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begi n- Presence of bacteria in tumors was reported approximately
fifty years ago. Several publications substantiated the
earlier clinical findings that unexpectedly large numbers of
bacteria were discovered in excised tumors from human
patients. Investigators argue that chronic infections may
predispose cells to malignant growth. Chronic infections of
various strains of Chlamydia have been associated with lung
and cervical cancer as well as malignant 1ymphoma. Another
well described association between the presence of a specific
bacterial species and cancer development 1s Helicobacter
"pylori in patients with gastric ulcers. Elevated levels of H.
pylori-associated antibodies have been found in patients with
ducdenal ulcer and gastric adenocarcinoma. These observations
demonstrate a concomitant presence of bacteria at tumor sites;
however, it was not yet clear whether the microorganisms were -
the cause of tumor formation or whether the tumorous tissues
were more susceptible to bacterial colonization. Intravenously
injected strict anaercbic bacteria, Clostridium pasteurianum,
into mice replicated selectively in the tumor suggesting a
hypoxic microenvironment in the necrotic center. Intravenous
injection of attenuated Salmonella  typhimurium mutants
resulted in elevated bacterial titers in the tumor tissues in
comparison to the other organs of mice wupon histologic and

bacteriologic analyses.




AZ, BA, BB, BG BR, BY, BZ, CA CH CN, CO CR CU ring of each regul ar
i ssue of the PCT Gazette. (54) Title: M CROOROGANI SM5 AND E%E Lrl
DI AGNOSI S AND THERAPY OF TUMORS (57) Abstract: Described. are di agnostic and

phar mac i onpositions conprising a m croorgani [ || containing a
DNA O g@q‘%@%@%&encodi ng a detectable protein or a p%?frgP%?og%?ﬁabl e of

i nducing a detectable signal, e.g. a | um nescent or fluorescent pro- tein,
and, in a particular enbodi nent, fumthernore (a) DNA sequence(s) encodi ng
(a) protein(s) suitable for tunor therapy and/or elimnation of netastatic
tunors, e.g. a cytotoxic or cytostatic protein. 28 April 2006 WO 03/014380

PCT/ 1 BQ2/ Q4767 1 crqorgani sns_and, cells for diagnosis and therapy of

L unor s SIS 6P ¥ent o SEeRey it BT BRAUHIRS Svad LRAF FRL et ol
conposiddcisedc mpahsbagast ntonmor gani samlor @l 19€0ntdorE naentDNA sequence
encodi a (det ect ahl rotein _Qr a_pratein bl g.0of inducing a

det ect a Séadsi éﬁalgoqﬁﬁgag I ucnl}langscjé%?élé °r fl(ggg)gséféﬁ ’pr%feei h}lﬂgﬂd, in a
parti cyapildohediment , had urltdesr norlmife)d DNA sdguence(c)iaérdodiwigh( a)

pr ot ef N 3)erShL] ablgLOr AN SGLARY candLor, ahidinatlgn ol meLgstatic
tunors, €.°g. " a cytotoxi c or cytostatic protei'n.  Presence of bactéria in
t unor s s cepErhdd, approbdatatcengersi f iy gddisicago.th8earesknpabbicat i ons

subst a’i{e%))?tt%‘éiéhe ¢ eapiigr chpni q‘ﬁJm&H ndj, 3%8.Ltlu§Q§Xpecfatr%qh¥m!aar ge
numnber s bacteria were discovered in excised tunors from umah
pat i entBpsteaneBairyavdrss ardguesqurmolshr ot cafebrdmens ipnKippsdi spose cel |'s

to mal ignankedr ahle CREADLG KRRSE! WA3R0L 1Ky AphotEcBls Alrpf Ll anvdi a
have been associated Wt ng and cervical cancer as well as malignant
| ynphoramanndiiegst wahcetdes 6VRBe ¥ 14y§odnatiasiadyet wedrockitopresande of a

speci f!h“erp@@‘?ri?{l]é al ;$Peai RS ANGib2REEH1 FENE! ORIENt ﬂe%nHelrie?BQi‘@&?r pylori
in patients with gastric ulcers. Elevated levels of H pylori-associated
ant i bodugsrhgiesbéen theurrpnaensaetéan s off t KireRodagsiclegerdtandhgastric

adenocanghRAMhodbesser ORSRRLaLLBRS pdeiDnsd I afik $:6RR60H1 banhuRkgsence of
bacteria at tunor sites; however, It was not yet clear whether the

M cr oo RGRALSABAVEIES 1MeSERYBAIDT CeLhpLaFGEpRNGDNOHr thA9FOPREARS t unr ous

ti ssueganWeke rABheoSUsCepsi bl et pspacter it GitoniZ alh@R tiRkhayenously
injected strict anaerobic bacteria, Costridiumpasteurianum jinto mce
repl i c@CedisusePRFIEFIRS Mavte PEGRDIOYDGgeRt PippLr free areas of the

esophageal epithelium of the same patient suggesting that the

virus particles are located only in the tumor tissues.

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

invasive and not very sensitiwve.

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.




hypoxi ¢ m croenvironment in the necrotic center. Intravenous injection of
attenuat ed Sal nonella typhinmuriumnutants resulted in el eyéikggl ?@gt eri al
titers in the tunor tissues in conparison to the other organs of m ce upon
hi st ol ogj bacteri ol ogi c anal yses. 28 April 200 /014380

PCT/ | Bog}/dé%@ggsoz Simlarly, the presence of virus pa?tci C @EM{/\%/;S reported in
exci sed human breast tunors as early as 1965. More recently, based on

pol ynerase chain reaction (PCR) datd, the human papillomavirus has been
clainmed to be associated with anogenital tunors and esophageal cancers,
breast cancers, and nost commonly, cervical cancers. In addition, the
presengecetdimppasi the Gréseus iiMvaHEBen hepatoge! | ihalevedr Gy 10Fke
Epstein-Barr virus in squanmous cell carcinoma in Kirnura's °“di sease, nouse
mamar FUPURBY PREGRLT i KeTHaedi dredbemidinsn WiptanVherebria cuhees, SVv40
Virus i(RIVRCagHLa S I 08318y aNthe NAMRBBSVI WS tkMnd Ur EL&1dd Propapi | | oma has
been reported. Surprisingly, the concéntration of "virus particles in the
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ti ssues. However, so far it coul d not be shown definitely et her the
above WURSELBYRdVHTEY oBRBafiddsatt® fedpevrd bia fidet Helcalehedbitent of

di sor deffiots KrloWRDT Sr i X GRitlcuk@heo?R) | i APRYL{ &g OatheNiina €. 9.
tunors can attract and/or protect viruses or bacteria. Accordingly, there

was noCBhtFs VIQES MREticéesf WaTR TGN J6&r Hanitskained ener diEgnddt s or

- therapyhef thusPr 8isseayenteonpdidgmy diaenest i Louet bedsyi HiChrmas MR
(Magneti c Resonance | maging) |ack sensitivity and specificity and
t her apBEEF¥GRet RS, %mlgl.ltgiﬂafjé\g?, 8fe UPRvadilvEsSaARCHAD veFisitinsiti ve.

Ther ef pggteids i & tihe oddmrcttidort hRrBr @santor&yet i Divd Oaninals by

observing GFP fluorescence under a stereomicroscope and by

collecting 1luciferase-catalyzed light emission under a

low-light video-imaging camera. Tumor-specific light emission

was detected 4 days after viral injection in nude mice
carrying subcutaneous C6 glioma implants ranging in size from
25 to 2500 mm®. The signal became more intense after the 4th

postinjection day and lasted for 30 to 45 days, indicating
continued viral replication, Tumor accumulation of rVV-ruc-gfp
virus particles was also seen in nude mice carrying
subcutaneous tumors developed from implanted PC-3 human
prostate cells, and in mice with orthotopically implanted
MC¥-7 human breast tumors. Further, intracranial Cé rat glioma
cell implants in immunocompetent rats and MB-492 mouse bladder
tumor cell implants in C57 mice were also targeted by the
Vaccinia wvirus. Cross sections of a C6 glioma revealed that
light emission was clustered in ,patches, at the periphery of
the tumer where the fast-dividing cells reside. In contrast,
cross sections of breast tumors revealed that fluorescent
,,islands,, were distributed throughout the tumors. In addition

to primary breast tumors, small metastatic tumors were also
detected externally in the contralateral breast region, as



provide a nmeans for the efficient and reliable diagnosis as well as the

t herapy of tunors which overcones the disadvantages of th%%g%%ggggtic and

t herapeuti c approaches presently used. 28 April 2006 WO

PCT/ 1 BO According to the present invention hi eved by the
ubject%ﬁgﬁégﬁéﬁdeflned in the clains. When Vaccinia V|rd%%¢%i|VP strain)

carrying the light emtting fusion gene construct rW-ruc-gfp was injected

intravenously into nude mce, the ¢irus particles were found to be cleared

fromall __internal organs within 4 days, as determ ned by extinction of
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proteins in the sane tunor were nonito I've anl na y observing GFP
fluorescence under a stereom croscope and by coIIectlng
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canmera.  Tunor - sge0|f|c light emssion was détected 4 days ter viral
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Size f 5afkadEndis 1200 ATR cd NP it BEERIOLATY SdNigRsC AR e 4th

postlnjectlon day "and lasted for 30 to 45 days, Icating contlnued viral
repl i capiBal S11Hﬁﬂeracéunﬁpﬂtl%ﬁghﬁ nwmvgenc gmmﬁdAﬁhaky pal¥ei clightvas al so

seen | aniiydeonl Cagar aYtadesUbRULAReQUS tUERES daveLpDed Efé’ﬂ‘all”p' ant ed
PC- 3 hyman ﬁ¥§state cells, and in mce with orthotopical Ianted
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|nplants in C57 mce were al so tar%eted the, Vaccinia virus. Cross

sect i ofEEBRE6 GHPENeCT eidal dBLY %ﬁnoqﬁlghtl%ﬁ?%ﬁﬁ@mwaﬂégaélu§¥@#ed in
"pat cheactedtal hEi el | @iteyaiodf intheabssandhesRaihe Hasdcidiviliedipg cells

rESIdet In cont&§§§ post-injection In nude mice barin

. g tumors
developed from implanted C6 glioma cells, light emission was
abolished from the animal entirely thirty-six hours after
delivery of bacteria, similar to mice without tumors. However,
forty4eight hours post-injection, unexpectedly, a strong,
rapidly increasing light emission originating only from the
tumor regions was observed. This observation indicates a
continucus bacterial replication in the tumor tissue. The
extent of light emission is dependent on the bacterial strain
used. The homing-in process together with the sustained light
emission was also demonstrated in nude mice carrying prostate,
bladder, and breast tumors. In addition to primary tumors,
metastatic tumors could also be visualized as exemplified in
‘the breast tumor model. Tumor-specific light emission was also
observed in immunccompetent C57 mice with bladder tumors as
well as in Lewls rats with brain glioma implants. Once in the
tumor, the light-emitting bacteria were not observed to be
released into the circulation and to re-colonize subsequently
implanted tumors in the same animal. Further, mammalian cells
expreésing the Ruc-gfp fusion protein, upon injection into the
bloodstream, were also found to home into and propagate in

glioma tumors.




cross sections of breast tunors revealed that fluorescent ,,islands" were
di stributed throughout the tunors. In addition to primary %ﬁ-\ﬁﬁfﬁ Jeunors,
smal | nmetastatic tunors were also detected externally in % etcontral at eral
breast we@s®iissoas 28 April 2006 WO 03/014380 PCT/ 1B@r/hifdfrst Well as in
nodul es on the exposed |lung surface, suggesting netastasis to the

contral ateral breast and lung. In summary, |light-emtting cells or

m croorganims, e.g. Vaccinia virus €an be used to detect and treat prinmary
and netastatic tunors. Simlar results were obtained with light-emtting
bacteria (Salnonella, Vibrio, Listeria, E. coli) which were injected
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. not observed to be

expression and protein delivery.

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

protein or a protein capable of inducing a detectable signal.

According to one aspect of the present invention, there is
provided a use of a vaccinia virus in the preparation of a
composition for detection of a tumor, tumor tissue, cancer
or metastasis in a subject, wherein: _

(a) the virus is specifically retained at a tumor,
tumor tissue, cancer or metastasis due only to protection
of the wvirus in the tumorous environment from being
cleared from the subject by the immune system; and/or

(b) the wvirus cannot differentiate between a
cancerous cell or tissue and a non-cancerous counterpart
cell or tissue; and/or o

{c) the virus is not tumdr—targeted._




rel eased into the circulation and to re-col oni ze subsequently inplanted
tunors in the sanme aninmal. Further, manmalian cells expreiiinglﬁgﬁ-Ruc-gfp
fusion protein, upon injection into the bloodstream were ﬁ? nd to
home into and propagate in glioma tunors. 28 April 2006 WO 03/014380

. PCT/ 1 B02/ 04767 5 These findings opéa the way for (a) designing

mul tifunctional viral vectors useful for the detection of tunors based on
si gnahscbirkénki ght emsthen adicart f arf sduppr epsesanof ifmwmentideyel oprment
and/ or . angi ogenesi s signaled by, e.g., light extinction and b% t he

ovel GRSt OF DRECEIIgh Snd Sl & RECLIGAsel Haor Rar GBF ng. syst ers
in copbbparhenow tdr tLheransyti€iggneongbiet $ohorot hg tr@atpent of
cancer. These systens have the follow ng advantages: (a) They target the

t unor typeti Fiealkky GRDAGUt caf hetabhgsA6r mal at Bvblect¢byheneinexpressi on and
secretion gt he LCLaRRULLE 08NG GONSIINCIS, o BLG o PI SAELADL Y1 dinder (he
control of "an 'Aduci bl e proroter, énabling secretion 1o bé swiched on or
of f; andtédih the d opabicennofcibebiel ia@ernsystiem i asidersbealsLror can be
verified by direct visualization before activating gene expression and
.proteFﬁgaéifv@PQ. Accordingly, the present invention relates to a

di agnosti ¢ (agndfaE RAGLERCENT Leak; QRO /U LOMRY | kNG 3 HSF 00T gani sm

- or cell containing a DNA sequence encodi hg a detectable protein or a

pr ot etwnespablseusf igrdEEimpn metastable dugnahlyAdcorpifoiptiviame aspect of
the prese invention, there i rovided a. use of a yaccinia virus in the
PR Bheof Y O onbbsi Tien TEPOHRY Sot T BRI R t mor Lok i1 ssue.

preparati on of a “conpos

cance¢le@tefietashashs ElbfestbhectheWhehehd: sta)ehheandyys is specifically
retained at a tupor, tunor tissue, cancer or netastasis due only to
protection{Pdf FRe viFiils n f@ninor 8aé Tenentdakent PebHedRi ng® cl eared

fromthe-subhecteiy the Louupe system P%ﬂd-/c%c(e%ughgpydr{%@rﬁﬂwot
differentiate between a cancerous cell or tissue and a non-cancer ous
counteeparor tissue; and/or
(c} the virus is not tumor~targeted.

According to another aspect of the present invention,

there 1is provided a use of an LIVP strain of vaccinia

virus in the preparation of a composition'for treatment of

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

wherein the composition is for systemic administration to

a subject.

According to another aspect of the present invention,
there 1is provided a use of an LIVP strain of wvaccinia
virus in the preparation of a composition for treatment of
~a tumor, tumor tissue, cancer or metastasislin a subject,
wherein:

the composition is for systemic administration to a.
subject; and

the virus comprises a construct encoding a detectable
protein or a protein capable of inducing a detectable

" signal.




cell or tissue; and/or (c) the virus is not tunor-targeted. 28 April 2006
5a According to anot her aspect of the present invention, %@gfe ﬂimprOVIded
a use of a vaccinia virus in the preparation of a conposi %
detection of a tunor, tunor tissue, cancer or netastasis in a subject,
wherein: the virus conprises a con8ruct encoding a detectable protein or
a protein capable of inducing a detectable signal; and (a) the virus is-
specifically retained at a tunor, tunor tissue, cancer or netastasis due
only to protection of the virus in the tunorous environnent from being
cleared fromthe subject by the i mune system and/or (b) the virus cannot
differentiate between a cancerous cell or tissue and a non-cancerous
countgﬂ:paat pmeétﬁm Eriissling en]éil;ld/g:(hré tdcrobeguhiss bg kellt yiDatiar get de
According_t o ,anot her ,aspect, of t e present inventi,on, is provided a
use of dé%g‘&?ﬁﬁi St r%??'ﬁ&? v%]é F‘is | FPRGE L CBar a’%‘?‘%ﬁe&?“o
conposcohbaior (at)r ammea’dquehceasx uéﬁdﬁodingm(a)t | psoteirc@)CHuidhblet ast asi s
in.as e i.n the tion..s for c,admnistration to a
subjecﬁgkAé%%? di ng*% gggné?ﬁﬁg’ iﬁﬂ L0508 ?eﬁ@%?n%ﬁgéﬁtﬂ%ﬂl Sthere is
~ provi deuch aseaobyhnt¢XAﬂ>pndtﬂnn,oh'wwmnsha&1W|¢u9temn;ha @&emaﬁatlon a
tunor, J_{IH.{B)]{ Sé!t? 10613@1 S?lsn ta[]rere%%ngg%ht IS 1mu a%Ub e%\tpop O8is t.he virus

of a cancer oSi 8r°t ré:
Such protelns are well- known to the person skilled in the art

- and further examples of suitable proteins 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.g.
attenuvated, and are recognized by the immune system of the

organism, etc. Examples of microorganisms useful for the




. further

or netastasis in a subject, for systemc admnistration to a conprises a
construct encoding a detectable protein or a protein sigqggA G l-e of
i nduci ng a detectable 28 April 2006 5b In a preferred enbo i BHt = The

~m croor i.smor cell of said diagnostic and/or phar i.cal conposition
ﬁ@ﬂgﬁhgﬁhtains (a) DNA sequence(s) encoding (5¥§ﬁﬁﬁhgﬁﬂ(s) sui tabl e

for tunor therapy and/or elimnation of nmetastatic tunors, such as a
cytotoxic protein, a cytostatic protein, a protein inhibiting angi ogenesis
or a protein.stinulating apoptosis. Such proteins are well-known to the
per son gkisehed iinveheiemt aaad buactheia exanmyl evietisswui t afhe phtetei ns are

[ | ow. Al ' ' LI ful for, th it f
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not patdeagemnerfoarddieedr gar.Sheg. gan abtediffeckntdrdecabetweengai zed by

t he i mune temaf, the r.gani C. l.e m croQrqani.sns usef ul
for -t hé:%e%éﬁ?l ?3&6 Yo 63?8@%3%@%%% Bgélﬁ%%%:s/er% Sr eéoé%t e%ﬁ\"’}%?m on are
bacterk@lan@rvﬁﬁM$esJ Eheceethe thaciwyiaf hheugxmbﬂﬁmﬂatﬁ rlefbdisgt o

bact eria %bcggg%gn{)e{m%%tiggt shii DEﬁafifrb%%tt%gig' ofc. ! {%m%%t@oﬁn
differentiate” bétween a ~cancerous c¢e or tiSSué an € non-cancer ous
count erghar ttumoel Iduer o sthee)famitndhathelr ethila ssrofirohseskp&hewears | eadi ng
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due to the I S“envi ronnment are not expose
t he i mafheangddehe obacherhwsthich Inigtht dfe cmrediudatforbddreetivarelgh ni ght be
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commonly available methods, e.g. the methods described in
section 6.1 of WO 96/40238. Preferably, sald bacteria are
intercellular bacteria such as E. coli, E. faecalis, Vibrio
cholerae, Vibrio fischeri, Vibrio harveyi, Lactobacillus spp..,
" Pseudomonas spp. In the method of the present invention,
viruses and cells, particularly mammalian cells, are preferred
which are not tumor-targeted.- Particularly preferred are

cytoplasmic viruses.

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

fluorescent protein.

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

protein.

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




section 6.1 of WO 96/40238. Preferably, said bacteria are i nt er cel lul ar
bacteria such as E. coli, E. faecalis, Vibrio cholerae, %(5 cheri,
Vibrio harveyi Lactobaci |l lus spp., Pseudononas spp. In t of the
present _i n, viruses and cells, particularly malian cells, are

pr ef errr‘:’z"éP ‘13%?2 are not tunor-target ed Particul arl ;}%[r 42§W65d are
cytoplasmc viruses. In a particularly preferred enbodi nent, the diagnostic
and/ or pharnmaceutical conposition Gonprises a mcroorgani smor cell

contai ning a DNA sequence encodi ng a Ium nescent and/or fl uorescent
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In a more preferred embodiment of the diagnostic and/or

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

radionuclides useful in the present invention are {(a) B/*-
emitters such as ¢, N, 0 or ®Cu or (b) y-emitters such
as 21,
tracers for PET include °°Co, ®Ga, *°Ga, °°Cu(II), °'Cu(II),

*"INi, *°Co, **Fe, °F, etc.

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

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

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




ligand is a radionuclide-labelled ligand. Said ligand is, e. g , useful for
tunor visualization by single-photon em ssion conputed to Rﬂ% ( SPECT)
or positron em ssion tonography (PET) resulting fromthe ngnng of

radi onu belled ligand to its receptors expr eg; fically on
t he sur é%e 0 funnr cells follow ng intravenous dell%gﬂB&M§%l7 e.qg.

engi neered bacteria, viruses, or manmalian cells <carrying the receptor
protei n gene constructs. Radi onucl i 8es may be used for conventional tunor
scintigraphy, PET and possibly internal radiotherapy of tunors. Exanples
of ra@@éﬁﬁéPPd€§°@s@#@ﬂoﬂuﬁhqggﬁnwﬁﬁgnﬂSlﬁV@ﬁtm@ﬁeaﬁén€a}1V@ thamitters

such agpkt€, iﬁNex%aéglﬁén@éqistﬁg(Q)aaY?Le%ﬁé?&@oﬁcgnlﬁélézg’é—uﬁﬁer

radi onuycl i des that can, .0., be used as tracers for PET I ncl ude 55Co,

67Ga,  GBEEING0GH METPIIed7 e iny i3 DiGMEET SHEErusERL, 'Br.chetds SPECT and

PET ar eosfBstihVeyt 8601 SHES thaémg,y begUsedoh®brdd URRErbERSE&Es accor di ng
to theé%Besent |nvent|on Bot h SPE and PET are capabl e of detecting

trace ARVSL e g aﬂd 28 April 2006 WO 03/014380 PCT/|1B02/ 04767 8
em ssi on fronlradlonuclldes PET is even nore sensitive than SPECT. In

~experigents. usi or at ry an| S meging. i s performnmed
usi ng *ATRYP |Uﬁg§]"51n%"ﬁ$ n%cﬁﬁr@rgép FI?r%vaf:Pab‘?léef?ﬁ ough,
e.g., eaginedeed mﬂﬂ:}t‘ﬁ;ﬁrﬂag@éﬁh@xwww er alN), EXRSPUSS %_'F_ psed 2y,
(o onygbidgghabel cdeagentgoas oiaihabeled, eng neel od anti fody (1 agnent
(Lewi sJe¥edl ChemJ. A&d(ﬁhﬁﬂ\ 424@L99QW, 1B41pL3dval G4Rpdpy rvva|ehyde-
bls(hm Ithlosenl ar ba ) P Adopa S USA 99
(2002 meSEE QUM RERETR GR35 01 Mt B ¢ Uabnt £ S8 ety s, Sl
43 (1993) { 2&(223},132036—2%8/552!%1:@4@@@% (Galaﬁadﬁss et al., J.MNewreichem 73
(1999),,.2047-20 nd Fe- | ed ir ) hygd b ucrose conpl ex
( Beshar 5%& e?m‘alﬁﬁﬁﬁﬁ t&fggﬁbﬂ (f%§£§55288 Zg%¥2§§% %@?3%: S9n order to
apply ﬂbelon@bmnm@llmb 4 aleNedrbechanmd 173 t yh®99), 2047-2055) and
%?re-labeled iron{III) hydroxide-sucrose complex (Beshara et
al., Br.J.Haematol. 104 (1999), 288-295, 296-302).

