLOE MR EDE or ore

y arab nose and
fﬂﬂ@ﬁﬁﬁéﬁncéaépﬁeanﬁb YRy dF oTERFIRAA A R (GFghation light

sbhitéd 2a8dnBahand, Mowci:ée&lmr dstiResgerdd 48R Br encoding the
1203-1210).. 18 Table 1 es of. candi date

bREEEEL ALl LT heRe A i nF B SO tGdeR| Lo PREvigiag, decanal

wiBKEeAt i cell, which includes JIuxCDABE was isolated from
Xenorhabdus luminescens (Meighen and Szittner, J. BRBacteriol.
174 (1992), 5371-5381) and -Photobacterium leiognathi (Lee et
al., Eur. J., Biochem. 201 (1991), 161-167) and transferred
into Dbacteria resulting -in continuwous  light emission
in&apendent of 'exogenously added substrate (Fernandez-Pinas
and Wolk, Gene 150 (1994}, 169-174). Bacteria containing the
cOmplete lux operon sequence, when injected intraperitoneally,
Cintramuscularly, or intravenously,. allowed the visualization
and localization of bacteria in live mice indicating that the
luciferase light emission canh penetrate the tissues and can be
detected externally (Contag et al., Mol. Microbieol. 18 {1995),
. 593-603). '
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Bacterial Brief descriptionReference strain Aerobes,
gram osi tive LactobacillusYogurt bacteri a;

nonpat hogeni c (part of normal flora be-Sinonds at at.
bul gari casneficial organi smneeded by human body);

bl ast ol ysnil971, J Bacte- fraction isolated fiomL.

bul gari cm shows antitxnnorriot 107:382- effect
(Bogdanov et at 1975; Bogdanoy.et at 1977; Ket-384;
linsldi et at 1987); may reduce the risk of developing

- g Sewathinnr st]n@ hilrRos: g0 &RVSKI 18le ag.lare %BVE%EJ.on is a

HBeadaneY, ol AIRCHIBAZ AL 1975, FEBS LT
Bo%ianov e 39 7 0p% uFPmﬁgp B¢t amdd 849709aﬂ12attenuated
hasthamigmn 2t st 4S8 eantomate) Medlcc¥atl-o8iins that might

bl houshd ef,at Clin Nutr 73:4515. 4555
La tobaC|IIush6ﬂB%I%oge§$% &BXFPt&P noimed - f?%?g (bacterium-
Wﬁéﬁﬁﬁ%ﬁzﬂrQﬁ | Greczany Jetawd . tonse sieaginy by ahdmehiich might
hmﬂy)belﬁumdﬁ4gg tefPO04 B Styrsal f m
ﬁlb‘ﬁtd’m{fgeg;i% i nh| bition of e t‘?acP V\#h]iga&)]le T Sfse bexrson
a- 85%. Cf?ébu%ﬁlmoéeiﬁatwnma«saerna which

aifiec enqiKat umer-ahrgéd88d) bys hewdmal ¢t WK 136GV é(?%%%n ¢.q
theP t Kat 0 el al (LC9018 straln a ’
P me Bt B a0 N ST el e pinifoPs

anot her ,

For safety and direct applicability to humans, bacterial
cell lines such as milk and cheese assocliated microordanisms
are preferred which are mnaturally 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 g
variety of types of tumors or with a specific type of tumor.
Extracellular secretion of the therapeutic proteins by
bacteria is mediated through either signal peptides or
endogencus protein secretion rathways. To provide additional
safety to the BMPT, bacterial inducible promoters, such as
IPTG-induced lac promoter may be used to exogenously
regqulate therapeutic protein production by bacteria. IPTG-
regqulated expression of mammalian proteins in bacteria has
been well documented. IPTG has 2lso 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
promota; (activated by arabinose) and PLtetO~1 promoter
(activated by anhydrotetracycline (aTe)) (Lutz and Bujard,
Nucleic Acids Res. 25 (1997), 1203~1210).




26: 215- 221 Lactobaci |l | usNonpat hogeni ¢ (pant of nornmal

flora benefici al
aci dophl I usneeded by human body);
liver tunors-Mtsuoka genesis (M zutan
reduces 1, 2-di. 1980, Cancer

1980) ;

(DVFI) -1 nduced i ntesti nal
Spng ,eDawl ey rats (Ml ntosh

organi snM . zut ans and
i nhibitory

met hyl hydr
tunors in mal eLett

effect on

and M t suoka

azi ne
11: 89- 95;

4 at 1999); shows strong

antiprol sferative eMct of nili fermented by L.
136l AORapRE bf caiBidRE b estial Br Sl St S H ANk p2° n C
brpﬁwgﬁglzgrm@gﬁd?&h M 1, " or Ot T —etal %;—%m‘m'
Cang&in 28:93- 99; MlIntos 1999 N tr |9
35: 153159 ZacxobactttusNompat-hogeni-c—{t-pert—ot—npornad
tora—benefieial—organi-sm brewsneeded human_hody)
s ?%ﬂ%%?llushbnpathogenic (part of normal flpra
renei--i-all—organisaBiffiet al  paxacasei needbd by
(S RCR oy Yo i Apanacis (v of apemal v of 30O of ol
LT | K Setacie; " 5ﬁﬁwﬁﬁhﬁ¥mlﬁﬁﬂﬂﬂﬁ@ gr p¥7h. Iiacts-
humanCancer gafated, i ?@f hevg aptitpnere | f fpriel d0%382-
1997): 99 [ \ ‘E‘E 3 08 ‘r*ga'( 77 Kebt ¥l
flora beng I g PPH¢: ar upmeeded
by human bgihih - £ o8P descr i pRegdmovet
2000, Can {fiat daily administration offak 1975
pl antarum L-137 iscer Immunol required to exéﬁ%_
antitunor{effect at the | ate stages ofi nmunotjrer PR
devel opmept when |L-12 production is
consi der apl y49: 157-164 fiwaired, "' ; 5ﬂ§§$ﬁ§$n
Lact obaci} | usNonpat hogeni ¢ (part of normal fljgs Biol Med
beneficial or anismg rhamosusneeded human 9-712-
Lact obaci| | usNonpat hogeni c (part of normal fljora ?
benefici al organi snp' Mahony et salivari usneed .
human body); nodification of enteric flora i r%f.'l!)@’)?@pr
Ai- Onkol 33:51-
56;
Wollowski et
al. 2001, Am I
Clin Nuir
73:4515-4558
Lactobacillus | Nonpathogenic (part of normal flora beneficial organism | Kato et al,
caset needed by human body); i.v. injected LC9018 strain of £. | 1981, Gann
casel shows markedly inhibition of the growth of subouta~ | 72:5 17-523;
neously inoculated sarcoma-180 in mice (Kato et al.
1981); shows antitumor activity from i.p. injected L. casei | Kato et al,
(LCS018 strain) (Kato et al. 1988); ATCC# 393, 1988, Cancer
: Immmuinel
Imtrongther
26:215-221
| Lactobacillus | Nonpathogenic (part of narmal flora beneficial organism | Mizutant and
acidophilus needed by human body); inhibitory effect on liver tumori- | Mitsuoka
genesis (Mizntani and Mitsuoka 1980); reduces 1,2-di- 1980, Cancer
migthylhydrazine (DMH)-induced intestinal firmors in male | Lett 11:89-95;
Sprague-Dawley rats (McTniosh et al 1999); shows strong
antiprolifsrative effect of milk fermented by L. acidophi~ | Biffi et al,
Tus on the growth of a human breast cancer cell line (Biffi 1997, Nutr
et al. 1997); : Cancer 28:93-
.99,
Mointosh ef

al. 1999, Nuix




I L-10 knockout mice by probiotic |actobacilli

(t hr oughnent
reduced preval ence of col
inflammatory activityl15:1219-1225 O Mahon et al.
Lact obaci | | usNonpat hogeni ¢ (part of nornal

benefi ci al

Pbarma- mtk feeding) was associa
Thor col on cancer and

flo
organisms ro eases needed by human

ted with
nucosal
2001
ra

bod ;

Lact obaci | | usNonpat hogeni ¢ (pa#t of normal fl ora

oneofiecl al
CAT

nr

CTTeT T G

T

| act obaci | usATCC#9338 er maan' um Strept ococcug t
aet-eria—Hhone rt_of nornmal florgl 35:153-159
Clobequlis Fﬁg WE&N@@@@M@@W@H@S m needed
mﬁﬁ’.nnn b ;u 1988 cancer mor-dpecific
g a qual fpradensficiel oppanism 4 ] Biffi ey 21
tAEH TNt |"Y tbe‘i‘#&r%ﬂ"wwr@ﬁirﬂﬁfﬁﬁﬁqﬂﬁﬂ 997, Nuir
(Kakl ] an of adpmag \@W«‘E@&%-
i ] 997)‘/ pyhl hi fﬂd S
ﬁtrv | % - Mumsa]d et
‘f"faé'ﬁ rit i| 12 20Q0; Fan-
56: 37-43: cer Immumol
significan W
or Ehrlich H; %\??%g
AR
Tuabtoblift IR
|$68RkL - B
patients (
148: 1769-
from B.
tunor gro
Lactobacillus Nonpathogemc (pa:tt of nmmal flora beneficial organism
Sporogenes needed by human body):
Laatobacillus | Nonpathogenic (part of normal fora beneficial organism
lactis needed by human body);
Lactobaciliue | ATCCHO338
Jermentum
Streptococcus | Yopurt bactetia; 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 initfal tumors with 5. themapkrlus (Kakdij
and Kelkar 1996); T-lymphocytes are involved in antitu- | Kaklij et al,
mior activity exhibited by 8. thermophilus (Kaklij et al 1991, Cancer
1991); intraperitoncal administration of S, thermophilus | Lett 56:37-43;
resulted in complete cure it a very sipnificant proportion
of ascitic form of sarcoma-180 or Ebrlich ascites carci- | Kaklij and
noma tmor-bearing mice (Kelkar et al. 1988); ATCC# Kelkar 1996,
BAA-250D, Microbiol
Imzmiol
40:55-58
Bacillus sub- | Nonpathogenic; B. subtills bacteremia has been signifi- Banexjee et al,
tilis cantly Hinked with cancer patients (Banerjee et al. 1988); | 1988, Arch
Intern Med
148:1769-
1774
Bacillus Nonpathogenic; peptidoglycan from B. megaterium inhi- | Nauciel and
megaterinum bits tumor growth (Nauciel and Goguel 1977); Goguel 1977,
. J Natl Cancer
Ingt 59:1723.
1726 '

tades-

<55 o




am,

J Nad Cancer Inst59:1723- 1726 05 eL-C'j 20

Baci | | usNonpat hogeni c; "ol m Mycobact e- Nonpat hogeni c;
fast-growi ng; Saito and Wat anabe (1981) I anensans et
ri um smeg-showed that "the bacteriocin finmM.
snmegmati s producedal . 1975, pros marl snorphol ogi ca
alterations and inhibition of synthesis of Natl Acad
Sci ribonucleic acid, deoxyrilkenucleic acid and
protein jn theUSA tiansfbrnmed but not in the

Nowpathagehis; ;. 72: 3656- 3660; Salto an
P81, M cro- biol | ninunol 25:13-22

\ehoped tho (fthe baxteridchOivam 85 fididmiviid rodudddCl 01975, Proc
Noopbaldpirgbilibations bmaliatditon of gynthpdloéro C HNMMRaR S
ri um habanpoemrdlead doid, deoggridtrmdlcit nddnmippdteismthe | USA

Li st eri al n} WapsBinied batrmopia tisagennsformed lidye- nes 72:3656-3660;
Ent er ococcpusHave been isolated fromtunors and
i nfection endocardi -M | brandt faecalisti-s; AT(®&aito and
29212, 512P91998, Cia Cardiol 21.123-126 AqrWitas:he

\oqpathbgepie; fhat-grolding) Saite amEWatanabe (1981) J Lamensans et

gram negatj ve 1981, Micro-
biol Irdimunol
25:13-22

Mycobacte- Nonpathogenic;

Mum vaccae

Myeabacte- Nonpathogenic; ATCCH 35782

riume microti

Mycabacte- Nonpathogenic; slow-growing, photochromogen
rium habana | odgmially isolated from monkeys:

Listeria atracellular pathogen

monocylage-

rHes .

Enterococcus | Have been isolated frore trmors and infection endocardi- | Milbrandt

Jaecalis tis; ATCC# 29212, 51209 1998, Clin
Cardiol
21:123-126

Agrobes, gram

nesative

Escherichia Intravenously ijected E. coli shows tumar-specific locali- | Shabahang et

coll _ zation. ' al. '
unpublished




Escheri chi

al ntravenously injected F. ccli

shows

tunor-specific |ocali-Shabahang at col tnation. at.
unpubl i shed data 21 Sal nonel | aBer nudes and associ at es

have used

i ntravenousi v injectedPawel ek et al.

ryphi muri unSal nonel la as a protein delivery vector

(Fawel ek et al. 1997, Cancer

2000; d ai

1997; Ber nudes et

rmont et al. 2000; ZhengRes 57:4537.

al .
et al.

2000; ) Bermdes and associ ates 3Rowed a Sal np- 4544;

f __at

d_gp.gn_d.em‘ ((1"4)("1 ELAU
el Pe’é 0- fiofeapum used igEuEnEnigced |tRgwelek ot al
REERTEEEY n 01f) 199P{auer
| study of Res 57:4537-
adni ni str3 %D
Med Biol r ! &glgck_e O s
showed NO4AESS " 1 t :
2002) d ai {0 sk sty ofjhe infrave- 1| 2000, Adv
2002; Zher]d“&? 2 1139 2P Med Blol
13uvaj ev etAg : Q4. J7§55%H5;
Toso et al.. ) T : 152. Vbrlﬂ rmont 6t
chol er al ntjravenously i njected V chol era shows 2000. J
t unor - spedi fi cShababang et | ocalization; nonpatiﬁ@gqﬁ c
strains off V cholera areat. 181:1096-
2002;
Zheng et al.
2000, Oncol
Res 12:127-
135;
Tiuvajev et al.
2001,7
Control Re-
lease 74:313-
315;
Toso et al.
2002, J Clin
Oncol 20:142-
152 .
Vibrio cholera | Intravenously injected V. eholera shows tamor-specific Shabahang et
localization; nonpathogeni¢ strains of V. cholera are al.
availabls; unpublished
' data
| Vibwrio harveyi | Nonpathogenic; hominescent bacteria; ATCCH# 700106,
Pseudomo- | Nonpathogenic; motile by means of multiple polar Hsueh et al.
nas fluores- | flagella; P. Auorescens bacteremia has haen re- 1998, J Chn
| vens ported in cancer patients (Hsueh et al. 1998); F. Microbiol
fluorescens can bind to nerve cells and behave as | 36:2914-2917;
a pathogen (Picot et al, 2001); normally grow at 26~ |
30°C, but ATCCG# 17583 can grow at 37°C. . Picot at al,
‘ 2001, Micro-
bes Infect
_ 3:985-995
Psewdomonas | 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
kig et al, 1997); normally grow at 26°C, but ATCC# 95:87-38;
43142, 47054 can grow at 37°C.
‘ Anaissie ef al.




avai | abl e; unpubl i shed data Vibrio harve .N enic

| um nescent bacteria, ATCC# 700106.
Pseudono- Nonpat hogeni c; notile by means of multiple
pol ar Hsueh et al. nas fluores-flagella; P. fluorescens
bacteremi a has been re-1998, J COmtensported in
cancer patients (Hsueh et al. 1998); P.Mcrobio
fluorescens can bind to nerve cells and behave

as36: 2914-2917; a pat hogen (F¥<ot at al, 2001);

motrett Y -ow—at—26—30G; but—ATCCH-17583..can graw at
37C. Pi cot |at al. 2001, Mcro- bes T#eot 3:985} %3, AmJ
PseudonongsP. putida bactereni a has been repof Med82:h191-
cancer pafientsPekhov et at. puada(Martino at| &%
1996); L-IMethioninase fromP. putidal983, Biul|
depl etes thionine and inhibits tunor growh
(I'tol ddna{Eksp Biol Med kis et al. 1997); nor
grow at 26C, but ATCCHO5:87-88; 43142, 47054
at 37C. Ahaissie et al. 22 1987, AmJ Md 82:
1194; Martino et al. 1996, Eur J Cin Mcrnb
Dis 15:61p-615; Kokkinalds at at 1997, Nutr Q Lids ot
29:195-204; MKki et al. 2000, Canper Res 60'26§%E913mu
Cancer
29:195-204;
Miki et al.
2000, Cancer
Reg 60:2696~
2702
Anaerabes,
|_mram posifive
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 iy, adminigtration” and “None | 2068;
of the sarme bacilli conld be detected in the tissues of
healthy organs snch as the liver, spleen, kidney, lmp, Biffi et al.
blaod, bone marrow, and mmscle 48 or 96 hr after Lv. 1997, Nutr
adminigtration 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 Inmmem body); inbibitory effect on liver tomori- | Mitsuoka
genesis (Mizitani and Mitsyoka 1930); B. longum was 1980, Cancer
| showa to “selectively Iocalized to and proliferated in 7,12- | Lett 11:89-95;
ditasthylbenzfalamthmcene-induced rat manmary tumors
after systemic application.” (Yazawa et al. 2001); was Yazawa et al.
shown to selectively localize and grow in hypoxic tamors | 2000, Cancer
(Yazawa et al. 2000); ATCC# 15707 Gene Ther
7:269-274;
Yazawa et al.
2001, Breast
Canger Res
Treat 66:165-
170
Bifidobacte- | Nonpathogenic (part of normal flora beneficial organism | Kohwi et al,
rivm infantis | needed by human body); shows strong antiprolifsrative 1978, Gann.
effect of milk fermented by B, infantis on the prowth of o | 69:613-618;




2702 Anaer obes,

(part of

Hum bWiumeeded by human body) ;
(1980) 1980, Cancer that
proliferated in severa
tunors follow ng |

al .

sane baci

| ung, Bi ff

normal f | ora beneficial

typesRes 40: 2061-
adm ni st ndon" and
[1i

spl een,

gram POSM/e Bi fi dobact e- Nonpat hogeni c
organi snKi nura et at
showed by Kinura et
"sel ectively localized and
of nouse
"None2068;
could be detected in the tissues of
heal t hy organs such as the |2¥er,

of the

ki dney,

i at at blood, bone marrow.  and. miscle.48 or

96 hr aft
t unor - beg
ferative

@imbn/bré@0canceNuel lineo(@hifi of a3t 198 T)iavhothart

e cetlser tushe\Eotai ttiap 1678; S&insetel. 28] Sgkine ctal.
b8 Stkimfet ati 1995 AWCCHLHATby B. bdam) 4985 heny

growt h off a human breast cancer can |ine (Bi{#®es4¥%134¢-
1997); ATCC# 11863. 15696 Bt dobact e- Nonpat ho é?ﬁ"e
(part of |normal flora beneficial organi smM niltani agd
Yi um | ondqurmeeded by human body); i nhi bitory | Sfi&F 2on
liver turori-M tsuoka genesis (M zumi and Nlﬂ@%bﬁél
1980); B.j} I ong= was1980, Cancer shown to "se
| ocalized to and proliferated in 7,12-Left 17:'8 4y ,3’
di met hyl Henz[ a] ant hr acene-i nduced rat manmmary npLs
after sysﬁen1c application.” (Yazawa at at 2( 7 Nutr
wasYazawg at al, shown to selectively |ocaliz 28-03-
grow i n hypoxi c tunors2000, Cancer (Yaxama et ’
7000\ ATICCH 1-\707(‘ ne—Ther— 7260274 Starawa—=t—a—
|Botrighacien e&wg%ﬁa Enproga) florg bonpital oggppyiin
?ﬁ%ﬁ%ﬁkte )(part of normal flora
chel.l.of SATAL. o rf ESUE vy
*ﬁﬂ@ rafi &1 oy
ErOWH 21’99 3
e 5f 1 {4’ |n antls on $o3-
of a69:61 .’ eas? cancer cell I| (Biffi
nt’"‘;&”lfg"féf allu‘ﬁébg -ﬁEébabsEhé : -m;mg:prs (KOhWI et
israclii ’ t;%'é}é Yoot de in the month
and in the intestinal tract. Pathogenic pmhﬂ:mﬁon of the
organisms, which is usually a result of trauma to the re-
| gion of infection, can lead fo actinomycosis.
FEubacterium | Eubacterium species are normal flora of the infestinal
lentum tract. However, they may cause opporumls‘uc infections.
E. lenturn, the mogt ofien isolated species, has been Jinked
- { to endocarditis and some wound infections. _
Peplostrepro- | One of the most common bacteria found in non-sparing Chatterjee qnd
coccus an- avaerobic (NSA) infections in certain surgical group of Chakrabortl
aerobius patients; ATCC# 27337 1995, ¥ Indian
Med Assoc
03:333-5, 339
Peptococcus | Found in wound infections; Chatterjee qnd
prevotl Chakrahortq&
- 1995, J Indian
Med Assoc
03:333-5, 339
Clostridium | Strict anaerobe; wildly in soil; motility is inhibited in the | Dang et al.
novit presence of oxygen; Vogelstein Iab (Dang et al. 2001) 2001, Proc
showed that “intravenously mjccted C. nowyi-NT spores | Natl Acad Sei.
germinated within the avascular regions of tamors in mice USA
and destroyed surrounding viable tumor cells”, “Large ©8:15155-
numbers (up to 10° in a volume of 500 ) of C. novyi and | 15160;
C. sordelli spores conld be injected intravenously into
normal mice without causing any poticeable sids effects.™; | Nuyts ctal.
ATCC# 19402 2002, Anti-

cancer Dimgs




1985; Sekine et al. 1995); ATCC# 156971985, Cancer
45:1300- 1307; Sekine et al. 1995, Biol Pharm Bull
18:148-153; Biffi et al. 1997, Nutr Cancer 28:93- 99
Bobact e- Nonpat hogeni ¢ (part of normal flora beneficial