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

the tumors for targeting by the radionuclide-labeled ligands.

For example, in the case of Vaccinia virus, to allow efficient
tumor detection, the virus can be wused to carry gene
constructs encoding receptor proteins that can bind
specifically to the ligands. Intravenously injection of
recombinant Vaccinia virus allows the delivery of the receptor
gene and surface expression of the receptor. protein in :the
tumor' tissues. Then, the radionuclide-labeled 1ligands are
injected intravenously into the host. The specific binding
between radionuclide-labelled ligands and their receptors




detection, the genes encoding the receptor proteins that the |[|igands may
bind are delivered by intravenously injected bacteria, vii éﬁﬁtmﬁﬁ
manmal i an cells according to the present invention. Since 1t cou be
shown i gothe exanples, below that certain_intravenggiﬁmnk ';pted
bacteria, viruses and mammalian cells replicate specifically in the
tunors, expression of the receptor proteins in the tunors will mark the
tunmors for targeting by the radionué@lide-|abeled |Iigands. For exanple, in
the case of Vaccinia virus, to allow efficient tunor detection, the virus
can be axpsdssed canr fhgertamoronsildlucty feneodilhgws edbpt adletpebien neft hat can

bi nd ﬁpecifi allﬁ to the |igands. Lntravenousl¥,injec;iog of Leconbinant
Vacci ni A Puf28PtoRE the 881 IVEMPdrien&TIE 8ptdRY GBhE SRt shfface
expressivonref! LhBel2tRft Aheprin®vd iwidtheradidmiclissdiegilTheniokhe

radi onucl i de-|.ahel ed .| i gands, are |Fh§cted intravenous]y into the host. The

speci fi%¢6i n L n PaEeHucl FOBFSbeld |7 andSPHBFr receptors
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surface allows the detection of "tunors based on B - or y-enissions
ori gi n&Urdgcanl Plepdemicddert W He (ddssidnasy tBasadinen sthe t Aigaal onucl i des

wll all +_ea istinction tween t rs, and nornmal .tissues.. Therefore,
-'handhologo:‘%'"- C?)]}r( 37%%%%%%%?’3 ?ﬁgmfrbeel;]‘te achd®To §98s % ng‘a%]r%de hol der

‘can beetedbgdedhiBaserthonréhevsi godl noehal -tiysueen ssikept tde 4 abel | ed
tunors_can_he cleanly excised while the renoval of normal tissues is kept
at a MrnOm Particularly preferred is gallium67 for the purposes of the
present invention. Gallium67 (67Ga) can be used for diagnhostic inmaging

o100, FEF s Sy AP P e My SOPORLObu Rl L
but aIpmesanhaninaehéioptypéalbiumuﬁ%rs(“@ath gsni n hganarsat | cfémnors, | ung
Luror ogSifant e TREUATy Lok SO, uohoke 1ae DRERCPILARRYR 1 bp throust
known for its ability to accumulate in inflammatory lesions
and tumors, especially in lymphomas, but also in‘many other
types of tumors, such as in pancreatic tumors, lung tumors
etc. The mechanism of ““Ga uptake has been proposed to be
through both transferrin-dependent route and transferrin-
independent route. In the transferrin-dependent route, it
has been shown that over-expression of transferrin receptor
significantly increases %Ga uptake by tumor cells.
Furthermore, anti-transferrin receptor antibody
significantly blocks ®Ga by tumor cells. For small tumor
imaging, very high concentrations of ®'Ga are required to
overcome background signal. Thus, in this case, the use of
recombinant Vaccinia virus carrying a transferrin receptor
gene construct for over-expressing transferrin receptors
specifically on the surface of tumor cells in live animals
or human patients following intravenous injection of the
viruses is preferred. ®Ga will be also delivered
intravenously. High level accumulation of ¥Ga in tumor cells
‘with the help from the over-expressed transferrin receptors
helps to significantly improve tumor detection abilities in

live animals and human patients.




i ndependent route. In the transferrin-dependent route, it has been shown
t hat over-expression of transferrin receptor significant Ié/ Anclr%ges 67Ga
uptake by tunor cells. Furthernore, anti-transferri n rece 8t ant I body

signifi ocks 67Ga by tunor cells. For small gi ng, very
hi gh coﬁ@@%)tra%h Ions of 67Ga are required to overcone gRéoﬁgr"gﬁnd si gnal .

Thus, in this case, the use of reconbinant Vaccinia virus carrying a
transferrin receptor gene construcdi for over-expressi ng transferrin
receptors specifically on the surface of tumor cells in live animals or
human pat PBned LeBrbii PraferaeensuRodifant i dmeofiagosiic uged/ ok
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chr ono«pﬁom,sulesgandsvrelfem)hsmundaldieqmon:eﬁlnf Qrs vasu&l]ﬂzattw@tdﬁ tissues.

Preferabl E or? t.ein_ is_a cel trece tor ‘Fa e of , bindin
ar ammgREATRE 4 B ARnR LA e aPE  PURETE S REGEREC
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superp magnet. c- I | ed. _gands to their rece I rs .expressed
speci f?%%l Iy ”n& A Eg)tfgupfaté%ga%?%h%r el Isélpregp%ﬁnmﬁ%ne eﬁaﬁt r avenous
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t he pr i n r e tor. rotein gene. constructs has
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according to the present invention carrying the receptor
protein gene constructs has several advantages. The high
level of accumulation of these metals in the tumors will
facilitate tumor detection. Virtually any paramagnetic or
superparamagnetic metals can be used for this purposé.
Preferably, due to the systemic toxicity of naked heavy
metals, the paramagnetic or superparamagnetic are carefully
selected to keep adverse effects at minimal. In most
currently available contrast agents, the metal particles are
either linked to chelates or are coated with polymers, which
are much safer to use than naked particles. Therefore, fhe
use of ligands tagged with chelated or polymer-coated metals

- is preferred.

Methods for generating contrast agents linked with proteins
are well known to the person skilled in the art, e.g., the
protein ligand (or other chemical compound ligand) is first
chemically attached +to the chelates (e.g. diethylene
triamine pentaacetic acid (DTPA)). Then, the chelate~protéin
complex is labeled with metals, A similar. labeling method
has been used in generating galliﬁm—labeled somatostatin




super paramagnetic nmetals can be used for this purpose. Preferably, due to
the systemc toxicity of naked heavy netals, the paranagnfgicﬂﬂﬁm6

super paramagnetic are carefully selected to keep adverse & ﬁgc s at

m ni mal currently avail abl e contrast agent ' al particles
are eipﬁg@mﬂpﬁied to. chelates or are coated with pé??ﬁ%@??%&hich are
much safer to use than naked particles. Therefore, the wuse of |igands
tagged with chel ated or pol yner-coafléd netals is preferred. Methods for
generating contrast agents linked with proteins are well known to the
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conpoung; b 9and)s o Sidiinsrraherseat { r@ﬁ{l,)ﬁd. t Cc 89
diethyle&t_ Iriéhinglggﬁtaacet?%?ac%%r?ﬁ%_A ) fﬁg%gﬁﬁhggt gﬁ%ﬁéiproteln
conpl eXx' & igdiiogsn vhthrechiedatassiydadar in asaitineg treadents haevbeen used
in_genasedi ng-oal by | abskethsokost AkAn?B, Abid: 2000 34014380
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nmodi fying proteins wth the bifunctional chelate

d i bed. F e,
-2‘-3?2'53 %ﬁ@%{?&ﬁé?ggé%hyl-%wﬁ%‘mw-) Gretny| bndtd 228 ne2$ethlaaédti ¢ acid
( MX- DTRRYJi £ liMgr zageh tetingl . , wBitAconiug. Cheonid (1998)dr98a65) oand
nodi fyi rqﬁelns,mnth t he cyclic anhydride of
di et hylcgrg‘r“éﬁ]rl"l SRCHELFBAREERERFRACREF ( ASEshn) (DBFARAN JREDCHB| cARAJ. Nucl .

Med. 341411993) .7.1728cl (38)ebaves peem goipscr ibek-1Al3ler nakikel yeeyRI can be
carried, out , the foll owi ng approaches: (a) Modified gadolinium

act i vatd%iridt&% o enzyne/protein delivery This approach is based on the
princi ples of Gene-Directed Enzyme Prodrug Therapy (GDEPT), in which case
the enzynes/proteins activate a system cally delivered nontoxic

Alternatively, MRI can be carried out by the following

approaches:

{a) Modified gadeolinium activation due to enzyme/protein

delivery

This appreocach is based on the principles of Gene-Directed
Enzyme Prodrug Therapy (GDEPT) , in which case the
enzymes/proteins activate a systemically delivered nontoxic
prodrug into active toxic drug. Specific activation of the
MRI contrast agent 1in weak relaxivity state into strong
~relaxivity state by the enzyme/protein in the tumors allows
tumor detection. The enzyme/protein delivery to tumors is
achieved through intravenously injected engineered bacteria,
viruses, and mammalian cells, which carry the gene encoding
B-galactosidase ({or any other related enzymes). The 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 ﬁ—galactosidase
and used in MRI imaging for tumor detection is (4,7,10-
tri{acetic - acid)~1-(2-h~galactopyranosylethoxy)-1,4,7,10-




prodrug into active toxic drug. Specific activation of the NRI contrast
agent in weak relaxivity state into strong relaxivity stafe, ;
enzynme/ protein in the tunors allows tunor detection. The enz ne/ protein

delivery t rs is achieved through intravenousl engi neer ed
bacteri 009{9?4#%5265 and manmmal i an cells, which carry)éph@ﬁog@%?ggencodi ng

B- gal act osi dase (or any other related enzyrres). The B- gal actosi dase can be
in either extracellular secreted fad2m or expressed an the bacteria or
manmal i an cel |l surface. An exanple of an MRl agent that can be cleaved by
B- gal atebsparreyclafadasare ) sraminipagilhgadior Maavsr ederdeti bR (4, 7, 10-

tri(acehi ¢nasi bm o&r;’d,lBag hagdpranesy! e:8oNYa - 1s4pdsi0i AR | 2006 VIO
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on y | AR (HRih 25 IndFBPRF oo L i Sake mifines S5, prober i o R
cont ragt wegeists can hemmskichn foallmeddeémtna)nexﬂammmntmmum t he above
contrast .agent, siml ar?[a new __contra P&} a%%s be devel ed in which
ot her ?{y‘é r e Fas nkS° be SREVESHEH <P he Ié 2vaty Th% % esi dues
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In addition to the above MRI contrast agent, similar new
contrast agents may be developed in which other types of
residues may be attached to the chelates. These residues can
‘be removed by their corresponding enzymes (similar to the

removal of galactopyranose by galactosidase) (e.g. o~

mannosidases, o~ and P-glucosidases, PB-glucuronidases) to free
the 9th coordination site of the Gd* ion and modify the T1
relaxation time for tumor detections. The genes encoding these
enzymes may all be delivered by the engineered bacteria,
viruses, or mammalian cells according to the present
invention., Moreover, new contrast agents using metals other
than gadolinium may “be developed for enzyme-activated MRI

tumor imaging.

This approach can be combined with therapy as shown in the

following sections.




relaxation time for tunor detections. The genes encoding these enzymes may
all be delivered by the engi neered bacteria, viruses, ?y. ceIIs
according to the present invention. Moreover, neM/contras Hggn S usi ng
et al s @tdBhisss?@n gadol i nium may be developed for eneyEnAthyvated MR
tunor imaging. This approach can be conmbined with therapy as shown in the
follow ng sections. 28 April 2006 WD 03/014380 PCT/1B02/ 04767 13 (b)

Engi neering of delivery vector systéds for activation of the contrast

agents . nDdlfled o.dollnlun) flrst and subsequently, the activation
of an i dops T d 3g 4 e L AN eE HEENR| OB xHER d-o@n afne (e g.
13- gal a’clt@smdaa&eaast C&‘@rﬁ%ﬂﬁ@t@d%ﬁmﬁ&i@d D@A@&Hrﬁwndfiﬁeﬁ ahgSystem
(OGPBDTS I he oadollnlun}based contrasr agemnt T be
acti vat : ey . 398 egcted g d¥eve, which
can be mmj dcﬂ‘rsttlltlnmlivd BY eﬁpmse@@e%ent(leyg isheawéf@sfl%@éf}l y delivered
pr odr ug Ich M, PC .descrkbed in Ub-p%Een% 5,646, 298), may be
e ' JSLER act i ve

CytOtOXIC drugs agai nst tunDr cell's for cancer treatnent. (c) Engineering
of delivery vector systenms with the Two- Gene-Product-Based Detection and
Therapeutic Systens (TGPBDTS) CGene 1 is linked to a constitutive pronoter
and produces the enzynes/proteins for sensing the contrast agents (e.g.
met al - bi nding proteins, nodified gadolinium or other agents) and gene 2
is lin t 0g sl pronoter, which is silent w thout
t he ac!tﬂﬁv}at %ﬁ‘g@ te eﬂ? oc’%léld%ﬁéﬁﬁgg?o%daf tcé)pgfﬁgtde?%%rf or‘f"a\I/’echr system

is foumdmlpased|%@ leNEhzmﬂ$e(@C§JVpﬁgélhéﬁoéﬂ@%séﬁpt%% hased-;pegnot er
gene construct i.s.achi eved Hg ntectlon or % oral admnistration of the
G g

act i vatiolP §r u§tFhe G8p R 0¥ i HMoBf deReckinm + aSELIRBINLAN) ows t he
real - titme nomiraoehdgsl el del tv@Fedi BodAld, 0CAldIONa Hf cBEL aglipsescduring the

treat ne . .
{Hescrlbed in US-patent 5,646,298), may be cleaved by the same

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

against tumor cells for cancer treatment.

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

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

Gene 1 is linked to a comstitutive promoter and produces the
enzymes/proteins for sensing the contrast agents {e.g.
metal-binding proteins, modified gadolinium, or other
agents) and gene 2 is linked to an exogenously activatable
promoter, which is silent without the activator drug, and
only turned on after the detection vector system is found
positive by MRI. The activation of the vector-based promoter
gene construct is achieved 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.




_procedure. 28 April 2006 WO 03/014380 PCT/1B02/ 04767 14 Preferably, for
transfecting the cells the DNA sequences encoding the (dl?@ﬂﬁ%ﬁ(ﬁ)ﬁor
t herapeutic) proteins described above, e.g., a |l um nescen

fluor es-ﬁﬂy?{ofis ein are present in a vector or an e>§gﬁﬁ0§u§%7vect or.
skille

per son inthe art is famliar with exanples thereo

- sequences can al so be contained in a reconbinant virus containing
appropriate expression cassettes. Sdétable viruses that may be used in the
di agnostic _or pharmaceutical conposition of the present invention include
bacul ovF¥eEerakkbei dPa, wianddfiestingusthsSengdilsyithes, DHdenssduanssesan AAV

Virus ogngodat Oﬂhéu di® Y,
retrovi rIlljs suéé \ W?V%NU% E)lrlH(?;fl:_lv% V, l\/ul\/rlls}rc;J'%F%Sr%H de%@%e%gor
expr essERAVEN ﬁaﬁrral & Rulnesgand p@%‘%@%r flpgresgenhupanteyRomegal ovi r us

i mredi pt&s &t | VinPr and¥E&ttor (REMhn. Eék?élra?lr eveE‘t%S‘?Ue ANH s gan
speC|f| C. pronpters _are useful. Preferabl DNA sequencés encodi ng,

e.qg., aSktitedeitehbeaddiior: | Geprebiant Wﬁ%’é)t @ﬁﬁmaileSoﬁéueatep&m yhe| j nked

with a mmrr@é@ﬁe@éé.@m&m BLE6 B¥PIRHEROAedSHEN a HFUMIANINtE W rusnduci bl e
pronoters are well-known to the person skllled in the art. Preferably, the

above coMRtFiping aPBPFHEEi‘?E% i REPRaRS19Rct eFPEFEHEPDME BiRidERdee

i nt egr a¥iomsed frisic hagomst iselds iar ehandeal ﬂo@@m&it ag?‘]hé:ﬁ{alcﬁeuﬂi%ang
manmal i an vect ors, % t)%% transforned cel nes . wt a si ngl e-copy
erate

i nser t i SARATH 4R R o@’f%ﬁ‘erftonénf’@?mo%xﬂﬁ‘@%‘f%n RAFHIATIF USel | s. For
gener atvarge idien ,absiedistes cvi bed, Dl‘%nﬁeﬁluam@ﬁ; angidroviam)st sachinng

t whi ch d
possi bl B AU uh BoREFAPVHELRO0SokRoAd MIH (e H71: PRESESREPROBSY! ncl ude

e.g. |ral/3drt£eraeczmﬁrowatm@n suenhasqmemummckmm, mﬁmﬁs angi TV Vi vo

reconbi i on as_descr, bed in Samqhr ook et Mol ecul ar d oni ng,
A Lab oty (Rfeﬁh oﬁn%f(%'tﬁsﬁl&? (o Sd %rqqu:aﬁétebwomE%ESEr atory

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

expression in tumor cells.

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




of transfecting cells, of phenotypically selecting 28 April 2006 WO
03/014380 PCT/1B02/ 04767 15 transfectants and of expressi nge }\hﬁl%
sequences by using the above described vectors are known Tn Pheart. The

person gkigshEssel N the art knows DNA sequences encodi ggmﬁ?ﬁ}ﬁ.} ns, e.g.,
l-'um nescent or fluorescent proteins that can be used I'n e diagnostic
and/ or pharnmaceutical conposition of the present invention. During the
past decade, the identification an#®isolation of structural genes encoding

light-emtti roteins frombacterial luciferase fromVibrio harveyi

(Bol as Aot Eire il oy Gipagssingoie; G3P ARAUFRERT BA BIIO theher | i

( For an ardreBdenor it vaictogei 86e Rasownl8n €398, 177), firefly luciferase
(de Wet et al., Mol. Cell. Biol. 7 (1987), 725-737), aequorin from
Aequorea victoria (Prasher et al., Biochem 26 (1987), 1326-1332), Renilla
luciferase fromRenilla reniforms (Lorenz et al., PNAS USA 88 (1991),
4438-4442) and green fluorescent protein from Aequorea victoria (Prasher

et al., Gene 111 (1987), 229-233) have been described that allow the
traci ngPSf BRHEe8r iskildiedusids Bhe  pafminpus OFR sdswendesn dnicghineni ssi on.

Transt grorelos, andy. PXpaRBN AR dNoEGIRRESAE NRBELARL acRLL ops, det ection
of bacterial colonies with the aid of the [ow IPg t Imaging canera or

i ndi vi f§aSEdclierFhe Hpwmoska cf prOfEs Risrrarerbeobeconposdsborcdf et al . |

Sci encehd?7 fhdhk, 13¢Peri3dh. Legockiq etrhdl - o BNAS 8 986) 080- 9084;
Chal fie et ,al,, .Science 263 (1994), 802-805). pIfluci fer%%a(éi]edenetsh ave been

expr esSEFFRIICaEO et 908f 1epigdioansot PrdvcEnratt | senrdson ebaséthon | i ght

e S51 QghtSei:tildX pABLAgd chon! B A0S PLOUDERE, VAR flgmONStr at ed
cells o

in Rhizobia , residing within the cytoplasmo I ntecte r oot

nodul edaByerbw(Belan etmgl ng Jeiayeekizlg (A952) PNAS1E393) 1986) fr@080- 9084;
D onepenets cibuaBiant Ml e, Wpyg1o%aa B8 22Re Rislone! e 1
(1988), 177}, firefly luciferase (de Wet et al., Mol. Cell.
Biol. 7 (1987), 725-737), aequorin from Aequorea victoria
{(Prasher et al., Biochen. 26 (1987), 1326-1332), Renilla
luciferase from Renilla reniformis (Lorenz et al., PNAS USA 88
{1991), 4438-4442) and green fluorescent protein from Aeguorea
victoria (Prasher et al., Gene 111 (1987), 229-233) have been
described that allow the tracing of bacteria, wviruses or
mammalian cells based on light emission. Transformation and
expression of these genes in bacteria allows detection of
‘bacterial colonies with the aid of the low 1light imaging
camera or individual bacteria under the fluorescent mlcroscope
{Engebrecht et al., Science 227 (1985}, 1345-1347; Legocki et
al., PNAS 83 (1986), 9080~9084; Chalfie et al., Science 263
{1294), 802-805). -

Luciferase 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. 10
(1988}, 387-398). Fusion of the lux A and lux B genes resulted




WO 03/ 014380 PCT1EBO2/04767 16 in a fully functional |uci fer ase protein
(Escher et al., PNAS 86 (1989), 6528-6532). This fusion I((a 5) was
introduced into Bacillus subtilis and Bacillus mnegatheri um uPl erf

xyl ose 9 and then fed into insect |arvae and ected into the
henvlyn%ﬁ'gﬁLgék | magi ng of light em ssion was C“%i@@p@%m sing a | ow

| i ght video canera The novenent and | ocalization of pathogenic bacteria
in transgenic arabidopsis plants, ®hich carry the pathogen-activated PAL

pronot er - bacteri al luciferase fusion gene construct, was denonstrated by
| ocal i ZAthg? PeBddoriawss lenakr Vueh terass. prohedet (Bschemert tdie | GWAEI ght

i mager as t tatoes (G co n and

Szal ay, @%t:oeg%%:g%;ll@m%lgb 393H %EQfU%rZ{)gn k?ﬁé 9%%"99 ﬁ%?fer}é\ ressed in
bact er i‘®teqlpebl lexogabtusiy a@dedBmm?sIthatmegrsﬂndfrm dexdsal thra

coel entgnazeneorditdd 90haems! OBed! Moignt £85I eg‘é' el | ZaLion of G°P

fl uorescence does not require a su an- exci t At “38ource is
needed.inVscEchectnt? y, thae f@@némpmt@? eJlmcmm ng Inhgindactir |lalghtu0| ferase

and { Nl hN%rals0rc A AN Gd8GanaAl 1 i ¢ whi cho pcl udes
1uxCDABE was |sol ated from ller?or‘I%a dus’ um escg§g8§wecla§ e an ®szittner,

J. Bact¥VeBent and lqomifizatdgn)obsahhededirhbeobarier imnttaisgenathi (Lee et
al ., Elérrabldoﬁéj?é:h?ﬂ'anggl (u;k&%la) %%]@Ké gd&gcl'fgggpsggﬁw?& ed nbg%bact eria

resulting in continuous (i ght ems I nd exogenousTy added
subst r ATETCERF e tipilnad UcdAaryes k, Tinn 15016l 99)nstreet174)as Bacteri a

cont ai HieAGnkBBat&PMPLEL €1b4X1 " ARHERER s\When "Er‘?rﬁ{n? wefPhe

intraperitoneally, intranmuscu ly, or |ntravenously,
vi sual itF&eFEkon aﬁﬂdﬁécdlheza]tqvbnlwhtbaém@qela pa Weld mxeinndboatod ng t hat

det ect 59 "ont 2’?%%‘@5@ i‘??t ISP OTRFMH Gy " P138E) S8503. cog)

28 Apr 26286860 4380 PCT/|B02/ 04767 17

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




Preferably, the m croorgani smof the present invention is a bacterium
which is not tunor-targeted, e.g. an attenuated bacteriu A I.Liéoﬁof
candi date bacterial strains that m ght be useful for then%)sr‘é‘gg I'nvention

(i.e. BNET erium medi ated protein therapy) and tunor inmaging) and
whi ch m@?sﬂﬁg‘% be tunor-targeted-are listed in TabIPgTﬂ].m'?ﬁ@"per son

skilled in the art can easily identify such bacteria which are not
tunor-targeted by commonly avail abl d7net hods, e.g. the nethods descri bed
in sect'bon 6@31? of %96/40238. For safety and direct applicability to
humans, “haER e - | M GERRE9sne At astnithe appseidesiavansdenatied a

M cr oor gacit ewrrum awRiPh efiey r geht Wnel rat grgatdd al by gConstimade by,

individuals and have jntrinsic anti-tunor activity when injected directly
to sol ?%a‘f%@‘ %‘u?ﬁ%‘ac‘% rFapgidar-e ihrRetRId Pactigdiast Hdvatwarighfat ur al | y

i sol at elde f nesFQUMEDr tHARD I esfeingh idanelaR@d GO-EXiBiBNCe Syl Asi s) with a

varietymoé.tyﬁocﬁs of. tumgrs or wth . a gjgecif,ic type of tunpr. Extracellular

secr et | BAAHF FTh LTS STEPYY ofBANSUROT HERgERyh 3rd mEHich ad dhir ough

ei t her sngnabepeptrictesaryetendegenolss Ps@t ehn At i onThat assy To

provi de itional .. safety to the.BMPT,. bacterial inducible promters, such

. as IPT%G‘%‘%e |SEepF55ﬁDthP ey b &%@%gye%@nmtfrlﬁed@%

©ther apeatd cnpt oteirnrptedgetédnbpy chasbaliva.avieRTeb1 eegiitabad, exprgessi on of
manmal i i i ria has, . been wel 0 n . I PTG has al so
been: sh%q{egg@égéﬁ%g?%%gl T S ot eér]' ]ac?tﬁ \Wgt E‘%g‘aphggm mal s. In addition

to lac pronoter, other exanples of pronoters that allow regulation of

gene ex SSi i,h hacteria. inc e the. ara ropoter (activated_ by

ar abi nolf;égelﬁa %Iﬁggﬁkt e‘%%%%%%%%%t ealrog(i(lgggil%é[:gd ‘fﬂ/ gﬁ’ﬁ%?bt gﬁ‘%@ﬁ&lailne (aTc))
(Lut z aweliBujiared, sudicleei miAki dsdRebeel6 §4887)atd®0d-cbdbgan28mApri | 2006
WO 03/ 80 /0 18 bl | es _of capdidate bacterial
strai ngélr i c_fpwggn?%t?&%e ﬁég il F-r%%t hgias)truersEagmg)i n‘%,%}ﬁﬁ"be%{] Bkt eF‘P&I%Bri ef
descri piidnReuedencend have intrinsic anti-tumor activity when

injected directly to solid tumors. Such bacteria also
include bacteria that were naturally isclated from human
tumors which developed co—existence (symblosis) with a
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
endogenous protein secretion pathways. To provide additionél
safety to the BMPT, bacterial inducible promoters, such as
IPTG-induced Iac promoter may be used to exogenously
regulate therapeutic protein production by bacteria. IPTG-
regulated expression of mammalian proteins in bacteria has
been well documented. IPTG has also been shown to be
functional in promoter activation in animals. In addition to
lac promoter, other examples of promoters that allow
regulation of gene expression in bacteria include the ara
promoter (activated by arabinose) and PLtetO-1 promoter
(activated by anhydrotetracycline (aTe¢)) (Lutz and Bujard,
Nucleic Acids Res. 25 (1997), 1203-1210).




strain
(part of nornal
by human body)

bul gari gus antitunorriot 107:382-
Bogdano\g}‘}ﬁ:ﬁ"{ﬁjéﬁgxMS

Aer obes,
flora be-Sinonds et al.
bl ast ol ysi n1971, J Bacte- fraction isol ate
ef fect (Bogd

1977;
devel opi ng colon tunors in humans (Wl | owski

gram positive LactobacillusYogurt bacteri a;

Ket-384; linskii et al. 1987);

at al.

bulgaricusneficial

nonpat hogeni c

J?%E q@p needed

1975;

%ﬁgiﬁmﬁgﬁ%he the risk of

2001) ; Bogdanov et

ATCC#11842.al . 1975, FEBS Lett 57:259-261; Bogdanov et al. 1977, Biull Eksp
" Biol Med 84:709-712; Ketlinskii et al. 1987, Vopr Onkol 33:51- 56;
Wl | owskabledt Egalmple? 8@ dndidata bactétial sirdihe which3nidhh bSusémbib theqaésedt asidtions
Nonpat hogR4ttegial part of nor malBrief deserigtiemef i ci al or ggni Referkiak o |at al .
case! n¢ededray h¢iman body); i.v. injected LCI9018 stirain ofL. 1981, Gann
case! shows narkedly inhibition of the gromﬁh of subcuta 12: E17-523;
neousl \ A]ellb)%uran!i got—sarcona=180—+n—rmece(Kato—et—al—7T1981)—shows antitunor
actiV|t¥smro ) |nJected L caselKato et al . (LCBOlS strailn) (Kato et
al . 1988% W cer T +ha 245221
Lact oba q@%&ﬂ npggﬁgigﬁ?@ gﬁ? ﬁ?ﬁmﬂ ol &beﬁgﬁnﬁgﬁﬂ'
organi $ cg‘ﬁ:{z L ni %a cq Tganism lastolysin acte-
on isolated from L bulgaricus shows antitumor riol 107:382~
effect (Bopdanov ¢t al. 1975; Bogdanov et al, 1977; Ket- | 334;
Iinskii et al. 1987); may reduce the risk of developing
colon tumors in humans (Wollowski et al. 2001); Bogdanov et
ATCC#11842. al. 1975,
FEBS Lett
57:259-261;
Bogdanov et
al. 1977, Biull
Eksp Bio] Med
84:709-712;
Ketlinskii et
al. 1987, Vopr
Onkol 33:51-
56;
Wollowski et
al. 2001, Am]J
Clin Nutr
73:4515-4558
Lactobacillus | Nonpathogenic (part of normal flora beneficial organism | Kato et al.
casel needed by human body); i.v. injected LC9018 strainof L. | 1981, Gann
casei shows markedly inhibition of the growth of subcuta- | 72:517-523;
neously inoculated sarcoma-180 in mice (Kato et al.
1981); shows antitumor activity from i.p. injected L. casei | Kato et al.
(LC9018 strain) (Kato et al. 1988); ATCCi# 393. 1988, Cancer
Immmunol
Immunother
26:215-221
Lactobacillus | Nonpathogenic (part of normal flora beneficial organism | Mizwtani and
acidophilus needed by human body); inhibitory effect on liver tumori- | Mitsuoka
genesis (Mizutani and Mitsuoka 1980); reduces 1,2-di- 1980, Cancer
methylhydrazine (DMH)-induced intestinal tumors in male | Lett 11:89-95;
Sprague-Dawley rats (Mclntosh et al 1999); shows strong
antiproliferative effect of milk fermented by L. acidophi- | Biffi et al.
Ius on the growth of a human breast cancer cell line (Biffi | 1997, Nutr
etal. 1997); Cancer 28:93-
99
McIntosh et
al. 1999, Nutr




acidophilusneeded by human body); inhibitory effect on liver

tunori-M tsuoka genesis (M zutani and Mtsuoka 1980); reduise

it 290

Cancer nethyl hydrazine (DVH)-i nduced intestinal tunors in e
11: 89-95: ue-Dawl ey rats (McIntosh et al 1999); ong
anti proﬁ?ofog}rag@g)ve effect of mlk fernented by L. aci é’ggﬁéﬁﬁ’ﬁ?ﬁ. at al. his

on the growh of a human breast cancer cell

line (Biffil997, Nutr at al.

1997) ; Cancer 28:93- 99; Ml ntosh att®al. 1999, Nutr 28 April 2006 WD

03/ 014380 PCT/ 1 B02/ 04767 19 Cancer 35:153-159 lactobacillusNonpat hogenic
(part pf normal [flora beneficial organism brevisneefaserby hupan body) ;
Lact ob@aci | | usNonpat hogeni.c_(part of normal flora be#eiBdbPAlbrgani snBiffi
et al .| jpabbwdsei | Meoptbgdnc (prrod norbal dipip bershaslsrgaman prol i ferati e ef f ect
of 1997| brivest r i | |knedded bygmmendbody); L. par acasei_on thelgrowth of} a humanCancer
28: 93- | brrebstiuc aridmpatioginkc (parivé ndriBalfflbia bedtefiad] orgi®@i7 ) | BHK et al.
Lact objgewrdchsas No npatdadlgyeninen {odar shovesf antipoolifadtivé ¢ffctaf be tRS7 ) Mital
or gani snmvur osaki | nsitk fphmandddy dryweedseitonlthe grwtieof abhooan) | Chleer@88%i | et al . (2000)
descripedal . 20d(b,rea@ammertcbihline'@iﬁﬁa:t ald®PTy adm nistra®d on of LL plantarum
L- 137 | Be®baclng nuNeapatiogait! (paich havmsa ¥letatberficiA bichdisO [ Mafckakidt af the | ate
st ages| g not hedded bitinmarck@g] MpoRkitet AlR000) desctiBedp| a1c2000,iCam | S
consi der abl y49: 1|5t %64 dhifnadhiniethtion dfdchlohant L83 Nonpak haged c| (part of
normal| flora berjatduiztdrb exen gatitituiior dfedanbalsie aggest by nbwusierbody) ;
Lact obaci | | us Nonpahd agelprien( vk IL- 1 prodaéiails cbdsiarablyp paefsrasal
or gani smO Mahony ipairgdt | vari usneeded by human body); nodificlation of
ent er i CLabhoBYoiu N Nonpafidbehic (¥t of ndrihal Bora bBRAHD tzardinc € Dy probiofi c
| act objagihddeus (T Hrredde vk apma- nilk feeding) wap associatied with reduced
pr eval |eneRpRHE0! Noﬂ%ﬁho ¢ hor@Al 1160 Berdh R Shnidnd ) | GNEHRbA Y _
act i Vit dand? 19-1 lndadion \R8y) ShodfHcatior Hkric obpgi Jobuialvonpat hogeni ¢
(part jof normal |fit 96 endPEREhbytobREBRAMN (hrough | ment Pharma-
milk feeding) was associated with reduced prevalence of | col Ther
colon cancer and mucosal inflammatory activity 15:1219-1225
: (O’Mahony et al, 2001);
Lacrobacillus | Nonpathogenic (part of normal flora beneficial organism
Sporogenes needed by human body);
Lactobacillus | Nonpathogenic (parf of normal flora beneficial organism
lactis needed by human body);
Laciobacillus | ATCC#9338
Jermentum
Streptococcus | Yogurt bacteria; nonpathogenic (part of normal flora be- | Kelkar et al.
thermophilus | neficial organism needed by human body); reported tu- | 1988, Cancer
mor-specific transplantation resistance in rice after Lett 42:73-77,
treatment of initial tumors with S. thermophilus (Kaklij
and Kelkar 1996); T-Iymphocytes are involved in antitu- | Kaklij et al.
mor activity exhibited by S. thermophilus (Kaklij et al. 1991, Cancer
1991); intraperitoneal administration of S, thermophilus | Lett 56:37-43;
resulied in complete cure in a very significant proportion
of ascitic form of sarcoma-180 or Ehrlich ascites carci- Kaklij and
noma tumor-bearing mice (Kelkar et al. 1988), ATCC# Kelkar 1996,
BAA-250D, Microbiol
Immunol
40:55-58
Bacillus sub- | Nonpathogenic; B. subtilis bacteremia has been signifi- Banerjee et al.
tilis cantly linked with cancer patients (Banerjee et al. 1988); | 1988, Arch
Intern Med
148:1769-
1774
Bacillus Nonpathogenic; peptidoglycan from B. megaterium inhi- | Nauciel and
| megaterium bits tumor growth (Nauciel and Goguel 1977); Goguel 1977,
' J Nat! Cancer
Inst 59:1723-

1726




s oro evesneeded by human body); LactobacillusNonpathogenic (part of nornal
flora beneficial organismlactisneeded by human bod ; R April 20

Lact obaci | | usATCC#9338 er ment um St r ept ococcusYogurt bactef%a;p%é%ggthogenic
(part o flora be-Kel kar et at. thernophil usnefici gani sm needed
by huma O&%@g@%'reported tu- 1988, Cancer nDr-specifi?C#ﬁ%ﬁéﬁﬁéntation
resistance in mce afterLett 42:73-77; treatnment of initial tunors with S.

t her mophi l us (Kaklij and Kel kar 199%8); T-1|ynphocytes are involved in
antitu-Kaklij et al. nor activity exhibited by S. thernophilus (Kaklij et

al . 1991 Ba&mpcer 1%Qdphthodetit;r aperi toneal adm ni stratijon of S
t her nopbbinashett |56: 37-43; resulted in conplete curje in a verly significant
pr opor t Mapbbadre-as ¢ Nohpathbgefitn fa-growing Bamr ah8 WaRhabE (108 1) N ashieshds @6 |car Ci - Kakl i ]
and’ NONRichWBL - DY RioBOLATF G bRl eTon il segmahOROicct HOISNEKar| 1996,
 BAA- 250Rg €1 0bi ol bl sttdRicaSa hhiBaeh bisykShosbr. NANBALREERI[c: B. subtilis
bactergm a has begRongdiGicld deBanch88e &id Al prokinld BCANTEY |1 nkgd with cancer
pati ent's (Baner j gl bu b3 ke A8 MstoAR@RIkNt eF  Mednbaf.kgeg- 1774

Baci | | ysNonpat hogeni c; pepti dogl yean from B. "'nmegat €ri um i nhi’-|Nauci el and
megat effi unbits tynor growth (Nauciel and Goguel 1977&.:;fRgael 11977, J Nal
Cancer {1 nst59: 1723- 1726 28 April 2006 WO 03/01438( %] {4802/,04767 20

-~ Baci | | sNonpat hogeni c; of a Mycobact e- Nonpat hogeni d;qg Qﬁﬁﬁ@fcmﬁng; Saito

and Watanabe (1981)Lanmensans et rium snmeg-showed thafy dbacteriocin from

M snegmatis progucedal . 1975, Proc naul snorphol ogi|cglizgstergtions and
i nhi bi w&bﬁfr,fteas y ‘N%ﬁ&&geﬂé; Natt—Acad—Sc
| rium vaceae
Mycobacte- Nonpathogenic; ATCC# 35782
Fium microfi
Mycobacte- Nonpathogenic; slow-growing, photochromogen
rium habana | originially isolated from monkeys;

Listeria Intracellular pathogen

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

Jaecalis tis; ATCC# 29212, 51299 : 1998, Ciin
| Cardiol
21:123-126
Aerobes, gram
| negative
Escherichia Intravenously injected E. coli shows tumor-specific locali- | Shabahang et
coli _ zation. al.
unpublished

data




ri bonucl ei ¢ aci d, deoxyribonucleic aci d and protein in theUSA transforned

but not in the nontransfonned cells' ;72:3656-3660; Saito %13‘ \l\ﬁ?@gabe
1981, Mcro- biol Imunol 25:13-22 M/cobacte Nonpat hogeni ¢ PU ccae
Mycobact e- Nonpat hogeni ¢; ATCC# 35782 rium m croti Mycohact e- Nonpat hogeni c;
sl ow gré&oﬁ 1,4 hot ochrormgen Hum habanaoriginially i ggpgf“é@”ﬂ om nonkeys;

Li sterialntracel | ul ar pat hogen nonocytoge- nes EnterococcusHave been

Oncol 20:142-
152

Vibrio cholera | Intravenously injected ¥. cholera shows tumor-specific Shabahang et
localization; nonpathogenic strains of ¥, cholera are al.
available; ; unpublished
data
Vibrio harveyi | Nonpathogenic; luminescent bacteria; ATCC# 700106,
Pseudomo- | Nonpathogenic; motile by means of multiple polar Hsueh et al.
nas fluores- | flagella; P. fluorescens bacteremia has been re- 1998, J Clin
cens ported in cancer patients (Hsueh et al. 1998); P Microbiol
fluorescens can bind to nerve cells and behave as | 36:2914-2917;
a pathogen (Picot et al. 2001); normally grow at 26-
30°C, but ATCC# 17583 can grow at 37°C. Picot et all.
2001, Micro-
bes Infect
’ 3:985-995
Pseudomonas | P. putida bacteremia has been reported in cancer patients | Pekhov et al.
putida (Martino et al. 1996); L-Mgthioninase from P. putida 1983, Biull
: depletes methionine and inhibits tumor growth (Kokkina- | Eksp Biol Med
kis et al. 1997); normally grow at 26°C, but ATCC# 95:37-88;

43142, 47054 can grow at 37°C.

Anaissie et al.

~isolated fromtunors and infection endocardi-M I brandt faecalistis; ATCCH#
29212, 512991998, din Cardiol 21:123-126 Aer obes, gram negative
Escher i|Shirabaitr a\ Samméds ind 3jceiatecithviusedinkdvensiMbiedtdd No¥aweIBe& bl | [C
| ocal i -| Spabarieng | Skimomdlh 264 iretein AdliveryipabPhwediR € Alat a 287 Aakdet (2006 WO
03/ 014380 PCT/ | B) 2604 B&itudid et 9nbavonetkibadied anzios; Zzaag asseviayes| have used
i ntravenously inj emled@@)wa{r@&saﬁda@gocla@%a&wmmmasal npagl |l a asf a protein
del i veny vector ( ReweTEKdepéndét [( FIAGRAGRGEEIP 4 Ber nudes et| al . 2000;
Cairmnt et al.]2Q80-& s 3dmpafill tohuscle 00Csehikd@ddes and
associ at es showe(iu@ueiajmge\ﬂe'éﬂ@oonebﬂa&I(sﬂflﬁ)of%lﬁﬁﬂa Gentar oded W6 Al AU
accunuljati on of @hous administration of attenuated Salmonella typhimu- | Exp Med Biol
rium to patients with metastatic melanoma showed NO 465:57-63;
ANTITUMOR effect (Toso et al. 2002)
. { Clairmont et
al. 2000, J
Infect Dis
181:1996-
2002;
Zheng et al.
2000, Oncol
Res 12:127-
135;
Tjuvajev et al,
2001, J
Control Re-
lease 74:313-
315;
Toso et al.
2002, J Clin




(Toso e
Zheng et al.
_Iease 74: 313-

| east 30-fol d higher
(Tjuvajev at al.

?’Voatf} 9%2) Clairnont at al. 2000, J Infect
2000, Oncol Res 12:127- 135; Tjuvajev et al.
315; Toso et al. 2002, J Cin Oncol 20:142-

2001) ;

Phase |

in tunor tissue conpared to nuscl eBernudes et tissue
study of the intrave-al.

adm ni stration of attenuated Sal nonella typhi nu-Exp Med Bi
h metastatic nel anoma showed NO465: 57-63; ANTI TUMOR ef f ect

"oF Aprifiloen 1

DIPSTABRO{886. 2002:

2001, 1 Control

152 Yibrio

fluores

ntravenously injected V. cholera shows tunor-specificShabahang et
ation; norpathogenic strains of V cholera arpglgy, AavpiTlabl e;
iIiIshed data |Vrbrio harve ' Nonpat hogeni c; Iuninag&gnqugc eria;, ATCCH
Pseudonp-|Nonpat hogeni c; notile by means of hubji pl e pol ar Hsueh et
fluores-fil agel la; P. fluorescens bacterenial has been fre-1998, J
nsported iln cancer patients (Hsueh at at. 199} M dr obi ol
cens can bhind to nerve cells and behave as36f g@éﬁm2917; a pat hogen
et at. 2001); normally grow at 26- 30C, but Aﬂﬁﬁﬁ%&géSS can grow at
ot et at. 2001, Mcro- bes Infect 3:985-995 | e Dis
15:610-615;
Kokkinakis et
al. 1997, Nuir
Cancer
29:195-204;
Miki et al.
2000, Cancer
Res 60:2696-
2702
Anaerocbes,
gram positive
Bifidobacte- | Nonpathogenic (part of normal flora beneficial organism | Kimura et al.
rium bifidum | needed by human body); showed by Kimnra et al. (1980) 1980, Cancer
that “selectively localized and proliferated in several types | Res 40:2061-
of mouse tumors following i.v, administration” and “None 2068;
of the same bacilli could be detected in the tissues of
healthy organs such as the liver, spleen, kidney, lung, Biffi et al,
blood, bone marrow, and muscle 48 or 96 hr after i.v. 1997, Nuir
administration into tumor-bearing mice”; shows antiproli- | Cancer 28:93-
ferative effect of milk fermented by B. bifidum on the 99
growth of a human breast cancer cefl line (Biffi et al.
1997); ATCC# 11863, 15696
Bifidobacte- | Nonpathogenic (part of normal flora beneficial organism | Mizutani and
rinm longum | needed by human body); inhibitory effect on liver tumori- | Mitsuoka
genesis (Mizutani and Mitsuoka 1980); B. longum was 1980, Cancer
shown to “selectively localized 1o and proliferated in 7,12~ | Lett 11:89.95;
dimethylbenz{ajanthracene-induced rat mammary tumors
after systemic application.” (Yazawa et al. 2001); was Yazawa et al.
shown to selectively localize and grow in hypoxic tumors | 2000, Cancer
(Yazawa et al. 2000); ATCC# 15707 Gene Ther
7:269-274;
Yazawa et al.
2001, Breast
Cancer Res
Treat 66:165-
170
Bifidobacte- | Nonpathogenic (part of normal flora beneficial organism | Kohwi et al.
rium infantis | needed by human body); shows strong antiproliferative 1978, Gann
effect of milk fermented by B. infantis on the growth ofa | 69:613-61 g




PseudononasP. putida bacterem a has been reported in cancer patientsPekhov

et at.

ki s at

grow at

putida(Martino at at.
Bi ul | depl etes net hionine and inhibits tunmor growh (Kokk
normal Iy grow at 26C, but ATCC#95:§7$§ :
2006 WO 03/ 01438
1996, Eur J din Mcrobiol
29: 195-204; M ki

agyﬁﬁ%a%%;ssie at al .

1987, AmJ Med 82:1191- 1194; Martino et al.
Infect Dis 15:610-615; Kokkinakis eg3al.