Res

organi smr

tum | at er o- needed by human body); 9

POW

Bi f| dabact e- Shows antiproliferative effect of mlk

feffiarted by B.Biff. et at. Hpgm animalisanimalls on
the grow h of a human breast cancer cell |inel997,
NOtT (Bi T et at 1997). ATCCE 25527Cancer 2819311905
Rdskitany CESATR A e iy CeLl €S are fungus-1i ke bactigria that
fserereruf i 1 @-] 1 sraelii meutous branches. They are|known to
esiRak N TATOOEERsAND TN The 1ntestinal tract.
Radohageni ¢ proliferation of the organi sns, whilch is
\Codbidiin @ |I'EfRYE e alOf2001) adhitRsthad “Bifecilie i Of | MAgyeedal.
Gediobupd t|QyRsind MaktnsR i Slid EHBRAGY Slginéttd Cladii-c | 199D, Appl
gPRCi es araiieidbutilicand Ofer tcbfedipBieRThdyfét al. | Environ Mic-
| entunt r acit1999); ATOUE¥RY , they nay cause oppor § wibickt i C
inf+eciions. E lentum the nost often isol at ed65:4295-4300;
speci es, has been linked to endocarditis and $one
wound i nfgctious. Peptostrepto-One of the nosy Thesammh
bacteria flound i n non-sparingChatterjee and c@@6isCancer
an- anaerolyic (NSA) infections in certain surgi &ehe Ther
aroup of Chakr' aborti aefobicspatients; ATCCH# | 8:204-297
Liesiens, | ATCGHI7886 Med Assoc 93. 333-5, 339
PEmmers@ecUsFound i n wound jnfections; Chatterjé¢e and
Blastrigiur Chlaloe difobetweed GOB/ficile and dinger patients has been | Anand and
difficile documented (Anand and Glatt 1993; Simon ot 8, 2000); | Glatt 1993,
ATCC# 700057 Clin Infe<t Dis
17:102-113;
Schuller et al.
1995, Arch
Dis Child
T2:219-222;
‘Wehl et al.
1999, Med
Pediatr Oncol
32:336-343;
Simon et al,
2000, Infect
Control Hosp
Epidemiol
21:592.596
Clostridium ATCC# 19401
histolytioum :
Clostridium  } Pathogenic; C. perfringens bacteremia has been often Bodsy et al.
perfringens reported in cancer patients; C. perfiingens 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-
634
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
Microhiol Rev

tine wea Intravenonsly miected the inactve stewe farm of




Med Assoc 93:333-5 339 Costridiunttrict anaerobe;
wldly in soil; notility is inhibited in theDang et

al , nowpresence of oxygen; Vogelstein |ab (bang et al
2001) 2001, Proc showed that "intravenously injected C
notyi - NT sporesNat! Acad Sci germ nated within the
avascul.ar regions of tunors in m ceUSA and destroyed

surroundi ng vi abl e tunor cel "l ar ge98: 15155-

@

nunbers (up to 10s |n a vqu of navy'
r-nrﬁl o4
i ntraveno %& ?8}2@ ] r]
not i ceabl
194022002, ’glp N F""G“"“‘l'
Clostridi %‘:{3’55
absonwn C wﬁ oft [ aled
"Specific ’
acet obui yl &JQ[IE Fﬁég £5 %m%ﬂnor al
engi-neer e 1%%&1‘(’: kﬁd cundi um acetobu T
O her rel gted papers eys et aLEnviron M c- ’Q 9]
ATCC# 8241 obi ol 65:4295-4300; Thoys et al. 20Ddgg
(Sl e _ : IR A
5PoRbRS PlaQshiel filat iy MY : 5%@.@1#&@ 2002Gene
cancer  pat ol iselafyiBaaNARARAAR Gk df £ Sioke oLy baer
(Anand and gflefprodut@Reatephiiingg kit ga 3961993,
ATCC# 700 )éﬂﬁﬁuokagﬁgypuﬂgcﬁlm 113; Schuller et
Beaphylodsro , non-sporing and facultatively anaerobic; a
CUS quTeus halotolerant (salt tolerant) organistn associated with the
nagal mucosa of mammals which has both benign amd
pathogenic styains; 8. aureus bacteremia is frequently seen
in cancer patients; ATCCH# 25923
Staphylococ- | Nonpathogenic normal microflora component of the skin;
cus epidermi-
ciis
Anaerobes,
opam nesative
Acidantine- Found in wound infections; Chatterjee and
cocous fer- Chakraborti
mentans 1995, J Indian.
Med Assoc
93:333-5, 339
Plant hacte-
-\ ria, pram
1_positive
Clavibacter Pathogen of tomato
nidchiganensis
subsp. mchi-
ganensis
Plant bacte-
rig, gram
negative ;
Agrobacte- A. tumefaciens in plant tumors (Dllkick and Aloni 2000); | Aksac 1974,
rium tumefa- | Kunik et al. (2001, Proc Nati Acad Sci U S A 93:1871- Turk Hij Tecr
clens 1876) described “Agrobacterium attaches to and geneti-

Biyol Derg




Dis Child 72:219-222; Wehl et al. 1999, Med Pediatr
Oncol 32:336-343; Sinon et al, 2000, 1Infect Control
Hosp Bpi dem ol 21:592-596 C ostridi umATCC# 19401 histo
"cum C ostridi unPat hogeni c; C. perfringens bacterem a
has been oftenBodey et at perfringensreported in
cancer patients; C. perfringens enterotoxinl991l,
cancer kills tunor cells and r.educe tunor growth
(Mchl et al.67:1928-1942; 206 ; ATCCH 3624, 13124

M-chit—et—a 6+Sr—-634

3 oot 11 di ULy Sl o o b i P hoch L Ao
@@W e
spect {101t %ﬁ%&%{?ﬁﬁ%‘%‘%

FEMS [i no § Y,
fnrtn of M @fr?ﬁ?% Rev 25 C. beierineckii, which

ttransi tionfto a reproductivel7: 357-364; state
expr ess thle it colt nitroreductase gene. N tr
lductase acivity.was detectable in 10 of 10 t

duringFox et al, the first 5 days after intra e%rgﬁgx'
i njection jof inactivel996, Gene clostridial s
+Jindicating a rapid transition fromsporeTher 31
reproductijve state" (Lenmon at al. 1997); ot hgrymch and
rel ated178; papers on C bet, jerinckii tumor tafiggboig)
(Mnton at] at 1995, FEMS M crobiol Rev 17: 357-|364BofOX
at al.Leinnon at al. 1996); ATCC# 257521997, (ena9esi-igso:

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

Kimik et al.
20601, Proc
Natl Acad Sci
TUSA
98:1871-1876
Erwinia her- | Non-capsulated, non-spore forming, short rods witha Meadows et
bicola single monotrichous polar flagelium, and are harmless to | al, 1976, Can-
buwmnans; purified tyrosing phenol-lyase from E. herbicolz | cer Res
significantly inhibited growth of established B-16 mela- 36:167-167

noma fumors;

Azorhizobium | Symbiotic, colonize plants, fix nitrogen;

caulinodans

Xanthomonas | Pathogen of pepper and tomato

eampesiris pv,

vesicaioria

- | Xanthomonas | Pathogen of beat and cabbage; E. coli Iac promoter was Soby and Da-
| campestris pv. | shown to be functional in this plant pathogen; piels 1994,

campesiris ' Appl Miero-
biol Biotech-
nol 46:559-

361

Note: The conteat of this table is by no-means to be exhaustive. Any other similar bacterial
straing, which are not listed in ¢his table, are also considered to be included.

Particularly preferred is attenuated Vibrio choleraec.




Ther 4:791- 796 C ostridium Harm ess saprophyte; Brown
and associates at Stanford Liu et al.

spor ogenesdescri bed that "system c deliver~of 5-FC
into mce previ-2002, Gene ously injected with CD
-transformed. spores of C sporo-.Ther 9:291- genes
produced greater antitunor effect than nmaxinially296
tol erated doses of 5FU'; ATCCg719404

St aphyl ococ- Non-notil e, non-sporing and facultatively
anaerobi c; a cus aureushal otol erant (salt tolerant)

R' BRPLST a%%iﬂﬁéfgée & W 4l 4RG3 B SRk FIHC B2 @BanggBLfafion of

whi ch has gn and pat hogeni ¢ strains
aurb@gnessic efﬁmm%ltfmu@ﬁﬂ %Wlmwl@ﬁnc‘é‘i monitoring a

ﬁﬁét@@u@um‘\T%ﬁozS%%%a%haﬁhyt&cos &&a@mttaeg%&téﬂdwl (Metal-

chflora conponent. .of the skin; cus iderm- dis
‘%;l'rb%e%‘a “Megiargedac TR o- 599 wolMREMTD)) .  Such
batestionalChat teindee dabdct 068 U HrafirgBhakhabatddumulation of

gfg%wélégc? ori]tz_lan.sq:' e'X%%CkA%%gﬁ %i ?%c:g:e%i ca% Eglé isclated

rna, gramos enotorrat
Rrem; gﬁﬁ%ﬁbu sapdbsparinem sademgni;S- They are capable of

producing magnetic particles (Fe;0:) {Blakemore, Annu. Rev.
Microbiol. 36 (1982), 217-238). To do so, ¢they have
efficient iron uptake systems, which allow them to utilize
both insc¢luble and soluble forms of iron. Magnetospirillum
magneticum AMB-1 is an example o¢f 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 Vibrie cholera, for example,
these bacteria can be uged 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, ARV, a
retrovirus etc. are also useful for the diagnostic and
therapeutic compositions of the present invention; see Table 2
listing examples of wviruses useful in the present invention.
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Pl ant bact
t unef aci en
Aksac 1974
Aced Se

descri bed
transforns
been34: 48-

US A 98:1871-Turk Iii

e- ria, gram negative Agrobacte-A.
s in plant tunors (U hich and Al oni
, Hum tumef a- Kuni k at at.
Tear dens1876)

2000) ;

(2001, Proc Natl

"obaeterium attaches to and -Ebel 26 cally
several types of human cells'; it has
51; reported that apki bodi es against. .

tumefaciens were found in patients with various

Tabhck [Fs: RirdRy dseful inithedaraRRhdintedtial: Fiji Teor Biyol
[D¥iral s8ind SF 51);  Or OW ailBridbdeseptiod] CCFal 1982, |7 Refereuaces
Yabdohid/oas héve Bebwn 1B ine ta@én iahot | ¥A%Pal. 2002, un-
Banta 209: $dipfor Mn6iacaiehlAbOby in2H8ndy mith- Ppiublished data
51: 1951- 19\6@d Vaemix vixhs.aL 2001, Pl ante 2001 May; :
peilBarr O 36; 1Srmlc et al. 2001, Proc Nat! [Acad Sri
Wizas 98: 187]1- 1876 Erwi ni a her - Non- capsul at ed, non-spore
framamng, short rods with aMeadows et bicol asi gltHausen 2002, Nat
pepmdimavehous pol ar flagellum and are harm esg Reo@hneer 2:342-350
76, Cm _hunans: purified tyrosi ne phenol -l yase from
Berrirgmddt col acer Res
Adenovirus Lindsey 2002, Lancet
Oncol 3:264
Adenoassoci- :
ated virus
SV40 virus
Cyrtomegalovi-
Fis
Newceastle safe, replicates in and Kill tumor eells; local injection is Schirrtiacher et al.
1 Disease Virus | more effective than systemic injection 2001, Int J Oncol
18:945-952
Bovine en- Bovine enterovirus bag been shown to exhibit wide tissue | Smyth etal 2002, Int J
ferovirus tropism for cell types in vitro. X also shows oncolytic Mol Med 10:49-53
actiyity towards huran cells.
Lymphocytlc | hiph stability, low toxicity, and broad host range Beyer et al. 2002, J
choriomenin- |- Virol 76:1488-1495
gilis vitus
(LCMP)
Lentiviruses
Derivatives of | safe, live attenuated, has been shown to inducs regression | Grote et al. 2001, Blood
the Edmor- of lnmman Jymphoma xenografis in immunodeficient mice | 97:3746-3754
sfon-B strain
of measles
Virus (MV-Ed)
Herpes sim- Lachmaun and
Plex virus fype Efstathion 1999, Cwur
[ Opin Mol Ther 1:622~
632
Wu et al. 2001, Cancer
Res 61:3009-3015
Attermated powerful vaccine, safo Bazrett 1997, Biologi-
yellow fever cals 25:17-25,
(YE) virus

McAllister et al. 2000, J

Virol 74:9197-205

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




significantly inhibited growth of established B-16
nmel a- 36: 167- 167 noma tunors; Azor hi zobi unSynbi oti c,
col oni ze plants, fix nltrogco; caulinodans
XanshononasPat hogen of pepper and tonato canpesiris
pv, vesicatoria X rnthomanasPat hogen of beat and
cabbage; R coil |ac pronoter wasSoby and Da-
canpestris pv.shown to be fuggtional in this plant
pat hogen; ni el s 1996, canpesi frsAppl Mcro- biol

Bi ot ech- nQl46:559-- 561, Note. The content of this
' Pf%é%ﬁéﬂlyﬂn o VERfs 1Po VBECERMAULTTYE.  Any ot her

simlar bacterial strains, which are not listed in

this table, are also considered to be included.

Particularly preferred is attenuated Vibrio cho.lerae. . .
Poferailivy herthexanped! of 0 badicer | ShEIRATIC f oPTt heherapeutic
cRESERAALhOB£Othe A FhARROShivenE AR OES td Aar1 1an cell such as

t unor - i_magi ng, or nDnltorlggFa therapeuthcttqur to th
sE9 o CRhE | WL GABt i R hAKERIPEINR MAEy Beterologous  to  the
oRiAiiisng- BEgbenies Medisati¢dbIe nesl Datypesi ane (4BBN O Table 3.

Such bacteria allow tunor detection thr.ough the

accunul ati on of iron-based contrast agents. Magnetic

bacteria can be isolated fromfresh and marine

sedi nents. They are c§pable.?£_ produci&g magneti c

CRYHIES OF RIaping 1» e 11§ M ocrabi al
LA |

A6 . RABTHIANES EiXS YN IIATER L3 At 0 the/preseint 1IRye
Gampyaliap gells o) | T oo Beief depaciption, oo s o Belerence

Stetyiellgipt ake syst ens, st et imm

i nsol ubl e and sol ubl ¢ 0 1 ) é EE !

magneticum AMB-1 is aif EXarnp _% . L t ) ?

bacteria that has b¢ -". LAUEd dE CHl tured for . o1 2000, Mol

magnetic particle pyl OOUETE G "CYING LY al | %357

M crob. Technol. 29 |;!Q§&]Y1‘_' cel 1T can %e

expected that these padineric £l rqmgnakurally

occuring or genetical by aodi T L ﬂigghrinjected

i ntravenously, poOSSe$ ey Sre iodils hitdrath HHARER
normal brain tissues to target the
human glioblastoma cells.
Different types of tumor cells For example, ovarian cancer cglls
have been shown to infilirate the
plenral space of patients to target
malignant pleural mesothelicinas
(EIatrison &t al, 2000, Ann Thorac
| Surg 70:407-411). 'We have
shown that intravenously injected
fibrosarcoma cells zocumulate in
breast tamors and subcutancous
glioma tumors (Yo ef al.
' unpublished data).
Note: The content of this table is by no-means to be exhaustive. Any ofher similar types of
mammalian cells, which are not listed in this table, are also considered to be mcluded.
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In a further preferred enmbodiment of the diagnostic and/or
therapeutic composition of the present invention the luminescent
or fluorescent protein iz a luciferase, green fluorescent
protein (CFP) or red fluorescent protein (RFP). '




accurmul ation ability as that of Vibrio cholera, for
exanpl e, these bacteria can be used for accumnul ating
i ron-based contrast agents in the tunors, which in
turn allows tunor detection by MRI. Simlarly, other
natural ly isolated netal - accunul ating strains of
bacteria can be used for tunor targeting, absorption
of netals fromcontrast agentg, and eventually tunor
i mging. Alternatively, VI ruség such as Vacci ni a

Virus, rovi ar.e_al ful,f
1 anrtiiciolar i GRATIEr ABRAHLPETbns WE [y Jorolfion or
e ¥IS vl tnweiﬂag@mst:ieeaﬁabdne ghanseurgce anpipes dfion of the
viruses f int in 8 l e

s, etk sof M UBIERETy, YA GR, &0, befl) Cuteoatng
stilystirader aifngBr iche déEGlf‘EitarE(ﬁwRefI@r efiBes €YgBc| fipRe Ppreferred

' éﬁﬂdﬁfﬂ%nﬂav%h%h%ﬁﬁzbeﬁ?aﬂiéﬁjoih&élﬂl@ﬁ Khéaﬂiagnostic and/or
mutation is notYu et a rn necessar% f.or

shasiAfesti 681 b ForRe s R 3t yt‘flﬁj BESTRMY | LREY e, Fpeins 2
b a8 MipiSssiERSt ebdsRate viwhichHunaonvainsiansbe Renilla

2002, Nat pctpillonmavi-Rev Cancer - 350

Farrtanatn AIBRbv s ARISRPDORSP” [Chie: St epander  the

é\siemﬂssaei a aé@ﬁbngraynﬁwﬂml easlyylabegdFBYE) momoter of
Newcast | esa gg%% ' gd kill tunor cells;

Y%‘E‘é’rmr%ogct cfaéqésgﬁ ct al _ Disease

Vi rusnore effect i ve than systenic injection2001, Int J
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Shave- Qoeping . cMie MallabRiod®ib3 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 amnalysing, @, ., the -
localization or distribution of luminescent and/or fluorescent
proteins in an organism, organ ox tissue are well known €o the
personn skilled in the art and, furthermore described in the
literature c1ted 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 invention also relates to the use 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 fox tumor—imaging or
monitoring a therapeutic tumor treatment. This diagnostic
composition is useful for tumor detection through the: binding
of the antimicrobial compound, e.d., a light-emitting or
.- radiolabeled antimicrobial peptide/protein with Dbacteria
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activity towards human cells. Lynphocylichigh
stability, low toxicity, and broad host rangeBeyer et
al . 2002, J chorlonenin--Virol 76: 1488- 1495 gi bs virus
(LCW Leniivincses Derivatives ofsafe, |ive attenuated,
has been shown to induce regressionGote et at 2001,
Bl ood t he Ednman-of hunman | ynphoma xenografs in
i mmunodeficient m ce97: 3746- 3754 sion-B strain of
neasl es virus O f-Ed Herpes 8lmiachmarm and pl ea
virus, typeFSst at hiou 1999, Carr Qpin Mol Ther |:622-
Dghoctigp ot PIETVAY(E, Cancer Res 61:3009- 3015
At t enuat edpower ful vacci ne, safeBarrett 1997,
| 3i ol ogf - yellow fevercats 25:17-25; (XF) virus ‘
McAlli ster et al. 2000, J V'oI 74:9197- 205 ote: The
content of this table is no- neans to be exhausti ve.

They BYRERDE ningpntien @H%u nelat@s chtar e thBt Ws& oL an
anﬂa.xhi‘n:ﬁoﬁnaﬂl e,e af.e aaltibaconsigered aﬂtbelrmlcﬁeﬂoun?@ e.g.,

rably, e vir acci ni,a virus, Prefer

PeRELEE T Pr e adiBst oo HDRTERAREAC AR | SRT the
Poépatat jpre sehta pﬂn‘ambentlsah amed i tare dldr suslerashexapy.

stemcells which can be autol ogous or heterol ogous to

the organism Exanples of suitable cell types are

shown in Table 3. Table 3. Exanples of manmalian cells

useful in the resent invention: Mamralian cell sBrief
Expmplag griRataiurdd ys oemuesling anhinigeelpishowreteins  include

ulbedE A 5 Bile dye &f 1ala 2) & 0 1 Rt F TS (HIW, aniekpa) . UBE
wégtéf?ﬁﬁﬁéss§’lé%1§%%% %rom.murlne macrophages and later from
human airway epithelial cells. hLF is found in mugosa 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.,
EFur. J. Nucl. Mad.'gl (2002), 2929f3013. These peptides are
radiolabeled with *™I¢, which allows real-time visualization
in live animals using planar'scintigraphy. For exanple, a
planar gamma camera (e.g. Toshiba GCA 7100/UI, Tokye, Japan)
equipped with a low-energy general—purpasé parallel-hole
collimator can be used to visualize the distribution of
Pepo-labelled antimicrobial peptides in live animals or
humang, To apply these synthetic peptideé for tumor
detection, first the tumorous individuals are infected ﬁith
a particular strain of extracellular bacteria. After
bhacterial c¢olonization of the tumors, the radiolabelled
compounds, &.9., peptides are delivered intravenously.
Specific binding of the labeled peptides to the bacteria in
the tumors can be visualized in real time by scilntigraphy,
which therefore allows the localization of tﬁmors in humans




outside the central nervous systenB7:12946-12851,
target to an intramanial tunor. Additionally, when

i mpl ant edHenl i nger et al. 2000, Mot intracranially at
di stant sites fronrher 1:347-357 the tunor, such as
into the ooniral ateral hem sphere or into the cerebra
ventricles, the donor neural stemcells mgrate

t hrough normal brain tissues to target the human

'obl astoma cells. Different Bgpes of tunor ceIIsFor

exanpl e, ovarian cancer cells have beep shown g5
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(Blshy ' ReRLHE I EERERragher iy iaf b epRAGLS! Tox reas-

mﬁbtwﬁuhanhyapieheinednemhddvménﬁl t he m croorgani sm
or cell of the diagnostic and/or pharnmaceutica
conposition of the present invention additionally
contai ns a gene encoding a substrate for the

ThUCIHLEEASE: thN Ul QW HIW, € ti Bl erd:@d napositn@nt exdhiples of

m croorgani smor cell of t'he di agnosti ¢ and/ or
apARAREEDiPdal DGRBS BROGEIPAe pPECEHESFnyeRY; onPacteria:

pﬂ%ﬂk@'nsr%vertebrates, and vertebrates including humans
(Schroder, Cell. Mol. Life Sci. 56 (1999), 32-46; Cole and
Ganz, Biotechnigques 29 (2000), g22-826, 828, $§30-831) which
are useful for the purposes of the present invention, e.d.
pediocin:PA—l from 1actic acid bacteria, gramicidin S from
Bacillus brevis), protegrin-1 from porcine leukocytes, SMAP-29
from sheep myeloid cella, 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 antimicroblal proteins, small peptides can be
designed and synthesized to retain the bacteria-binding
. capability while eliminating the bacteria—-killipg effect by
the original proteins, These synthetic peptides could then be
used in bacterium~mediated tumor detection.

Similar to detection of bagteria by antibacterial compounds
(e.q. peptides/proteins), antiviral compounds {e.q.
peptides/proteins) may be used for detecting viral particles
in the tumors. Lactoferricin is one of the examples of
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ruc-gf p expression cassette which contains the Renilla
| uci ferase (ruc) and Aequorea gf p cDNA sequences under
the control of a strong synthetic early/late (PE/ L)
pronmoter of Vaccinia or the | uxCDABE cassette. A
preferred use of the mcroorgani sns and cells

descri bed above is the preparation of a diagnostic
conposition for tunnr-lnag|n% The di aghostic
conp05|t|on of the present 5Ention can be used e.qg,

Ere?i”%@ﬁ'é’:hdé}gﬁ agnoL"t fohd Y b@%%@teitaégﬁgn peptides

ernnr i ¢ conp S|t|on
ﬁﬁféserﬁet‘é?ﬁﬁ‘éﬁﬂ on VilFagsef BETEBELe®ni t It ng agldition  to  the

aﬂﬁiﬁﬂ@:&%fﬂi ugﬁebtlaésﬂbﬂae&mésuIati@e{lgsdayl aesdfdabelled- or

sin a n,or strlbutlon of .
Eﬁ&]il e%ja%?ln‘grﬁﬂ%e’ﬂ E&Pg@céﬁ‘{’egﬁ‘flot%? Loody jpfraguents  can
alganbenms@dghm Dirdgets hectam aveld viimownst dothdized in tumors
[S the art and, furthernore described
E‘(ﬁrt‘g&[l (Jtlergcfﬂulrrbe cited above as well as the
exanpl es, below. Additionally, the m croorgani sns and
icells can be nodified in such a vvay that they bind
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chimeric toxin). Suitable toxins which can be coupled to the
ligand are well known o the person skilled in the art.
Several chimeric toxing have been described previously.
First, the TEn-CRM 107 chimeric toxin was prepared by
conjugating transferrin to the mutated diphtheria toxin CRM
107 (Johnson et al., J. Neurosurg. 70 {198%), 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 (Myklébust et
al., Cancer Res. 53 (1993}, 3784-3768). Third, the Tin-PE

- was prepared by conijugating transferrin to the PFseudomonas

exotoxin (Hall et al., J. Neurosurg. 76 (1992), 838-844;
Hall et al., Neurosurgery 34 (19924), 649—-656). It could be
shown in animal models and human patients that these




was originally isolated from nurine macrophages and
later from human airway epithelial cells. hLF is
found in nmucosa 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 donmains of UBl or hLF
have been designed for inaging of bacteri al

i nfections, which can be dis % minated fromsterile

CHbERTEL O LODCTR ol artleul) - ML againat

m@ulltzlglaem; £1@142 2ce Vi | fung ecanger, HGioma, Xenografis

|(ﬁ%ﬁi§&£ﬁh %O%%m¥%%?ah %géll mgergﬁ§ 6ﬁf§néﬁ€ vaccinia

'\W%%| iC2%: | bR de\ﬁllqnﬁéi aﬁ?nﬁ@q}éwlﬂmna@ress ‘transferrin
ﬁé‘f.bélﬁt@f@pbﬁ thel SR o/ t@ﬁcﬂ!“%e&ﬁﬁ”&l@@ﬁ@hé the use of

GCA 7100/, Ul , J
TR e o PRUEBRG 5y GEREARE. pUTOREE ey A B R| §0F  antitumor

tobdtmenitor can be used to visualize the distribution

of 99mTlc-1| abel l ed anti m crobial peptides in live

animals or hunmans. To apply these synthetic peptides
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for non- invasive visualization by SPECT or PET

- Furthernmore, the conpounds, e.g., synthetic peptides

can al so be tagged with fluorescent probes,

fluorescent proteins (such as green fluorescent

protein (GFP) or bsRed)., or | um nescent proteins

(such as Renilla Iu0|ferase firefly luciferase) for

real -
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time visualizati
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In addition to

UBlI and hLF, there are nmany ot her exanpl es of
anti m crobi al peptides/proteins produced by bacteri a,
plants, invertebrates, and vertebrates including
humans (Schroder, Cell. Ml . Life Sci, 56 (1999),
32-46; Cole and Ganz, Biotechniques 29 (2000),
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N-acetylbenzogquinoneimine

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~chlorocthyl][2- mammalian cells, where it is| Webley et al. 2001, Br J Cancer
mesyloxyethyllamino)ben- | able to  activate  mustard | 84:1671-1676
zoyl-L-glutamic actd prodrugs for use in suicide
(CMDA) gene therapy.
or + 4-[N,N-bis(2-
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phenoxycarbonyl L —glu- _
tamic acid (ZD2767P) | _
Human cytochroms 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,
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therapeutic proteins to the ligand proteins are well

known
sui tabl e

to the person skilled in the art.

Exanpl es of

t herapeutic proteins are shown in Tables 4

and S. 35 Table 4. Exanples of eazyne/prodrug pairs in
whi ch the delivery O the e=Yne gene is faeffitated

i ntravenously inmected ooresuisns and cells Therapeutic
protelnsDescrlptlonReference% (enzynes) p dragso

nrodrues Her pes S|nplex vir

QOL . : Al 7

t wel | 4nrownMXol t an Can=

jconditions.

gﬁﬂ?‘ﬁé’ﬁﬁ%ﬁﬁﬂgl

si nmpl ex virus th
et alL 2000, Can—
activity and was
phosphoryl at ed b
vi rus-khacd odi s/
A- bls(hydroxynet
conpa~ M ' -yuni al
Hor ser adi sh pero
et al. 2000, Cang
7:1414- 1420 i nhi K
I ndol e- 3- acede ac
UAA) nei t her enzyi
t he sane concentr
cell kill was WAQ
Bact g
expressed bot hSpd
pepti dase 032 (CH
7:1343- 1356 the g

%%FMQV\!/ S

ymHse (
f"éKs&a Q8 Jimé
té‘g>5 B 48
e SEVMRERTFE G ity adtivel
id B obadinYUPRIL melti Bna

ipgirRitine saleapecakyng:, andher eas,
P& ﬂﬁracmsimhmg)aabm elt i eet alc 1999 Gaures Ggpe Ther
direaly comverisn8FU 'th/e5- HRPLY-

tiuemuiiding o mopoephysnhat

JFAE ractivation a;agqbd@s e
@@Yentitlr atge| FRAEBEC y 1§
%Fl?gﬂﬂs&rfpﬂtbwy against

thé{Gmnbdet8 8t al. 2000, Cancer
Gdnk Yher 3620986V M

V- TK) bepafi o
Gﬂ'nﬂ aSthe [FBigck\0aly 2000, Cancer Gene Ther

% | | o RahDRclposeble [Batirepaljendl. 2000 Cancer Gens
ES%ﬁﬁﬁb:ﬂh&hq&ﬁwgﬁadnnemﬂme&ir

o, ODRAHER caiBiites AE avsnmct ab THinCancer Gene

(FUMPR ay thedirg: %?Pb@fx%r TCFO2 can be

pcer

VW-"anyT ndpr odr ug

7882185+ i n hnpes
etic activity of
by purifiedGeco
"Bher 7:637-643;

- i nduced
anoxi ¢

Gene
tet hered toThen

Cytochrome P450 enzymes

+ cyclophosphamide
(CPA)
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of P450 enzymes active toward
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effects.
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concentration of active drug
metabolite at its site of action,
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therapeutic effects while at the
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toxicities associated with he-
patic drug activation.
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Fas-ligand

Sharma et al. 2000, Pharmacol Ther.

1 88:333-347

Ligand for death receptors such
ag DeR2, DeR1, DRS, DR4.

Golstein 1997, Curr. Biol, 7-R750-753.

TNF is the ligand for TNFRI,
which mediates  cell-death
signaling.

Baker and Reddy 1996, Oncogene 12:1-
9 e .

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

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

Recombinant antibo-
dies

Anti-GA733-2

Secreted or membrang-anchored
form of monoclonal antibody
(mAb) (COL7-1A) specific for
Ag (GA733-2) that is present
on the sucface of most
gastrointestinal carcinomas.

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

Anticancer drugs adria-

Some tumor cells express Fas

Nakamura et al. 1997, AnucanaerRes

17:173-179,

| mycin (ADM), cytosing

anticen on their surface, and




taxicities associated with he- patic drug activation
Bl ock at al. 2000, Cancer Gene Ther 7:438-445,
Benmires Aij et at. 2000 Cancer Gene Ther 7:20-26;
Kawanmura at alL 2000, Cancer Gene Ther 7:637-643; Li
at at 1997, Cancer Gene Titer 4:113-117 Huang at al.
2000, Cancer CGene Ther. 7:1034-1042; Kan et al. 2001,
Cancer GeueTher 8:473-482 r bit carboxyl esterase
Exposure of neuroblastona i nes or of n1xtures
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Yiang et al. 1999, Hepatology 29:101-
110,

By the combination of ADM or
Arg-C  with IgM-anti-Fas
MoAb, the induction of
apoptosis im HL60 leukemic
cells was ephanced signifi-
camily. Therefore, we may use
bacteria or viruses to deliver
the gene encoding anti-Fas
antibody. Expression of the
anti-Fag antibody on the
surface of tumor cells may
sengitizes these cells to chemo-| -
therapy agents, which therefore
may improve the efficiency of

Mizutani et al. 1998, ¥. Urol. 160:561-
370

chemotherapy.
Bacterial
toxins
- | Microcin E492 A low-molgcular mass channel-| de Lorenzo 1984, Arch Microbiol

forming bacteriocin (7,887 Da)| 139:72-75;
produced by  Klebsiellu .
pneumoniae. It bas been shown | Hetz et al. 2002, Proc Natl Acad Sci U
that microcin E492 induces| 8 A 99:2696-2701

apoptosis in certain human cell
lings. Treatment with zZVAD-
fmk, a peneral caspase in-
hibitor, completely blocked the
cytotoxic effect of this bacte-
riocin, which may provide a
safety mechanism when micro-
c¢in 15 used in anti-tumor
treatment. Microcin-E492-
insensitive mutants of E. coli
K12 have been isolated, which
may be used as a carrier to
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man 2001, Cwr Pharm
Biotechnol 2:313.325; Thomas
et al. 2002, J Pediatr Surg
37:539-544). Toxin-label
protein ligands have also been
used to tfargst cell surface
receptors (Olson et al. 1997, Int
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al, 1999, Cancer Res 59:183-
188; Wild et al. 2000, Br J
Cancer 83:;1077-1083).

J Cancer 73:865-870; Arora et|
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Pseudomonas exotoxin

Escherichia coli Shiga
toxing

Shiga toxins, Shiga-like toxin I
(SLT-I) and Shiga-like toxin II
(SLT-I) e cell-associated
cytotoxins, which have been
shown to be able to kill tumor
cells. The toxins kill farget
cells by inducing apoptosis,

(OBricn et al. 1992, Curr Top Micro-
biol Immunol 180:65-94;

Nakao and Takeda 2000, J Nat Toxins
0:200-313

VTl is an E. coli elaborated
subunit toxin active only
against (tumor) cell lines that
express the VT1 receptor,
globotriaosyl ceramide-(Gb3. Tn
an example of VT1 action, it
has been shown that VT1 elimi-
nates  human  astrocytoma
xenograft in nude mice.

Escherichia coll Vero-
toxin 1 (¥T1)

Farkas-Himsley et al. 1995, Proc Natl
Acad 501 U S A 92:6996-7000;

Arab et al, 1999, Oncol Res 11:33-39




bronchial carcinoma cells of I|ine A549. Activation of
all three of the prodrugs not only kills the cells
expressing the mutant CP& an the surface but al so
the neighboring cells through by- stander effect.
Tietze et al. 2001, Chenbi ochem 2:758-765 Frie&os et
al . 2002, ‘Cancer Res 62:1724-1729 39 or- +
3,5-difluoro-4-[bis(2- iodoethyl)am nojbenzoyl | i
glutam c acid Note: The conte of this table is by
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ncl udi ng TNF-alipha, anti-Fas, and cytotoxic drugs.
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and Reddy 1996, Oncogene 12:1- which nedi ates
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Since the tumor tissues can be labeled with ligand receptors
using intravencusly 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 .tﬁmor tissues. Intracellular
bacteria and viruses are particularly useful in labeling the
tumor cell surface with designated receptor proteins. However,
due to T"bystander effect"™ of therapeutic proteins on
neighboring cells, extracellular bacteria and mammalian cells
can also be used to deliver the therapeutic ptoteins.

In the case o¢f Gene-Directed Enzyme Prodrug Therapy (GDEPT)
(see below), for example, extracellular bacteria may be used
to secrete the enzyme-ligand fusion protein, The tumor cell
surface may Dbe Ilabeled 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, the surrounding tumor cells (which may not be
labeled with receptors) will also be killed.

Viruses {such as Vaccinia virus) may also be used to label the
tumor ¢ell surface with receptor proteins. For example, bthe
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delivers the cytotoxicity specifica}ly to the tumwor cells.

J

Transferrin/transferrin receptor palr is only one of many
examples of ligand-receptor pairs that can be wused. In
addition, mutant ligands and mutant receptors with highly

speeific affinity toward each other may be used te avold the

binding to endogenous proteins.

Additional examples of sultable proteins are human endostatin
and the chimeric PE37/TGF-alpha fusion protein. Endostatin is
a carboxvterminal peptide of collagen ¥XVIIT which has baen
characterized (Ding et al., PNAS USA 85 (1998), 10443). It has
been shown that endostatin  inhibits endothelial cgll
proliferation and migration, induces Gl arrest andrapoptosis
of endothelial cells in vitro, and has antitumor effect in a
variety of tumor models. Intravenous or intramuscular
injection of wviral DNA and cationic liposome-complexed plasmid
DNA encoding endostatin result in limited expression levels of
endostatin in ‘ftumors. However intratumoral injection of
purified endostatin shows remarkable inhibition of tumor
growth. Pseudomonas exotoxin ig 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 is




cell s was enhanced signifi- cantly. Therefore, we may
use bacteria or viruses to deliver the gene encoding
anti-Fas anti body. Expression of the anti-Fas anti body
on the surface of tunor cells may sensitizes these
cells to cheno- therapy. agents, which therefore may

i nprove the efficiency of chenotherapy. Bacteri al
toxins Mcrocin E492A | ow nol egul ar mass channel - de
Lorenzo 1984, Arch M crobiol f rmng bacteriocin

7,887 139: 72-75; produced i ebsj el . X
PSR i | LRGSR SR A Sy pfgpsin 11 1o
NaqpuirAshd £8ri tradsdtocaitdngei bhE432¥indutes® Ahe target cell

- 2696- 2 tQsi-s 4 n:gert.ai C L J icity b
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3§ c8PRERPIY MEERERPALB493- REAEHD SRR AR Bp gnserted in
Phide K2 fisy ebhheding susatiarl, Phi<cheitdy bendsedtias BE40-ligand

B4 phBr o SRR EL 00 By BUBRLENSe! il 39500t niamy
g ifhd nehgbepededormduimarilc toxing is the TGF alpha/FE40
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 dgrowth
factor Treceptor {EGFR), which has bheen shown to Dbe
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 c¢ells with elevated EGFRs on the ¢ell
surface and while it is less toxice to néarby cells displaying
fewer nmumbers of surface EGFR. The toxicity of TGF alpha-PE40
chimeric protein is dependent on a proteolytic processing stap
to convert the chimeric protein into its active form, which ia
carried out by the target. To overcome the requirement for
‘proteolysis, a mnew chimeric toxin ﬁrotein 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 c¢ells 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 antdbodies
which consist essentially of pooled monoclonal antibodies with
different epitopic specificities, as well as distinct monclonal
antibody préparations. Mongclonal antibodies are made from an
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anti bodi es have been used to target tunor cell surface
receptors for cell killing (Kreit- man 2001, Curr

Phar m Bi bt echnol 2:313-325; Thomas et al. 2002, 7

Pedi atr Surg 37:539-544). Toxin-label protein |igands
have al so been used to target cell surface receptors
(Clson et al. 1997, Jnt J Cancer 73:865-870; Arora et
"al. 1999, Cancer Res 59:183- 188; WId et al. 2000,

Br J Cancer 83:1077- 1083) P 46udoronas exot oxi n
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products of an FAB or other immmoglobulin expression library.

Moreover, antibodies of the present invention include chimeric,

single chain, and humanized antibodies.

Antibody-ligands are, e.g., useful in anti-tumor therapy. using
fusion proteins (i.e. immunotherapeutic proteins) between
antibodies and therapeutic protelns: Firstly, the genes .
encoding cell surface|receptors are delivered to tumors cells
in 1live organisms _wpia intravenously injected engineered

bacteria and viruses. |Such receptors can be, €.g.y transferrin
receptor, EGF receptor, somatostatin = receptor, etc. Over-

exprassion of receptors on the cell . surface ZIollowing
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. bhind
to +the marked tumor cells and exhibit cytotoxicity toward

+these cells in the tumor tissues.

The present‘ invention also relates to a diagnostic and/oxr
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




antibiotic. It was shown that57:323-331, hyperforin
can inhibit tunor gromh by activating m twhon-Schenpp
et al- 2002, Oncogene dria-nodi" apoptosis2l:1242-1250
pat hway- Note- The content of this table is by
‘no-neans to be exhans&& Any other "Bar- thernpentic
protens, which are not listed in this table, are abo
considered to be indudc& Sinc the tunor tissues can
be | abeled with Iigand recept usi ng i ntravenously

S EnUSEL e A5 ol USR8 (0 Lk adicrobial

erapeu IC I gan sl on protelns tO
ctqngmrmdr dugptbots wi Heteatdbbe throtain gut ihPEATtIe capable of

LRI AR g“té CaREQLEIMS: 1 Qi i1 I URREI L1 88YES therapy using such
|ntrac [ Iul ar acteria and viruses a#%ﬁ artlcularléls (e.q

fsean | RYPEB&RSNg hwe&tmnoﬁn‘&é?ﬂ#%a e WiTHPOuRR
ﬁhﬁ@kdiﬁ@ﬁﬁ)oraﬁﬁmwmpeﬂt\wq&rotdmstar:a_n be carried

yﬁ#ﬁ‘%?fxgpespﬁéingxﬁysié%f’fﬂ% HEEceLlencoding hybiid
pEotEltisan dmdzt‘seeman mmmb@r«ease@llto pepkidesypgoteins  and

%% odr gl;"ﬁ% t%%;%gefa%ﬁ%e g, Gﬁﬁ@"@”e@xﬁ@er protein

see

@m&ﬂ@c@xt ‘r:geebr&f@lraﬁ Bﬁ‘cﬁf@ﬂilﬁ nﬁ%‘/ebé? &g)&e‘ﬂt @nd ready . for
B0 @&éh&%l@ enzﬂj’r@cii&and fﬁét@ﬂﬁpyptel a.gThe tluirmre- emttmg
- ce surface ed wWith r pt Qr

RAG RIS, Afpéggthgapntﬁﬁ%en5%§ %%}gégry%b pro@dl he
mlmr&:;ohiml cekbtidesppestenyst h@l’tﬁecem pebed; Iﬂnﬂ?@‘venously

hat hed, l i . :
B ng tusmlélt #Ibyv%‘ﬁf%r%é -4t g&cbﬁﬁulat on. The

surroun g
swaci Heeepbdndjngi | ofal ﬁltb’éﬂwqql%‘dal Vi PEEE% e&deﬁ%&lﬂs to

DRCEd 2 Vi UheMBYuabse bl@eLIf'@d t® |aheteritwetd utdrerapeutic

cell surface wth eptor L.ns For xaqpl
ReteiRHr Sﬂeﬁfésc %émlc’l Vi n?’gc? ghef'gfore nay

¢I&¢ﬁwemmmstyspemqf£meﬂWEﬂtpxmmﬁtw Vaccinia virus
- carrying, e.g., a transferrin receptor gene (also
encoding a single peptide for <cell surface
expression). Expression of the transferrin receptor

ﬁ&ﬁﬂtﬁ:ﬁdﬂmf eRk| weane il talibs k folreseuret | Lhiearpy a.nd/or
SRS o} SERREALES | LA HBHCBP S neopperting
a:helhﬁletimeutsubstance (prodrug) administered to the organlsm
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

" gystemically 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 1is administered and directed to the tumor,
where it may be expressed using specific trans_criptional
elements. In the second step, prodr_ugs are administered and
activated by the forelgn enzyme expressed at the tumor. If the
enzyme/proteins are present only in the tumors, the acgtive
drugs will also be produced only in the fumors, and therefore
exhibit cytotoxicity only -t-oward the tumor cells, while at the
same time, systemic toxicity is kept to & minimum. The gene




protein could be a Pseudonpbnas exotoxin (or any ot her

cytotoxic therapeutic proteins). Tunor cel

internalization of the transferrin/transferrin

receptor pair allows the internalization of the

therapeutic protein, which in turn delivers the

cytotoxicity specifically to the tunor cells.

Transerrin/trans' ferrin recepgdor pair is only one of

many exanples of |igand-receptor pairs that can _be
crtfiing N eragdicVpeoteimt ans | dghimsrethd spagifically to the
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vitro, S apLLLy{oL, efbeet cel1a, BRbigely cefilt ungrie— or
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tissee INCLGtisslucdhile PrEBeBRE®conpl exed plasmid
DNA encodi ng endostatin result in limted expression
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a%o§in into the target cell <cytosolf and domain IIl is
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systemicly applied. Such compounds include proteins inhibiting
elongation factors, proteins binding to ribosomal subunits,
proteins modifying nucleotides, nucleases, proteases or
d&tokines (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 gtatus of the tumor.

Furthermore, the microorganism or cell can contain & BAC
- (Bacterial Artifigial Chromoscome) or MAC (Mammalian Artificial
Chromosome) encoding several or all proteins of a specific
pathway, e.g. antiangiogenesis, apoptosis, wound~healing or
anti-tumor growth. Additionally the cell can be a computer-—
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fusion protein specific to its receptor. One of the

hi ghly specific engineered chineric toxins is the TG
al pha/ PF. 40 fusion protein, where the Cterm nus of
TG- al pha pol ypeptide has been fused in frame with
the X-term nus of the PE40 protein. TGF al pha is one
of the |igands of epidermal growh factor receptor
(EGFR), which has been shown 4D be preferentially

d h f f g.vari f ins 1
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i@ ot esimbihattom®r cells with el evated EGFRs on the

ccell surface and while it is less toxic to nearby.
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Preferred tumors that can be treated with the microorganisms
or cells of the present invention are bladder tumors, breast
tumors, prostate tumors, brain tumors, colon tumors, lung

tumors, ovarial carcinomas, and pahcreatic carcinomas; liver

~tomors, skin tumors.

Brief description ¢f the drawings

Figure 1: External imaging of GEP expression_in subcutaneous

¢6 glioma tumors in nude mice




specifically binding to a receptor. Fab and F(ab')2
fragnments |ack the Fc fragnent of intact antibody,
clear nmore rapidly from the circul ation, and may have
| ess non-specific tissue binding than an intact

anti body (Wahl at al., J. Nuci. Med. 24:316-325
(1983). Thus, these fragnents are preferred, as well
as the products of an FAB ogoother i mrunogl obul i n
expression Iibrary Mor eove anti bodi es of the
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The present invention also relates to a diagnostic
and/ or phar rmceutl cal co DOSI t| on, cont al ning a
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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° 6
glioma cells into the right lateral thigh, 10° of rVV-ruc-gip
virus particles were injected iptravenously. Five days after

viral injection, the animal was anesthetized and sacrificed
' for analysis of GFP expression under fluorescence microscope.
The tumor was visualized extermally (2&~K), with the overlying



protei ns between anti m crobial peptides/proteins and
therapeutic proteins (see Table 5, above). After
protein expression, the hybrid proteins are purified
and ready. for intravenous injection. Secondly, e.g.
light-emtting bacteria, which can be recogni zed and
bound by the antimcrobial peptides/proteins, are
injected intravenously into %ﬂe subj ect, for
tunnr-specific accumul ati on. e specific binding of
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herefore exhibit cytotoxicity only
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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 Coé
fat glioma tumer (C-C'’, arrows indicate the location of the
tumor) in Lewis rats, and MB-49% mouse bladder tumor (D~-D'7) in
C57 mice. Animals wefe monitored 7 days after intravenous
injecticns of 1 x 10° of rVV-ruc-gfp virus particles. Bright
Eield (top), fluorescence (middle)}, and bright field,
'fluorescence overlay (bottom) dimages of the tumor- are
illustrated. (Bars = 5 mm,) '




prodrug into the toxin only occurs in the target

tissue, i.e. tunor. Such pronoters are e.g. |PTG,
antibiotic-, heat-, pli-, |light-, metall-, aerobic-,
host cell-, drug-, cell cycle- or tissue

speci fic-inducible pronoters. For exanple, the enzymne
can be gl ucuroni dase converting the less toxic form
of the chenoterapeutic agent 5§l ucur onyl doxor ubi cin
|nto a nore toxic farm Preferabl the gene encodi ng
TanM - o adif Fis GHRi Bxpression in a

ﬁ wc\femgaeundum bl e prormt er. Further exanples
pairs which are useful, in the
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Figure 9: Homlng 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
piasmid DNA encoding the lux operon. Photon collection was
~carried out for one minute under the low light imager. Mice
injected with 5. typhimurium exhibited luminescence
immediately through the whole animal (R). In contrast,
luminescence in the wmice injected with V. cholera was visible
in the liver area (E}). Two days after bacterial injection,
both groups of mice demonstrated luminescence only im the
tumor region (B, F). The light emission in the tumors infected
Cwith 5. typhimprium slowly diminished four (C) and sj.x_ (D)




carriers can be formul ated by conventional nethods and

can be admnistered to the subject at a suitable

dose. Administration of the microorganisms or cells

may be effected by different ways, e.g. by

i ntravenous, intraperitoneal, subcutaneous,

i ntranmuscul ar, topical or intradermal adm nistration.