1996) ;

28 Apri
1997, Nutr

2
na-

Cancer

Ok 48980 None2068;

et al. 2000, Cancer Res 60:2696- 2702 Anaerobes,
dobaat g- Nonpat hog &t bdaacinc® toliniag (B of 410007 berywet Cf al or gan
al . Mum bi fi dummeeges cdlyo ¥oal. 19789 BEkehe Bl Ki MUSeRInedt 212! -
cancer |[that "sel eqbssysdkite biQr 2d95g ad'candsapy ol i f er at ed| jogs, Tamer 3
40: 2061- of nouse tunors followng iyv adm nistrati
the sane bacilli |could be detected in the tissues ofjspgal t hy
the liver, spleen, kidney, lung,Biffi et al. blood,{ bone marr
48 or 96 hr aften i.v.1997, Nutr adm nistration int|gekud@h- bg
shows anti proli-Cancer 28:93- 1995, Biol
Pharm Bull
18:148-153;
Biffi et al.
1997, Nutr
Cancer 28;93-
99
Bifidobacte- | Nonpathogenic (part of normal flora beneficial organism
Hum latero- | needed by human body),
Sporus
Bifidobacte- | Shows antiproliferative effect of milk fermented by B. Biffi ¢t al.
rium avimalis | animalis on the growth of a human breast cancer cell line | 1997, Nutr
(Biffi et al. 1997); ATCC# 25527 Cancer 28:93-
99
Actinomyces | Actinomycetes are fungus-like bacteria that form fila-
israelii mentous branches. They are known to reside in the mouth
and in the intestinal tract. Pathogenic proliferation of the
organisms, which is usvally a result of trauma to the re-
gion of infection, can lead o actinomycosis.
Eubacterium | Eubacterium species are normal flora of the intestinal
lentum tract. However, they may cause opportunistic infections.
E. lentum, the most often isolated species, has been linked
to endocarditis and some wound infections.
Pepiostrepto- | One of the most common bacteria found in non-sparing Chatterjee and
-| coccus an- anacrobic (NSA) infections in certain surgical group of Chakraborti
aerobius patients; ATCC# 27337 1995, J Indian
Med Assoc
93:333-5, 339
Peptococcus | Found in wound infections; Chatterjee and
prevotii Chakraborti
1993, J Indian
Med Assoc
93:333-5, 339
Clostridium Strict anaerobe; wildly in soil; motilify is inhibited inthe | Dang et al.
novyi presence of oxygen; Vogelstein lab (Dang et al. 2001) 2001, Proc
showed that “intravepously injected C. #ovyi-NT spores | Natl Acad Sci
germinated within the avascular regions of timors inmice | US A
and destroyed surrounding viable tumor cells”, “Large 98:15155-
numbers (up to 10° in a volume of 500 pl) of C. novyi and | 15160;
C. sordellii spores could be injected intravenously into
normal mice without causing any noticeable side effects.”; | Nuyts et al.
ATCCH# 19402 2002, Anii-
cancer Drugs |

L- Met hi oni nase from P. §g%ﬁ 83,
Sp

473142, 47054 can

%802/ 04767 22

iol Med

ram positive B f

snKi nura et
(1980) 1980,

| typesRes

of

organs such as

ow, and nuscle
aring mce";




ferative effect of mlk fernented by B. biiidumon the99 growth of a human
breast cancer cell line (Bill et al. 1997); ATCC# 11863, 12586281,112006
Bi f i dobact e- Nonpat hogeni ¢ (part of normal flora beneficial organi snM zut ani
and ri | eeded by human body); inhibitory eff iyer

tunwi El‘kgllotﬂg@%’Egaﬁngenesi S (Mzutani and M tsuoka 1980) ?EW’S#S% was 1980,
Cancer shown to "selectively localized to and proliferated in 7,12-Lett

11: 89- 95; di net hyl benz[ a] ant hracené4 nduced rat mammary tunors after
system-c_application " (Yazawa et al .2001); wasYazawa et _al. shown to

sel ectjvely localize and grow in_hypoxic tunors200013:85n@ér (Yazawa et al .
2000) ; | Hrodken 57107K6&HP T Pher 7: 269- 274; Yazawa et all. 2001, Bfeast Cancer
Res Trgxrded: 165- 170 _Bifrdobact e- Nonpat hogenic (part of norgmal flora
benef i cFlaftridivryani AFKSRPS55%t al . Mum i nf anti sneeded|by human body); shows
strong reprol ifferativel978, Gann effect of mlk fernmented by B. in antis
on t he| @pgndilm of | B6S: 64 3201 BleRBnsiyged “1SpRIH0 GardineB/ 01 ABHDetBICT/ | BO2/ 04767 23
human bweahuylz‘ea coytosisealedmihaseie s¢liitdniors Wytengideered Ol9st- mebopAdpEr {unor cells or
t unor s| ¢dohw  et| drlm ackiBbiBlicsEkOther rélitedylapstieivyectal. dEavith®Bf- Heki ne et al .
1995) ;| ATCCH 15Q9B99DBETCCEAder Res 45: 1300- 1307; Hedione et al . 1995, Bi ol
Pharr Bull 18:148-153; Biffi et al. 1997, Nutr Can¢e5.42842®: | 99

Theys et al.
2001, Cancer
Gene Ther
8:294-297

Clostridium | ATCC# 17836
bifermentans
Clostridium | The link between C. difficile and cancer patients has been | Anand and
difficile documented (Anand and Glatt 1993; Simon et al. 2000); | Glatt 1993,
ATCC# 700057 Clin Infect Dis
17:109-113;

Schuller et al.
1995, Arch
Dis Child
72:219-222;

Weli ¢t al.
1999, Med
Pediatr Oncol
32:336-343;

Simon ¢t al.
2000, Infect
Control Hosp
Epidemiol
21:592-596

Clostridium ATCC# 19401
histolyticum
1 Clostridium Pathogenic; C. perfiingens bacteremia has been often Bodey et al.
perfiingens reporied in cancer patients; C. perfFingens enterotoxin 1991, Cancer
kills tumor cells and reduce tamor growth (Michl et al. 67:1928-1942;
2001); ATCC# 3624, 13124

Micht et al.
2001,
Gastroentero-
logy 121:678-
. 684
Clostridium Brown and associates at Stanford described that “To de- | Minton et al.

| beijerinckii monstrate the specificity of this approach for tumor targe- | 1995, FEMS
Miciobiol Rev




Bi f i dobact e- Nonpat hogeni ¢ (part of normal

flora ben

eficial or

gani smrium

| at er o- needed by human body); sporus Bifidobacte- Shows antb§r hji@%ative

effect of mlk fermented by B.Biffi

growt h

ATCCH 2
bacteria that formfila-
in the nmouth and in the intestinal
organisns, which is usually a result of trauma to the re- on of

et al.

i sraeliinentous branches.
BFact .

They are k

can |l edd to acti ndrjdaessicsii, which amh atustintio b agdtdtiven spEeIsB3sdar € nor nal
of the |i nt esti nall skientllexbresalic. E. Hovunopsductdsdigeye. Mityores ause opport
i nfectijons. E. | edbaeny actibiey wie ddtectablt iarl OioS 1l tath@ddiSipe Cll W% et dlas b
endocar{di ti s and | siediest Sviays alfier Rit@ehdudifctioPeftbtder ept 0100E) Gef
bact erifa found i n closifidisl pgoids)igdifaade Asi®iRansitich fomepets dThe3IFRY ON
i nfectilons in cel tereproductivg stea? (Latraonet £1f Bpkdtabalated [aErsobi uspg
273371995, J | ndi| papeldfl CABGO BB idet Infetingd@BnthiephtococcusFound
i nf ectijons; Chat t ¢ Tp9BcFRMSI M@ Rév GREKIADRIxLe 211995, | Kemlvoslitan
93: 333-{5, 339 C 0gb9e); NT@rPs75et anaerobe; wildly in 897 ksenenot
I nhi bitled in thebang et al. novyi presence of oxygen;Thogghst g
et al. |2001) 2001, Proc showed that "intravenously i|megcted C
spor esNalidsortitad PHamBRE SRty RIBWIE MdRssbhiResay st ar| MigdlONS
M ceUSA saunshetSt 1| Qygithedmki QuRslc gai‘gﬁaﬁ.m fnbdtHREe pel- | [S2002, GhY 96
nunber g “(up to 10Guskyngbred Yt CB-tREsM Berds RT. ForoDaVYine b5 16
sordel I}i i spor es | ol thobepRbBhAtnk | Ntgg nor el
causing any noti ¢epbl8 5dder safegtces byt s et al . |ATOCH 1944
cancer K Hilea T Rok-mothe) doh-sporing and facultatively anaerobic;
cus aureus halotolerant (salt tolerant) organism associated with the
nasal mucosa of mammals which bas both benign and
pathogenic strains; S. qureus bacteremia is frequently seen
in cancer patients, ATCC# 25923
Staphylococ- | Nonpathogenic normal microflora component of the skin;
cus epidermi-
dis
Anaercbes,
| gram negative
Acidamino- Found in wound infections; Chatterjee and
coccus fer- Chakraborti
mentans 1995, J Indian
Med Assoc
93:333-5, 339
Plant bacte-
ria, gram
positive
Clavibacter Fathogen of fomato
michiganensis
subsp. nrichi-
ganensis
Plant bacte-
ria, gram
| negative
Agrobacte- A. tumefaciens in plant tumors (Ullrich and Aloni 2000); | Aksac 1974,
rium tumefa- | Kunik et al. (2001, Proc Natl Acad Sci U S A 98:1871- Turk Hij Tecr
ciens Biyol Derg

1876) described “Agrobacterium attaches to and geneti-

rium ani nali sanimalfi's on the

n breast cancer cell 1inel997, Nutr L al . 1997
gg 2@&%%3 (P@TH /0?7%7 )

cer 28:93- 99 ActinomycesActinomycetes are tungus-1ike

nown to reside
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i nf ecti on,
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uni stic

een linked to

he nbst common
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i n wound
Med Assoc
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in |ab (Dang
navy/ - NT

f tunors in

98: 15155-

ATCCH
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m ce w t hout
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WO 03/ 014380 PCT/ 1 B02/ 04767 24 13:115-125 C ostridi umATCC# 9714 sordel lii
Cl ostridi umATCC# 27555 absonum C ostri di uniTheys et al. (20981)5‘ HF%U@;S'[ rat ed
"Specific targeting of Theys et al. acetobulyli-cytosine deam Rase to solid
‘tunors hepeered Cl ostri-1999, Appl coindium ace cum' ;. O her

rel at ed%ga(g}g?gw(aTheys et al.Environ Mc- 1999); ATCC&QE}S%O%}%?&

65: 4295-4300; Theys et al. 2001, Cancer Gene They 8:294-297

Cl ostridi umATCC# 17836 bi rnmentans Z¥ostridi unirhe |ink between C. docile
and cancer pafients has beenAnand and difficiledocunented (Anand and d att
1993; $i non et al sallp G@GFon setetal (50 8f huMTGEHs 7D batl |i3a:48-Af;ect (D s

- 17:1094113; Schul tegerted thatentibodi®Odgainsbd clwndcenOnert d 77: 219- 222; Wl d et al .
1999, d Pedi at 1 folmtio patB@s BiBGveBelil panSirn@dksae i 97d] Turl  ambrivshf eict)] Control Hosp
Epi demjol 21: 592{ HfGedtByst DargBAARTCEEw hO2BBD°C; ATCC# | al. 1982,
15955 Mol Appl
Genet 1:361-
370;

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

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

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

Kunik et al.
2001, Proc
Natl Acad Sci
USA
98:1871-1876
Erwinia her- | Non-capsulated, non-spore forming, short rods with 2 Meadows et
bicola single monotrichous polar flagellum, and are harmlsssto | al. 1976, Can-
humans; purified tyrosine phenol-lyase from E. herbicola | cer Res
significantly inhibited growth of established B-16 mela- 36:167-167

noma tumors;

Azorhizobium | Symbiotic, colonize plants, fix nitrogen;

caulinodans

Xonthomonas | Pathogen of pepper and tomato

campestris pv.

vesicatoria

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

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

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

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

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

Particularly preferred is attenuated Vibrio cholerae.




hi stol ticum C ostridi unPat hogenic; C. perfringens bacterem a has been

of tenBodey et al. perfringensreported in cancer patients; EBAgﬁ[%(;dGngens
ent er ot oxi n1991, Cancer kills tunor cells and reduce tunor (Mchi et

al . 67: 192503k 948 2001); ATCCH 3624, 13124 Mchl et alpcrdRf3ha7esFasSt roent ero-
| ogy 121:678- 684 ClostridiunBrown and associ ates at Stanford descri bed
that "To de-M nton et al. beijerinckjinonstrate the specificity of this
approach for tunor targe-1995, FEMB tin g, we intravenous) injected the

i nactive spore formof M crobiol Rev 28 April 2006 WO 03/014380

PCT/ 1 B0O2/ 04767 25 C. beijerinckii, which upon transition to a

r epr odécttilvelier 367304, oft at baské¢timx prsesalt ier B:he giteparbtopedyet ase gene.

Nitror ct t detectabl e i.n 10 of 10 tunors .duringFox et

al . th% fi rs# %%%&gyséoa toxéérlwlgﬁ rgcf/eno &9%113@9989 S i PR PG962  Gene

cl ost r itBeakpewoie stuneni tmamm: ripi d urra@nsltllcohabltémWor(Héhel 3:173- to

reprod L 997 ot her r 8; rs on C
ﬁ‘iﬁiﬁfﬁ B ARG ﬁ eec% oJr ﬁétle t18§s. %@k@% Tob qe;hRev

eljerlnc t unor targ one
17: 357bggherimyx aglowl tmétnworﬂeé:tecauonlggﬁc)ougmm 25352 A%F, i oGenef Ther

4:791-

St anfo%gﬁﬁu%éttgéalrdoq{g%g%rg%es escrlgglgg)it hgfag&g% a%gna%%f)::%/a% Cgf 5-17C

into r’ri—FEQmprEWSlZOO@d Gé??éflélﬁl Feidirented vle'hhyCDareansa‘tprm sqaﬁ)res of C.

spor o- gbsau&@&lmaﬁ@@ﬁcpbgggcgﬂe% g3, % @51 o8t %thaﬁ'e praxi mal |'y296
4 5e0C

tol erated doses of ~5- non- sporing
and faluFrabiobliy 20ackb¥id): a %lu%'?a?lﬁr)euslm otdsl er%mt (tsiam thﬁ\m ant)

Or gani 8AT 865001 a1 86 Wi kb CsPatehs MUGATEN 061 BN HhS, I, 1A ot h beni gn
and pat hogeni c strains; S. aureus foac terema is frequently Seen
both insoluble and soluble forms of iron. Magnetospirillum

magneticum AMB-1 1is an example of such magnetic bacteria
that has been isolated and cultured for magnetic particle
production {(Yang et al., Enzyme Microb. Technol. 22 (2001,
13-19). Since it can be expected that these magnetic
bacteria (naturally occuring or genetically modified), when
injected intravenously, poOsSsess the similar tumor
accumulation ability as that of Vibrio cholera, for example,
these bacteria can be used for accumulating iron-based

- contrast agents in the tumors, which in turn allows <tumor
detection by MRI. Similarly, other naturally isolated metal-
accumulating strains of bacteria can be used for tumor
targeting, absorption of ‘metals from contrast agents, and
eventually tumor imaging.

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

listing examples of viruses useful in the present invention.




I n cancer patients; ATCC# 25923 Staphyl ococ- Nonpat hogeni ¢ normal mcroflora
conponent of the skin; cus epiderm- dis Anaer obes, gran?ggg%'ﬁ%%

Aci dam no- Found i n wound i nfections;Chatterjee and coccus fer-Chakraborti
ment ans {RPReidspAi an Med Assoc 93:333-5,339 Plant b BodolsRy Qram
positive C avi bacterPat hogen of tomato m chi ganensis subsp. m chi- anensis
Pl ant bacte- ria, gram negative Agrobacte-A tunefaciens in plant tunors
(Ulrich and Al oni 2000); Aksac 19729 rium tumef a- Kuni k et al . (2001, Proc
Nat | A dlej | US A 98:1871-Turk Hij Tecr ciensl876) described "A

obact e ia_...‘ixfﬂ‘e & aia : it inxentions o g A_pl‘i | 2006 WD 03/014380

- PCT/ | Bb2/ixshstyains o ibral types off hunBefevesess' 1 it has

hspns o6 cal |y t ¢ andristdegerigtion
been34| Haseisigviyse W have showa hekiirel thygadiisdinggpanutnsion innot (| Ywst ld08hgn-wer ¢ f ound i n
patients with varieeencaiERergoqmriston by oiravenonsly ey pylditied data

ted Vaceinia virus.
Epstein-Barr
ViFus
Human zur Hausen 2002, Nat
papillomavi- Rev Cancer 2:342-350
rus
Retrovirus
Adenovirus Lindsey 2002, Lancet
Oncol 3:264
Adenoassoci-
| ated virus
SV40 virus
Cytomegalovi-
rus
Newcastle safe, replicates in and kill tumor cells; local injection is Schirrmacher et al,
Disease Virus | more effective than systemic injection 2001, Int ¥ Oncol
18:945-952
Bovine en- Bovine enterovirus has been shown to exhibii wide tissue | Smyth et al. 2002, Int J
ferovirus tropism for cell types in vifro. It also shows oncolytic Mol Med 10:49-53
activity towards human cells.
Lymphocytic | high stability, low toxicity, and broad host range Beyer et al. 2002, J
choviomenin- Virol 76:1488-1495
Gitis virus
(LCMY)
Lentiviruses

Derivatives of | safe, live attenuated, has been shown to induce regression | Grote et al. 2001, Blood
the Edmon- of human lymphoma xenografts in immunodeficient mice | 97:3746-3754

ston-B strain

of measles

virus (MV-Ed) ;

Herpes sim- Lachmann and

Plex virus type Efstathiou 1999, Curr

1 Opin Mol Ther 1:622-
632;
Wu et al. 2001, Cancer
Res 61:3009-3015

- | Attenuated powerful vaccine, safe Barrett 1997, Biologi-
yellow fever cals 25:17-25;
(YE} virus

McAllister et at. 2000, J
Virol 74:9197-205
Note: The content of this table is by no-means to be exhaustive. Any other similar viral strains,
which are not listed in this table, are also considered to be included.




Hij Tear Biyol Derg 34:48-51); grow at 26-30C, ATCCHtal . 1982 J 15955Mbl
Appl Genet 1:361- 370; Rezmer et al. 1999, Planta 209:399-40 Pildo%'Ch and
Al oni 2000, J Exp Bot 51:1951-1960; Azm et al. 2001, Pl aroRgr

213(1) unik et al. 2001, Proc Natl Acad Sci 71- 1876
Ermnnla%ﬁﬁnﬁggﬁﬁbapsulated non-spore form ng, short H @mﬁﬁw% aMeadows at
bi col asi ngl e nonotri chous pol ar flagellum and are harm ess toal. 1976,
Can- humans; purified tyrosine phend®-1yase fromE. herbicol acer Res
S|gn|f|cantly i nhi bited grom h of established B-16 nel a-36: 167- 167 noma

t unor s; Prederaibivbi theyviiust ils, Veetbma eighgnts, fix nitrogen; caul i nodans
Xant hom)nasPat hogen of pepper and tomato canpestris pv. vesicatoria

Xant honmonasPat hogen of beat and cabbage; E. coli |ac pronoter wasSoby and
Da- canpestris pv.shown to be functional in this plant pathogen;niels 1996,

canpestyisArabiM Cr @ne bi 0k Bi 0bechnRol AGGAB2E15615r  therapeutic
composition of the present invention is a mammalian cell such as
stem cells which can be autologous or heterologous to the

organism. Examples of suitable cell types are shown in Table 3.

Table 3. Examples of mammalian cells useful in the present invention:

Mammalian cells Brief description Reference
Stem cells It has been shown that neural stem | Aboody et al. 2000, Proc
cells implanted intravencusly Natl Acad Sci US A
outside the central nervous system | 97:12846-12851;
target to an intracranial tumor.
Additionally, when implanied Herrlinger et al. 2000, Mol
intracranially at distant sites from | Ther 1:347-357
the tumor, such as inio the
contralateral hemisphere or into
the cerebral ventricles, the donor
neural stem cells migrate through
normal brain tissues to target the
human glioblastoma cells.
Different types of tumor cells For example, ovarian cancer cells
have been shown to infiltrate the
pleural space of patients to target
malignant pleural mesotheliomas
(Harrison et al, 2000, Ann Thorac
Surg 70:407-411). We have
shown that intravenously injected
fibrosarcoma cells accumulate in
breast tumors and subcutanecus
glioma tumors (Yu et al.
unpublished data).
Note: The content of this table is by no-means to be exhaustive, Any other similar types of
mammalian cells, which are not listed in this table, are also considered to be included.

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

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




Not e- The content of this table is by no-neans to be exhaustive. Any ot her
simlar bacterial strains, which are not listed in this tgb g f%ﬁ% al so
considered to be included. Particularly preferred is attenuat % ri

chol er ago 3f1aa i1 2006 WO 03/ 014380 PCT/ | BO2/ 04767 pefmfdafdtkt her exanple
of a bacteriumuseful for the preparation of a dlagnostlc conposi tion for
tunmor-imaging or nonitoring a therapeutic tunor treatnment is a nagnetic
bacterium (Metal - Bi nding-Bacteria-fedi ated Tunor Detection (MBBMID)). Such

bacteri a||OM/% etection through _ the accumul ati on of iron-based
contrast® afekts Wé{ﬁ Yi PUSEEERT a SRBRHRET s o) EiSe M GSFORREER 8Kd nari ne

sedi nented1 weyharalmhzhe Qﬁd/cﬂj %&Qﬁﬁ@elﬁ'@%@t cem g@éiﬂl%e%f( Fga304)
2 To do so, they have

Bl ake nnu. hi o 217-
(efficigs&r% Qn Hb‘ie éogys?cg‘:{’rgmmjr]c% gw %erﬁt&eaﬁu | $3%0d1Bgt hai nsol ubl e
and solawbiséréoe nsfaf ithen. lﬂ&mﬁu&h@aplrlﬁltaﬁ mﬁ@ﬁetmgy@1Aﬁﬁéﬁbr¢§dan exanpl e
of suc@ “Hagne é E;er%% th§ts%§s beeﬁélég %hed an Itured for magnetic
particle pro udtlon CYEHGEeY RS En A c lc 2899501,

13-19) phswmeeeuttlonaé,nﬁompexm@med f bt Hade tmesenﬂagmgénmtonbaﬁh@ahlas (gaturally
occuri or -genetica modi_fie ected intravenous 0SSEess
t he S|2¥ﬁa gungépr%_é&ﬁu|éFF8ﬁg§%||Wﬁ§C%s EREF2HS Vi bi®o 5#8Fi¥%p f or
exan}[)l duc1}[fﬁea@e bacuey :Aﬁndamehﬂolﬁad e 3i0 8 cmz\{.;nunyé@iémtgsl {@m&asglsje contr ast
agents jn nmor s iC unor etection

S?nllaﬁont ?hQ% ﬁ%l%ﬁ%ﬂq%/q¥§%hﬁgéﬂ ﬁ@Fimﬁl%E%uﬁﬁ$ ﬁn@r%TQQW%SO%f bacteria
can be Was:ednﬁ@rozi wHer 1uk@uAsst chgsetaesor ption of netals from contrast

agents, and eventually tunor imaging. Alternatively, viruses such as
Vaccinia virus, AAV, a retrovirus etc. are also useful for the diagnostic

and therpmxﬂannedCQﬂnDSDEIdﬂﬁaOmléfﬁbﬂyahigmb iaMEENEE DI Se8cF e

listin exanples f viruses useful |n the resent invention. 28 Aprll 2006

WO 03/%? %8y 18 e preparation of nostic composition for
tumor-imaging. The diagnostic composition of the present
invention can be used e.g. during surgery, to identify tumors
and metastasis. Furthermore, the diagnostic composition of the
present invention is useful for monitoring a therapeutic tumor
treatment. Suitable devices for analysing, €.9., the
localization or distribution of luminescent and/or fluorescent
proteins in an organism, organ or tissue are well known to the
person skilled in the art and, furthermore described in the
literature cited above as well as the examples, below.
Additionally, the microorganisms and cells can be modified in
‘such a way that they bind metals and consequently are useful

in MRI technology to make tumor localization more specific.

The present 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 for tumor-imaging or
monitoring a therapeutic tumor treatment. This diagnostic
composition is useful for tumor detection through the binding
of the antimicrobial compound, e.g., a light-emitting or
radiolabeled antimicrobial peptide/protein with bacteria
localized in tumors (Peptide-Linked-Tumor-Targeting-Vector-




28 Table 2. Examles of viruses useful in the present invention:
PCT/ 1 B02/ 04767 Viral strainsBrief descriptionReferences Va%§hpﬁﬁa%erSVE
have shown that viral thym dine kinase nmutation is notYu et afl. 82, un-

necessa nmor accumul ati on by intravenously injeg- | i shed data ted
VacciniEXV®&%§%PEpstein Barr virus Humanzur Hausen 26§§?B§§%k§

papi | l omavi - Rev Cancer 2:342-350 rus Retrovirus AdenovirusLi ndsey 2002,
Lancet Oncol 3:264 Adenoassoci- ated@lvirus SV40 virus Cytonegal ovi- rus
Newcast | esafe, replicates in and kill tunor cells; local injection

i sSchi rA¢eRFderet PRTTVD)lsease Virusnore effective than systenmic

I njection2001, hit J Oncol 18:945-952 Bovi ne en-Bovi ne enterovirus has been
shown to exhibit wide tissueSnmyth et al. 2002, Int J terovirustropismfor
cell types in vitro. It also shows oncol yti cMol Med 10:49-53 activity
towards human cells. Lynphocytichigh stability, lowtoxicity, and broad
host r aPlyeBaymssent alinv2002onJ shes i areltesVi ol Hhel488<14%F gianl s virus

(LT 3% ). I YL ryse rj i afe, li.ve_attenuated, has been shown
Lo nauie o ok o8 e At S B P it R R BB Bt 1y oo
xenogr afertlide i omrupodeéini Ensedi ¢e7a 3TAExSYEL 8T oprBtein aifarofcheeasl es
VITUS quﬂﬁﬁﬁﬁioﬁ'8%59%ﬁﬁﬁ%ﬁcgﬂgical composition for tumor therapy.

| Examples of naturally occurring antimicrobial proteins include
ubiquicidin (UBI, 6.7 kba) and lactoferrin (hLF, 77 kDa). UBI
was originally isolated from murine macrophages and later from
human airway epithelial cells. hLF is found in mucosa and
nentrophils, 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.,
Euvr. J. Nucl. Med. 27 (2002), 2929-301). These peptides are

radiolabeled with **Tc, which allows real-time visualization

in 1live animals using planar  scintigraphy. For example, a
.planar gamma camera (e.g. Toshiba GCA 7100/UI, Tokyo, Japan)
equipped with a low-energy general-purpose parallel-hole
collimator can be used to visualize the distribution of
*"To-labelled antimicrobial peptides in live animals or
humans. To apply these synthetic peptides for tumor
detection, first the tumorous individuals are infected with
a particular strain of extracellular bacteria. After
bacterial colonization o¢f the tumors, the radiolabelled
compounds, e.g., peptides are delivered intravenously.
Specific binding of the labeled peptides to the bacteria in
‘the tumors can be wvisualized in real time by scintigraphy,

which therefore allows the localization of tumors in humans



pl ex virus typeEfstathiou 1999, Curr 1Opin Ml Ther 1:622- 632; Wi et al.
2001, Cancer Res 61:3009-3015 Attenuatedpowerful vaccine, §§K§§P%(§ tt 1997,
Bi ol ogi - yellow fevercals 25:17-25; (YF) virus MAlister et at 2000, J

Viral 74vPdsnfs:4f> Note: The content of this table is 7 ns to be
exhaustive. Any other simlar viral strains, which a{)?:)efﬂ?\@{og??sted in this

table, are also considered to be included. 28 April 2006 WO 03/014380
PCT/ | B0O2/ 04767 29 Preferably, the vi32us is Vaccinia virus. Preferably, the

cell of the diagnostic_or therapeutic conposition of the present invention
i s a maARdl i aniBels. sulh a3ddbiean cele s labhehingn wethaut ol sgoudher
het er o] eaRKSuds | NE. g Of GARIHE:1EXBEBL 88! cabi & cel dnd MReSdne shown in
Table 3. Table 3., Ex%npl es of rJfam‘%’rgpl anec_e(lzl S ugégt%ﬁllj in.t%e prelsent
i nvent i BRYAMBFRANIGIN ceF| sBiURerrasspappetbarestrncoastémiesl | Sor has been

shown thasuieidAlici aiAlRPMr e rakhe 200 poth@s 8 15e | AL Gith

i ntravenousl yNai |  Acad Sci U $ A oyfside,the central nervous
syst enP724RUE TS, UGS t F%n 158 acFRATAl / t Unbretaddias &1y, when

| mpl ant egriegivd Nngekual i dhti2R0Qy Mpbrdnt bacrsmt al Iardhedhstant thlt es
fromrher 1:347-357 the tunor, such as . into the contral ateral hem sphere or

into t NePERYEHIS Sehtr i DYEde e PERTIACRe GRR 23 58mRCel 139%%9g a8 t hr ough
nor mal Brabreddeamiiepriobelar geludhes dutimn pgotehhast epackelds. dackher ent

types o% tumor cel | skqQr .ex % , _ovarjan cancer cells hgve been shown to
MEi Lt TR S A S dG B! | BBt DEREY) £ 0OF o GatResCeRt proteins
| {such as Renilla luciferase, firefly luciferase) for real-

time visuvalization in an individual.

In addition to UBI and hLF, there are many other examples of
antimicrobial ©peptides/proteins produced by Dbacteria,
plants, dinvertebrates, and vertebrates including humans
{Schroder, Cell. Mol, Life Sci. 56 (1999}, 32-46; Cole and
Ganz, Biotechnigues 29 (2000), 822-826, 828, 830-831) which

are useful for the purposes of the present invention, e.dq.

pediocin PA-1 from lactie acid bacteria, gramicidin S from
Bacillus brevis), protegrin-1 from porcine leukocytes, SMAP-29
from sheep myeloid cells, buforin I & buforin II from Asian

toad, beta-defensins, LL-37, a fragment of human cathelicidin
hCAP-18, arasin I fror& catfish, granulysin, PAMP from
Propionibaeterium jensenii etc. Based on these naturally
occurring antimicrobial proteins, small peptides can be
designed and synthesized to &retain the Dbacterla-binding
capability while eliminating the bacteria-killing effect by
the original proteins. These synthetic peptides could then be

used in bacterium-mediated tumor detection.

Simi]_-ar to detection of bacteria by antibacterial compounds
(e.qg. peptides/proteins), antiviral compounds (e.qg.
peptides/proteins) may be used for detecting viral particles

in the tumors. Lactoferricin is one of the examples of



mal i gnant pl eural nesotheliomas (Harrison et al. 2000, Ann Thorac Surg
70:407-411). W have shown that intravenously injected fibs %@ﬁpﬂﬁ% cells
. accumul ate in breast tunors and subcut aneous gliom tunors % et al.
unpubl i ghededat@) - Note: The content of this table i§chmgﬁa ans to be
exhaustive. Any other simlar types of mammalian cells, ich are not
listed in this table, are also considered to be included. In a further
preferred enbodi nent of the diagnosiic and/or therapeutic conposition of
the present invention the |um nescent or fluorescent protein is a
| uci f ecaséyigakepeptida/erotain phat ehay (WFR)sat tedddigor spEadedr ot ein
(RFP) . ApL . 01 . | BO2/. 047 : apartigul arly
preferF%% en%%éﬁéﬁgﬁﬁ yﬁ%9%¥cr§%§835?%%ior:ﬁgelgagfeyﬁg nggnoE§€c and/ or
phar neéafiméarokempopept bieworokeingr siesussadenticdhodeler tisstral ¥ cont ai ns
a_gene 160600b00: & nARYLeah Pof e iRBh UAT f 8h 88Ky N BARKAES MOESL Pr ef erred
enbodi nent, the m croorganismor cell of the diagnosti ¢ and/ or
phar ma@d§pi bal veedpleaitarsRtobacher in ofetirugeent Peml st 4Pn&WBOTF uc- gf p
expr essH N+ gass eidieMiiogh contains the Renilla luciferase (ruc) and
Aequor ea gfp cDNA sequences under the control of a strong synthetic
early/late (PE/L) pronoter of Vaccinia or the 1uxCDABE cassette. A
preferred use of the m croorganisns and cells described above is the
prepar ation_of di agnast.ic conmpasition .faor (-] ing. di agnostic
corrposﬁcirgﬂv%?’ fﬂée Q:slérﬁf:roﬁjh%zncﬁmgﬁuggnc%% %ésj(ra@ segdg?% urgi Irrfé-{?gjﬂr gery, to
i dent i tlntlungr prohain mMtFaestcasiPept Fde+ ekt elunicdre Tirgghodsyi Fecboposi ti on of
the present.inventi IS, Us | f i torj a tj.c t r
tr oat MR SCBiPY anlE ALy Do Fot anaFsEFHM Ccth¥ *ekiEhRREAAL I
di stri hatiteniaf vimsesceld. acbondifbudoeddentpregseoteilnyenbicn &k gani sm
organ Qr_tissu re | 1 .kno tQ. per s il ed i rt.,and,
furt he%rlflglpgs deggg?%e%ﬁlor‘{“t%%e%e Bl}l(g':ﬁ’lg gf ‘Prpe %410?1 (;JOHSEPSC@ {ZO

the engineered bacteria etc. in tumor, metal agents (which can

be used for detection by MRI, PET or SPECT) are injected
intravenously. Binding and absorption of the metal agents by

the bacteria etc, will allow indirect tumor detection.

The present invention also relates to a pharmaceutical

composition comprising a microorganism or cell containing DNA

sequence(s) encoding a cell receptor capable of binding a
ligand and furthermore a ligand which is coupled to a toxin (=
chimeric toxin). Suitable ‘toxins which can be coupled to the
ligand are well known té the person skilled in the art.
Several chimeric toxins have been described previousiy.
First, the Tfn-CRM 107 chimeric toxin was prepared by
conjugating transferrin to the mutated diphtheria toxin CRM
107 (Johnson et al., J. Neurosurg. 70 (1989}, 240-248),
which targets the transferrin receptor. Second, the 425.3-PE
immunotoxin was prepared by conjugating anti-EGF receptor
antibody to the whole Pseudomonas exotoxin A (Myklebust et
al., Cancer Res. 53 (1993), 3784-3788). Third, the Tfin-PE
was prepared by conjugating transferrin to the Pseudomonas
-exotbxin. (Hall et al., J. Neurosurg. 76 (1992), 838-844;
Hall et al., Neurosurgery 34 (1994), 649-656). It could be

shown in animal models and human patients that these




I

literature cited above as well as the exanples, below. Additionally, the
m croorgani sns and cells can be nodified in such a way thﬁiA&?ﬁMKBind
nmetal s and consequently are useful in MR technology to nake“tunor
| ocal i zgfJ B 438y © specific. The present invention al ?ET&}‘R}'ﬂﬁiﬁ? to the use
of an antimcrobial, e.g. antibacterial or antiviral conmpound, e.g.,
peptide or protein fused to a detectable protein for the preparation of a
di agnostic conposition for tunor-imd#ing or nonitoring a therapeutic tunor
treatnment, This diagnostic_  conposition is useful for tunor detection
-t hr oughCR L Sdi AP=18E t hBaXBt i nPBESDFEROE onpRRinY 1 t88. | @981gRt- eni tti ng
or radi@habediad Abidal)i Grehilal cdept 1684 Peahebh, WolihoRac t@iiralregal i zed in
tunors (Pept.ide-Linked-Tunor-Targeti ng-Vector 28 April 2006 WO 03/014380
- PCT/ | BOHD4 76 Frasrppiatt i ORomBLTTUDNS, T pr ESERELi RN iVE§CdINde rel at es
to the wemdHf can RNAEIGHRD ato @pRci@fbhPegt @kbabsar 13RisWerak ncompound,
e.g., eptide or protein fused to a therapeutic protein for the
pr epar &t$GPIEGE S Phdhifacditiccs odorfygsict icsd Lor 1LaWARIt RBRap§e BXanpl es of
nat ur a|ﬁbééé3cufé¢é19:oa:mtla'f‘g@whga| chinkeins ikBghHde ryRi qUindliGuRotUBl, 6.7
kDa) and | actoferrin (hLF, 77 kDa) . UBl was originally isolated from
muri ne es and later from human airway epithelial cells. hLF is
found in nucosa and neutrophils, and is known to bind to surface
structyres of both gram negative and gram positive bacteria. Small
synthetite RESSEAEs CBREM Hithg A8 bEELBEFA bERdi g BORERARSUHLCEBI or hLF
have besmpdesigordcébmsrisiagi N@)ofa hdekebirghnidi esd | @19, odriteliniegn be
discrim ed fron1steri|§.infla ionsrgNibberi@& et %L.,.Nucl. Med.
Commun.® 18 1PEBIPRCE PRCRIHRY fePPrhgt8ESPHT SRS REdPIBIORY 39 (2000),
413-42Zidéeldl | agdelblalsagid Bigand, wuitdh iMedoupIed2002) ,tht2dedBiy. These
pepti des _are_ radi.ql ahel wi th 99 Tc ich allows . real-ti vi.sual i zati on
inlives |eﬁﬁl'sasﬂ‘§19cﬁ%liﬁl :ﬂherraf&‘%ﬁcgr%lb% 1085, 28y Mdite, 2% mﬁnl%gﬂgﬁ ganmma
caner a flox. grenkosltilhg EGRArIRO60Y 14 |, 1 dgdeyd, fuldpan prodgdinppeg Wihkiagl ow ener gy
genera%—g%% %%_i%a&%%k%khgok% the ligand proteins are well known
to the person skilled in the art. Examples of suitable

therapeutic proteins are shown in Tables 4 and 5.




collimator can be used to visualize the distribution of 99rTc-I|abelled
~antimcrobial peptides in live animals or humans. To apply, ABﬁpgmﬁynthetlc
pepti des for tunDr detection, first the tunorous individu %s are I nfected
Wi th awkar ar strain of extracellular bacteria.P@%hﬁﬁm¢ggcterlal
colonlzatlon o the tunors, the radiolabelled conpounds, e.g., peptides
are delivered intravenously. Specific binding of the |abel ed peptides to
the bacteria in the tunors can be $$sualized in real time by scintigraphy,
whi ch therefore allows the localization of tunors in humans 28 April 2006

WO 03/ JrhigdEsmamiey @@w@der@maum vd:rphmlmdslwenmf&mm genegs fhellibattd ng wi t h

99niTc, byliniravenouslyipiaeted misrogreanisnysant pept i de al hbe | abeled with
paranagnéﬂwumﬂmwpgmv@rp ranagdh$muﬁwetal p.rtlcles Rdhmmxssuallzatlon usi ng
MRl or |t helewpmgsbdings, can be | abeled with rladi onuclides, such as [CO 60Ga,
60CU(I L), 128tedees. for| non- invasive visualization by SPECT or PET.
Fur t he| Hepe sinple vinsonpoMas welekngem  synt het i jOM@ipt Catles Resatp8auase el t agged
‘wi th {thyoidibskisast ((5Ve b elsspzyiiepoxieg canttinationot €i381 (such as green flluorescent
protei NTKIGFP) or DsRed)|, or |umi nescent prgteins (such as Renillp
lucifefase, firefly lucjiferase) for real- tline visualization in an
indiV|Hﬁ§hmmmmuaHﬁnt|on to UBI and hLF, thgre are many ot her exanpl es of
© -ant i m tHepdsaimplse pitds thgs / [pk-602¢ hishighlyGelettiachntdyt Hasephver o al, 2000 GandeSGene
I nver t pinidmb kifigse AISY-TISr t |clopatit ssivity vl wal solgetih UMesy:s5¢-S¢hr oder, Cel |l .| Mol . Life
Sci. 5p (1999), 32-46; |Gelyghapdrylfsdng vicdBTRIt|echni ques 29 (2000), 822-826,
828, 8BOASRL) (1WA  ar|an heaRE vilusfiBEctell Blls puriposes of the present invention,
e.g. pedi'gsi n PA-1 fr ok agithepetatividacd-er|ia, gramcidin S from| Bacillus
brevi s) bis(Rjaeskaatiyeydlopr | G0 PO GloRPoleRRaYs-4S, SMAP-29  from sheep nyel oi d
cel |'s, | & gijinghyl} gfanki f Qrrissh with ACORIA&IcRIvr, t|0ad, beta-defensins, LL-37, a
f r agmeNforadilipeadkidast NETWEeh Tb&livalBd By Tirifie | Trdeh effal 26T Gend), Jr anul ysin,
PAVP f @mp) Pr opi oni baetigfiplmi £Ns8H1 inokh C to | HRSEF: 1914- p{igse naturally
occurrjng antiﬂiCFObia|1ﬂmﬁEQbﬂﬁy ﬁﬁﬁhﬁnpﬁﬂtldes can be
+ Indole-3-acetic acid mammalian cells, whereas,
(fAA) neither enzyme nor prodrug
alone was cytotoxic at the
same concentration or times,
The HRP/IAA-induced cell kill
was effective in normoxic and
anoxic conditions.
Bacterial enzyme carboxy- | CPG2 can be expressed both| Spooner et al. 2000, Cancer Gene
peptidase G2 (CPG2) intracellularly or tethered to| Thet. 7:1348-1356
the outer surface  of
+ 4([2-chlorocthyl][2- mammalian cells, where it is| Webley et al. 2001, Br J Cancer
" | mesyloxyethyl]amino)ben- | able to activate mustard} 84:1671-1676
zoyl-L-glutamic acid prodrugs for use in suicide
(CMDA) gene therapy.
or + 4-[N N-bis(2-
iodoethyl} amino]
phenoxycarbony! L, —~glu-
tamic acid (ZD2767P)
Human cytochrome P450 | Acetaminophen is cytotoxic | Thatcher et al, 2000, Cancer Gene
CYP1A2 ' through the cytochrome P450-| Ther 7:521-525
‘ mediated generation of a
+ acetaminophen chemically reactive metabolite,
N-acetylbenzoquinoneimine
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E. coli nitroreductase
(NTR)

+ CB1954

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

a

both proliferating and
nonproliferating cells,

PTX0147 is the plasmid
expressing NTR from the
human cytomegalovirus
(CMV) early pro-
moter/enhancer and  also

carrics the b-globin second
intron and poly (A) sequences
and a G418 selectable marker.

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

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

Westphal et al. 2000, Cancer Gene
Ther 7.97-106

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

E. coli cytosine deaminase
{CD3}, E. coli uracil
phosphoribosyltransferase

(UPRT)

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

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

Theys et al. 2001, Cancer Gene Ther

active  cytosine  transport

3:294-297,




whi ch targets the transferrin receptor.
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i rmunot oxi n

was prepared by conjugating anti-EG- receptor anti body to égg W6e
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3784- 37 d, the Tfn-PE was prepared by conju nsferrin to
t he Pseu o%-rll-as({ exotoxin (Hall et al., J. Neurosurgq)%%ﬂ%%@g 838- 844,
Hall et al., Neurosurgery 34 (1994), 649-656). It could be shown I n ani mal
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FU activation and has the

potential to enhance the
activating pathway against
DPD.

+ cyclophosphamide
(CPA)

Cytochrome P450 enzymes

Liver tissue has a high content
of P450 enzymes active toward
CPA and is the major organ
responsible for CPA activation.
Activated CPA- generated in
the liver circulates through the
blood and gains entry to tumor
tissue to exert its therapeutic
effects.

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

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

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

rabbit carboxylesterase

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

dino)-1-piperi-

Exposure of neuroblastoma
cell lines or of mixtures of
these cell lines with CD34(+)
cells at a ratio of 10:90 to

Meck et al. 2001, Cancer Res

61:5083-5089




t hym di ne ki nase (HSV-enzyne/ prodrug conbi nation. 5281 TK) + Ganciclovir

(GCV) Herpes sinplex virus thy-A-5021 has highly sel ective;@n
2000, Cancer Gene nidine kinase (HSV-TK)hepatic activity
520 7-562 vely phosphoryl ated by viral Phriudi
erpes virus-infected cells.
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i nhibit colony formation in

to be oxidised by mushroom
tyrosinase at a superior rate to
tyrosine methyl ester, the
carboxylic acid of which is the
patural substrate for tyro-
sinase.
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Bact erijal enzyme car boxymGi4sdd ehanodisityef@pdssed bot hSpooner et al . {2000,
Cancer |Gene peptidase OR1{fofkees i ntracellularly or tethered toThor
7: 134841356 the outer surface of + 4-([2-ch]oroethyl][2-manmalian|cells,
where ijt isWbley et al|{ 2001, Br J Cancer syl oxyet hyl ] am no) bep-able to
activatje nustard84: 167111676 zoyl -L-glutam c acidprodrugs for usejin
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Mushroom tyrosinase A sterically undemanding | Jordan et al 2001, Biocorg Med Chem

prodrug bis-(2-chloro- | 9:1549-1558

+ bis<(2-chloroethyl)amino-| ethyl}amino-4-hy-

4-hydroxyphenylamino- droxyphenylaminomethanone

methanone 28 28 was synthesised and found

E. coli B-galactosidase

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

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

Prodrug cleaved by
galactosidase  shows  high
cytotoxicity towards human
bronchial carcinoma cells of
line A549,

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

tamic acid

or + 3-fluoro-4-[bis(2-
chlorethyl)aminoJbenzoyl-

benz]e]indole
A mutant of carboxypepti- | Activation of all three of the | Friedlos et al. 2002, Cancer Res
dase G2 (CPG2, glutamate | prodrugs not only kills the cells | 62:1724-1729
carboxypeptidase expressing the mutant CPG2
on the surface but also the
+ 4-[bis(2- neighboring cells through by-
iodoethyl)amino]- stander effect.
phenyloxycarbonyl-L-glu-

| L-glutamic acid
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TRAIL Ligand for death receptors such | Golstein 1997, Curr. Biol. 7:R750-753.
as DcR2, DcR1, DRS, DR4.

TNF TNF is the ligand for TNFRI, | Baker and Reddy 1996, Oncogene 12:1-
which mediates cell-death| 9,
signaling.

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

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

Recombinant antibo-
-dies

Anti-GA733-2

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

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

Anticancer drugs adria~

Some tumor cefls express Fas
antigen on their surface, and

Nakamura et al. 1997, Anticancer Res.

17:173-179,

mycin (ADM), cytosine




tissue to exert its therapeutic effects. Intratunoral CPA activation can
result in a high, localized concentration of active drug r@ggmlzdog at its
site of action, which may maxi m ze therapeutic effects whi t the sane
time m the host toxicities associated with drug
actlvatﬁ’lc()fnH @421 It carboxyl est eraseExposure of neurob?astorra'flé/’éck et al.
2001, Cancer Res cell lines or of mxtures of
+7-ethyl-10-[4-(1-piperi-these cell4lines with CD34(+)61 5083- 5089
dino)-1-piperji-cells at a ratio of 10:90 to 28 April 2006 WD 03/014380
PCT/ | B]24Dig6i (88-Q)i ndppaptdsisniy | indugalaimthosg)l i cat i on- defi ci ent t ot hecin
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rate tq membrane of tumor cells,
Jiang et al. 1999, Hepatology 29:101-
110,

By the combination of ADM or
Ara-C  with  IgM-anti-Fas
MoAb, the induction of
apoptosis in HL60 leukemic
cells was enhanced signifi-
cantly, Therefore, we may use
bacteria or viruses to deliver
the genme encoding anii-Fas
antibody. Expression of the
anti-Fas antibody on the
surface of tumor cells may
sensitizes these cells to chemo-
i therapy agents, which therefore
may improve the efficiency of

Mizutani et al. 1998, J. Urol. 160:561-
570

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

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

apoptosis in certain human cell
lines. = Treatment with zVAD-
fimk, a general caspase in-
hibitor, completely blocked the
cytotoxic effect of this bacte-
riocin, which may provide a
safety mechanism when micro-
cin is wused in anti-ftumor
treatment. Microcin-E492-
insensitive mutants of E. coli
K12 have been isolated, which
may be used as a carrier fo




tyrosi ne net hyl
substrate for tyro-
byTi et ze et al.