The preferred route of admypjstration is intravenous

injection. The route of adrii™istration, of course,
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Figure 11: Homlng in of bacteria to bladder tumors in C57 mice
¢57 mice were intravenously injected with 107 attenuated V.
cholera transformed with pLITE201 encoding the lux gperc)n.
Nine days after _bactérial 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 emigsioh was 1imited to the bladder region
(B}, With the removal of the pladder (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.
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"patch"-like patterns (indicated by arrows in A).

Mar ker gene expression in the tunor of the sane
animal can be nonitored continuously 4 (CC'), 7
(D-D'), and 14 (E-E") days after intravenous viral
injection. (Bars = 5 nm) Figure 2: visualization of
tunor angi ogenesis C6 glioma cells (5 x 10$) were

i mpl-ant ed subcut aneously intoggqthe right lateral thigh
of nude mice. Ten days after tunor cell inplantation,
the animals were infected intravenously wth 1 x 108
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fluorescence (B) inmages of |
monitored under a uvorescent stereomicroscope. Fluorescent

cells were noted only in the tumor region of the whole mice
through the skin (Al1-3). Upon exposure of the tumor tissues by
reflection of the overlying skin (Bl -3), and in cross
sections of the tumors (€1 =3), fluorescent patches were
visible in distinct regions. Close examination of the organs
of the mice showed the presence of small clusters of
fluorescenf cells in the lungs of the animals, Vdemonstrating
the affinity of the fibrosarcoma cells for the lungs in
addition to the tumorous tissues (D1-3). (Bars = 5 mm (Al-C3),
= 1 mm (D1-D3}). '

figure 14: Homing of attenuated Listeria monocytegenes into

subcutaneous prostate tumors




tunor cells expressing GFP Frozen sections (30 gm
thick) of the glioma tunor tissues were prepared from
a nude nouse that has been intravenously injected
with 1 x 10" of rWruc-gfp virus particles. (Bars =

50 M) Figure 5: Low light image of the anesthetized
nude nouse to indicate the |ocation of Renilla

| uci ferase-triggered |ight ission in the presence
of intravenously injected substrate coelenterazine (5
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cence overlay (bottom inmages of
images.' (Bers | Pugirht ed. (Bars =5 nm) 52 Fi gure 7.
Moni t ori ng Vacci ni a- nedi at ed GFP expression in a

breast tunmr Nude use unor
g, Shenel SBVPRELA eho B et oY Y808 ERBLeb: e of
virus particles. Both the primary tunor (A-Aft, B-B"
, and CGC') and the netastasized tunor (D-D', E-E",
and F-F") were visualized externally (A-A" and DD
), Wi th overl Fvagrdle i:rH¥abertals-@aid Metheds')  and
when they were split open (C—C and F-F") in a set of
bright field, fluorescence (') and bright field
(H) udRshRmem oveiredns - Thermpesteatplex fta8drgn ped were

| ung, S i ABhuean al SEBL7207 hisG46
a{@éﬁ%&(ﬁf 9&1%953@&9 app u ® '
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n ion of ljgh .
base.glgterlhae n(ljoez}oecg}to%en%s (bg Itupl, actd, plcB).The bacterial
strains were kindly provided by Prof. W. Gobel

{(University of Wiirzburg, Germany).

{B) Plasmid constructs. The plasmid pLITE201 containing the
1uxCDABFE cassette was obtained from Dr. Marix;.es, Biotech
24,1998, 56-58). The plasmid pXylA-dual with the operon
sequence of ¢gfp~cDNA, lux AB, lux CD; and lux B 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 REMI-1640




em ssion under the low |light imager Nude mce were
intravenously injected with 107 cells of attenuated
S. typhimurium (A, B) and V. cholera (C, D). Both
strains were transformed with pLI TE201 carrying the

| ux operon. Photon collection was done 20 mn (A O
and 2 days (B, D) after bacteri-al injections. Figure
9: Homing of glioma tunors b% attenuat ed bacteria Nude
mce with a C6 glioma tunor i the right hind |l eg were

raveno i,th '07. d
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VBy pppE emenEab LR Hh B By X (eni S/ EgFepgomycin.
T@@yﬁcg‘f-‘vehuﬂﬁﬁt %huﬁhrynhS%ELﬁama TyeRL S1inéeqredcw Rockville,
ol era showed en r mou % ncreaged L0 L gg&gﬁ D-o-TGF-
MpburPﬁEyﬂnﬁﬂﬁlglﬁr?Pﬁ aF1ER RnPLEFTeR §A55&S ng
Igonbbﬁnedtobgahnéﬁtlﬂﬂoﬂf Dhe bRatsyi aDen Leentunbema Linda
ti ssues ure
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at atedV with 107 E. coil

TFE— PR o‘i:']f’%‘111 E[E]zat&fl %ﬁdl pl asnid DNA encodi ng

the | ux operon. Photon coI | ection was carried out for

(ﬁp‘t e e eénah%xloe.wgbtﬂah ig¥geEtrdVERLY Haugeserate a

bacterial deli very, um nesceng V. .chol er r .
-lenbbrmtthng t hetalydper P&'F‘F; Fﬁiﬂ' ﬁrer Packing
c'gﬁh@Ct('CQ%ntbl:ﬁht PaAd %ﬂ.ﬁﬁﬂ vgs nedas d:lmltxhnea@ru.rmmmM medium

s emenbed, t ! EbEE a caHl-Q; ce, BTET cells
shpPierapred t'ﬁ#‘rgp F%F \?\5 ) % sé‘féf t‘ﬁ% (Bast —area, and
vislret herdoscicsimed wolkid PBRIN At{Cllonsedhy s Patiee 2o 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 pm filter and was
added to target HT1080 cells along with polybrene to a final
concentration of 4 pg/ml. The medinm was replaced afier 24
hours and the cells were treated with G418 selection at 400 p

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

{F) Propagation of recombinant Vaacinia virus. Vaccinia virus
Lister strain (LIVP) was used as a wild type virus,
Recombinant Vaccinia virus VW-ruc-gip was constructed by
inserting, via homologous recémbination, the ruc-gfp—cassette
(Wang et al., Proc. Biolumin. Chenilumin. 9, 1996, 419-422)




em ssion was visible only in the tunor regions, and
not at the wound (C). Eight days after bacteri al
injection, the |lum nescent activity was abolished
fromthe smaller tunor region but remained strong in
the primary breast tunmor (D). Homing in of E. coli to
breast tunors in nude mce was al so observed two days
after intravenous bacteri al iqrj_'joecti on (E: side view,
F: ventral view). Figure 11: m'ngin of bacteria to
bl adder tunors in C57 m ce ]
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ﬁimlﬁﬁi@;ewsn@h$mtmm1simrmlopmeﬂ50 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 npumber 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 {PBS) and injec;ted
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’) wes estimated by the
formala (L % H x W)/2, where L is the length, W is the width,
and H is the height of the tumor in mm.
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intravenously with 5 x 10$ human fibrosarcoma cells,

which were permanently transfornmed with retrovirus

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

ani mal s were anesthetized and nonitored under a

fluorescent stereom croscope. Fluorescent cells were

noted only in the tunor region of the whole mce

through the skin (A3.-3). Uposg exposure of the tunor

tissues by reflection of the overlying skin (81 -3),
mtrdcerebasd  gkdnongunbrs heretrenmogenéfhited) by injecting C6
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Vitsi Bl e ang fluorescent [1ght overlay (C) images.
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IDEIAGeaceA344: : Tnl 0] ), attenuated Vibrio chol erae

(Bengal 2 Serotyp 0139, M)10 DattRSlI), and attenuated

A5 B0ORogees (02 1Bl acth PLES) ThEea gn tha co7
oalsl  bibadeer std y piodiber zéniwy 1oty ) bladder tumors. To .
generate animals with breast cancer (Tian and Deleon,
submitted for publication), female nude mnice were first
implanted with 0,72 mg/90 day-release 178-~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), 777-78l) were implanted in the mammary fat
pad. For orthotopic trangplants, tumors developed from
implanted cells were resected and minced into 1-mm® cubes for
tissue tranmplantation into the mammary fat pad.

(B} Assay of Renilla luciferase in live animals. Mice were
anesthetized with Nembutal (60 ma/kg body weight) before every
Renilla luciferase assay. Renilla luciferase activities were




(B) Plasm d constructs. The plasm d pLTTE201
containing the | uxCDABE cassette was obtained from
Dr _ Marines, Biotech 24,1998, 56-58). The plasmd
pXyl A-dual with the operon sequence of gfp-cDNA | ux
AB, lux CD, and lux E under the control of the Xyl ose
pronoter was kindly provided by Dr. Phil H I
(University of Nottingham W®. (C Transformation of
bacteria The bacteria were transfornmed by -
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carcinona cell line (ATCC, Rockville, M),
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um wasS repl enished at this
time. Retraviral supernatant collected from PT67

158lifg*8o POUESe PRY¥pression in tumors "of live animals was
performed using a lLeica MZB stereo fluorescence microscope

_equipped with a mercury lamp poWe:r supply and a GFF filter
(excitation at 470 nm) . Images were captured nsing a SONY
DKC=5000 3CCD digital photo camera.

{7) Histology of tumor tissues. Under anesthesia, the animals

were euthanized with an overdose of Nembutal®. The tissues of
interest were removed, enbedded in Tissue-Tek QCT compound
.(Miles gcientific, Naperville, IL} and immediately frozem in
l1iquid nitrogen without fixation. Frozen sections were cut at
—20°c wusing a Reichert-Jung Cryocut 1800 cryostat, GEP -
flucrescence of the tissues was monitored under a La_ic_:a




transformation was filtered through a 0.45 gmfilter
and was added to target HT1080 cells along with
pol ybrene to a final concentration of 4 gg/m . The
medi um was replaced after 24 hours and the cells were
treated with (418 sel ection at 400 g/m and stepw se
increased to 1200 g/m . (F) Prggpagati on of reconbi nant
Vaecinia virus. Vaccinia virus Lister strain (LIVP)
waglusezbcazaca wikdotyqe vandisthe Renagdd naste Vaeebiddd using
Vi bHSt MV USr@fvas constructed by inserting, via
“honol ogous reconbi nation, the ruc-gfp-cassette (Wang
et al., Proc. Biolumin. Chemlumn. 9, 1996, 419-422) .
57 : n]tcmcag;blae\mcwdeahntyidﬁtslg@dnmyeanEb@x]{éﬂdhléslﬂ@éction of
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presence of lum:l_nescence and GFP fluorescence signals. One

week after wiral 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 Vacecinia virus-mediated marker gene

expression in glioma tumors of live nude mice
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surface, then approximately 5 x 10$% cells were

suspended in 100 | of phosphate' buffered saline

(PBS) and injected subcutaneously into the right

| ateral thigh of each nouse. Tunor growth was

nonitored by recording the size of the tunor wth a

digital caliper. Tunor volunme (nmmB) was estimated by

the fornmula (L x Hx W/2, wggre L is the length, W

is the wwdth, and 9 is the height of the tunor in nm
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After careful examination of the mice, with the exception of
the tumor region, no detectable green fTluorescence was seen
elsewhere on the body surface or in the dissected organs. This
experiment clearly showed that a mature solid tunor could bér
easily localized by the labeled Vaccinia virus, based on
light-emission, and it also demonstrated the affinity of wvirus

particles for the tumor tissue.

To determine whether tumor size and vascularization are
decigive factors for viral retention in tumors, nude mice were
intravenously injected with 1 x 10° r'VV-ruc-gfp Vaccinia virus
Particles one day after subcutaneous C6 cell implantation.
Surprisingly, 4 d_ays after viral injection GFP expression was




Nature 310 (1984), 777-781) were inplanted in the
mammary fat pad. For orthotopic transplants, tunors
devel oped from inplanted cells were resected and

m nced into 1-nmB cubes for tissue transplantation
into the manmary fat pad. were first (H) Assay of
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digital photo canera. (J) H stology of tunor tissues.
ThdeVifdst HeR e cati®naniifhl sthéer SVBATAan"Asd WERi&ipd by
deverfdosengf thenbital (t)terTherd ildignes eofission of the isolated

viral particles in cell cultures. Interestingly, the location
of blood vessels and the neovascularization within the
periphery of the enlarging fumor were readily visible and
confirmed by external visualization against a bright green
fluorescent background (Fig. 1R-A'f, D-Df7 ,E-Ef! and Fig. 2).

To determine the location of wviral 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
Ctviral -infection, as indicated by arrows in Fig. 3D-DV'. The
skin overiying the tumor was also noii—fluor%cent {indicated
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i nterest were renoved, enbedded in Tissue-Tek OCT

conmpound (Mles Scientific, Naperville, IL) and

i medi ately frozen in liquid nitrogen w thout

fixation. Frozen sections were cut at -20C using a

Rei chert-Jung Cryocut 1800 cryostat. G-P fluorescence

of the tissues was nonitored under a Leica 60

fl uorescence mcroscope and tBB i mages were recorded

usi ng Photoshop software. Exanple 2: Results obtained

by astexisioubn i Rjiect3RrB’df and dedifi)natirodsc datitdons of the
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medi mar K
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tdhild Jat-hwiRenhl I gl Uci fer@se) -wiEFe f UhbORictively dividing
‘H:F‘? ssiQn cassette V\irui g%f% was i ntroduced

\f?éﬂgl(fyafﬁ REGS ¥i t2°9F%% no tumors. The
ani mal s were observed once every 3 days over a

'fg\nf!%%t.regﬁ? UCI é %Ei;eu&g% aﬁhgf ?ﬂ':éi g:m.fé@@ﬁﬁ:[ 4P cs glioma

roni erase cat em SST O
Vemans athesedaf oy iGREr a@@nﬁaﬁsimectthﬁ] otumor tissues were

o8 £ & aZighe, mdBeoNRES I 2 afﬂdﬁfs@%ceﬁﬁaem CE{RECOPRid ¥hsrence
visual i ze GFP expression. Neith erﬁép par ent

PR ORERGc cCHBPAI T PRALYELRende TRIQRH otiagupy sections
féwﬁamamtnaumGﬁpl umgeﬂes@eszt@é nlahb yprexerpt r?at 1Gadeni alusters
caLkiops S
+€mg%%gge#&gﬁ%ﬁd uor esé‘ﬂentﬂgsl gna’l nﬁmél gg’p&é"élrorgscence was
wisidla fawmaalontéssies | g¥cbnsahahhedrettt, Adbngr s livex,
L5 2 d 1aekhe@ne week and two weeks after viral
infection, and their organs were renoved and exam ned
for the presence of |um nescence and GFP fl uorescence

Tih JRAASELSHD eto V‘&Ek afm@rr&’&:diﬁiﬂefﬂtﬁmumfp virus carried
s}xﬁén%c?cg& enc &r e wlglpc'r greere%lsc%e ) gpu'l?gentq_%]t%etl%ctl%deraae in
mséomscuft@ fmn-@atmb‘ctam Wid rGE’E’r uStginefoyier we Miare able

1ot cﬁ'i‘é‘&t@&gaéhﬁé%?ﬁﬁﬁds@ t ynef tﬁrte' N eCldr gifofBatence with
the virus Seened to be cleared fromthe animal by_the

Hﬁhﬁne ey S$ PR s oBHOMS t Bpndfde enlCHERFRER Yy IPa ttﬁ'@ tumors.
BhQdsdtaam LBleM seabliatésiznle Va@-@hﬂsﬁrate for Renilla

J\c/ hed esrr%?é |a|t Qeygsnad{félmegege expr iglvgﬂmllg ginge”%:.on, 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 low 1light wvideo camera to avoid
saturation of light detection, we were able ta identify the
Renilla lueciferase gene eicpression in localized patches in the
periphery of the tumor. These patch—like patterns precisely
carrelated with the GFP signals,

{C} Affinity of Vaceinia virus delivered to the bloodstream
' for different tumors implanted into animals

To determine whether the attraction of the Vaceinia virus was
limited to glioma tumors or whether this attraction could be




61 The distribution of injected Vaccinia virus in nude

m ce bearing subcutaneously inplanted C6 gliom

tunors was exam ned. Nude mce with tunors

approximately 500 nmB in size were injected

intravenously with 1 x 108 pfu of the rVW-ruc-gfp

virus. Seven days after virus injection, the aninals

were .nonitored for GFP exprédssi on under a

quorescence m croscope to determine the presence of
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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
revealad luminescent ,islands, throughout the tumors without
any indication of «central or peripheral preference of
infection (Fig. 7C~C’'f). The MCF~-7 tumor cells used in these
breast tumcr models are known to metastasize and in addition
to the primary solid tumor, a smaller metastasized tumer found
on the left side of the body showed GFP fluorescence (Fig. 7
D-Dff, E~-E’'f, and F-F''). Excised lung tissues were also
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' 62 seen in 5-day-old C6 tunors that had a vol une of
about 25 mB8 (Fig. 1B-B") . Exam nation of | abel ed
~Vaccinia virus tunor targeting by visualization of
GFP expression in inplanted tunors younger than 5
days was not feasible in live mce, since sufficient
| evel s of marker *gene expression required
approximately 4 days to all owgetection under a
fluorescence mcroscope. The Tinding that injection

ekaihred WeouC diftizc¥deal MR tdtditaddy.0 ﬁé\_ead?éaogzstcf eﬁmors as

resulted,.in GFP expression
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Interestingly, the location of blood vessels and the

e rization within the periphery of the
Tg’nl%lar %ﬁng‘fa W«g‘F Fe V&38| Pricies ec‘aﬁéd BOMEI pHEd offy tumors
agit @Enanterstlhél zarc@magﬁiﬁsﬁeAq@rd&D@g @fée%‘lmma cells into
.t U‘Hlﬁ e n [ - -

% ;Hf S&E %Ergmeﬁe%? %ﬁ %ocsa?cfo&ﬁi OF"SRY i APdBALS, already
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thes galisgmanofef 140" @QCeRbndéh s 6 €dnat 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 ca.rc:ulatloﬁ at
all, or were not released in suff1c1ent numbers to infect and
replicate in a second tumor. ‘

Iwo additional tumor models, including Lewis rats with
intracranial C6 rat glioma tumors and C57 mice with MB-49
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63 by asterisks in Fig. 3B-B" and DDD') . Cross
sections of the tunor, however, reveal ed that strong
green fluorescent regions were nostly found as

pat ches in the periphery of the tunor (double arrows

~in Firg. 3 GC') where the actively dividing tunor

cells are presumably located. To further examne the
pattern of viral infection in gI ioma tunors based
on G-P expression, the tunor ?I ssues were sectioned
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da.vn.ded into two groups. One group was ihjecte in

with rVV-ruc-gfp Vaccinia virus (1 x 10" pfu) and the other

with saline - solution as control. Five days after virus

injection, the animals weére sacrificed and examined under the
fluorescence nicroscope. GFFP e:?:press:mn was observed in the
bladder tumer region in C 57 mice but not in control mlce
{Fig. 6€D-D/ '} .

Taken together, these experiments show that Vaccinia _virus
particles were selectively accumulated and retained in a
variety of tumors, probably . protected by the tumox

- mieroenviromment, and that they were not able to survive in

the non-tumorous tissues of immunocompromised as well as
imminocompetent animals. The tumor—targeting process by
intravenmrmelv inmiected Vacecinia virus carrying the




types of inplanted tunors. One of these tunor nodels
‘was a nude nouse with inplanted subcutaneous PC 3
human prostate carcinoma. Al though the PC3 inplants
fromwhich tunors devel oped grew at a nuch sl ower
rate than the inplanted subcutaneous glionma tunors,

t hese tunors showed the sane dynamics with regards to
Vaccinia virus infection when- identical titers (1 x
108) were injected intravenously (Fig. 6A-A").
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est abl i shed breast tunors were also used for |abeled
Vaccinia injections. These breast tunors were allowed
to grow for 6m)nths after the anirrals recei ved -
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6 days after?%]ré}ng S g_ﬁltb GhoBL _injdctith

rWruc-gfp vi icles, rong P expreSS| on was
observed in the breast tunor region (Fig. 6B-B" ,

g gdegébtﬁném?hg Bath afd @ﬂ’é@&'&@nn@é&e h.ﬁjbbﬂehodylmnescent
am nation of cross sections of virus-infected Fl[.ea L TTE201
Fhe

hagtsrda rigvesihed Admd8scalt Hagtatde THroidito

p&%’&%ﬁi "!nlt hegit ) bl aYrd nﬂ?féé&ém ..?ttc? eﬂili:é alePt femoral vein of
eri era rererence o nec |

i, ARG Adoq FPALPRAGE CPERED PhnbRondiiELon Witb

silﬂﬁlrlﬁso\l\ﬁtﬁ@ nEtaswaskz acattioradadaideirorkhe olewelight imager

&\r&lﬁ@ )ﬁ.(ﬁ)o' eltrén?g(‘st%rélsgﬁ'&b%g lgﬁﬁ Si-g%o%\.lt\lgig‘gdﬁ P%ﬁpan) in real

_ ﬁMr@g@ ephgtgrss gwere cplpectrdpt °rarﬁP¢ pigute gy Theo jmaging

w0 dhRdied Wehe ks Q:)i&@ nedtbevatet ecdi ofetodfrmine the
net ast ases. Met ast asj zey rs as _.small _as 5

ReAMIGS O LNSUTHRE T T | g YBhosniiel 78 rae fovnd
R fther dseentisu{ foy. pF GGy , of hélphgs@nug@sgpna followmg an

intravenous injection of bacteria inteo mice was characteristic
of the bacterial strains used. Injection of the attenuated V.
" cholera into the bloodstream resulted in 1light emission
localized in the livexr immediately. Injection of &
typhimurium, however, was widely disseminated throughout the
body of the animal suggesting a difference in the interaction
with host cell system (Figure BA-8D). Imaging the same animals
24 and 48 hours' post-infection showed that all of the
detectable 1light emission from the earlier time dininished
rapidly and was eliminated gompletely from the injected
animal. These findings suggest that 1light emitting bacte’;:ia
injected into the bloodstream via the femoral wvein aze
. cleared. This process was confirmed by photon emission
analysis of excised organg, which were found to lack light
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strong Renilla luciferase-nediated |ight em ssion
confirmed the expression of the luciferase-G-P fusion
protein in these breast tunors but nowhere else in

t he body when the substrate coel enterazi ne was
injected intravenously into the live animls. These
experinments showed that intravenously delivered
Vaccinia virus particles wergggel ectively accunul at ed
to and replicated in primary and netastasi zed breast
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Mone;.tto?:mlgt olfs tge I%J.ge under the low light imager on days four

and six post-injection showed decreased amountsz of detectable

~ lyminescence in the tumors of animals injected with 8&.

typhimurium (Figures 3%C 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 ¢f the bacteria in the tumor wass with a dramatic
increase in light emission (Figures 9G and 9H).