1-chl or

hydr oxy- 1, 2-di
(CC-1065) i ne A549.
a indole A nmutant of carboxypepti-A¢Zivation of al
gl ut amat eprodrugs not _only ki

al. 20

ester,
Si

Cancer Res

or

the carboxylic acid of which is the natural

5 SHPEE

nase. E. colt (3-ga

2001, Chenbi ochem gal act osi dase shows hig

Qs Yg0- cytotoxicity towards human
%ydro-SFLbronchia

ase & (CP&

carci noma cells of
+ 1-(1' -chl oroethyl)-5- hydroxy-1, 2-di hydro-3H bent
three of theFriedlos et

act osi dasePr odr

CT/IB02/04767
enz[ e] i ndol e

s the

cel | s62
but al g
i odoet i
3-fl uon
WO 03/ (
i odoet |
by no- 1
whi ch 4
April 3
t her apg

: 1724- 1729 carll
o the + 4-[bis{
yl ) am no] - st an
0-4-[bis(2- ch
14380 PCTI 1 BO2

b doliygrepitdocia SRussler €8
298ei ghbdienng Miebbiel
1632:3263-82%9). phenyl ox
or et hyl ) am no] benzoy
04767 39 or + 3,5-di

- 1 -al ut ]

nzZo
réia?@eﬂw’w&h
ire not |isted

006 WO 03/0143
puti c proteins |

am-c—acid|
htii-pheledany  goprotona;
prtibpics haypiheen yed W)
3ol Ay 2/ Gl 7 SPrfags
Frattenier bl lilkag (rejf-
man 2001, Curr Phamm
Biotechnol 2:313-325; Thomas
et al, 2002, J Pediatr Surg
37:539-544). Toxin-label
protein ligands have also been
used to target cell surface
receptors (Olson et al. 1997, Int
J Cancer 73:865-870; Arora et
al. 1999, Cancer Res 59:183-
188; Wild et al. 2000, Br J
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Pseudomonas exotoxin

Escherichia coli Shiga
toxins

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

O'Brien et al. 1992, Curr Top Micro-
biol Immunol 180:65-94;

Nakao and Takeda 2000, J Nat Toxins
9:299-313

Escherichia coli Vero-

toxin 1 (VT1)

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

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

Arab ef al. 1999, Oncol Res 11:33-39




medi ated protein therapy), VMPT (virus-nedi ated protein therapy) or CMPT
(cell-mediated protein thera e . nCMPT (nmammal i an-cel | - nedj Agquidﬁ%ei n
t herapy), against tunors: Therapeutic proteins, DescriptionReferences drugs
r sCDA0LYy CD40, sensitizingEliopoul os et al. . Cell. Biol

t unor cgkﬁgm?gggpoptosi520:5503-5515 I nduced by a va%?ggvu@?kggents,

I ncl udi ng TNF-al pha, anti-Fas, and cytotoxic drugs. Fas-ligandSharma at al.
2000, Phannacol Ther. 88:333-347 TRABLLi gand for death receptors

suchGol stein 1997, Carr. Biol. 7:R750-753. as DcR2, DcRl, DR5, DR4. TNFTNF
i-s the |l i Bhark ftoximMFR1L, Baker and Reddy 1996, Oncogene 12:1- which nedi ates
cell -dgat h9; signaling. Theys at al. 1999, Appl Environ M crobi ol

65: 4295-4300; Lanmertyn et al. 1997, Appl |[Environ Mcrobial. 63:1808-1813
Reconbi|nant anti bo- dijes Anti- GA733-2Secrgted or nenbrane-anchoredPaul et
at. 20QQiyp&mriger Gene | Hypérfolif ! ifna0 blafid Bdived] Hbbtaidkd ot BOZONT, Phdrmafi? 3 (MAD)
(COL7- 3A) specific fol abpidicA7®B wvad )shévinthat[S7p2EZ@Nt on the surfacg of nost
gastroijntestinal carci| RpsGrin Al | BRBE Sfumdf|UgS adri a- Some tunor cells
expresg FasNakanura et gihwih B598fivatidp trkioatde 4 Scikegp cid). 2002, Gdbrehiyt OSi meant i gen
on theilr surface, andl{§rid-hdtidP; 28 thdis | 20982ME5®0 3/ 014380 PCT/ | BO2/ 04767
41 arahi nosi de(Ara-C) ,ppawiysi s is induced in those cisplatin,
doxoruhicin,cells by [fgManti-Fas MAb. M gheau et al. 1997, J. Natl. Cancer

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

Since the tumor tissues can be labeled with ligand receptors
using intravenously injected engineered bacteria, wviruses or
cells, the binding of therapeutic-ligand fusion proteins to
‘the ligand receptors wili enable the targeting of the
therapeutic proteins to the tumor tissues. Intracellular
bacteria and viruses are particularly useful in labeling the
tumor cell surface with designated receptor proteins. However,
due to T"bystander effect" of therapeutic proteins on
neighboring cells, extracellular bacteria and mammalian cells

can also be used to deliver the therapeutic proteins.

In the case of 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 be 1labeled 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 surrouhding 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 cell surface with receptor proteins. For example, the




mtonmycin C Inst. 89:783-789; fluorouracil, canpto- thecin,

ci s-di anm ne-Chang et al. 1998, OGsaka Cty Med. J. dichl orgoll\@?limgl
(I'r),dinically relevant44: 173-180; CDDP, etc.concentrations anti cancer
drugs eghafifsisds receptorM zutani et al. 1997, CanceprfshhsRP- + anti-Fas
ant i bodyexpression on the plasml189; nenbrane of tunor cells. Jiang et al.
1999, Hepatol ogy 29:101- 110; By the conbination of ADMor wth

| gM anti-Fas1998, J. Urol. 160:561-4#M zutani et al. MAb, the induction of
570 MoAb, apoptosis in HL60 | eukem c cells was enhanced signifi- cantly.
Ther ef oF@Romet hgslafiseCHacker iskesi Ticrtibsinkedfad v £RBrEnOUsddodi ng
anti - Fa I ody, &%ﬂkﬁ%@io { antq ~Fas b on,the surface of
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It has PeeaPtsHowiHdRe dumer. c2dd2 supfaee Natll Apack ddeag tafdilsnif®Foci n E492

- i nducesg, Al9nd686- 2O PRNICSH §ahd S&S1A DrbvaRAs Ceth {iiNeSashyeat ment
with Z\%%g ligand is the transferrin protein, and the therapeutic
protein could be a Pseudomonas exotoxin (or any other
cytotoxic therapeutic proteins). Tumor cell internalization of
~ the transferrin/transferrin receptor pair allows the
internalization of the therapeutic protein, which in turn
delivers the cytotoxicity specifically to the tumor cells.
Transferrin/transferrin receptor pair is only one of many
examples of ligand-receptor palirs that can be used. 1In
addition, mutant ligands and mutant receptors with highly
specific affinity toward each other may be used to avoid the

binding to endogenous proteins.

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




fink, a general caspase in- hibitor, conpletely bl ocked the cytotoxic
effect of this bacte- riocin, which may provide a safety machami fwhen
mcro- cin is used in anti-tunor treatnment. M crocin-E492- insensitive

mut ant Syf &ol 1 K12 have been isol ated, which may S a carrier
to 28 Ag?ﬂﬁ55806 VO 03/ 014380 PCT/ | B02/ 04767 42 delligfnﬁgﬁﬁggln (Pugsl ey
et al. 1986, J Gen M crobiol 132:3253-3259). diphtheria toxin

(DT) Toxi n-| abel ed nonocl onal anti bd@ es have been used to target tunor cel
surface receptors for cell killing (Kreit- man 2001, Curr Phann Bi ot echnol
- 2: 313- 3gguifdtbnEsr ebindin® 002, celpeamzafacesmg:e@tcmg main Fdxidf | abel

prot ei gié@g&(}? Fggv ﬁh@gogggjggsggst qzotﬁg,_geinwl Ithgurgﬁ%tre@@m ors (A son

et al. ncer Arora et al 999, "Cancer, Res 59: 183-
188; Weytlosel al an@0domabn II@arﬂcfaerrwmblfo@r P&;%@:%Rihwr&éf %ot oxi n

Escher LhLA Fn SsaaSN g OF1 8 Sl Okl KL1kOXfol GoBigilonto al - 1992,

I ga-11ke toxin bi ol I nununol
180: 65e94to&£nfthdt)lap&Scéh¢ b&nﬁyﬂgaﬂ@maevt%ﬂ<nﬁﬁh§r WﬁP&ﬁlﬂ%v@mﬁbenhbkao

and Taggd%n%QQQdy f%@&m&ﬁBﬁrﬁi protein ligands can be inserted in
place of the binding domain. This will render the PE40-ligand
fusion protein specific to its receptor. One of the highly
specific engineered chimeric toxins is the TGF alpha/PE40C
fusion protein, where the C-terminus of TGF alpha polypeptide
has been fused in frame with the N-terminus of the PE40
protein. TGF alpha is one of the ligands of epidermal growth
factor receptor (EGFR), which has been shown to De
preferehtially expressed on the surface of a variety of tumor
cells. TGF alpha-PE40 fusion protein has been shown to be
highly toxic to tumor cells with elevated EGFRs on the cell
surface and while it is less toxic to nearby cells displaying
fewer numbers of surface EGFR. The toxicity of TGF alpha-PE40
chimeric protein is dependent on a proteolytic processing step
to convert the chimeric protein into its active form, which is
carried out by the target. To overcome the requirement for
proteolysis, a new chimeric toxin protein that does not
require processing has Dbeen constructed by Theuver and
_coworkers (J. Biol. Chem. 267 (1992), 16872). The novel fusion
protein 1is termed PE37/TGF alpha, which exhibited higher
toxicity to tumor cells than the TGF alpha-PE40 fusion

protein.

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

antibody preparations. Monoclonal antibodies are made from an




shown to be able to kill tunor9:299-313 cells. The toxins kill target cells

by induci ng apoptosis. Escherichia coil Vero-VTl is an E fﬁgh
el abor at edFar kas-Hi nsl ey et al. 1995, Proc Natl toxin I ( ?sd%unlt t oxin

active Sci U S A 92:6996-7000; against (tu I nes that
expressa{Hh% receptor, Arab et al. 1999, Oncol Reg?ﬁq%@-g]g#gl obotrlaosyl
ceram de-G3. In an exanple of VT1 action, it has been shown that VT1
elim- nates human astrocytom xenogfaft in nude mce. 28 April 2006 WO
03/014380 PCT/1B02/ 04767 43 Plant toxins HyperforinHyperforin is a plant
der i vedisigens keondraialing 200zgmenbs nefi ethet ingirddcelay t rRESPEPOWRY

that 57: iidiodl L wdAPOEIA Mg aPhddli Bkl tdimorn ORANE Iy AR, v,

m t ochon- Sghenéq al . 2002, Chcogene ra 6 glated apopt05|sfq 1242- 1250
pat hwayKShlereet Tavk. c dfetare 236 t Hi9d5 ab2D)i-s A5y used axisdt ot Raust i ve.
Any Othgﬁﬂﬁbghyar(EB?rQﬂ?Umhﬁnoéﬁﬂkﬁ' tiﬂBHQh apphotid | abeft i Rot hi's

table, are al so considered to be included. Since the tunmor tissues can be

| abel ediilube| gkt MOdepRint asu¥phy antaENEABUSEYRTIERESt é8UEhdiSneer ed

bact erigyr Vifd$8e, OlFabC s F (ahe) Pi Rdbffarts )t hatiame WreC -ddraand folf5| on
proteins tqo ,the ligand receptors w |l enable the targetin

f th
- t her apeTRIE TpFBL BN I3IRYRPhEOL EndPCERYues. %t%réjceq(lat?l af fg%lo Sa and

Vi r uses sHxe thar k¢ Citl Rfideyit UsLf itach habirlddy t:m@ar t:wﬂy rﬁ?i&ilﬁtﬂzfoﬁce with
desi gnat ed rece tor protejns. Hovvevg due to " )é nder effect”

t her apedtd CiFCBLaF o AN diaghBePEndeEe| Pen-WaGidds| thFshe b]%mdénﬁa and
manmal i {anC el §nt§@m AtS0che used @ deljver mhe .t hacre@pelntma}mtsel ns. In

the case %) MBue: " G528 FIaEts OH & 9o I00L ARG (FE R a5 the

products of an FAB or other immuncglobulin expression library.

Moreover, antibodies of the present invention include chimeric,

single chain, and humanlzed: antibodies.

Antibody-ligands are, e.g., useful in anti-tumor therapy using

fusion proteins (i.e. immunotherapeutic proteins) between

antibodies and therapeutic proteins: Firstly, the genes
encoding cell surface receptors are delivered to tumors cells
in live organisms via '@ intravenously 1injected engineered

bacteria and viruses. Such receptors can be, e.g., transferrin

receptor, EGF receptor, somatostatin receptor, etc. Over-
expression of receptors: on the cell surface following
bacterial or viral infections will be used to mark the tumor
cells. Secondly, a fusion protein (an immunotherapeufic
protein) between an antibody, preferably an antibody fragment,
(specific to the overexpressed surface receptors) and a
therapeutic protein (e.g. any type of toxins, see Table 5) is
prepared. The intravenously injected fusion protein may bind
to the marked tumor cells and exhibit cytotoxicity toward

these cells in the tumor tissues.

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

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



(see below), for exanple, extracellular bacteria may be used to secrete
the enzyne-ligand fusion protein. The tunor cell surface f@?‘ Rerdgbel ed
Wi th receptor proteins by viruses. After the intravenous de Pvery of
prodrug y the cells expressing the receptor | bat hed with
and kil Wedt;&']flﬂt e active drug, the surroundi ng turm?c\g}er#(izé] \"/'\hi ch may not
be |abeled with receptors) will also be killed. Viruses (such as Vaccini a
virus) may al so be used to | abel th& tunor cell surface with receptor
proteins. For exanple, the 28 April 2006 WO 03/014380 PCT/ 1B02/ 04767 44
tunor teldmipstiam bé mpbestitial | yumasecnsd oy (bit rady edrfusiFrobapbct ed
engl ”e‘?{o‘ﬁlg NAGCERL &y VﬁJ %> d‘é%fé%]{;‘fb frdteindor! hAPSEELT HaRGERT 9 gene
(al so enc ai ng a single peptide for ~cell surface expressjon). Expression
of the imdandher i Wetestabior sbanahe Anipprt Wy EheTae Wind nBPRt hese
cel IS Tifs 3 oAl 4RI 0AY (DeraRa! | SntiRpEbllisl ONcakgbeids. La.§his case,
'S

the ligand e transferrin protein, and the therapeutic protein could
be a Paepdddssdpreseingl naper ASFapeREic BROdedREc I erpetefELff ot ei ns) .

Tunor gg) i QRN IAA108 Fhsibhe gbhansbekti-ibtsaBEEERLAG heBEpaOr pair
allows tthe intérnalization of the therapeutic protein, which in turn
del i veRFatiRd neyt oPGXIERRY sPBEIPICEARIAL o MAPLIGRS/PLREpERS — and -
Transf aifdridblhiansl esrdiritRcepios mablel S5 onlapovae . ofAMEdyy pexdsphes of

| i gand-receptor pairs that can be ysed. In add .tlon,r&lrut an I;f_](gands and
nut ant SXEEEFEPE, witde HGHLY RESSEIPSC aﬁfefiif‘ﬁ]ﬂf]te&vaﬁ esed ot h8t may be

used t g @avah@nble biAdLRg: &0, endaganaiisy,pr oteigns. Addhti-enattexanpl es of
sui tabl e proteins are_human endostatin .and, the dchi neri¢c PE37/ ICGF-al pha

fusi on BEdedia, EMHdSEat G0 s P ERBIRHEE T S pdptite 1Y colif@gen xvi
whi ch hasikeeRobehar apehideedptBianst ake, iBNAStEBA 9% rateA8Ys110443).

has been shown that endostatin inhibits e(rgldot hel i al geJFl pro.Hléerat i on
and ni gidd orfRS ndiHRESEL esttHIRF "35651-54Fs AGFUBRUBERE 1 al T€211s in
vitro, spatilFae adiddimer efff ecintimizrobdeiet peptitiospproveishs. totravenous

or Int&%ﬁ%%&%garin the tumors helps to concentrate therapeutic

I
It

proteins specifically in the tumors, which therefore may

elicit tumor specific cytotoxicity.

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

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




injection of wviral DNA and cationic |iposone-conplexed plasm d DNA
encodi ng endostatin result in limted expression |evels ofzg ggdpsjoatin in
tunmors. However intratunoral injection of purified endostatin shows

remar kaRlgQsjofidsPi tion of tunor growth. Pseudononas g¥pifshsvet S a bacterial
toxin secreted by Pseudononas aeruginosa. PE elicits its cytotoxic effect
by inactivating elongation factor 2 (EF-2), which results in bl ocking of
protein synthesis in mammalian cell48 Single chain PE is functionally
divided into three domains: domain la is 28 April 2006 WO 03/014380

PCTRBO H'09PE nUA5eRBAA/PEQtRdR bindi (Y 1VeTEdl | sBefi @ ldceSPor Eheomain 11
is reqyed fesihganshesabdmdiie tioXkRtbAt OchbndGet ekkrigytosol, and
domain Il is responsible for cyfotoxicity by T1nactivating EF-2. PE40 is
derived”ﬂW@ﬁﬁmﬁIGrtyb@am%ﬁﬁhﬂﬁ%nn§§11§x0?69?¥3%4ﬁﬂ qQacE§ethgrSFﬁHan donai n

la. O hgjveRit@bRl NTheHEN ged®saMdrbogy fhagerihe Ofoi@flei &f | egands can be
inserted in, place of the binding domain. This wil] render the EE40-I|gand

f usi on PPSEATRTLER CiRTROTETF SOF e cRFRINOUSHE oF STRER Y hINPIUEHBES f i ¢
engi negireehotBir BErddaito¥hasly Sehberid @hpba/tBed Ocodwmgisabnpradt ethe where the

Ctermnus, of T al ph ol ypeptide has,been fused.in.frane with the
Nt o MERRTOP LREo pEND T Y Peeuatin Fhe HREGRY (HESPReants. of

epi 1q_ler rﬂijmog‘lr.f)%bh ﬁﬁﬁﬁdﬁ:&erISGQEﬁt @rg(fEﬁTﬂ%},,f whitébhi dasc-hedrashowpHt ,ol Ibe
preferenti y _ex ssed on the surface.of a variet tumpr  cells. TG
aIpha-géﬁ@%FﬂsFSngfbte?%r 'BeZﬁnﬁhdﬁﬂﬁto gﬁughfgﬁﬁgitSX t o°tumor cells
with eligsaedsE&ERS wiindoeibkd Ipragusitkbaee and while it is less toxic to
nearby cells displaying fewer nunbers of surface EGFR The toxicity of TGF
al pha-PE40 chineric protein is dependent on a proteolytic processing step

to convErt dimnpdhi, NtthieCc gurzgmel anntle | ghudactonidater mpnwhiting sthearri ed out

by the .target.,To. overcone the requi.ement for r ot .YSI S, w chinmeric
t oxin dfﬁ?ein Fﬂﬁfcdoegﬁ%%ﬁ r%éuiréjﬁ?oce§éﬁﬁ8t Egpéﬁggé conga?ﬂgted by

Theuer gngdurcowbddeersibidinBioto €hmore 260x{d 98 . TB&T2yrabIhe bwel fusion
gene encoding such an enzyme is directed by a promoter which
is a constitutive or inducible promoter. Further examples of
enzyme/prodrug palrs which are useful in the pharmaceutical
composition of the present invention are listed 1in Table 4,

above.

Moreover, the delivery system of the present appiication even
allows the application of compounds which could so far not be
used for tumor therapy due to their high toxicity when

systemicly applied. Such compounds include proteins inhibiting
elongation factors, proteins binding to ribosomal subunits,
proteins modifying nucleotides, nucleases, proteases or
cytokines {e.g. IL-2, IL-12 etc.), since experimental data
suggest that the local release of cytokines might have a

positive effect on the immunosuppressive status of the tumor.

Furthermore, the microorganism or cell can 'contain a BAC
(RBacterial Artificial Chromosome) 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-



protein is ternmed PE37/ TGF al pha, which exhibited higher toxicity to tunor
cells than the TG al pha- PE40 fusion protein. In a particsda gnpmﬁ%erred
enbodi ment of the diagnostic and/or pharnmaceutical conposition of the

pr esent (ﬂ,\éﬁ, Eé o©On the ligand is not the naturally ogey#dz;ag,dlgand but any
conpoun whi ¢ IS capable of specifically binding to the receptor, e.g. an

anti body. The term "anti body", preferably, relates to anti bodies which
consi st essentially of pooled nonodd%nal antibodies with different
epitopic specificities, as well as distinct nonclonal antibody,

pr epar aeisdépsed Mzt oredll ant icybdreyinve eidheincombese28rapeins 2006 WO

03/014§§9tE§§éJ%$@ygéﬁgﬁPg6 antigen containing fragnents of the particular

recept or known to those skilled in the art (see, e.g.
Kohl er et aI , Nat ure 256 (1975), 495). As used herein, the term

“anti bedy” ratﬁaﬂockﬂé‘%léﬁadreeﬁys"ms( '\@P)céﬁsrr%ﬁﬂtthteo preBehtide intact
nDIecuIes as ﬁ as anti body fragménts (such exanple Fab and

F(ab’ )znwcagmtast)e \hiedierabay c apmpinedofwi pe%ilftﬁéhw 9h engical a

fecept Lrr ?zbs a'ﬁaﬁﬁ@@s)gffélﬁg:%ﬂbsphéﬁﬁé%eﬁﬂﬂ@cﬁ? éé:@ﬁ_@@t a@8 ieLRct
antlbo ear nore rapidly from the circulation, ﬁ? the Iess
Nucl

non- sp&BPFRC 1B ssERE bidkh ndndt hARCAWIS ntRRAISPRAES bola‘g}f?

Med. 243361325  (A983) - J:M%,:Lohbﬁseswagwt piayRapsef Gémﬁﬂn.oﬁ, weli as
the products of an FAB or ot her |nnunoglobulln eﬁﬁre35| n l'gugh

Mor eov @RIt | BRAS Ot WeHE NS SIREST nTERTHEh THATIABS chitfreri si ngl e

chai n, -apdibyTBR7 ek apdinkadtes: bﬁnbbﬂmloiaaugmdno@g eandE gan bseful in
anti-tunor therapy. using fusion rotelg herapgutlc

protelﬁgﬁlﬁkﬁﬁﬂﬁgﬁ tQnthBo PRGN P Y Her S &8 6@8?9 1¢ﬁﬁg§ﬁ y°®t he genes
encodi pg cald BHrbaegan BERPt OF Scalts dphyVeeekiifectutvhy oilfferenn |ive

Ceoopt BFESoanchl:  obY. . R FLAERRET o LECHEORE r cBUR BE Siat ostat in
receptqhtrgmﬁSCu@a@;- espiessi ofr of ifiacetnsd oadhhelddedatisur f ateef ol | ow ng
bact erlp%'e erreci rr%lutleng§cg&g{lr§lsvt\:nrlahgr? s e{jnttr%vgggﬁstﬂ?jetéf%ﬁ. The

route of administration, of course, depends on the nature of the

tumor and the kind of microorganisms or cells contained in the

pharmaceutical composition., The dosage regimen will be

determined by the attending physician based on various clinical

factors. As is well known in the medical arts, dosages for any

one patient depends on many factors, including the patient’s_

size, body surface area, age, sex, the particular compound to be

administered, time and route of administration, the kind, size

and localization of the tumor, deneral health and other drugs

being adminstered concurrently.

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

tumors, skin tumors.

Brief description of the drawings

Figure 1: External imaging of GFP expression in subcutaneous

C6 glioma tumors in nude mice




-cells. Secondly, a fusion protein (an imunotherapeutic protein) between
an anti body, preferably an anti body fragnent, (specific to @ﬁ
overexpressed surface receptors) and a therapeutic protei'n é any type
of toxi 8ol abl e 5) is prepared. The intravenou ed fusion
protelnﬂﬁggﬁ |nd to the marked tunor cells and exh|%k¥ﬂ%@tot%X|C|ty toward
these cells in the tunor tissues. The present invention also relates to a
di agnostic and/or pharnaceutical céfposition containing a mcroorgani sm or
cell as described above and furthernnre (a) an antimcrobial conmpound
fused t©6 aghianzei ¢eldd t Bhie 167 tMersr impdeapgdamubeutaseapdyl 12606 WO

03/ 014380, PIHBORIALET Al o8| HkNakLoln ol odebaN alied Wibict qidhor (D) an
antim crobial”™ conmpound fused to a detéctable protein or protei n capabl e
Cof i ndimRlegtatdenecthpl anisadsameraninieainsh J{nﬁéﬁasyomlmgﬂs%@cﬂ %f usi on

pr ot ei nspsbet Meeyr ankiyl.Gropks! veeﬁpowa@%l&feg s@@ptéﬂﬁ%/seaeﬁe'w%) and
therapeuti C proteins can be carried by f stly preparing fusion gene
constrLmﬁﬂﬁﬁﬂmgdduﬁéeﬁyﬁrﬁduopﬁéﬁQﬂﬁﬁ;ﬁﬁﬁnﬁ@@ﬁ0§ﬂ§¢%@%fcﬁﬁkﬂht field

pept i deg/gy)ot eﬂ%r%@,@en&ger(ﬁ@s&iép, PERE €HPSgK S 81 d B8] €fPuoAliele. After
protein éxpression, the hybrid proteins are purlfled and ready for
|ntravéﬁﬁﬂ§aﬂhjé%?tﬁﬁm Sd¥GAEFY, Of. FUbCLEARCQYS t t9dGMah YT a 2Y&hi ch can

- be recogpwaedcapdsbguad dun te ob@errwacmb&@loﬁ%e@tsl das/ pr ot e2nsym3ar e

injected intravenously into the subject for tunor-specific accunulation.

The speti¥iz€ BPABI nby A* @it iGHcPEbi 8l Ip¥Dt ARV ZI08; RE” tid H&€teria in

the tunpr-sirhel ps 1Hho %Qﬂ@@ntEéhéréher@P@UtéﬁpréHﬂﬂdﬂ NsvagPegiebhcalhy in the
tunors, which therefore m elicit tunor specific CgtOtOXICIt

Fur t her RATER"Fhiks RAh 4rnsui (Hagi eakesd qxuﬁﬁroﬁﬁeﬁﬁpﬁ- rm#%ﬁkeréﬁ%ﬁPnatlon of
met ast adsipgrelkMBAS i6aknHke TRIho@N BB HEO B4Rl i 433 madn daaadd \&ﬁarﬁltb'ibance

(prodr adm nistered tg fhe organism into an active substa
t oxi n, %ﬂt&ﬁuwﬂ% £heCranol’ of ?Pre]{’ ‘astradd (]éngw‘ﬁ réctdé‘HSEr#;ﬁE Pr odr ug
ThEFGDWJ&@@EBIbﬁs v¥ial injection. (Bars = 5 mm.

Figure 2! Visuallzation of tumor angiogenesis

C6 glioma cells (5 x 10°) were implanted subcutaneously into
the right lateral thigh of nude mice. Ten days after tumor
cell implantation, the animals were infected intravenously
with 1 x 10® pfu of rVV-ruc-gfp. GFP expression was monitored 7
days post-viral injection. Vascularization at the surface of
the subcutaneous €6 glioma tumor is shown against the bright
green fluorescent background in the tumor following Vaccinia-
mediated gene expressions. Bright field (A), fluorescence (B),
and bright field, fluorescence overlay (C) images of

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

Figure 3:; Expression of GFP in subcutaneous glioma tumor of

the same animal

Five days after the subcutaneous Iimplantation of 5 x 10° C6
glioma cells into the right lateral thigh, 10° of rVV-ruc-gip
virus particles were injected intravenously. Five days after
viral injection, the animal was anesthetized and sacrificed
for analysis of GFP expression under fluorescence microscope.
The tumor was visualized externally (A-K), with the overlying




principle of GDEPT is that an enzyme/protein activates a systemically
del i vered nontoxic prodrug into active toxic drug, which Qf%s g ; Sgexic to
tunmors. To be specific, GDEPT is a two-step treatnent. ﬁ Irst step,
the gen ng a foreign enzyne is adm nistered ed to the

a]\gﬁ%&(}%t may be expressed using specific tra%gg?ﬂ]% ;nal el enent s.
In the second step, prodrugs are adm nistered and activated by the foreign
enzyne expressed at the tunor. If the enzyne/proteins are present only in
the tunors, the active drugs will also be produced only in the tunors, and
t her ef oslein evdiileict edy t(B+BXI L) t in ontysd osexididrhel Ct—tm‘rm) ,cehﬁs,ln\MthEe at the

W0 03l (I EBET) Hot h7dy R B0t ol cDymiuPbear i lr vifea

speci f |kwlqwa tio.eflde ftlunnescemimgmenrﬂaavéﬁdnusmygemj ettt sdbanginesused

bacteri I ryses. & gggg g t

i nventi n ese genes can e under t eesc%%ﬁ}{ ng C-t’eP{;P'[ h%‘r?p%sg)%ﬁstl tutive

pr onot €31 ose@xogendesEhes edoratedl shenei bhe opreroserfaeridpti dhal |y
ensuri ng,ffaty ! ft%eC%éﬁES'(aauﬂ‘ g0l adr wach 0§ 0 5RE Qi fEilnieoCCUr S i N
the target tissue t unor uch pronoters are e.dg. , antibiotic-,
heat -, @H GFP| pghressimn als - tuses obiesye hosd gl |the G}Q;glal @élslcj-éycl e- or

tissue SiRetlel | Grrladidcishl eppironot ey Sclé:ﬂlfxﬁiglkﬂie thesRRAXNE GaRrkbe
gl ucuroni dase _converting the '|ess toxi c formof the chenoterapeutic agent

gl ucur dMA detdedbedi $Kimt B8’ hord (RoA'¢ ) odRRrPrefem@bly, the gene
encodi ng such an enzyne is directed by a promoter which is a constitutive
or i nducj bl e prom)ter Fl%rther exarrpl es of enzyrre/prodru pai rs vvhi ch are

i sted ﬁﬁo{a%elg exngN@}_:-gover the deli verysyst em of the pr esent
application even altows the application of conpounds which could so far

not be Fuged Sectiom®r (3themappidke ¢H thmlqlumghtumr ciigsustseversyst emicly
appl i ed, QuGh scORpgYNds 'ﬁ?ﬂeUdﬁoBEQt efi | MO BB  intravenously

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

50 um.)

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

indicate the location of : Renilla luciferase-triggered light

emigsion in the presence of intravenously injected substrate

coelenterazine (5 ug ethanol solution)

Figure 6:; Monitoring tumor specific wviral infection based on

GFP_gene expression in a var:l.ety of tumor models

including subcutaneous PC-3 human prostate tumor (A-A’'’) and
MCF-7 human breast tumor (B-B’’) in nude mice, intracranial C6é
rat glioma tumor (C~C’’/, arrows indicate the location of the
tumor) in Lewis rats, and MB-49 mouse bladder tumor (D-D’’) in
C57 mice. BAnimals were monitored 7 days after intravenous
injections of 1 x 10°® of rVVv-ruc-gfp virus particles. Bright
field (top), fluorescence (middle), and b‘t;ight field,
fluorescence overlay (bottom) images of the tumor are

illustrated. {Bars = 5 mm.)




el ongation factors, proteins binding to ribosomal subunits, proteins

nodi fyi ng nucl eoti des, nucl eases, proteases or cytokines ﬁ@Agril %6662’ I L-12
etc.), since experinental data suggest that the | ocal reléase of cytokines
m ght h sitive effect on the i munosuppressi of the tunor.
Furt her ?}\}Dir?%s?oqsﬁtg m croorgani smor cell can contain a\ﬁg’xﬁﬁﬁzuﬁ;& eri al
Artificial Chronosone) or MAC (Mammalian Artificial Chronosone) encodi ng
several or all proteins of a specifbz pathway, e.g. antiangi ogenesis,
apoptosi s, wound-healing or anti-tunor growth. Additionally the cell can
be a canipuirer 28 Mpnito20(f WO DHH4RBAa48d PCGEPI B&&ixEEG dndeisi gaed cyber
cel | org c%b%r !vi rus eggoci ng these proteins in nmultiple conbinations. For
adm ni Lt oorgani sns or cells of the present invention are
pr ef er ahide cerdEenecamtimgs bbdtemsite phammaceut icpdctashr ineravenExadpl es of

sui tabl e .pharnaceutical _carriers are well . knpown i he.art__a | .ncl ude
phosphdt fered 8al Fré %ol |8rﬁ§Psm£F5F?'cg?ﬁﬂ séjoo%ls%hseu%lghgr i1/ water
enusl| i onsyor vVaa+0US tB4EEY of arwbt C+OfY Jagendls thet ewdHasteslined orismetc. . Such
carrier n be, for,mul ated. by ,conyenti gnal t hod _aadm ni stered
to the @ju—‘t;?eét %é[EQa'SLﬁng.gﬁl ?d se“.’erfdmg%\%‘ls%lrr%te’:&one%(%;}g‘taﬁggmb@r %or gani sns or
“cell s rmd e-Def § pcwith bywetiliyfiegeakin wegmmvee. ¢B-BY’ i and &<4Hdus, and
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adm ni s mniStration 1s 1ntravenous

i nj ectifireldfhéluoneseerafe ddii ahdt batglon, fisfldsodlseresieparrdovenlatie nature
of the , {uno t i Qf :cr aQr gan l.S nLakL n N the
phar mac%u't’i c%ﬁlaa%%ﬁpg@?l{(i% sgbgogglgeﬁ%}{ ?ﬁn%ﬁésvmt%glesbeﬁ{)déﬁéer%gﬂ%d by the
at t endiargimeily siasi aml fsasetbumi ivadi oigsGEl ) ni dBbrsf sctorer AB-RS’ wePl known in
t he nmedi_gal, ,ar gg%ag:e r &y rone patient depends on many factors,

i ncl ud?ﬁng’at t)]é %g%li ent’ s %'sf[@e,(@[%dy ‘surface area, age, sex, the particular
compound to be admi nistered, tiinme and route of adm nistration, the kind,
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bacteria from nude mice based on the detection o¢f light

emission under the low light imager

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

(B, D) after bacterial injections.

Figure 9: Homing of gliomai?ﬁtumors by attenuated bacteria

Nude nice with a C6 glion{ﬁa tumor in the right hind leg were
intravenously injected with 107 attenuated S. typhimurium (A-D)
and with V. cholera (E-H) both transformed with pLITE201
plasmid DNA encoding the lux operon. Photon collection was
carried out for one minute under the low light imager. Mice
injected  with 5. typhimurium exhibited luminescence
immediately through the whole animal (A). In contrast,
luminescence in the mice injected with V. cholera was visible
in the liver area (E). Two days after bacterial injection,
both groups of mice demonstrated luminescence only in the
tumor region (B, F). The light emission in the tumors infected

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




bei ng adm nstered concurrently. Preferred tunors that can be treated with
the mcroorganisns or cells of the present invention are igﬁﬁﬁeﬂ}ogumrs,
breast tunors, prostate tunors, brain tunors, colon tunors ung tunors,
ovari al and pancreatic carcinomas; |iver skin tunors.

- Brief d‘gg’?ﬁlﬁp?ﬂon of the drawi ngs Figure 1: External Pl {r“raglli]\g’%f GFP
expression in subcutaneous C6 glioma tunors in nude mce 28 April 2006 WO
03/ 014380 PCT/1B02/ 04767 50 C6 glidm cells (5 x 105) were inplanted
subcut aneously into the right lateral thigh. At designated days after
tunor calyls hfr‘péﬁntlmdt@m,laﬁheiajlémtailom \weffempn$ ectetedted awé.rhbusVy with 1 x

108 pfu ., of rvv- p_virus particles . r wa ored under
a fluord&déhtes épg?goﬁp(?’f%g%% l%ﬁ%q’ﬁeﬁgjr%)%p(%g %gﬂfq u%?%]ggéér;lce

(m ddl end amdxbright fdagisd, afftcapr esngaceiomveshagesthiagt oronitinged of
subcutane us | ioma t o n be observed in tunors
as smali®F; g PE 1t ﬁl %’%gjé‘:(‘%laBl %Whec%lgggfo?@'agsu%% days (about 2500 m8B
in size) (A A ). I n oI der tum)rs G-P expression was seen in

"patch"-l i ke pat rker gene expression
in the HgH5E - rE—-af ’ &% Ortlnuously4(C-C ), 7
(DD Nudandnlbé (vﬁt&l l)aremjls atmcwrs int rtéleerm@twbmaﬂtnjn@(h Uﬁre(Bars =5

Fi,gure 2. Vi | i n t I S, i £s (5 x
T05) wdr-rsranth e iednadt) T A BB RS e A AR CRE O e
m ce. mlmhdaw% aft eplf unBeF) cetansfmdm amthn,pItIITEZahl masmw\@r @Niknf ected

i ntravenou th 1 x 108 pf S n

was. nor‘ﬁnlc(??ié%g?#‘ B SESE Dt r Oifc?ﬂ &%lgﬁtgvgs%ﬁ acfa}e]é;alt Fio?l)hgt E2%e surface
of thensubduhtacanse€s thki dvw bt iimageown Ta:gatystnlhhéebr kgher green

fl uorescent back und in the, tunor fQV| o] Vaccini a- a(# ed gene

expr esSBGHET LR | gﬁ 1Y$eYd E‘ﬂyln?ﬁ%ﬁescen&? a very B?F%Ye i & d,

fl uoresgenceioyer| @) (Crdriggesglef  toiheut afieets Uhi et dnynoLight

"'“SLﬁﬁﬂ%glo B%gg ﬁogegnhh the primary breast tumor in the right

breast area and a metastatic tumor (arrow) in the left breast
area, and in the incision wound (B). At five days, the light
emission was visible only in the tumor regions, and not at the
wound (C). FEight days after Dbacterial injection, the
luminescent activity wasE abolished from the smaller tumor
region but remained strong in the primary breast tumor (D).
Homing in of E. coli to breast tumors in nude mice was also
observed two days after intravenous bacterial injection (E:

side view, F: ventral view).

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

C57 mice were intravenously injected with 10’ attenuated V.
cholera transforméd with pLITE201 encoding the Iux operon.
Nine days after bacterial delivery, luminescence was noted in
the bladder region of the whole animal (A). The animal was
‘sacrificed and an abdominal incision was made to expose the
bladder. The light emission was limited to the bladder region
(B). With the removal of the bladder (C) from the mouse, the
éntire gsource 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.




- Figure 3: Expression of GFP in subcutaneous glioma tunor of the sane

ani mal Five days after the subcutaneous inplantation of 5 ]':%B6 glioma
cells into the right lateral thigh, 108 of rWruc-gfp virlus particles were
injecte enously. Five days after wviral injec ani mal was
anestheﬁfd"Ig {gﬁh sacrificed for analysis of G-P exp?gggﬁoﬁnﬁnd
fluorescence m croscope. The tunor was visualized externally (A-K), wth
the overlying 28 April 2006 WO 03/ 084380 PCT/1B02/ 04767 51 skin reflected
(B-B"), in cross section (CGC'), and in the anputated leg (D-D'" ). Bright
field (A, quorescence (B), and brlght field, fluorescence overlay (O

i mages F(_)Lf i t a §d Thg sl rongest GFP
expr ess+o & ac€-of the

t unor dmwuheratght (double arrows in C—C " ). Sharp dlfference of GFP

expr essi pn LSS e rnal tyeSS arrews in
D-D") ?"s%c e%%éﬁeﬁgﬁf Q%PPQ Ié{?mar e% 8%% ect ed sc%ﬁr}fg( B(S% and D- D"
). (Bam&tenﬁahmi)VFlgboéeAa EIamﬁﬁoﬁhedldn@A);adaEﬂDmowasoénn@ tB i mages of

tumor cells exp zen segiions t hi c h i oma
tunor c0gs TBEERby v acaoRs RASTR e Shsbee Ehar e isBen iR avenaus| v
i'nj ect ddmihehcdnoe 3B ofotredVinutchgf pewdr tsgjpar toft|Bs Nhaaesanlmsn pm)

Fi gure e .anest het.i uge .t cate the
|Ocatléﬁr6k8FEnI€$£l#UCI eﬁ%%%gtﬁi% éf%d]ﬁé%% qagﬁfggigﬁei%n%hgg%resence of
intr avenemassgcnﬁmde@nsluthbuatlerameclemwedazmetc(rs ayg lechidnnl wasl uti on)

Fi gure QL t i ec gene
expresgggnk?% dﬁédﬁgéfﬂﬂyfm%@%%r%kg%e#éa%H% &h|ﬁ8 Iﬁ%ﬁﬁgnggasﬁ@E-S human
pr ost abeatnnmbungrs A"gtlamnb IMBENEs hememn w:ﬂseasmﬁmd @iB- Beyioms nale ni ce,

i ntracrani I I h tion of
the ¢ uner bR o8 Ao ppd Bt b ne, S BOEPAS GEBIEFLAdSEree |00

m ce. Ani fbl sluminesasgiceored izormalﬁteém ebsentrmei'rhms:ontrol brain

tissues (B).

Figure 13: Transformed human fibrosarcoma cells home in on

subcutaneous glioma tumors in nude mice

Nude mice with subcutaneous glioma tumors were injected
intravenously with 5 x lOSEuman fibrosarcoma cells, which were
permanently transformed with vetrovirus derived from pLEIN.

Seven days post-injection, the animals were anesthetized and
monitored under a fluorescent stereomicroscope. Fluorescent

cells were noted only in ‘the tumor region of the whole mice.
through the skin (Al-3}. Uion exposure of the tumor tissues by
reflection of the overlying skin (B1L -3), and in cross

sections of the tumors (C1 -3), fluorescent patches were

visible in distinct regions. Close examination of the organs

of the mice showed the presence of small clusters of
fluorescent cells in the lungs of the animals, demonstrating
the affinity of the fibrosarcoma cells for the lungs in
addition to the tumorous tissues (Di-3). (Bars = 5 mm {Al-C3),

= 1 mm (D1-D3}).

‘Figure 14: Homing of attenuated IListeria monocytogenes into

- subcutaneous prostate tumors




injections of 1 x 108 of rWruc-gfp virus particles. Bright field (top),
fluorescence (mddle), and bright field, fluorescence oveﬁgy-%@gt om
i'mages of the tunor are illustrated. (Bars = 5 mm) 28 April . WO
03/0143%5&;%%0802/ 04767 52 Figure 7: Monitoring Vac%;il' z)fi?;gjf ated GFP
expression 1n a breast tunor nodel Nude nouse carrying bfeast tunor was
injected intravenously wth 1 x 108 of rVW-ruc-gfp virus particles. Both
the primary tunor (A-A, B-B" , abll CGC') and the netastasized tunor
(D-Dr 'r E-E" , and F-F") were visualized externally (A-A" and D-D' ),

wi th ovérdeyimiges kinkith esyait-ahBoBs 1 haman EPE3" prostate ®heer t hey there split
open (%%hta@ﬂnﬁ- ek wBrd ﬁ?éra%n%hbﬂgt ing::%{éh WitHOR 83 CaNGR athgand bright
field, J[ orescence overlay (") 1 mages. expression 1 n lung netastases
i n the Banemorgvytwigenes altzensfemrdd zadl G Glsdd-gfpBars asmbd nmbA- A" to

) LS chel JB) (G) bl 9U16: B SRl A At Bag o ance of

| i ght m nudé~m ¢cé based 0 tection of |ight
em ssi ahlumescente | steteghtmicmgeophiude TWenbyweswen nthaarenoadityri nj ect ed

with 1 | )., 0f. . a - L A ' chg a (C D).
Both s arcgcl%ﬁs% 3\%}6?33 ?%%ﬁ%#o?%%d §\%\?{‘%Pgtﬁé{fg%] Cg: S(rir gll)ﬂfgr&?h\e&ﬁeug %%%er on.
Phot on wagiloact iThe weisnaiongs 26hatm (A, aC)sethdo? dagsbl¢Blight afleér bacteri al

i njecti okl e i I'mtliggé_r ri a Nude
m ce vvifﬂh%are%gggfgi (()lrgr{al' 'i_%ﬂaosgis%%%%eérl g 1t hi r?gepggi‘%%weﬁgragsgggusl y

i nj ect ednagiesh {BaratTend@t-ed S. typhimurium (A-D) and with V. cholera
(E-H) both transforned with pLITE201 plasm d DNA encodi ng the | ux operon.
Photon collection was carried out for one mnute under the |ow |ight

i mager .The ®&espRf et enbdionh 18, exgdsHingdr PUntRR eFAME@S|- uni nescence

i mredi ately through the whole animal (A) . In contrast, |umnescence in
the mce injected with V. cholera was visible

Example 1: Materials and Methods

() Bacterium strains. The bacterial strains used were
attenuated  Salmonella typhimurium (8L7207 hisG46,
DEL407[aroA544::TnlO]), attenuated Vibrio cholerae
{(Bengal 2 Serotyp 0139, M0O10 DattRS1), and attenuated
Listeria monocytogenes (D2 mpl, actA, plcB).The bacterial
strains were kindly provided by Prof. W. G&bel
(University of Wﬁrzbuig, Germany) .

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

{C) Transformation of bacteria

The bacteria were transformed by electroporatiomn.

(D) Tumor Cell lines. The rat C6 nitrosourea-induced glioma
cell line (ATCC, Rockille, MID) was cultured in RPMI-1640




inthe liver area (E) . Two days after bacterial injection, both groups of
m ce denonstrated | um nescence only in the tunor region (5 E)ﬂzo‘[)lae | i ght
em ssion in the tunors infected wth S typhinmuriumslowy é mnished four
(O andygy %tk 28 April 2006 WO 03/014380 PCT/1B0O2/ Qa1 Ozg%ﬁglays after
bacteri aI |nj 8ction. Tumors infected with V. chol er A ahoned enor mousl y
increased |light emssion four (G and six (H) days after injection
suggesting continued replication ofgthe bacteria in the tunor tissues.
Figure 10: Homing in of bacteria to breast tunors Nude mce with breast

t unor s nedithe (degigrby emﬁlpadchver a@nci pt Hevedons| WA) nj agipdémented 107

oL TE2g o 208 QPRGN o 7 vt e SRR re o e B s
carri ecPC@uprbetateJrreanmmme ael;ﬂerlmm {A0WC), | §htkvinkigar MDTwently the nut es

after %E%Erh%sé’%%é’ Ours 3 NEREER! a g EQ@'%S@}J%’X%% QhseLved Ln the

live orty-ei ght ter-injec m sSion was noted in
t he prllfrmwabh@fésmtmﬁﬁ Hediure (ﬂegﬁgrObrEadiamCéa dmd -a Aetragoati c t unor

(arrovlyain die1lGEhebl SRstn BLERANGhd Nudde1b ROl s) N ¥BUNTEBhGoAL [ ve

~days | em ssi on was e tunor regi ons, and not at
t he \AG’GMO(SQ:;COIE gellday AT e Mapacsesi aIVAB njecei onltuhed fmnFhescent

act i vi winufis: ak@Laed | RAMANQCRTRLLST WIARLLeaR0l 9o DLt HeeRmpASd otrong

in the primary breast tunor tobreast tunors in
nude nmVée RHBPHEENteshydERel %v@%aﬁ,mi éft@@%h?ihb@#cﬁﬁ@é@tﬁﬁﬂm i nj ection

(B single vicewy Fam¥ehdniary @Whcifbedr eelil: 1M podd) @bcRogiesja to

bl adder tunmors in C57 mce “C57 mce were |ntravenously I nj ected with 107
attenudPed vermergptelh tueasSrereddwil na phlaech @ieydnagPERaIFEx oper on.

N ne days abler bastfrdea debhvepy, |H£‘l£5lesclfencel,é6%5 nebrd i finddre bl adder
region of the whole animal (A). The ani sacrificed and an abdom nal

i nci si IRivaESHelre beaxbbadat Het) bVasidepltured | iyhDMEN EL2 oleddld® | i mited to
mﬁsgl %ﬁﬂgieﬁﬁ%éﬁq ith Vethphge Lgaoval, of JAg bladdey;6C) fipmthe

Technologies, Grand Island, NY).