- NMude mice bearing subcutaneous human PC3 human prostate tumors

in the right hind leg were :Lntravenously injected with 107

‘attenuated I, monocytogenes transformed with psogl—gfp plasmid
" DNA carrying the gfp cDMA. GFP fluorescence was observed undgr
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protective property of tunors that may be denonstrated

al so in inmmunoconpetent aninmals, Lewis rats with
intracranial C6 rat glioma tunors and C57 mce with

MB- 49 nouse bl adder tunors in the bladder were used.

A total of 5 x 103 C6 glioma cells in a 100 | vol unme

were stereotactically inplanted in the brains of 2 of

4 i nmunoconpetent Lewis rats, gand the tunors were

allowed to grow for 5 days. The other 2 rats were :

3 nj Eotaek sdemiceac sdherabluy cnb s topaos pheeet prédwsred hours  after
ﬁ?&ﬁéﬁa\tlo i1l \5%16? gRB! %Qgﬁal qg%ga%ﬁfé&(te&“én]\% rfﬂ Sthe tumor

were intravenously injec

Frkare| @sionre i féworGeEIP wdignalrwas o&:@;esfvaesﬂt dm \nhmsrest of
tHe egfip@n,, all 4 animals were sacrificed, and their

brains were carefully excised for anal ysi s by

fl uorescence m croscopy. GFP expression was detected
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(D) Bacteria home in to breast tumors of nude mice

In order to determine whether bacterial colonization of tumors
is limited to glioma cells or whether this is a general
phenomenon observed with all tumors, female nu'de nice bearing
tumors in the right breast pad were intravenously inj'ected

- with 10" V. cheolera in a 50 pl volume of bacterial suspension,

The animals were monitored within fthe first 10 minutes after
inoculation under the low light imager for one minute and
demonstrated the typical luminescent pattern in the liver
region (Figure 11A). Two days later, while the liver had
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mammal i an light-emtting cells into mce (A
Visualization of light emtting bacteria present in
whol e aninmals after intravenous injection To
determine the fate of intravenously injected
| um nescent Dbacteria in the animals, |0 bacteria
carrying the pLITE201 plasmd in 50 gl were injected
into the left fenoral vein of mce under anesthesi a.
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“-light emtting bacteria i nj ected into the bl oodstream

"via the fenoral vein are eared. ceﬁo\ﬁase ter the
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re%rlr-x%rﬁenged with 107 attenuated V. cholera intravenously, the

leg tumor showed strong luminescent activity.

Thae findings of these experiments demonstrate that larger
- tumors retain bacteria  more effectively over time.

Purthermore, 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 imminocompetent mice
¢57 mice were intravemously injected with 10" attenuated V.

cholera transformed with pLITE201 encoding the Ilux operon. On
day nine after bacterial delivery, luminescent activity was




vein with 10' S. typhinmuriumor 10" V. Cholera in a 50

I volunme of bacterial suspension. Follow ng

injection, the incision wounds were sutured and the

animal s were nonitored for six days under the | ow

l'ight inmager. At each observation tine point, photons

were collected for exactly one mnute. In mce

injected with S. typhinurium_|um.nescent bacteria

were disseminated throughout?¥he whol e body of the

animal simlar to the flndlﬂg in the non-

ARder U PBATOT GBI LO | SPECIORT WPLRIGF  SRAED, £he low
19 QRN Sitlarfead |M§Htesé:ﬁr§s:.oa0t§?ﬂ ot yin ntlllthebll-ﬂdéﬁr region

req: onéﬁ%ﬂ%&gﬁe?ﬁé ggi’ ti Qpe Bﬁﬁfngﬁis(ﬁhggr %acrlflcecl

Fain_ Inject
aim/Samf tabdlcimijnedt | DrGidiom nessemadsct tVi ByFPRES the ‘Bladder.

%%%n@_n Ial‘:tl’(rf]t%hﬁ# UOm 5 8AH190 dmirdhea 28 Bﬁd limited to

m ce undér the Iom;léﬁ. from the
ﬁh\’-’agﬁ@ﬂ&?rddfs-gﬂéar 12Bhel Yo godievay && GiegT tro
MRS, eaﬁﬁlf@irﬁ!’ﬂbéﬁltts ﬁtldﬂ&.@ﬁth%@ ﬁm | umgress censible shgwhere in
tum)rs (0] ani S |1 ect W t S. t un

{995 RHBGE, andOBBYErh SERT nd R iR L Ry continued to
deinsadiatel ghite ehiisegings (E‘Ihguhe i8@br sBasedi ep the resulis
%{]J eGhed bu%ﬁgﬁyim&be | er %atc;%'rﬁa degppst r@i@ebiot tloks  in

rvival flopagation of the bacteria. in the th
imvooeebe tenth ésdr&ﬁ&ﬂlcasln@P@&semFﬁel|gﬁPI§HF§QP5ﬁ' ©

lfel:dt.%i&%s c%ﬁ ando9Eh rgdbidandliIce: hemibrag subcut aneous
human PC3 human prostate tunors in the right hind Ieg

were intravenously injected with 10° attenuated L.

NDYPE YEageness s fiar kedghitie pewebsgd paplthenbgalpNef rats
carrying the gfp cDNA. G-P fl uorescence was- observed

under 69 a fluorescence stereoni croscope. Twenty-seven
Tovks sHterwitincrkiang Gumicast iien, ther P ighffeRpsintravenously
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nal was o served In the rest of, the a
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oo omimetie byndact dhiea. 1oy m@wqw uted frlipwing day and

{9 eBild 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 lmuinegc:e,nt
activity in specific regions of the brain (Figure 13A).
Similar imaging of control rats without brains tumors, which
were J.ntravenously injected with the labeled bacterla,
demonstrated absence of any luminescent activity (Figure 1313) v
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{(G) Transformed human Ffibrosarcoma gells home in to
subcutaneous glioma tumors in nhude m:i.ce
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| eg of nude m ce by subcutaneous injection of glioma

cells as .described. On days 0, 2, 4, 6, 8, and 10 of

tunor induction, attenuated S. typhinmuriumand V.

cholera with the pLI TE201 plasm d were injected

i ntravenously through the fenoral vein. Presence of

| um nescent bacteria in the tunor was determ ned by

photon col | ection for exactl ysone m nute under- the

low light imger two and four days post-infection. }
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activity (Figure 11B). On day five, the animals had

. cleared the bacteria that col oni zed the incision
wound, =~ however, the tunors renmai ned | ym nescent

( Rt e 1) CopsgrPetien 19D KAy ygotors that
Sek9nichat 1 0§h BAENPEIGRRY Prioreial ehbodihgcéeprassint heassettes
mai n t r, ile the nmetastatic, smaller _ tumpr had .

DocA dis, HHpepatc Ot Strier i SHRshIbte,Aa ate
over 45 days in the righdntigasitiomor. Siml ar

experinments were conducted using E. coli to

denonstrate that homng in of- tunors.by bacteria is
not strain dependent (Fi&hr@siidrsdennd

Using the light-emitting expression -systems described above,
tumors could be imaged based on light emission for wp 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 prbtein expre_ssiOn
cassette on the same replicon, light emission ¢an be used as
an indicator of therapeutic construct presence and stability.
In contrast to light-emitting proteins, the therapeutic
proteiﬁs, endostatin and Pseudomonas exotoxin/TGF alpha fusion
protein, are required to be secreted from the bacteria into
the medium or into the cytesol of tumor cells for inhibition
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11F) . To determ ne whether the bacteria fromthe

tunor enter the blood circulation in significant

gquantities to colonize other sites, a second tunor

(C6 glioma) was induced in these animals in the right

hind | eg. 'The tunor was allowed to grow for 10 days.

No- | um nescent activity was observed in the gliona

tunor denonstrating the absggce of a significant

bacteria that would cause colonization of this tunor.
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placed upstream of each coding sequence.

For regulation of endostatin and Pseudomonas exotoxin/TGF
aipha 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 Pepac synthetic
promdter (Freitag and Jacobs, Infect.Immun. 67 (19992), 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




plasm d through the left fenoral vein to determne if
bacteria can cross the blood-brain barrier and target
tunors in imunoconpetent aninals. The whol e ani nmal s

were nmonitored. for one mnute under the |ow |ight

i mager. the folfowi ng day and |ow |evels of

| um nescent activity was observed through the skull

The rats were sacrificed and TH4e brain tissue was

removed in one‘piece in order to further evaluate the
exxdact:atincatid hPeduddmonans aesteminARER ealpha fusion protein
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days post-injection, the animls were anesthetized
with Nenbutal, and nonit{qred under_a fl uarescent

Ehle (GRAFTEUSEOPe OF PLASTLLCERPERRT | SORARPIRI L FHEHRFsion and

in the tunor regi onggbribeon e 2 Gepidir ough the
skin (Figure 14A1-3). Upon exposure of the tunor

ti ssues by reflection of the overlying skin, (Figure
TheBloBltrandibn ofosResendootstid ddvrdtuimr srecflicgurte be nsed
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FAORA® the endostatin sequence to geherate pBlue-ompH/ES.
 The expression cassette driven by the 77 promoter will be
excised, and inserted into the pLITE201 vector described in
Example 1{B), . above, <c¢arrying the luxCDABE cassette, o
produce the plasmid pLITE-ompF/ES. The sedquence 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 Taqg polymerase
‘using  the primers 5'-GGGARAAGRCATGAARCGCTTAZ " and 5'-
ADACAACGAGTGARTTAGCGCT-3', and inserted into the multiple
cloning sites of pCR-Blunt (Clentech 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 exXcised £rom pCR-PAS and




Using the light-emtting expression systens descri bed
above, tunors could be inaged based on |ight em ssion
for up to 45 days in animals. These findings suggest
a remarkable plasmd DNA stability in bacteria in the
absence of selection- Therefore, by placing the

t herapeutic gene cassette in cis configuration with
the light-emtting protein eﬁgression cassette on the
same replicon, light em ssion“can be used.as an
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b ia i th di i nt
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Lragmenty of R /MGF pdrbpl dSarudeperes xptominedsa2iGms13/TGF
aXpui0staitdi el Fridie tIRigiAsan eddi t | @AMarR! o Bdbtan, 1994,
aidlg, RAS pro&gl n, needs éﬁzgﬁ &ﬁexpressed W th .
enoosa n. “PA8: ha¥ bedr2SHdth t FTauSEeRERDr abR® plasmid
PVGEHGERSTY TaRd alliphar. e|Thes exxpiressdonetoed spit@eciots diAPE3 7/ TGE
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alzfa TR (0 08Y87 ShiBhoter uP1 27 B8 McisRl b Yhsertea
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exot oxi n/ TGF al pha fusion protein fromE. coli has
ene

e si.gnal ence upstream of the fusion .
S PR, é’%feg’gﬁﬁ?‘ﬁ‘é berrore dhn REskesn fEpTeRgion and
mediumis faceéaietish Biche quenefsaptegenksi N domain
Il of the exotoxin (Chaudhary et al., PNAS 85 (1988),
2939; Kondo et al., J.Biol.Chem 263 (1988), 9470;
‘Gegeivarercasii g stdostaliloc anj  ERRHMTE 1409 , wbBR) beTdnserted

Sl S SO o OB L S Blence sn cne
Plashdel R5ddtesto t aeneraml pglélamﬁ eaBfl PCSHArPBRY4TRE alpha.
CoplsttOrutieagaiubreissdon, dif e8é. kHeUapetit13B8Deif®O)will be
obt31n88 by linking the above secretion cassettes to the
listeriolysin promoter obtained from the pCHHT vector. The
sod-~gfp expression cassette, excised from the plasmid psod-gfp
{Gotz 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#.{‘I—PTC. For the expression of the therapeutic proteins
under _the control of an IPTG inducible promoter, the
listeriolysin promoter in BSPT#3-ESc and BSPT#4-PTc will be
replaced with the P, promoter from the plasmid pSPAC (Yansura
and Henner, FNAS USA 81 (1984), 439) to generate BSPTH5-ESi
and BSPTHG6-PTL. Papue 18 a hybrid promoter consisting of the
Bacillus subtilis bacteriophage SP0-1 promoter and the lac
cperator. IPTG-induced GFP expression from the Paze Promoter




pl aced upstream of each codi ng sequence. For
regul ati on of endostatin and Pseudononas exotoxin/ TGF
al pha fusion protein expression |levels in bacteria,
vectors can be generated where the therapeutic
protein encodi ng genes are under the control of the
T7 pronoter or the Pepao synthetic pronoter (Freitag
and Jacobs, Infect.|nmun. 677@1999), 1844). Wt hout

, ,the_levels of the therapeutic

ogenqus .l nducti.o I

.hgéo?”e%e%g APEFREGH B o | DORACY ROPZENGPHnddyt bgen&ytosol of
myhealiwmioElld.evel s of therapeutic proteins in

bacteria provide greater safety follow ng intravenous

injection of the engineered bacteria. In the

followi ng, the construction of six plasmd ANAs for
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nonocytogenes will carry the constitutively expressed

sod-gf p.cassette. Plasm ds BSPT#1-ESi and BSPT#2- Pt
TAr PapIPho repl idekeeti nthe coreserty, afd Fpl aeedds and L.
ndiddtngebs in AR & 1seRlklkCake liReEarffldl aANd e 1evels of
& enocxtgggngs.:éB) Construction of glasnld vectors for .
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negghstraicthieon agfeduiadeend@rtatforsecr eften Verimstamdtion of
_ ' . celj;is.as.follows.  The coding.,seguence of
rqiftede] B TG, Pro o RolervtRatats) it Ehe pgerts tructs
defﬁ'rﬁé?ih_l'-tel% ﬁlﬂasrﬁmp{iE%_M t khiehe daltondebgct mdithof HtHee highest
IR T eslghc! [ SRS S DekP CBilforbOLLAYEY D11 be

l.igation into a_gBIuescrlpt (Clontec rp., A)
Sy vELt BRUL AR N EPat BB e S Inph L ighp FeBigRAPD from
ey edesteNagaiany Befake, iftdBirdnovls (hPRMt1H8Dhe idbility

i i | Ta WIR3RE N i nserted upstyeam.i.n

D???r#eé w’eﬁf%%%denggg?i atirn segﬁ’engfe’ t Eé%r? rateé“{osq:atln and
PaspidemogwseRStoxThéTeéR padpbaofusdeseptotdiny éntby thiee medium
nebAsP’ 4Pt &le Wddy, XCi 5pd, ARG Q¢ -

Lol P! e 'ddn ?géureiabe | 980 dsbeg 8¢ | Uddiltin and
Pseudomonas exotoxin/TGF alpha fusion' protein syonthesized

within E. coli and L. monocytogenes will be determined by
extracting these proteins from the cell pellet. The secreted
protgins in the medium will be concentrated and analyzed by
gel separation and the quantity will be determined by Westezn
blotting. It is 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




Exanple 1(B), . above, carrying the | uxCDABE cassette,
to produce the plasm d pLI TE-onpF/ ES. The sequence
encodi ng the PAS factor (a 76 am no acid pol ypeptide)
will be anplified fromthe chronosomal DNA of Vibrio
al ginolyticus (formerly naned Achronobacter iophagus)
(NCI B 11038) with Taqg pol ynmerase using the priners

5' - GGGAAAGACATGAAACGCTTA3-' and 5' -
O AAREAKEEACTERATATS OBy ' £BE, conbtitserived efbPedBEon system
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=REAEE 28, Pe P onaly B ety aBrc e g nehews st active.
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excised with restri¢tion gﬁ%y%@g 5 aeBmge’gdsaPPﬁd confirm
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PEéﬁﬁT%%sabphatam@tEEBNTGM@E&S/fﬁgEonabEB?eLhE ksﬁet Qecreted
cbhe i sed a i nserted .
£rb 'IbEZ 6:%&;1%0 1%:[13(1]& %e £ iR p?'h%]?ﬁn]g ngﬁ:#gepﬂn @blnatlon
Wl@%ns‘?—‘?@ﬁb’tl? ot Tof ofl aEFi.-d ¥erthes, f dthepr ah.ettarebnyessil OBignal
pepbide SRaKEtd 100 ffé’éﬁll—ltmofﬂé Ogsegém&? ng dfpn é N4in and

-thg \(Ij\*ﬁstatjn or PE37/ TG- al pha w e |1 nser

Y ek TR e"-’GlF ?Halﬁamfwftﬁn(ew;esmgmto stlygenedium as

welh Bhe;ng:l;baslrhaj EEtddol OOQemﬁEQEEe@CHhﬂmESa@id.s . Ushlng the
uti.ve r éssi on Q

em@%Ilﬁ égﬁ.: %L%g.tloﬁo r}lb%'ihltb %’f‘gfln W | fRE; ﬁ:&q pHarotein

her apeltic_proterns W
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that opeter pebtained sbrearbie 1B€B'H'th‘ée ‘i:Ile SQ¢ls 8l 1cally

| on Cassette XCl se romth asm CF pSOd g
ac§¥£ ﬁn%rggénFlV%?ﬁ %@ F §§?t@@0tﬁp§s may be

qngqecEs hy) replac:lnq the constitutive promoters with
promoters that can be induced by IPTG.

In addition to the secretion system described below,
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.Mic¢robiol.Biotechnol. 53 (2000), 640: Jeong and Lee,
Biotechnol.Biveng. 67 (2000), 398) can be introduced.

(A) Confirmation of endostatin and Pseudomonas exotoxin/TGEF




generat e BSPT#3-ESc, and into pCCHI-PE37/ TG al pha to
generate BSPT#4-PTc. For the expression of the'
t herapeutic proteins under the control of an | PTG

i nduci bl e pronoter, the listeriolysin pronoter in
BSPT#3- ESc and BSPT#4-PTc will be replaced with the
P,,., pronoter fromthe plasm d pSPAC (Yansura and

Renner, PNAS USA 81 (1984), 489) to generate

BSPT#5- ESi _and BSPT46-PTi. Pp. is a hybrid pronoter
cofdPhR fgsiern tpeotEdt isdaretdont Fron bacteriapiege growth
SPO-1 pronoter and the |acpapghator. | PTG -induced

GFP expression fromthe Pp,, pronoter 76 has been
docunented in L. nonocytogenes in the cytosol of

aduge! i S . tration of_the .
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acteMPe WeERES B Hodfuatel echiver dirsite, @agh efransformation
migtansf.or fisesoncoloniesi pigdt Yo §6kéewéd !-gnge;: a low light
inRRacyLage e cgustruct s scribed.in

Exanpl_éﬁg, tﬁe‘ﬂcéo{]:om gs W thoTR&%i %%é:st.&"ufiﬁlg??:@?%sémd GEFP
SR s SPERCOF1ERRY § | Thoress cerlomisid (witkh tdel emtstd intense
lilghtadsiils sAbnt OF il S&d18T L 2ANGrd L SIMISSE QD \{riffn be chosen
fof;:a%t‘}r%gg%ct %d Cgl oni before intravenous injection, tThe

AbiT Y ST of CEAReS o) B2t BEE HHR IR rsReTet dop Sfcemdostatin and
Poendiogiaat erotiodin PSED d@Iﬁ[kﬁSfLaﬁﬁQirD@g:T&/tE%f girmg efaT'd%i QRlected

t 0.4 he um eds to _be confir . The

C BB =h L O TE P B Soa gt AertaR to log
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ih: o n i1k be determ ned by . extracting
Wlt& %e;%@ p?%tgglgﬁsetﬁr\gr‘fl} eacgl'flgp%’fll %?’?eﬁ’ez%egﬁ'iﬁ;gﬁ' and the
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CegLtt ‘!W%%"?rhe peftetfttaye dHldhe PRewl Yashadnesi defled,  and
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Proteins from aliquots corregsponding to 10 ul of bacterial

culture will be compared to proteins from 200 Rl of culture
supernatant after separation in a 10% SLs-polyacrylamide gel.
‘Western blot analysis will be performed using poiyclonal
antibody against endostatin (following the antibody production
protocol described by Timpl, Methods Enzymel. 82 (1982), 472)
and monoclonal antibody against TGF alpha (Oncogens Research
Products, Cambridge, MA, .USA). The optimal growth conditions
will be established for secretion by sampling the growth
medium at differeant times during growth. A similar method has
been wused previously to analyze secreted profeins in
Salmonella typhimurimm culture supernatant (Kaniga et ail.,
J.Bactericl. 177 (1995), .3965). By use of these methods, the




construct in either E. coii or L. nobnocytogenes that
is present in the nedium it is also essential to
confirm in addition to constitutive expression of
endostatin and Pseudononas exotoxi n/ TGF al pha fusion
protein, that expression can be induced in E coi
and in L. nonocytogenes upon the addition of IPTGto
the bacterial culture nedi um?9or the design of
future %unnr t herapy protocols, the relative anobunts
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min. After :anubat:l.on, the HUVECs will be placed in the upper
chamber. The migration of HUVECs into the lower chamber
induced by VEGF;s: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 DE

toxin in tumor cell cultures

- The dinhibitory activity of the  chimeric toxin in mammalian
‘cells will be measured based on inhibition of de nove protein
synthesis by inactivating EBEF-2 (Carroll and Collier,




secretion signals fromother gram positive bacteri a,

such. as the Bacillus. sp. endoxyl anase signha

peptide (Choi et at,, Appl.Mcrobiol.Biotechnol. 53

(2000), 640; Jeong and Lee, Biotechnol.Bioeng. 67

(2000), 398) can be introduced. (A) Confirmation of

endost ati n and Pseudom-onas exot oxi n/ TG- 78 al pha
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{A) 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
emisgion in live animals. Their location can only be verified
by sectioning the tumor te 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 deternine whether one or multiple bacteria
enter through the same site, red fluorescent protein can be




will be established for secretion by sanpling the
gromh nediumat different tinmes during growth. A
simlar nethod has been used previously to analyze
secreted proteins in Salnonella typhinmuriumculture
supernat ant (Kaniga et al. J.Bacteriol. 177 (1995),
3965). By use of these nethods the 79 anount of
secr et ed proteins in the bacBdrial culture medi um
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48-wel | chenot axi s chanbers (Neuro Probe,
Widdh ¢ fBRs DRFRRE Lt svpleaer Heedt inl . seqibidroddBEnzyelow, the

enl@Sy, (128pLicdflon, Bagher i Uit di@nuRer Nabant f{fHP-enitting
b ca‘_;:h .secretion. .construct will be added to HUV
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occurs in the periphery of the tummer or in the mnecrotic
center. A possible reduction in bacterial entry into
spontaneously occurring tumors due to the 'imﬁtunocompetence of
these animals can be overcome by increasing the number of
intravenously injected bacteria.

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

implanted and spontaneocus tumors

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

17 (1989). 969}  ewvression ecassette under the control of a




cells will be nmeasured based on inhibition of de novo
protein synthesis by inactivating EF-2 (Carroll and
Collier, 80 J.Biol.Chem 262 (1987), 8707). Aliquots
of bacteriumfree supernatants obtained fromthe
expression - of various reconbinant PE secretion

constructs in E. coli -and in L. nonocytogenes: will be
added to the C6 glioma cel Is8r to HCTI 16 col on

el 0 treatnent w h medi u
c?r:gét‘fi I an egel+§°mé:‘$+ll \ggf) | &g tﬂ‘n[SlrI] uc‘?"ﬁ‘%tg L.

mepecytemeesd ERD crtmaiin dm‘miatevﬁsnaﬂthnlhhfraﬁﬁt @kletion in

I f%ﬁ%’]e%al it the

IrRffel LT estent; pmteyatt:as%ema Idr:IbEneIhr:m hia¢ edohsbitutive
sohermeingn by gentamcin treatnent. The nanmalian

cells containing- L. nonocytogenes in the cytosol wll

be lysed, and the rel eased bacteria renoved fromthe

Theysabealy zhtlibhatdem. 1mamahn.arur@iﬂlﬂmﬁarﬁ of bacteria

nt d rete hineric_ t
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HCAHE 6 nkedepi oﬂamll[lmq - [tagoirgs Cﬁccg]mmail @r | HCTui®r colon
|t he digectl ortipnal to the
Cagrr%l}oll?r?t%éofy%ﬁé (%I g II§7na§‘tO| vt hﬁ%?? bg o;pli:\cutaneously
irgirestteich dnta Nem;rerilghnt ahtngelégl psathe BEXENIS .6.Twelve days
rfiRat i 0 Yoerl0 i nd, .
afdQ%gfrl but i o(%lo i ﬁ%us Hf %ﬁ}lé%t% Q'{}gc 19 AfFthetized,
Nt beft \}fémaﬁﬁﬁal"?l@A)SWh@ddWe E&m‘bnl Light-emitting
ba¥ i anYIbey fs 'cﬁtlﬁgv%réQgﬁgéehaégcﬂﬁdRgaﬁt ero.'ta line) will
escape the | nmune System nterin anor, THel
by rabraveneeehy | mmﬁms n'rmd p&ei W@Me :musqmm emll be

cle@Ht wEBfR S§08ré8, | itvgoeBi RRl1S: Hbeimeakoeall %f@é] t:.mes a
y be verifie sectlonl?fg%thetum)r to identif

y
B BE Y e oY e i1 bhe T bR Sefridted as
foddowrsonsmalladiathetet i el yentdidmetieer kaheGgRtbg 2een '
t hroughout the entire tunor due to rapid replication.
To determ ne whether one or nultiple bacteria enter
Then dnf-k3sd ioameo§i bactesdaf Horidyc ehanpy ot SiagedarwiheGEFP or

RFP] will also be analyzed using cryosectioned tumor tissues.
A reliable morphological and histologital 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 dinto the desired =ize. 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 S0-pm-thick sections will be cut with a Reichert-Jung

Cryocut 1800 cryostat and <collected on poly-L-lysine
(l1%)-treated microscope slides. During sectioning, - the




used to | abel the extracellularly replicating E. col
and green fluorescent protein for the intracellularly
replicating Z. nonocytogenes. By visualizing the

di stribution of the red -and green fluorescence in
tissue sections, the entry sites as well as
repliication and localization of E. coil and Z,

monocyt ogenes can be determni %&d i ndividually and

i multanequsly in the central or peripheral region of
maheEtalodpi L | bec ke Thpaeplia KOSt tor ATORE Several
frertzingarsghd dithawihyt iomcledt.ai REthlily, nphantsd:divme Swill be

mm.c_those of , spontaneous _tunors, according

( ) , the .
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- _.distribut.i on,patterns in,-i nted tumors. Further ,
mige L R RECEEE A v B B8, S | e by &7 opudy mice
withe HEHI 46 | codon tdesradniomac etelllar | Pwedpei cayisngafier tumor
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in the tunors or preferentjial |ocalization occurs in
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hatweset Ore unalef ¢hetitantummr ofild 3 aeest ifount preparing thick
xper | nent

se Rk AR U0 JBhEZ ol bk P ot I os b | st under
fldeketcamce nstereomicroscope to observe the distribution of
bacteria in the sections of tumors obtained from each time

roint 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 spontanecus tumors, as
listed in Table 6, will be obtained and used in intravengus
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 spontanecusly occurring tumors
can be imaged similarly to the implanted tumors based on




each of the virulence genes were individually | abel ed
wth the green fluorescent protein cassette driven by
the constitutive SOD pronoter. The |ocalization and
intratunoral distribution of bacteria wll first be
studied in nude mce with inplanted C6 gliom or
HCT116 col on carcinoma tunors. C6 glioma or HCT116
colon carcinona cells (5 x $85 in 100 I) will be

e jnjected into the right, hind | eg of
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using frozen sections after a slow tissue freezing

prot ocol ( SharfeewkRkadus dungr anBinglewmhdediges 30

(2001), 1282). Briefly, tunmor tissues wll be renoved

fron1tﬁe sacrificed aninals to a Petri dish
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To nonitor the entry of light emtting E. coli and L
nonocyt ogenes fromthe blood streaminto the tunor, 27
nude mce will be injected with C6 tunor cells, and
27 nude mce wth ECT116 col on carci noma cells.
Twel ve days after tunor devel opnent, 9 animals from .
the C6 group and 9 fromthe HCT116 group will receive
an intravenous injection of g coil wth the RFP
construct. Another 9 animals fromeach group wll
receive an .intravenous injection ofwilmﬂﬁﬁﬁgﬂ;oggﬂgg), 289
transformed with the GFP cDNA construct. e third.
group of 9 animals fromeach tunor nodefF~w Il receive
. both E. coli and L. nonocytogenes (1 x 106 cells of
each). Five hours, 25 hours, and 5 days after
injection, three aninmals of each treatnent group will
be sacrificed, their tunors excised, and :processed

Hatrthplied 72l Wr&i idaegen hed bibﬁéﬁtﬁpﬁéalﬁ'ﬂéas e6hbe ni:Q:gg'etJ.ng
protoaq?ﬁﬁégter freezing, each tunor will be cut into
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preparing thi cCkmp3gattednsr (fdntanidls WYainebsW | | be

anal yzed under a fluorescence stereonicroscope to
observe the distribution of bacteria in the sections
of tunors obtained frommgaektdiomaiepoi nt of the
experiment. The regions of interest will be
identified, thin sectioned, prepared, and anal yzed
As\i shovmsdr Weanpregiays osptnylemd inteavéheusodhgeakion of
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occurrlng 195Y |
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expression. Two of. the spontaneous tunor nodels,
Lnomp of the large intestine and

nmce w
ik Sietacltons aFﬁ%%ﬁJac ofOFHe IRIfERAF 35T a5k (Yinked to
sﬂwaased’emﬂeba@md&hgl oGakpizatiEen ewpethnefasilitate the

sl WD NLASVEBYSteing into the extracellular space in
the tumor or into the cviosol of infected tumor cells. Roth
proteins secreted from bacteria into the extracellular space
-of the tumor are expected to function similarly to directly
injected purifled proteins, Both proteins secreted from I.
monocytogenes into the c¢ytosol 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




injection of E, coil expressing RFP and L

nonocyt ogenes expressing GFP as descri bed above. It

can be expected that these experinents will enphasize

the significance of the bacteriumbased di agnosis and
protein therapy'system Table 6 Spontaneous tunor

ani mal nodel s Animal Strai n naneTunor Sour ceRef er ence

speci esdescr.i ption Nbuse129/§9-SpontaneousJabksonZhu

. dh3zadengcar ; rato-Cell. 94 cinonma, ,
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1pSeafia®™+7: Verification of bacterium nediated tunor
targeting and bacteriumsecreted protein therapy in

{ dents wi_.th i nplanted or_spontaneous tunors
B) Determination of the effect of endostatin and Pseudomonas

exotoxin/TGF alpha fusion protein secreted by B. coli and L.

monoaytogenes on tumor growth in animals with implanted tumors

' The inhibitery effect of endostatin and the cytotoxicity of

the chimeric toxin secreted by E. coli and L. monocytogenes in
tumors will be détemined as follows. Thirty-five nude mnice
bearing 10-~day-old C6 tumors will be injected with bacterial
constructs as faollows: (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 o 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 &. coli expressing

‘bacterial luciferase alone, and five mice with L.

monocytogenes expressing GEFP. At the time of bacteria

- injection, each tumor volume will be determined. Three days

after injection, the replication of bacteria in the tumors
will be monitored under a low light imager or under a
fluorescence stereomicroscope. The light emission and the
tumor wvolume 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




(A) Rationale As shown in the previous exanples,

i ntravenous injection of light-emtting bacteria
results in entry, replication, and accunulation only
in the tunor regions in animals. This process can be
nonitored by imging of light em ssion in tunors.

Pl aci ng the endostatin and cgbneric t oxi n expressing
gene cassettes in cis configuration with a
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into the extracel lul ar space of the tunor are
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W cter#g that colonize the tunor, the secrete
3 ShPoters SRS P ¢ EfeRt PRy ARaRLBEAtal design will
bedatzerdy nedas¥iyhak tdEERt asifli tPDO-DhdbEdfont BE endostatin

n cretion from,the intr nousl
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bac :
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addi tion of I PTG Upon conpletion of the treatnent,

act B8yDBELGR! Bt DELECLeataben) OF0 BEyebLLAE Y vo remove
theaddghtalemiitiiiag | apd @B)ermgtmnauem c@ntaenemq‘;euactena
fréh MOSEALNE) aNdrdSQUIRYOI4®E this experiment, mice with
12-day-old Cé tumors will be intravenously injected with E.
coli expressing the bacterial ‘luciferase. Three days after
injection, antibiotic therapy will be initiated by
intraperitoneal administration of gentamicin (5 mg/kg body
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, it is expected that
endostatin and chimeric toxin proteins secreted “into the
tumorg will cause the inhibition of tumor growth and




exot oxi n/ TGF al pha fusion protein secreted by E. colt
and Z. nonccytogeiies on tunor growh in animals with
i mpl anted tunors The inhibitory effect of endostatin
and the cytotoxicity of the chineric toxin secreted
by E. coli and L. nonocytogenes in tunors will be

determned as follows. Thirtyggfive nude mce bearing
10-day--old C6 tunors will be injected with bacteri al

measstahbid s tamofrol ke@seséa)dn Flt \Ig: mg‘(é‘bamﬂ;h:@at‘é@ I that tumor
crete endpsta i ve
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|neered to secret Ineric
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[.essi ria uci ferase, al ope, apd fiyve nice
bR i, SR s, i prBLETRETa bR Of aneiitiqRr 15 an
ﬂiﬂ&ﬁeﬁaﬁﬁtyrnaaﬁunm1ofb¢mh bacteriohigecretéd herotein therapy
SR W Gdke HiREniAYaveatisg 10 ection, the

replication Of bacterra in e tunors wll be -
nonitored under a low |ight inmager or under a
fl uorescence stereom croscope. The |ight em ssion and
the tunor volune will be neasured daily up to 20 days
after Dbacterial injection. Ten days after injection;
one animal from  each group will be sacrificed and the
| evel s of the secreted proteins present in the tunor
tissue will be analyzed using 87 Wstern bl ot
anal ysis. These experinments will result in inhibition
of tumor growth in endostatin treated aninals or a
nore dramatic tunor regression in aninmals treated wth
chimeric toxin proteins. The tunmor growth in contro
~animals is not expected to be affected by the
bacteria alone. In a foll owup experinent, mce wth
spont aneous adenocarci homa of mamrary tissue (strain
FVB- neuN( N#202), Table 6) will be used to study the
effect of secreted proteins on tunor growth. An
experimental schene identical to that described for
the C6 tunor analysis will be used. At the conpletion
of tunor therapy, the presence of endostatin or
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chimeric toxin in the tunor tissue wll be determ ned
by Western blot analysis. An identical experinental

design will be used to assay the effect of

| PTG i nduction of endostati and chinmeric toxin
production in bacteria in tunors as well as in the
spont aneously occurring breast tunor nouse nodel. It

is expected that multiple I PTG induction of protein
eS¥rEsi on in bacteria night be required for

successful tunor therapy. At any stage of tunor
treatment, it may be required to renove the |ight
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The renoval of the englneered bacteria fromthe tunor

by adwmiy sieation of antibigics isan, added safety

neasure o he  bacteri um secret ed protelh t her apy
( BSPT){a0f thhebpriesent invanciéncaBly GleAlalBed. ailUse tohoa,
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of the bacterium in the tumorous environment from being

cleared from the subject by the immune system; and/or

{b) the Dbacterium cannot differentiate between a
.cancerous cell or tissue and a non-cancercus counterpart
cell or tissue; and/or

(c) the bacterium is not tumor-targeted.

4, Use of a bacterium in the preparation of a composition
for detection ¢f a tumor, tumor tissue, cancer or
metastasis in a subject, wherein:

(a) the bacterium is a strict anaerobe;

(b} the bacterium comprises a comstruct that encodes a

luciferase or fluorescent protein; and




for detection of a tunor, tunor tissue, cancer or
nmetastasis in a subject, wherein; the bacteriumis
Vibrio, a netal -accunmul ati ng bacterium
Lact obaci |l lus, Bacillus, Mggbacterium Actinonyces,
Eubact eri um Peptostreptoco€tus, Peptococcus,
Aci dam nococcus, C avi bacter, Agrobacterium Erw nia,
Azor hi zobi um Xant hononas, Bifi dobacterium
St r ept 6clodtus cotyberirtiphi LsisfoEsEhert tén acal kumor, tumor
co Pseudononas,. . Staphyl pcoccus,

GoSrarones o) RorRla%es, SRRl BT IS npay of ene
cheesesuhdsoti ated bacterium 2. The use of claim1,
wherein the bacteriumis Vibrio cholerae, Vibrio
fischeri, Vibrio harveyi, Enterococcus faecalis, or
‘Magnet d8y8i r uskun®f 3. clBie ude ofhetainm ther bhateniZm is
WAEE £IdDs ot 8)1 DR DAL LTI UM p,s specifically retained at
a tunor, tunor {i Ssue, ‘cancéer or netastasis due only
to protection of the bacteriumin the tunorous

Vi QN t fr i ; ar-ed )t subj ect..h .
e e 3y P Tand i (0" nabEEH dRelihEsion 1o
dtFT evehenie edpérhebrptdoncanterouwsibdebt. or ti ssue and
a non-cancerous counterpart cell or tissue; and/or
(c) the bacteriumis not tunor-targeted. 4. Use of a
blct B¢ uHF¢ nofhengr effaratdion of-@ compednt ithe Hasrterium
qgﬁ%%%'%ﬂroﬁiguéi& 'Eiohug@rat%iﬁuﬁ’ Eéﬂﬁ?r Qsue, cancer
metastasis in a subject, wherein: {(a) the %acteh umis
Petestatider obe; (b) the bacterium conprises a
construct that encodes a |luciferase or fluorescent
protein; and 90 (c) the conposition is for detection
of- aThaunese phnshy tafsstl@imsancdr ofheretasttasi soasiteminm
18 oWhOokSr RO Qb 1 L PEsud1lVE £ SHDI 8Fla tamol N YsE: ¥issue,
claim4, wherein the bacteriumis Bifl dobact eri um or
CPHSEF| o JrRtagtaThe use of any of clains 1-5, wherein
the conposition is

_9. The use of any of claims 1-8, wherein the bacterium
allows for detection of a tumor, tumor tissue, cancer or

metastasis based on a signal.

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

detector.

- 11. The use of any of claims 1-9, wherein the bacterium
allows for detection of a tumor, tumor tissue, cancer or

metastasis through detection of light.

12. The use of any ¢f claims 1-9, wherein the bacterium
comprises DNA. encoding a detectable protein or a protein

capable of inducing a detectable signal.




for systemc adm nistration into a subject. 7. The use
of any of clains 1-6, wherein the bacterium allows

for visualization of a tunpr, tunor tissue, cancer or
netastasis. 8. The use of any of clains 1-6, wherein
the bacterium allows for eX ¥ernal visual i zation of a
tunor, tunor tissue, cancer or netastasis. 9. The use
of any of clains 1-8, wherein the bacterium allows
f03. detects®nodf aayt vADKCLat WBDL-P] SEHEre ANERY Wdcterium

Aast.a ed on_ si gnal Q. .The of claim
3?? J:lS%f‘:’hekB)glﬁgna £hﬁ%té%taﬁﬁ°tqi? ﬁé&%etlén bILd:
r esona@nceng nagenig (WRbhoplsdregle- phatoopoend sst anigand for

cgﬂgﬂhggEEBQF%E$QQ¥S£5fECT) positron em ssion

t onogra scinti graphy, gamma canera, a R4
detector or ay detector. 11. The use of any of

0143' mi‘h;: 91.15 %']fe'glatll?ne Q@Ct %ﬂe%lnal h‘?e Dﬁﬂgr encodes a

detection of a tunor, tunof ti'ssue, cancer
n%&q9§ﬁa§ﬁ%ttQﬁ'dughn%ﬁﬂqnﬁ|p@nteﬁnl| ght. 12. The use of
any of clains 1-9, wherein the bacterium conprises
DNA encodi ng a detectable protein or a protein :
chpabl e5f PiRIuGiEngckridet £¢t abhersignihe PNA 3enqimes a

useiebrafy ffq/ekahupkdatWhesreindike bacterium

conpri ses DNA encoding a protein that can bind a
contrasting agent, chronophore or a conpound or |igand

fig. visdlahdzals OmnPfoti ssues 14 JIhe 458, ofrehai M the
12, wherein the DNA encodes a fluorescent or

IRFACRESERNt 16r otdei nFeqWLIPREtys st egl Wi m EomoFheind n 2

thecRAnanc ates edcodited ferase @@gégpd'ora capbsidg aéfe bfl%mg
| uci ferase. 16. The use of any of clains 1-3 an

Vh EEEPRE NS lﬂgéfl@rf‘iﬁnq%teétll%%o%l%&h‘fﬂoﬁa&‘é‘i‘qmrﬁlssuer

CeREL SbNGnet astesDhicnansubéeencodi ng a cel | receptor
capabl e of binding a detectable ligand for detection

of a tunor, tunor tissue, cancer or netastasis in a
dbj @né.use of any of claims 1-16, wherein the bacterium is

cleared from a subject without affecting normal tissues

that are not a tumor or metastasis.

18. The use of any of claims 1-17, wherein the bacterium is
an attenuated form of a pathogenic organism or is a non-

pathogenic organism.

. 19. The use of any of claims 1-18, wherein the composition
is for detection of a tumor, tumor tissue, cancer or

metastasis in real time.

20. The use of any of claims 1-19, wherein the composition
is for detection of a tumor, tumor tissue, cancer or

metastasis within the whole body of the live subject.

21. The use of any of claims 1-20, wherein the tumor, tumor

tissue, cancer or metastasis is a breast, prostate,




17. The use of any of clains 1-16, wherein the
bacteriumis cleared froma subject w thout affecting
normal tissues that are not a tunor or netastasis.
18. The use of any of claln§ 1-17, wherein the
bacteriumis an attenuated’formof a pat hogeni ¢
organismor is a non- pathogenic organism 19. The use
of any of clains 1-18, wherein the conposition is for
detesiseironbodia tagtomn, funpr ¢vsswe, pancegatorc, liver or
:as bs i fea ny of clains
%5%%;Eaﬁgfbﬁﬂm}Eeké%%ggsF%SS%J %%%agéggé%tlon of a
~tunor, tunor tissue, cancer or netastasis within the
Whol ez*?&%d)%@f of NE134rY §15URhEEL s Zhe ENRoHSC QoA oL,
claims 1-2 ereint tunor, tunor Sssue,
d?aﬁ%ﬁfasqrasfn%ta%aalbreasta pmsitat er @zabnamp;, tumor
bralshle, COLAR: biNger AHALhEN, pancreatic, liver of
skin tunor, tunor tissue, cancer or netastasis. 22.
The use of claim 21, wherein the tunor, tunor tissue,
cancer (e M agt 33is$ekS s%rgﬁﬁa%tf O\Factyl 9 MM MR,
ti ssue, cancer or metastasis. : % a Lister
RECRPHABIOV aBE| i aCYMRARS SLANL ﬁ‘@r pi@etwﬁapnomfofaatumorf
GmRBeStisak,f @Lndet &Nl k@R Pf & § YHDT 4 5 4% TiSsue,
cancer or netastasis in a subj ect . 24 Use of an LIVP
strain of vaccinia virus in the preparation of a

CQNPOSittsleONy £ O'élnde.ﬂ;qu{’t | 9P Oy aotfu%'bt:lnlér'm%rlrhbssﬁ.% the
cancer or netastasis in a subject. 25. The use of

FrEPATIBLVY ef aitm AP EL R n foKe Qﬁtrel%m@orﬁfr i segugor,

GRSL! HLds RNCedhigr & dakest Afig RLOL LI NuPfeck, Protein
capabl e of inducing a detectable signal. "26. Use of a

vaccinia virus in the preparation of a conposition

foer, t real et o @ didors, dAUNDr, it ISYE wHeRBERT thOl virus
metastasis in a subject, wherein the virus conprises a

CORBF 3R %neaa%@mat PYAS t Ratdsitectapkm| BERFein or a
eFoteiNGtagabybt o i uch AYUS I i RFLESE AL o1l 1 ght . 27.

The use of claim 26, wherein the virus is a vaccinia

26. Use of a vaccinia wvirus in the preparation of a
composition for treatment of a tumor, tumor tissue, cancer
or metastasis in a subject, wherein the virus comprises a
construct enceoding a protein that is capable of emitting

light or of inducing emission of light.

27. The use o0f claim 26, wherein the virus is a vaccinia

virus Lister strain.

28. The use of claim 26, wherein the virus is vaccinia

virus strain LIVP.

29. Use of a vaccinia wvirus in the preparation of a
composition for treatment of a tumor, tumor tissue, cancer
or metastasis in a subject, wherein:

the virus allows for external visualization of a

tumor, tumor tissue, cancer or metastasis in a subject.




virus Lister strain. 28. The use of claim 26, wherein
virus strain LIVP. 29. Use of a vaccinia virus the
virus is vaccinia in the preparation of a conposition
for treatnment of a tunor, gr netastasis in a subject,
wherein: tunor tissue, canc ? the virus allows for
external visualization of a tunor, tunor tissue,

cancer or netastasis in a subject. 93 30. Use of a
bacteriumin the preparation of a conposition for

t keat t_of r. tumr tissue, .cancer. or L
n%?éggggfgpﬁh%gggu T%ﬂn{n hgr Fﬁ?a%%ﬁ%qgagFePiﬁﬁ??%?ltlon
VED? | ot edinendie, oW bai otfmeschertumorVi biseudar veyticera or

el &l sraggyunyl at is%%agée,t qmel%ﬁ Escherichia coli,

Enterococcus, Pseudonohas, nonyces, Eubacterium
Pept ostliepbacrecivg, PepldboteusholStaphyVdeoiscusischeri,
Agighard nocggeyis,; O avibactger, ., Agrohactarium L)
Azorhi;obLun1H§g%thonDnas, §ir3pt&@g€%u§g bhétdbidn,
t herhfsphPEas coRht eFoéeEeascdugecaljasidompaes obact hamyces,

byﬁﬁﬁﬁﬂeﬁgam,LaCtOba@%bEH§tfé§%%Epcc&§ptObaCilbg tococcus,
aci dophi lus, Lactobacillus brevis, LactobacilTus

P HEAL8FOCE Tt obaci | | ASiFAMHROSPARYS, Lact oba€ileyifacter,

r Bprerases i k@ Ct obaghhihus, sal imaehisen 1 BCt Ob&GhLAUSnas,
Lactobacillus | actis, Lact obaci | | us

spor ogenes, : .
f€g§ﬁ§%98ﬁfc¥§uﬂIIQQ§f§ﬂ@ﬁ%4qss, BaéRtiRcoatEgat er faggalis,

Baddobds i poby My xa, ndWeebags er i um simewath Sius casei,
cobgcterlun1vaccae, Mycobacteri um mcroti, ,
x%ggﬁ efetiin  haPSHIPHEIPF dobacteFE e Bilivgum  brevis,

Biddtdmbact Bid um |mnguasei Bi f i dohacdgiiiam;s nf anbishcarum,
'fidgbac}igiunwl terosporus, _ Bifidobacterium . ,
GHEPREIL Bihst r iFGRIRT G yi , EREEPRAHi e sor 8ifyarius,

QAagbbbdi LMmabsonypbr&daady, i di unpasedmbutiyhscum 1actis,
Lactobacillus fermentum, Bacillus subtilis, Bacillus
megaterium, Bacillus polymyxa, Mycobacterium smegmatis,
Mycobacterium vaccae, Mycobacterium microti, Mycobacterium
habana, Bifidobacterium bifidum, Bifidobacterium longum,
Bifidobacterium infantis, Bifidobacterium laterosporus,
Bifidobacterium animalis, Clostridium novyi, Clostridium
sordelii, Clostridium absonum, Clostridium acetobutylicum,
Clostridium bifermentans, Clostridium difficile,
Clostridium histolyticum, Clostridium perfingens,

Clostridium beijerinckii or Clostridium sporogenes.

31. Use of a bacterium in the preparation of a composition
for treatment of a tumor, tumor tissue, cancer or
metastasis in a subject, wherein the bacterium is Vibrio;
and

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

(b) the bacterium is capable of inducing a signal
detectable by magnetic resonance imaging {(MRI)}, single-

photon emission computed tomography  (SPECT), positron




G ostridiumbifernmentans, Costridiumdifficile,
Costridiumhistolyticum d ostridium perfingens,
Clostridiumbeijerinckii or C ostridium sporogenes.

31. Use of a bacteriumin the preparation of a
conposition for treatnent 8f a tunor, tunor tissue,
cancer or netastasis in a subject, wherein the
bacteriumis Vibrio; and (a) the conposition is for

syt srtion admbglteacthyat(imm} I oscirhe gsaphectgareia Chpetdie a p*
bagt&rd Y4mi.s, %%Qlag Or |ndu0| ng a signal detectable
by rmgnetl c resonance |’rmg| ng (MRl), single- photon

eni ssi 60 ctimpubedt¢pmograpipy 1 6SPEET)secpabitaon Sdnstruct
e 0 Y4 PR [ r aphy caner.a,
SEAGRRE, 5 RROE AR e, o RS PR R o
commmopdsra. recorrbl nant construct encoding a protein
capabl e of binding a contrast agent or chronophore.

32. Use of a bacteriumin the preparation of a

cohpokiet iodna berterieut mantthef paspameriont orifoa tomsue,tion
CAICEr QftBRE aSLaSi § '{]un?orSUth%?r{c)) \ME%E;% (@hLhe
bacteriumis a strict anaer dbe; f e bact eri um
JOREIL8E5S DNIA & BabJerlcoddsraint uci f erase or

f1 uor egpeihsPhal &lilunatd { Qe tihe bacplym compri ses a

DNA sequence encoding a protein suitabl é for therapy
of a tUor theunBrciigge, cospnbs oPWhet aB2siwcog@s 2

E%l%%aﬁ’eﬁ, & a1, 3scaienebpeie hacteriumis

Bifi dobacter| umor Cdostridium 34. The use of any of
cl ai me(c30-t88, bapeseivi ChEPphTe®rd R ceapeiceseONAing a

eeeding sall(%gﬁpé’s'f'bh:or\:h%li'ab9b|@f for dneat ”%rﬂﬁnor()ftl‘césue,
tunmor, 35. The use of claima34, wherein th

EREGAESOR mehASGR8%Fc protein, a cytostatic pr ote| n, an
i nhi bi tor of

33. The wuse of c¢laim 32, wherein the bacterium is

Bifidobacterium or Clostridium.

34. The use of any of claims 30-33, wherein the bacterium
comprises DNA encoding a composition suitable for treatment

of a tumor.

35. The wuse of c¢laim 34, wherein the DNA encodes a
cytotoxic protein, a cytostatic protein, an inhibitor of
angiogenesis, a protein that stimulates apoptosis, a
protein that inhibits an elongation factor, a protein that
binds to a ribosomal subunit, a nucleotide-modifying
protein, a nuclease, a protease, a cytokine, an enzyme or a

receptor.

36. The use of claim 34, wherein the composition suitable
for treatment of a tumor is rsCD40L, Fas-ligand, TRAIL,
TNF, Anti-GA733-2, microcin E492, diphtheria toxin,
Pseudomonas exotoxins, shiga toxin, endostatin,

glucuronidase, beta-galactosidase, thymidine kinase,




angi ogenesi s, a protein that stinulates apoptosis, a
protein that inhibits an elongation factor, a protein
that binds to a ribosomal subunit, a

nucl eoti de- nodi fyi ng proteln a nucl ease, a protease,
a cytokine, an enzyne or a 5eceptor 36. The use of
claim 34, wherein the conposition suitable for
treatment of a tunor is rsCD40L, Fas-ligand, TRAIL,
Tmﬁise%ﬁﬁhSﬁywﬁﬁfdkldﬁbéfOC¢Jk55%9§ep§HdHHéheGQa t 8%t dbhrome
? ononas Q§PHPX|ns éﬁ% toxin, endostatin

gl ucUr Sii-G85%E (héFS’gSVE%? FREBINE PR FEREX KT PiiF ase.
9ty horisersadvisivereroxiwlase, car boxypeptidase &2,
cytochronme P450, nitroreductase, cytosine deam nase,
car boxyl esterase, tyrosinase or verotoxin |I. 37. The
use dheanyeobf drai g 30aldfy IhSKRI whéde ncanposbtpEition

f . strat t bj ect. 38. Th
o S AR AR e Bl B e

al | ows for vi sual i zati on of a tunor, tunor tissue,

- Cgcef,. Qﬁen%%a%ﬁgsb§ c%gim Qﬁﬁmg%Fggynthglggc erium

30-37, whereint bacterlun1 al or ex er na
\ﬁ%%ﬂmsli&FlﬁﬁS@$l%¥aﬂaﬂnr9ft@nﬁmmprssuemorctuﬂﬁae,omﬂncer
et agtasi ss: A0. The use of any of clainms 30 and 32- 39,
wherein the bacteriumallows for detection of a

tunor, tunor tissue, cancer or netastasis based on a

Sjggnﬁﬂhe 4ke BﬁeaH?eo@f c&h ghdn A3 herelo; 4 ht%e?")@]?clerlﬁm

det ect abl e gnetlc resonance i magi ng (MR
Sllgre- B%t%ﬁeéﬁﬁ sybtalégapleed f cnigraphyt¢BREGEssue,

ROSIcLE 0P MEt$$kaR; § onography  (PET), scintigraphy,
gamma canera, a (i detector or ay detector. 42. The

use of any of clains 30-39, wherein the bacterium

alo.owmef aiscdes echhPnodf AatHEDB LUAD3LESSUGHERNEC e
gﬁ_ nmetastasjs through detection of light. 43. The use

CERYIOR _THIT UL JPTAHIEPBI ATt e BEGFer ifymor tissue,
cefperses rdvAsenspdingea gstecdiabke. protein or a

protein

41. The use of claim 40, wherein the signal is detectable
by magnetic resonance imaging (MRI), single-photon emission
computed tomography (SPECT), positron emission tomegraphy
(PET), scintigraphy, gamma camera, a p* detector or a v

detector.

42. The use of any of claims 30-39, wherein the bacterium
- allows for detection of a tumor, tumor tissue, cancer or

metastasis through detection ¢f light.

43. The use of any of claims 30~392, wherein the bacterium
comprises DNA encoding a detectable protein or a protein

capable of inducing a detectable signal.

‘44, The use o<f any of claims 30-32, wherein the bacterium

comprises DNA encoding a proteirn that can bind a




capabl e of inducing a detectable signal. 44. The use
of any of clainms 30-39, wherein the bacterium
conpri ses DNA encoding a protein that can bind a 96
contrasting agent, chrom)phgre or a conpound or |igand
for visualization of tissu 45. The use of claim
43, wherein the DNA encodes a fluorescent or
| um nescent protein. 46. The use of claim43, wherein
t peniDNAtengodgesnta dhuoinbphaise andd aomgosudssr at Bydmlr for
v\ﬁ?ﬁaei&%ﬁﬁio 47Of The yse of any of claims 30-39,

ereint acterrum 1s a reconbi nant bacterium
conprising a reconbinant construct encoding a cell
recepnge capable ofy bindigg: fa).dndetectaphe Lidand .
for detection of a tunor tissue, cancer or
et ueseasest iqr duglwb?%@tnt @mdt@xn( b) a therapeutic
ligand suitable for tunor therapy. 48. The use of any
of clainms 30-47, wherein the bacterium is cleared

f+om a Bigbj 68t Wittt helaimaf f3ct Whgrabr mihet i BPuesncodrm a

al iRk afe LAHMG 00 DRIASLARSI Bor 41 FRR MSE Of any of

clains 30-48, wherein the bacterium Is an attenuated
formof a pathogenic organismor is a nonpathogenic
organis@ 130 o ANen HSEr of1 3R 9h- 5 AiIR 397 48ne WORHQIA un
the tunor, tunor tissue, cancer or netastasis 1s a
breast, FRGEPARent bParfeRiiumr FIAPTEBITEh, 2 ungecombinant

Wi alct RANRSEEALT &, cd11VebcOftorS @a%a%y@%ﬁ ]J:L%@ﬁg
ti ssue, cancer or netastasis. 51 he use of claim 50,

wher ei ()t e EEReFtaklignotidans BT SerRaErionr et asttags,

It rbt easie OlaBER; ot WRARAstIIHDN L b §1§k’:«|fectcaaﬁgyo§r
nmet ast aS|s 52. The use of any of clains 30-51

wher ei %) pafhRTRPeNELFetIARG SV BRIDITPEd L BYOE HA1SkRRYine
system of the subject; and 97 (b) the bacterium

??%cu lates in a tunpr, tumor__tissue, cancer or
§sUE®i ATt RBY sfibj 8t3iMut30-d7¢| WApERLN the bacterium

is cleared from a subject without affecting normal tissues

that are not a tumor or metastasis,

49, The use of any of claims 30-48, wherein the bacterium

is an attenuated form of a pathogenic organism or is a

-nenpathogenic corganism.

50. The use of any of claims 30-49, wherein the tumor,

. tumor tissue, cancer or metastasis is a breast, prostate,

bladder, brain, colon, lung, ovarian, panhcreatic, liver or

skin tumor, tumor tissue, cancer or metastasis.

51. The use of claim 50, wherein the tumor, tumor tissue,
cancer or metastasis 1is a breast or brain tumor, tumor

tissue, cancer or metastasis.

52. The use of any of claims 30-51, wherein:
(a) the bacterium is recognized by the immune system

of the subject; and




from non-tunorous regions of the subject by the i mune
system 53. The use of claim52, wherein the bacterium
cannot differentiate between a cancerous cell or
ti ssue and a non- cancerous counterpart cell or
tissue. 54. Use of a cell if7the preparation of a
conposition for detection of a tunor, tunor tissue,
cancer or netastasis in a subject. 55. The use of
claim 5? wiher ebemc':te(:ta),tmt h@c@ﬁr_ldlattésspﬂﬁi fd cabhyr, tumor
etarne at _a_tunor unor fis ancer_or
et aeas FEhRs ¢ orqrftﬁttaétcsrbt et ol SPIFRE BBF 115 Flagsed
tﬂmnwomsnfﬂumdmonaen&gﬁbﬁﬁrbeimguﬁleawﬁﬁﬁ:fbpnmhbenﬂmune
s%§?§§§ by the i mune system and/or (b) the cell

not differentiate between a cancerous cell or
ti ssue and a non-cancerous counterpart ceII or

su a dj.or cell s not .l et ed. 56.
%13: ugréeo Sl a?tgn )Sﬁ‘sor e ar rtt‘h?ge vvherer n alchq”t'lm fannot
tdifdierehtbafee heameen @rcanﬂeasnasceit:pmatlbseasand a non-
RepRiabes Blafdep, praln, golen,.d ung, ovari an,
pancreati c, or s |n tunor, S unor ti ssue, cancer
or nmetastasis. 57 The use of any of clainms 54-56,
Wher gl Lhe ,cupesifi ppe ﬁféﬂéyét§¥§tﬁf1& composition, for
adm ni stration into a subject e use of any of
dediers 98-S 2 \iaesi ntwks débpual | easserf gF metastasis in
i suahkgation of a tunor, tunor tissue, cancer or
netastasis. 98 59. The use of any of clains 54-57,
gyereln the cell allows for external visualization of

Y ulMBE, "iuRdr CLPER R ERAERIN: or metastasis. 60. The

use Of((:ré)nyttﬁéc 6481 NBsS4p2éi tnhens Nrdhe neal laal hoWsimor,
for detection of a tunor, tunor tissue, cancer or

MRSt 24P bastP T £TsiFraPasEs dhe M of° FEATRCEHCD
Wrerakenctbe $hottd tisodeliectadd ®nment from being cleared

- from the subject by the immune system; and/or
{b) the cell cannot differentiate between a cancerous
cell or tissue and a non-cancerous counterpart cell or
tissue; and/or

(c) the cell is not tumor-targeted.

56. The use of claim 54 or c¢laim 55, wherein:

the tumor, tumor tissue, cancer or metastasis is a
breast, prostate, bladder, brain, colon, lung, ovarian,
‘pancreatic, liver or skin tumor, tumecr tissue, cancer or

metastasis.

57. The use of any of claims 54-56, wherein the composition

is for systemic administration into a subject.

58. The use of any of claims 54-57, wherein the cell allows
 for wvisualization of a tumor, ‘tumor tissue, -<cancer or

metastasis.




E

by magnetic resonance imaging (M), single-photon

em ssion conputed tonography (SPECT), positron

em ssi on tonography (PET), scintigraphy, gama

canera, a (3 detector or a detector. 62. The use

of any of clains 54-61, mhePéin the cell allows for
detection of a tunor, tunor tissue, cancer or

net astasi s through detection of light. 63. The use of
apy. dfhechigknef 52h62f wheimns rb4-5¢, cehéreigompei sesl BNAows

“epcoding 8, def agt.abl e, prot s 3 n g&ms‘rrpfa}m%rn tflgs‘geab'cfan%fer

i nduci ng a detectable sign he use of "any
cP@ined-254a8Ps. wherein the cell conprises DNA encodi ng
a protein that can bind a contrasting agent,
chronophore or a conpound or ligand for visualization
0f0 ¢ iBgusse &5 .amhefustaits ddaidh 68hexsHar éiha chbl BNAoOWS
efodes ek byorgscent Qr,d um neggent 959&§|r]cé%%erTh%r
use of claim63, wherein the encoges a luciferase
drRiestaal s drstacare ¥o§19ﬂﬁélferase 67. The use of any
of clains 54-63, wherein the cell is a reconbi nant

cell conprising a reconbi nant DNA construct encodin
LlelThe &88por CapabPe of¢i%idi rigea sdgrett hpl egrtable

|byg&[31@nf99[c ded Letnen Prflatﬁ-l’;gumﬁi L ugg1tl$8Y€on Cé'}fﬁ%%rlon
nmetastasis in a subj . The use of any

ccfoéfipﬁﬁe§4 LeFoThdREei R )celplosll§r0%l 8B B Iy o‘Fﬁ“éPgraPhY

suijTect sdihRoyta@ff ecddnt@ nenBlh, tisspesqeddiabrare noty,
a tunor or netastasis. 69. The use of any of clains
5P68 O%hherein the conposition is for detection of a

" tunor, tunDr ti ssue, cancer or netastasis in rea

é The use of any of clalns 54- 69, wherein the
ganQFtF%ﬁ1?§5aP8r°ae? Sofdofla ThAFsAD EhfmFell sddews

ClRC et chBdASt @S S Wlttd?dol?f t heuwtbp! er boglye of daheeli ver
1. The qie of .any of clalns 54- 70 wher ei n

BeeeEbnpbittegicn 980 1R

63. The use of any of claims 54-62, wherein the cell
comprises DNA encoding a detectable protein or a protein

capable of inducing a detectable signal.

64. The use of any of claims 54-62, wherein the cell
comprises DNA enceding a protein that <c¢an bind a
contrasting agent, chromophore or a compound or ligand for

visualization of tissues.

65. The use of claim 63, wherein the DNA encodes a

fluorescent or luminescent protein.

66. The wuse of claim 63, wherein the DNA encodes a

luciferase and/or a substrate for luciferase.

67. The use of any of claims 54-63, wherein the cell is a
recombinant cell comprising a recombinant DNA construct

encoding a cell receptor capable of binding a detectable




is for detection of a tunmor, tunpr tissue, cancer or
nmetastasis in the brain or breast of a subject. 72.

The use of any of clainms 54-71, wherein the cell is a
manmal i an cell. 73. The use of claim 72, wherein the
cell is a human cell. 74. TA® use of claim72 or claim
73, wherein the cell is a cancer cell, tunor cell,
fibrosarcoma or stemcell. 75. Use of a cell in the
prbparatican dfteatConposi ki anmboy tiweat FEdHuedf dncer or
tur%rﬁ atsliIrTDJr_ntISSE cancer_ or netastasis in a

STOTES 176" FhEUH4&CDf claim 75, wherein: (a) the

ceII i's spe(:|f|ca||y retai ned at a tum)r t unor

tLssu cancer . or SIS d rotectio )
1 % ofn? he"Tert |Ir)‘1yt?1 gfeﬁl 81 ﬁ F‘Smcﬁi}nds
ctlemred ff:rrqnmaheuSm@q:tecwlnyoumeafmmagsmﬁml atidsle s
((:g%a[é Iggecg& (:%rmlg}: d}f %%@glsate bet ween a cancer ous

of tissue a hon- canceroUs counterpart cell or
tissue; and/or (c) the cell is not tunor- targeted 77.

ﬂh? 438 QEecéf“éH 7%f°£l§lﬁ%'§47%8 m@ﬁgfgfﬁ Be c?mp051tlon

tunor tissue, cancer or astasis |
p¥ostare, de@le&@é@m ofr a&n,tmlrmn,tunmg,tm/&axa,anpancer or

RANGeati €. iy 'r\é%ﬁ E’Im Kin tunmor, tunor tissue, cancer
or netastasis. e use of any of clainms 75-77,

wherein the corrp05|t|on is for systemc

aghri ni sirhat | Qe t je e cyUseqof f
clainms 75-78, Qev\hcebr% %%?hegge Z?a 5h EM ?9 Aedln  the

\ACKIREP L 558 oR S 0fE0& tfiﬁ'ﬁﬁCthGrrmf tﬁsé‘-&i@orcaﬁ@@prortlssuef

Mgk ayrS . mdstEhes USA tAl n AR Ofurth @l MRald-d8. the 1iye
wherein the cell allows for external visualization of

£X0R6F: tunmor tissue, cancer or metastasis. 81. The
use of any of clains 75-78, wherein the cell allows

fcir dgt ection of a tunmpr, tunor tissue, cancer or
7i. e use of any of claims 54-70, wherein the compesition

is for detection of a tumor, tumor tissue, cancer or

metastasis in the brain or breast of a subject.

72. The use of any of claims 54-71, wherein the cell is a

mammalian cell.
73. The use of claim 72, wherein the cell is a human cell.

74, The use of claim 72 or claim 73, wherein the cell is a

cancer cell, tumor cell, fibrosarcoma or stem cell.

75. Use of a cell in the preparation of a composition for
treatment of a tumor, tumor tissue, cancer or metastasis in

a subject.

76. The use of claim 75, wherein:
(a} the cell 1is specifically retained at a tumor,

tumor tissue, cancer or metastasis due only to protection




net astasi s based on a signal. 82. The use of claim81,
wherein the signal is detectable by magnetic

resonance i maging (MRl), single-photon em ssion
conmput ed t onogr aphy ( SPECT) ositron em ssion
tonography (PET), scintigr y, ganma canera, a (3
detector or ay detector. 101 83. The use of any of
clains 75-78, wherein the cell allows for detection
obf athaunmml 1 ﬁunmhettumnnﬂusc&n@éfomMenﬂWE&a&tBsiﬁg cieared

t d tjon o t. 84. The use,of any
%ﬁﬁgﬁﬁ gggﬁxﬁhgyeg% t%gmneIFySt%%pfﬁgégrDNA encodi ng
a det eGtlabihe p:ledniepﬂnrmt dififetentiatcapabiveenf ai caucirng s
t ect ahl. g 5 h n f_cl
| 759131.8 S%Ahgrlgisﬁe %@1 Dlﬁ ho;[ %an%%%ggér %t%ngef%az,?c gell or
bt ek ug c@ﬁ@f@%tlng agent, chronnphore or a conpound

or !iggﬂdtkercyiﬂaai nb R ook LLgsles. 86 The use of

claim wherein the enco Tl uorescent or
| um nescent protein. 87. The use of claim 84, wherein

the, %e@w%esc@amue @&ﬁ% %héré strate for

| uci ferase. 88. The use of any of ‘clarns 75-78,
wher ei H& Hemoal | H@Oé tiEE8AbI FAREekePr ceRppiating B

neeRRRi naito shlAc constpyet, ercodi n%o‘i‘oﬁel Ilu gcepcqudrlan,

capable of binding a det ect abl e I i gand étecti on

- dtengreahbt, tUmor eF sski Ewmser Qﬂmornéﬂé§P85|§aPﬁea or
SMQE@@531§9 The use of any of clainms 75-88, wherein
the cell is cleared froma subject w thout affecting
normal tissues that are not a tunor or netastasis.

9G.. The use of d%QYO@fcE%fM§“3525789hhéM@§BekHetéﬁhﬁ&@lklon
conpri ses DNA encodln% a conposition suitable for

e &P RehY St K Cad YirS rQIlOWHeDGSéU6ﬂ9%¢a|n190
wherein the DNA encodes a cytotoxic protein, a
an_inhibitor of angiogenesis,

C%t oif’lat i C pr ot ei n,
prot eff tHat° sFPNuPEt%%?%ﬂ?oB?o%@s wheredpof ?rF%q4aﬁll°WS
iflolei bvisiaan zet ofgatdrona f acter, aupoet efisdRat cancer or

metastasis.

80. The use of any of claims 75-78, wherein the cell allows
for external visualization of a tumor, tumor tissue, cancer

or metastasis.

81. The use of any of claims 75-78, wherein the cell allows
for detection of a tumor, tumor tissue, «cancer or

metastasis based on a signal.

~ 82. The use of claim 81, wherein the signal is detectable
by magnetic resonance imaging (MRI), single-photon emissien
. computed tomography (SPECT}, positron emission tomography
{PET), scintigraphy, gamma camera, a PB* detector or a y'

detector.




102 binds to a ribosomal subunit, a

nucl eoti de-nodi fying protein, a nuclease, a protease,
a cytokine, an enzyne or a receptor. 92. The use of

cl ai m 90, wherein the conposition suitable for
treatnent of a tumor is rscMOL, Fas-1igand, TRAIL,

TNF, Anti-GA733-2, mcrocin E492, diphtheria toxin,
Pseudononas exot oxins, shiga toxin, endostatin,
gbBcurenivdasesr het afgaiachesidaze, vhbysmditae kEDASELlows
-hgrser |sh Eerox%dase carboxigmptldase &2,

cyToch?s 350°T i B r oF Wit aseMOdyt GSFHBS deatfitfise, OF
cmmtnnqﬂsestemf&ugh deyeosidnas€e digmerotoxin |. 93. The
use of any of clains 75-92, wherein the conposition

Is for systemc admnistration to a subject. 94. The
use. ofthanyusef cf aiang %ﬂf981ammfresnaxhewﬁekéniStae cell

r i ell c r|S| ombi n .
cd%@gﬁﬁ E@%cg CRgT A ceIEgF%%E§h(ﬁ'Qﬁf 56Pe‘?ﬁ @ protein
btambdg: of aindudeyeet ddethbgandi frarl .det ecti on of a
tunor, tunor tissue, cancer or netastasis in a
‘subj ect; and/or (b) a therapeutic |ligand suitable for
t¥roThehepapyt B oThelases of5-dfAy ‘mlﬁemiali e 7BN®4encodes
h [ 1..] 6. Th u e of
o FSeBibN e E0 dar! Bifle ERPRLLAR AT doenty) ARSniERA or
USé@@POQP@HWWQEQQndqumlﬁlgﬁﬁlVWﬁ#xymwOﬁh91$5uds is a
cancer cell, tunor cell, fibrosarconma or stem cel
98. A pharnmaceuti cal conp03|t|on conpri sing Vibrio
fr-nufFae ediSoor oifnt e di@no84. adifiariedhr atihion DNAO3e®des a

Phalrasestt Gl 168MPOSId0p 6OPY i sing Vibrio
cholerae, Vibrio fischeri or Vibrio harveyi. 100. The

conposition of claim99, wherein the Vibrio cholerae,

\dhri enéi seher brorcMshy i 94 haryRys 1 onpid S%A%codes a
nc ding a conp05|t|on suitable for treatment of a

Fer 3R APFHE* cBNPEREROR BT UsilAPB95e conpri sing a

pharnaceutlcal carrier suitable for intravenous

88. The use o0f any of claims 75-78, wherein the cell is a
- recombinant cell comprising a recombinant DNA construct
encoding a cell receptor capable of binding a detectable
ligand for detection of a tumor, tumor tissue, cancer or

metastasis in a subject.

89. The use of any of claims 75-88, wherein the cell is
cleared from a subject without affecting normal tissues

that are not a tumor or metastasis.

90. The use of any of claims 75-89, wherein the cell
comprises DNA encoding a composition suitable for treatment

of a tumor.

o1. The use of claim 90, wherein the DNA encodes a
cytotoxic protein, a cytostatic protein, an inrhibitor of
angiogenesis, a protein that stimulates apoptosis, a

protein that inhibits an elongation factor, a protein that




adm ni stration of the conposition. 102. The
conposition of any of clains 99-101, wherein the
conposition conprises Vibrio chol erae capabl e of
emtting light. 103. The cogposition of claim 102,
wherein the Vibrio choleré@)conprlses (a) a protein
capable of emtting light; and/or (b) a protein
capabl e of inducing Iight em ssion. 104. The

clohrpbsi thoon 2of rébasemadl03,subtetej n & henyrlatotii de-wapabliag

ting is, aflu orescent rateln 105, The

g%ﬁ%%%%?lgnn #fé 8t 193 5 Yer ei n“Y he prdteflnenz Pabre®

ofedardeci-ng | i ght emi ssion is selected fromthe group

consisting of a luciferase and a substrate for

| uci ferase. 106. A conposition, conprising Vibrio

chol erle capabFfecbiim éifit tihegeln ghte d@PosTheon suitable

CﬁHH"’@féalt‘?:{éan o2 2l MRS, WhelReBabhe WLOL Qnaholiids,
rises a fluorescent protein or a | un néscent

d? rei ANTIOARTOB:2A cBAPESGiN onkdSonpr dspingievitbr i goxin,

CARARRoRS s | ndlé@('o'ﬂgx1ﬁs Si gn%lhlggt ectahlie Dy MBoaGiGiy,

resonance i magi ng ( si ngle- photon émi ssion
dﬂﬁﬁﬁ?@ﬂlﬁ%ﬁ%gra%ﬁ%a68#¢§H9°Sldﬁé§rtroﬁhﬁmﬁ@ﬁﬂeon kinase,

LIReE-aR Y ( Fﬂ%&)omagwt | GrARRYyp ST, s cCARBT &, cyé\;d%hrome
detector or a detector. 109. The conp03|t|on

A4%m feérowﬁé’.ﬂéﬁﬁet h‘éY’“\ﬁsdﬂeodie§ml%%?eectcé‘@bP¥b¥ﬁ5t'q¢éaser

HQUR 169881 St hBgc0dxM i o chol erae, Vibrio fischeri
and Vibrio harveyi. 110. The conposition of claim 108

or claim 109, wherein the Vibrio contains DNA

@mc:ocihegu@e et alnybbadéng ny otsebp, Jhdreif €REPOSIKIQRIon
rising Vibrio containing reconbinant DNA encodi ng

&S 8t ef TEbPE T ARG AY P cGHPIESE: agent or
chronophore 112. The conposition of claim 111,

erei E the Vibprio | 2elected fromthe, group
onisi & |nﬁs%f° i B 8 cROfEESe/0~93, wherein the cell is a

recombinant cell comprising a recombinant DNA construct
encoding a cell receptor capable of binding:

(a) a detectable ligand for detection of a tumor,
tumor tissue, cancer or metastasis in a subject; and/or

(b} a therapeutic ligand suitable for tumor therapy.

95, The use of any of claims 75-94, wherein the cell is a

mamealian cell.

96. The use of claim 95, wherein the cell is a human cell.

‘97. The use of claim 95 or claim 96, wherein the cell is a

cancer cell, tumor cell, fibrosarcoma or stem cell.

98, A pharmaceutical composition comprising Vibrio

formulated for intravenous administration.




Vibrio fischeri and Vibrio harveyi. 113. A conposition
conprising: an antimcrobial agent; and a conposition
suitable for treatnment of a tunor. 114. A conbi nation
conprising: a mcroorganism_ an antimcrobial agent;
and a conposition suitable K8r treatnent of a tunor.
115. A conposition conprising: a m crobe-binding
pepti de or protein; and a conposition suitable for
ty%®at ment opharmasenricdl6. cAmoikiinat i eBmEPI eS| NGbrio
a_.croorgani 105 a_m cr ohe-bi ndi ng _pept.i de or ,
pF ot ETRS and %Igcr&ﬁposi {HoiHesdi t ab?® for‘P”?’Féﬁt ment2 ey -
tunor. 117. A conbination conprising: a
1 £7 00r gani s and._an_anti m cr.obi agent,. wherein_the
?n@[‘rri crg@ﬁi a‘rfgméjé)esﬁ%:l?% §ét et e% tﬁgﬁréﬂh BLﬁar}f i
1di8lekaepniibata ofii cdrptii Sirng/ibrdoe mhe FeefFgadingfisand DRA
1,.C - bj ndi tide.or. protein _portion of _a
n Jo%?ﬁgo%r%m%%sgg on ulgabget o rif‘irEF%rB%rltbiO%angumor’

antimc agent, erel
peptide or protein is detectable within an organism

Lly. The gommogitian. ot clalm 113.er ¢laimdls, . a
Va']ere|n t emcroe|sabacter|um0r_é V|rug. ijzrbg
TierpaaditniaEiion ofartiwms 134itdde; 117ocor l1lBjtravenous

wWheh 6k B £ I GEobe. | iumor a virus. 121.
-Thelcorr%ois‘tﬁtoiwo%o%?ecI%F%O?%g%oq{v\her ein the m crobe-
~bi ndi ng peptide or protein is a mcrobe-binding

PERL I denQr ooRIRli@is By POEL | a0t Lgi g5 b n
TR oal AT OnPar 0 & SRR, BTLFEEY 208 ne
[fodpgpetion comprises Vibrio cholerae capable of emitting

light.

103, The composition of c¢laim 102, wherein the Vibrio
cholerae comprises:
(a) a protein capable of emitting light; and/or

(b} a protein capable of inducing light emission.

104. The composition of claim 103, wherein the protein

‘capable of emitting light is a fluorescent protein.

105, The composition of claim 103, wherein the protein
capable of inducing light emission is selected from the
group consisting of a luciferase and a substrate for

luciferase.

106. A composition, comprising Vibrio cholerae capable of

emitting light.

107. The composition of c¢laim 106, wherein the Vibrio
cholerae comprises a fluorescent protein or a luminescent

protein.




bi ndi ng peptide or protein is a m crobe-binding
peptide or protein portion of an antim crobial agent.
123. The conposition of claim 113, wherein the
conposition suitable for treatnment of a tunor is
coupled to the antimcrobi¥4 agent. 106 124. The
conbi nation of claim 114, wherein the conposition
suitable for treatnment of a tunor is coupled to the
ah®d .m cx ohirplosagent, dAprithegcuimosi dapabdé 6f aimbucing
1%551 n§fe&£kéc Ei 03|t|ont sui table for, treatnent

¥ Utror °F & CohpFedt SARET 1 i EPERREM ot TR Pt 'R /
0$lrpjl@t-9hntoril_26 emtlselcmrrblcrmtxuﬁadof tﬂn&jgmaﬂ_:ﬂl@ WHErEEITN

suEtabIe

g%ﬁ% é#ﬁéglonlcrd%%g Pn& gﬁggpti?ﬁ§ ﬁ95?8#%1rLgamma

-lgﬁmefﬁheac@HQQSettQm1QIfacVadenestr wherein the :

antim crobial agent is selected fromthe group

consisting of ubiquicidin, lactoferrin, pediocin

FAL9.,  gitemi aigioAi Blon privteEigrinn-108, SMAPE@  huf oribrib, is

bé*gl%rc't@dl IJ‘EroQLet d%ﬁ:@ ' %ns&g‘t%}ﬂ 8§t I']T%Hrcil di gholerae,
CAP-18, arasin gr anu

I%@P@Pef#$@ﬁ3¥l 208, V$ﬁ@Mt@ﬁﬁVﬂ%ﬁ|on of cIa|n1114 or

claim 117, wherein the antimcrobial agent is

sel ected fromthe group consisting of ubiquicidin,

1 1d*offBer FRRPqsediioei aif PR dPAnPEidliainS109, wherein the

PF Q8" J:(Sht%lﬂ%wlﬁﬁ)}kz@nccmﬁl@rér}nétzalb-ﬂﬁﬁair?g rﬂrot@?ha' :

defensins, LL-37, cathelicCidin hCAl asin I,
granuIyS|n PAMP and | actoferricin. 129 The

caposi ti an Aonodi M ddpd, wWhgseid nihe Wﬂl%be ccthréqngg

peptide or protein conprises a bacteria-binding
doTRFR A Pt 8rficdigiect eBrPEo t APt lsupoEoRshétimga

ofontyasﬂtug:én@l Br tid&dbapLen, pediocin PA-1,
gramcidin S, protegrin-1, SNAP-29, luﬁorlnl

buforin Il, beta- defensins, LL-37, catheI|C|d|n

hG@AR- 18?heafcaﬁ'p@sitlongro&nl¢|l)é$ianil.lfAWié\!Bin the Vibrio is
| acto ricin. 130. The conblnatlon of claim 116 or
SEAP 3.‘5[8 r%ert&en PRYP consisting of Vibrio cholerae,

Vibrio fischeri and Vibrio harveyi.

113. A composition ccmprising:
an antimicrobial agent; and

©a composition suitable for treatment of a tumor.

114. A combination comprising:
a microorganism,
an antimicrobial agent; and

a composition suitable for treatment of a tumor.

115.. A composition comprising:
a microbe-binding peptide or protein; and

a composition suitable for treatment of a tumor.

116. A combination comprising:

a2 microorganism,




|

m cr obe- bi ndi ng peptide or protein conprises a
bacteria 107 binding domain of a protein selected from
the group consisting of ubiquicidin, lactoferrin,
pediocin PA-1, gramcidin S,_protegrin-1, SMAP-29,
buforin I, buforin I1I, betHﬁﬂefensins, LL- 37,
cathelicidin hCAP-18, arasin |, granulysin, PAMP and

| actoferricin. 131. The conbinati on of claim 118,

wher ei & niferobanbimiicigobeat i @geit pikstsleahad fromthe

group cqpsistLQ Of'%bFﬂUi idin, lactoferrin,

pedi oct TP BROTA LHem HUHEAPHE ST SrBRBHn-OF, 2SHAER D,
buforin |, buforin Il, beta- defensins, LL-37,

C el L,cidin. hCAP-18, arasin |, granulysin, PAW and
Ig%?oférf?%%%ﬁa 5 CYPRFIEGREF nati on of claim 117,

wher ei a tikecoandnidncr @hdal agent i s radi ol abel ed,

| abel ed wi_th_a net.al article or conprises a
lmlcq%ﬁﬁ&e?%%ﬁ?’protein. 133. The

f 1 uor €ScERT B
conbi ndtdrennofchel anmidid,cbiaer @igant hésndetebexbiki ndithgn
gﬁft&%gng%mprotein i s radiol abel ed, |abeled with a

net al particle or conprises a fluorescent or

[ um nescent protein. 134. The conposition of claim
113, er.ej.n t ant i m.cr.obi al agent has been

b PASESIN G on AL GE 801 21 20F! ng activity while
ret ai ri mgcmpereobe-spi;ndnag ability. 135. The

conbi nat j . Al 1 . claim 117, wherein the

ant i m'rggr%g%aﬁqea%gﬁé%g;séﬁéén&em%? fPEATTS ePTHITAL 2F 28
randrgherokidll iaggnacti vity whil e retaining

M c ohebld! Nkl Lide b3flas b CUIBLOALI O provein s
conprising: (a) a m croorgani smor ce conprPS|ng
giftearaglea viFhdnesm wapabbe. of (i) activating an
imagi ng agent ; and (ii) converting a non-cytotoxic
conpound into a _conpound that is toxic to a tunor
dePl; 108 (wyrasitheni v abeim tiNatod sclkedm VdiSed Wygrein
tthe Riet&ld isencosled Hynt be PNAg@ntained within the

m cr oor gani sm or

120. The combination of c¢laims 114, 116, 117 or 118,

wherein the microbe is a bacterium or a wvirus.

121, The composition of claim 115, wherein the microbe-
binding peptide or protein is a microbe-binding peptide or

protein portion of an antimicrobial agent.

122, The combination of claim 116, wherein the microbe-

binding peptide or protein is a microbe-binding peptide or

protein portion of an antimicrobial agent.

- 123. The composition of claim 113, wherein the composition

suitable for treatment of a tumor is coupled to the

antimicrobial agent,




cell; and (c) a non-cytotoxic conpound that is
converted into a conpound that is toxic to a tunor

cell by the protein encoded by the DNA contai ned
within the mcroorganismor_ cell. 137. The

conbi nation of claim 136, wH¥ein the nicroorgani sm

is a bacteriumor a virus. 138. The conbi nati on of
claim 136 or claim 137, wherein the inaging agent is
oh2¢ whi chthenhen aeldivatesh pFodugesSma 1Ségnakherein the

det ect abl.e by NMRL. 139. The conbination of ¢laim 136
. o?g%ﬁgﬁl%%ig7¥u£g%§lgigofh%?eqH%SBFnﬁ?aﬁeﬁﬂmQEOﬁﬁr?@ﬁﬁ%ed to
gelwp lantinherdetiGl Ageonbi nati on conpri sing: a
nmet al - accunul ati ng bacterium and a netal-based
I magi ng agent. 141. The conbi nati on of cl ai m 140,
whitr ei ITheheochpetigricunf sclaiapdilbe sheacicunhkatomgpsition

i Lo 2. e ' [ of cl.aim 140, wherei.n the

S @ e2 oI 59282*&%}2% 3¢ V\/ggnée S&pi 1711501143, Sorn&he
corsioRat bordioly okeRihI€ 40, pwheedin the i magi ng agent
produces a signal detectable by MR. 144. A

conbi nation conprising: a mcroorganism a |igand

teft gigdsorbinggticsepforlegotied bjhangdheitbe aeimbsition
cantabned Wt hichelhg. 48 creor gani sny. and 25587P8S!Ld ORne
suitable for treatnent of a tunor. 109 145. The
CHHAFCRET PHHOME BERLYE WieP&PBEHE i croorganismis a
bacterium 146. The conbi nati on of cl ai mL44, wher ei nt he
m.croorganismis a virus. 147. The conbi nation of

H&i'm 144ThhefeRPRifdCRucIodi ¢ Heild  didedi rjerRén  the
rReepiefobs1a dRGAMIsNant ceuekerecrCite A8 T&?nsisting
conbi nation of claim 144, wherein the conposition

of ubiquicidin, lactoferrin, pediocin PA-1, gramicidin 8§,
protegrin-1, SMAP-29, bufeorin 1, buforin II, beta-
defensins, LL-37, cathelicidin hCaPp-18, arasin 1,

granulysin, PAMP and lactoferricin.

128. The combination of c¢laim 114 or claim 117, wherein the
antimicrobial agent is selected from the group consisting
of ubiquicidin, lactoferrin, pediocin PA-1, gramicidin S,
protegrin-1l, SMAP-29, Dbuforin I, buforin 1II, beta-
defensins, LL-37, cathelicidin hCAP-18, arasin I,

granulysin, PAMP and lactoferricin,

129, The composition of claim 115, wherein the microbe-
binding peptide or protein comprises a bacteria~binding
domain of a protein selected from the group consisting of
ubiquicidin, lactoferrin, pediocin PA-1, gramicidin 8§,
protegrin-1, SMAP-29, buforin I, buforin II, beta-
defensins, LL-37, cathelicidin hCAP-18, arasin I,

granulysin, PAMP and lactoferricin.

130. The combination of claim 116 or claim 118, wherein the

microbe-binding peptide or protein comprises a bacteria-




suitable for treatnment of a tunor is coupled to the

i gand. 149. The conbi nation of claim 148, wherein the
conposition suitable for treatnment of a tunor and the
ligand are coupled as a faﬁi on protein. 150. The

conbi nation of claim 144, Hrein the ligand is a
peptide or protein. 151. The conbi nation of claim 144,
wherein the ligand is a conpound. 152. The
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 beta-defensins, LL-37, cathelicidin hCAP-18, arasin I,

‘granulysin, PAMP and lactoferricin.

131. The combination of claim iisg, wherein the
antimicrobial agent is selected from the group consisting
of ubiquicidin, lactoferrin, pedioccin PA-1, gramicidin S,
protegrin-1, SMAP-29, buforin I, buforin II, beta-
defensins, LL-37, cathelicidin hCap-18, arasin I,

" granulysin, PAMP and lactoferricin.

132. The combination of claim 117, wherein the
antimicrobial agent is radiolabeled, labeled with a metal

particle or comprises a fluorescent or luminescent protein.

133. The combination of claim 118, wherein the microbe-
binding peptide or protein is radiolabeled, labeled with a
metal particle or comprises a fluorescent or luminescent

protein.

134. The composition of claim 113, wherein the
antimicrobial agent has been modified to eliminate microbe-

killing activity while retaining microbe-binding ability.

135. The combination of claim 114 or claim 117, wherein the
antimicrobial agent has been modified to eliminate microbe-

killing activity while retaining microbe-binding ability.

136. A combination comprising:
(2) a microorganism or cell comprising DNA encoding a
protein capable of
(1) activating an imaging agent ; and
{ii) converting a non-cytotoxic compound into a

compound that is toxic to a tumor cell;
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(b} an imaging agent that is activated by the protein
encoded by the DNA contained within the microorganism or
cell; and

{c} a non-cytotoxic compound that is converted into a
compound that is toxic to a tumor cell by the protein
encoded by the DNA contained within the microorganism or

cell.

137, The combination of claim 136, wherein the

microorganism is a bacterium or a virus.

138. The combination of claim 136 or claim 137, wherein the
imaging agent is one which, when activated, produces a

signal detectable by MRI.

139. The combination of claim 136 or claim 137, wherein the

imaging agent comprises gadolinium.

140. A combination comprising:
a metal-accumulating bacterium; and

a metal-based imaging agent.

141. The combination of claim 140, wherein the bacterium is

capable of accumulating iron.

142. The combination of claim 140, wherein the bacterium is

a species of Magnetospirillum.

143. The combination of claim 140, wherein the imaging

agent produces a signal detectable by MRI.

144, A combination comprising:

a microorganism,

2 ligand that binds to a receptor encoded by nucleic
acid contained within the microorganism; and

a composition suitable for treatment of a tumor.
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145. The combination of claim 144, wherein the

microorganism is a bacterium.

146, The combination of claim 144, wherein the

microorganism is a virus.

147. The combination of claim 144, wherein the nucleic acid

encoding the receptor is a recombinant nucleic acid.

148. The combination of claim 144, wherein the composition

suitable for treatment of a tumor is coupled to the ligand.

149. The combination of claim 148, wherein the composition
suitable for treatment of a tumor and the ligand are

coupled as a fusion protein.

150. The combinaticn of claim 144, wherein the ligand is a

peptide or protein.

151. The combination of claim 144, wherein the ligand is a

compound.

152. The combination of claim 144, wherein the composition

suitable for treatment of a tumor is a cytotoxin.

153. The composition ¢f claim 113 or claim 115, wherein the

composition is a pharmaceutical composition.