(E) Production and propagation of retrovirus to generate a
light-emitting stably transformed cell' line. PT67 packing
cells {(Clontech, Palo Altd, CA) were cultured in DMEM medium
supplemented with 10% (v/v) FBS. At 70% confluence, PT67 cells
were transformed with pLEIN (Clontech, Palo Alto, CA) using
calcium phosphate precipitation method (Profection Mammalian
Transfection Systems, Promega, Madison, WI) for 12 hours.
Fresh medium was replenished at this time. Retroviral
supernatant collected from PT67 «c¢ells 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 medium was replaced after 24
hours and the cells were treated with G418 selection at 400'u
g/ml and stepwise increased to 1200 pg/ml.

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




entire source of light em ssion was renoved (D) as denonstrated by the
overlay of the low |ight photon em ssion inage over the gg?%pgggﬂgic i mage
of the excised bladder. 28 April 2006 WO 03/014380 PCT/ |1 B B 4 Figure
12: Hom.ng.in of bacteria to brain glioma tunors in lLewis rats Lewis rats
were i g}vrog'{?@hﬁfpsl y injected with 108 cells of attenﬁﬁr@ﬁpw‘.‘%@hol era
transfornmed with pLI TE201 encoding the |ux operon. Twenty-four hours after
bacterial injection, faint |um nesténce was noted in the head regi on of
the whol e animal during visualization under the |ow |ight imager. The

ani mal snteertdhes d6radinded Vardst eanonisr ai Hher eWosd. WFhoeBR1E6ie&ciNon was
carri eyt cLofs O JdItlish BEOPLER patieerel) aBNdl HhiiolichBl obrain
tunors. Strong T um nescence was confirmed I n regions of = the brain of the
rats wiitfecheomr MR urt Crarke® W/ €8lhr towsCViln ApllLwanedayenee was
conpl etely abse i,n control ,bgai tissu B),....Eigur » Jransformed
human ﬁﬁ%¥8§ %ngalggﬁggtﬁﬁﬁeéﬁn3gﬁ? g%%c%tgngﬁﬁé gFﬁgga%¥ﬁﬁé§%Ogn nude

m ce Nedergi ¢6 with 30bchiantdms, gbkhenaupemmisnierfd i) wdtbdviknsr avenously

WEh 500108 DD i aSaRCOMRACEILS, i ClLoNBS 8o RET BPENLLYyLFanst or med

wWith retrovirus derive romp Seven days post-injection, the animls
wer e adasehetithedenwd fneai nedbe unCempletel wnowsbemedivar waai Ehekcope.

Fl uorescent. cells were noted only in_ - tumor regi on.of .t he whole m ce
t hr ougl‘-i‘dsﬁg %I%‘fr?:b(eAlc-eé;S Upoh J&&%’%feg 6{: hﬁ]?‘tﬁ{%?r &I By Y ef | ect i on
of thepevprbytay Ski nC{Bl cdllsantedd QuoOSSiedethironghofa t kactasers (C
-3), fluorescent_patches were visible in_distingt regions.. C ose

oxniri nERPOREEE - t Ro BAGARs SN [ BEoR hdfted t RETHH oSBRESH oFfll

cl ust erdgteimiid udreesdert o€l kscombiremt whgas oby t e ijaningalthe dehbsistrati ng

the affi.njt f the ftibtosarc ells for. the lungs in addition to the
turmroffs}tbi gg%e%ry 'a-13Y.l°%%ér%onﬁlté'oﬁ‘miflﬁ@@}oﬁ' =1 mm (D1-D8)). Figure 14:

Hom ng of attenuated Listeria nonocytogenes into
(G) Generation of mice carrying tumor implants., Five- to
six-week-old male BALB/¢ athymic nu/nu mice (25-30 g in body
weight) and Lewis rats (250-300 g in body weight) were
purchased from Harlan (Frederick, MD). C57BL/6J Min/+ mice
- were obtained from Jackson Laboratories (Bar Harbor, ME), Min
(multiple intestinal neoplasia) 1s an autosomal dominant trait
involving a nonsense mutation in codon 850 of the murine Apc
gene, which renders these animals susceptible to spontaneous

intestinal adenoma formation.

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

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

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




subcut aneous prostate tunors 28 April 2006 WO 03/ 014380 PCT/ 1802/ 04767 55
Nude m ce wi th subcutaneous hunan PC3 prostate tunor int %Ghl nd | eg
were intravenously injected with 107 attenuated L. nonocy og%nes

transf oy eysd psod-gfp plasmid DNA carrying the gfp el G-P
fl uorescence was observed under a fluorescence stereo m croscope.

Twenty-seven hours after bacterial injection, GFP signal was detected only
in the tumor region. The tunor is Shown in a set of visible light (a),
fluorescent (b), and visible and fluorescent |ight overlay (C) inmges.
(Bars Indrameyeliwl ppétemnd itmwensi orries expraitedd Hyy fhieexianpl €6. Exanpl e
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Her ndotthrowgh stipplterrentiede W td ddia( wifvp BBS hfmlezl mjectlon into
pen|C|EhgnéﬁéﬂprQngl905EQ?CQHTgnin a 10 pl volume, the needle was

kept in place for 15 sec and then withdrawn. The skin incision

was closed with surgical clips. Mice bearing subcutaneous
prostate tumors were generated over a period of one month

'following subcutaneous implantation of 3 x 10° PC3 human

prostate cells.

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

tissue transplantation into the mammary fat pad.

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

" Renilla luciferase assay. Renilla luciferase activities were



PC3 prostate carcinoma cell line (ATCC, Rockville, MD) and the MB-49 nouse
bl adder tunor cells and rat 9L glioma cells were maintai nf‘z‘fAi N M medi um
"~ (Cellgro, Mediatech, Inc., Herndon, VA) supplenented with -BPU am ne and

10%(v/§,)0|0§}§§ﬁ'|ﬂ1080 fibrosarcoma cells (ATCC, I\/tan@,g;a R0 wer e

cul ture m ni mal essential nedia (Cellgro, Medi ch, Inc.,

Her ndon, VA) supplenented with 10% FBS and 1 x penicillin/ streptonycin.
The MCF-7 human mammary carcinoma @@l | |ine (ATCC, Rockville, M),
permanently transformed with a plasmd carrying pro-1G- 11 cDNA (obtained

from DgetOahsyed fieenNinktoiPeddidan bRt V&K Sb# Yo iGARrbi Bdas GA)oMAS
cultured in DVEM F12 nmedi um suppl enented with 5% FBS and 560 g/ m of (418

(Li fe cTeteémupmsgiiee, (Grandalsl addluid) ethEpoPr sdliction el fiopslgat i on of

retroviku |, § -@m k&t abl k f,o cel Iy, I ine. PT67
packi nSE %%‘If:ffs §CI o%%gg ,b%% 0 Al%t'o,t:) @?""%’r@ g’umﬁttE??%ﬂ ?I?\r& %Ir]%qedi um
suppl eREheeYL W t RRATOBANE,Y)PHBS: 4)At D94 @ oRANGeREE MapF6 Mewsl | themver e
trans“%&?@d%ﬁhap'dﬁw bekonisgah. thal @ﬁaﬁ%ﬁQts@AAR 4 &) Ciigmgehosphat e

precipitation nethod (Profection Manmal 1 an Transfection Systens, Pronega,

Madi sof1dge) crBpra RBEr $herrdgeheredictm warordphetisdhad TaEgehi B Q i ne.
Retrovblgs 3sUPSSr@lal @RULECEHHAMITI0E195L:SSBRINoUNPOSThe

transformation was filtered through a O. ilter and was added to

t ar get PEAUBT logieds PRPEAR GREFS ST Villagite vieg SUPRRATDPOSRsh @HI dtlion of 4

g/ n. Gghgynﬁgayén Yasqd epracrd ahigsl 2 Hosds BHdpLBE: &&lY s1yee treated
wth 18 selection at 400 g g/m and stepw se increased to 1200 g/m. (F)

Pr opaght$ ot it AfeddBF n@IhtSS38ci nia virus. Vaccinia virus Lister strain
(LI'VP) was used as a wild type virus. Reconbinant Vaccinia virus
rw-ruc-gfp was constructed by inserting,_via honol ogous reconbination, the
ruc- gf fitadebeebion \afig lamigpscengy cang) lygrasceneds | dpediatelynoe,

(i B ot S AL PR AT, S BT e
particléd ay/kgnbbtiyphiedighy) of The animals were placed inside the
dark box for photon counting and recording superimposed images
(ARGUS 100, Hamamatsu, Hamamatsu, Japan). Photon collection
was for one minute from ventral and dorsal wviews of the
animals. A light image was then recorded and the low light
-image was then superimposed over the light image to record the

location of luminescent activity.

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

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

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

fluorescence of the tissues was monitored under a Leica




infection (MJ) of 0. 1 pfu/cell to CV-1 cell nonolayers followed by

i ncubation at 37C for 1 h with brief agitation every 10 m is tine,
the supernatant fluid with virus particles was renoved, %@Pﬁz@gll

nmonol ay washed once with serum free medi um gg@q]jz growt h medi um
was theﬁfo%g é ‘and the cells were incubated at 37C. Pr -rﬁ%ﬁ%fp virions
propagated in CV-1 cells were purified through a sucrose gradient. A

pl aque assay was used 72 h after imfpection to determne the titer of
reconmbi nant virus by staining the cells wth 50%crystal violet solution

i n et hEhodreddgnceenet@tdsanpel andethar iyeggst ware | mpdardesl ksler to
six-mgﬁ-g&%ls‘% g@%g/c athymc nu/nu mce (25-30 g in body weight) and
Lew s ra - 5 Th body wei ght) were purchased from Harl an
(Frederick, MD). C57BL/6J Mn/+ mce were obtained from Jackson

Laboratori r , | .05 estd . peqgpl asia) is an
aut osonmal do E%n?%%ﬁlt%%gﬁ%%%é nghtgglﬁ%%bﬁ%tﬁieo%ﬁélpﬁ gg‘don 850 of the
murine Apc gessymbilmach Veociniz ttiese aVW-rmds-gsirstepbitbies t 0 spont aneous

i ntestinal adenonma formation. To obtain tunors in nude mice, C6 glioma
cells were grown, harvested and the cell nunber was determ ned by the
Trypan  BhyeMexiddiSingn ofeviek -nddihibacharieMenapkbeesdibd Aa skin
surface, then approximately 5 x 105 cells were suspended in 100 | of
phosphat e buffered saline ¥ERRCIREACiAREI® subcut aneously into the right
|l ateral thigh of each nouse. Tunor growth was nonitored by recording the
size of the tumgr with a digital caliper. Tunor volupe (mmB) was estinated
by theVefoima Firesx (4 % V7 PIfuhnererying iiee Aedidin, Lv¢iEeane width, and
His thepheightn Obxpbhest ! chBsdMe 28rPRlilc2096 WRD3RIARERed

PCT/ 1B02/ 04767 58 Intracerebral gliom tunors were generated by injecting
C6 gl ipravedonslynipte heudredilsf Widits NOPALBPIEo TR cBBHIHLS MALE were
anest Nabd aafkdvidites Al BeRgRALhLLAL (NBThULR! £ine Sogh 1R wlldi i on, ADDOT
Laboratories, North Chicago, T'L; 60 ng/kg body weight). A mdline scalp

i nci si*@lﬁe(@py—l:&g@m ipagerade, NyEtor luciferase catalyzed light

emission immediately after intravenous injection of

coelenterazine, and under a fluorescence mnicroscope to

visualize GFP expression. Neither apparent luminescence nor
green fluorescence was detected in the animals when imaged

externally, except at certain locations that had small skin

lesions, Such luminescence and fluorescence signals
disappeared after a few days once the lesions had healed.
Animals were sacrificed one week and two weeks after viral
infection, and their organs were removed and examined for the
presence of luminescence ‘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 rvw-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 tvmors of live nude mice



skin was retracted, and a 1 mmburr hole was nade in the skull at a
| ocation 2 nmto the left and 2.5 mm posterior to the brkﬁ¥g..ﬂgggr cells
were pipetted into an insulin syringe, which was fitted P3 -'gauge

needl e ted in a stereotactic holder. The ne i nserted
vertica Iamgpﬁgbugh the burr hole to a depth of 3 nn?ekﬁ?%@§$%jection into

the brain of 5 x 105 C6 cells in a 10 | volune, the needle was kept in
pl ace for 15 sec and then w thdrawgl The skin incision was closed with
surgical clips. Mce.bearing subcutaneous prostate tunors were generated
over aTheridiktafibantonondth ihgktowd nyaguhais angows | il anlbat iwicof 3 x 106
PC3 hupman_.prostate cells. .MB-49 use bl adder tunor cells were inplanted
1t hebeas iR SADERARRSISIY pr GRICECAM s v 1P addioRmdi2s " To
gener akramimem Nuwld mikveeagt-hc anner s ( dpproaiith Halye ®00 mabibi t 2k f or
publication),, f | e pude mce were first. . nplanted w 0.72 /90
iy  oHB5S oL ICE Sk P AHF BTN £ 1 kSt PER Phadisr V- RBCRIAT | oo M) i
t he skivhrt®. f @eivknt alsys bafost tupes devyekbopoent taed aeihmsisasvsere One day
after estéqgggégglIgﬁpingéantation 1 x 106 MCF-7 human.breast carci nona
‘cel I s PPANS? i PP pPORTREENR (Ber & HHUoTeststaPe "SEEOTIRY),
777- 781ty wedetdmmilnant edhen tipweegwmear yofat vpeal Famfecthotopiand
- transp t r % p from . i.mpl e I r t and

m oo ERE B AR B CPr ez n PR Bt e o RSk R ary 1 a
" pad. (EBOAsmeyinfsResi |durprisifelnsegraen flecaesomice wilscdeterised
anesthetize i tal ( kg.hod Lght) r e eni | | a
Muoi o sl Gk REABY ZTeptls cPas iR MolHr Y PRS0 T Yo wo
03/ 014880aPCTmiB@RA0A/ 67D GEPer fluwretksafeher | was avermusihheeedliyon of a

1 Xt azi i h | i d
0| " plarithdll S, LOBACOLMAR "Patthah Dipaltldiat Bandhe SR o0 A7
pot assregighotiiiat dA-BH' 7. ATheyhapatdliese afitenl searratt tem endrafed in a
dark by, sl “9e§§b§ HBRRL S ARﬁégrlg%a'vQW lih@0Eat¥h 9P dirANd the

i mages were recorded using | fage
infection of tumor cells that surround the leaky terminals of

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

particles for the tumor tissue.

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

Surprisingly, 4 days after viral injection GFP expression was




Plus 3.1 software (Media Cybernetics, Silver Spring, MD). The

pseudocol ored photon em ssion i nage was superi nposed onto i%g_.P scal e
imge of the animal in order to precisely locate the site Pyt %

em ssi O%f%‘ﬁfl(&ﬂ Igoet ection of |um nescence and fluorescence. | nmmediately
before i ‘5’ mce and rats were anesthetized with i W(“éﬁr) (60 no/ kg
body weight). The animals were placed inside the dark box for photon
counting and recordi ng superinposedsd mages (ARGUS 100, Hananmat su,
Hamamat su, Japan). Photon collection was for one mnute fromventral and
Fl_orf]al s}éieQV\finOB-aﬁljﬁ—olaIliOME_ﬁmoszam Ham%ev\laaaﬁéh@ﬂ r gsarded @ng tEe | ow
ight inage was then superinposed over the light image to record the

| ocati diIGr 1 MmEddcerltaInRTLSY . Ofmebt iRl &5 ERPLRIT cEbT e FIRYEimors of
live anjaigksings bypgﬁri_@mri]rmdzatiiong &F lL@'E\pa M&@etﬁmlo ih ug.lir@&ﬁgﬁ:ﬂ@c%‘ |

m croscope_ _equi ppe t rcur anp . power supply and a GFP filter
(exci t?a_'ﬂﬁ%ﬁﬁsat o¥rgen Vghapna e a%réa a%r e%ée%%ﬁrﬁ aIyIS © DREFS000 3CCD

di gi tialsiﬁhet (Buﬁm:ri&nt(jl)evldilﬁt afogMatket UBhet icsessidhderganesd hesi a, the
animal s__were euthanjz Wi overdose .of Nenputal (r). The tissues of
1t o e SPPAGFENE EH o SERDeteA 1Y THESHiek Py R G RE o CRM B

Sci ent mficepstaperville, 1L) and imediately frozen in liquid nitrogen

wi t hout fixation. Frozen sections were cut at -20C using a Reichert-Jung

Cryocut 1800 cryostat. GFP fluorescence of the tissues was nonitored under
a Lei cah28 fAprihg2@06t WOn 98¢ 0ilcd386F PEHe 180V Ok p6 W aickcli Y € SeEnece

m crosgope d e i es were.recorded _usi Phot op.software. Exanple

2: Res'&PES %gﬁeamggdﬁ”gg?ﬁrg eﬁ%ﬁs%f)ﬁjgegfeis’}}ﬂg%?. lnr%?gnﬁxﬁﬁﬁsjﬂ%%ci ni a

Vi rus Y- rageugfiatibn ninc etnwrsMosmitableg 66r vinousiness steedtumrker gene

expression Lh i n ficie ] vacgi ni a_\i rus carrying

the Re ieI%FSICJr%i ?‘Lﬁg@gg_ ‘&P%ugoglﬁtoé"ﬁpﬁé%sie(:)n\rﬁcrgasglé tee%g%%ﬁ%l} gf p) was

i nt r odpeedess ndf avletousinnsi iho thedeams canimealh imo Meadotsne THBi@ni hal s were
cC-C'’, D-D'' and E~E’'f)., A continuously increasing level of

GFP fluorescence was observed in the same animal throughout 20

days following viral injection, which was the time scheduled

before sacrificing the animals. Such an increase in detectable

fluorescence was indicative of a very strong viral replication

in the ftumor tissue, the latter appearing to function as a

protective immunoprivileged environment for viral replication.
The wviral replication in the tumors was verified by
determining the viral titer and light emission of the isolated
viral particles in cell cultures. Interestingly, the location
of blood vessels and the neovascularization within the
-periphery of the enlarging tumor were readily visible and
‘confirmed by external wvisualization against a bright green
fluorescent background (Fig. 1A~A’'’, D-D'’,E-E’’ 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
viral infection, as indicated by arrows in Fig. 3D-D"". The
skin overlying the tumor was also non-fluorescent (indicated



observed once every 3 days over a two-week tine period under the |owlight
i mager to nonitor luciferase catalyzed |ight em ssion 'nW§gé, ﬁ% 6after
intravenous injection of coelenterazine, and under a flu

m crosc }g% vi sual i ze GFP expression. Neither app? Oa)o%g; nescence nor
green f ¢€nce was detected in the aninmals when e xternally,

except at certaln | ocations that had small skin |lesions. Such | um nescence
and fluorescence signals disappeamad after a few days once the | esions had
heal ed. Animals were sacrificed one week and two weeks after viral

i nf ectbpnasbeidkseiin digansSBvet e amdob-all ‘dnd Cewani nedtians tde ther esence of
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the virus Seene romthe ani ma stem soon
after Swmem&;lldelan:eeplyesnmhlwelbb@b@it ream (B) Visualization of Vaccinia
virus- nedi ated marker gene expression in glioma tunors of |ive nude mce
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Lunor sy Wasrs eXANRedon Nughes MR Wskhoh UMDEs, an:r:aﬁml ”EEESdeéoq\réF@ in size

were inj ected |ntravenou y wth 1 X 108 pfu of the rWE:ruc-gfp  virus.
Seven dayticacer foir uslqngseepieon, andRysdsi nandenertide mbANPBRPERTGT GFP

eXPI €Sl OPtR. AcdiieheseenGRaTlel s seperatitulet pfdiite thorRiRsence of

vi ral n and Iplication in the tunors, which had grown to

appr oxFawealsd HBG0 Grﬁ%‘ts ﬁwogfﬁﬁéen%r pA$ sPREFSAL gHeeha¥IQIoF HAETEe was

detectgd @My M‘tl&ﬂ? ERETOE DT OISy ] Ma) | iSu B ESuo ey daymsal t er
viral injection, the G-P fl uorescence was veré&l ntensely localized in a

pat ch-VigEodmt 1r Rorwal r itdpsHes o SUGE tamokler &gRdk, (A  1ALWST These
pat chespi &dit ennsefilgaéy t he end of bl ood vessel branches, may have
i ndi cat ed [ ocal viral

In addition to GFP, the recombinant rvVV-ruc-gfp virus carried
a second marker gene, which encoded the Renilla luciferase in
the form of a fusion protein with GFP. Therefore we were able
to directly superimpose the site of GFP fluorescence with
light emission from Renilla luciferase 1in the tumors.
Tmmediately after coelenterazine (substrate for Renilla
luciferase) was delivered by intravenous injection, a very
strong luciferase activity was recorded only in the tumor
region under a low light video camera (Fig. 5). By lowering
the sensitivity of the low light video camera to avoid
saturation of light detection, we were able to identify the
Renilla luciferase gene expression in localized patches in the
periphery of the tumor. These patch-like patterns precisely
correlated with the GFP signals.

(C) Affinity of Vaceinia virus delivered to the bloodstream

for different tumors implanted into animals

To determihe whether the attraction of the Vaccinia virus was

limited to glioma tumors or whether this attraction could be




infection of tunor cells that surround the |leaky termnals of capillary
vessels. During real-tine observation of the sane tum)rs eﬂ%&’) si gnal
fromthe center of these patches started to disappear, B

f1 uoresgenbn Eﬁgbt ers appeared in the formof rings atPCt[HEOZB%],phery of t he
fading patches. The new sites of intense GFP fluorescence nay hav

resulted fromprogression of the viral infection to nearby ceI | s V\Athl n
the tunor during tunmor growth and esdpansi on. After careful exam nation of
the mce, with the exception of the tunor region, no detectable green
fluor esbeaceedva&nseenheel semrarse onetdmbideey sUetatieior vimukhewsk ssect ed
organs. Thi.s. erinept ea howed th mat ur e oI tunor coul d be
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entry and repli‘cation process of this virus in the same animal in real

ti me (Ppbgervationcperio@ D' and E-E "). A continuously increasing |evel of

G-P fl uorescence was observed in the sane ani mal throughout 20

Female nude mice with established breast tumors were also used
for labeled Vaccinia injectlons. These breast tumors were
allowed to grow for 6 months after the animals received
implants of MCF-7 human breast carcinoma cells transformed
with pro-IGF-11 cDNA. At the time of Vaccinia virus injection,

the tumors had reached maximum growth and the tumor volume

{about 400-500 mm®) did not change significantly during the

experimental period. Similar to previous experiments, 6 days
after intravenous delivery of 1 x 10° rVV-ruc-gfp virus
particles, strong GFP expression was observed in the breast
tumor region (Fig. 6B-B’’, Fig. 7A~A’’ and B-B’’}) and nowhere
else in the body. |

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



days followi ng viral injection, which was the tinme schedul ed before
sacrificing the animals. Such an increase in detectable "Iérg{gr pce was
pECL

i ndi cative of avery strong viral replication in the tu t he
| atter I to function as a protective i m*runo%lr)féolzﬁ%gi envi ronnent
for viral rep[slcatlo The viral replication in the tunor's was verified by

determning the viral titer and |light em ssion of the isolated viral
particles in cell cultures. Interesdggngly, the location of blood vessels
and the neovascul arization within the periphery of the enlarging tunor
wer e readniyedi Sobl éehedtlcﬁmncﬁf r meta dhya st em‘eaatlasvziasﬂaédi zammm agai nst a

bri ght n ugrescent round A-A' ' " and Fig. 2).
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| ocat e . % n 0 glioma
tum)rsg%% dzI gﬁ’ @%@eﬁl on, HP%[ glr%(tii é%%ééssé V\}té"r%ée%fssglc %‘%ed for

m cr osBopéc Ja!dwlwslag andesul heof |t esmanoeompnrmic@dopéat@ommmm ive

anal ystﬁm&l_‘. rﬂ’lacrr'o%&ﬁrl'i:bﬁﬁé‘x?t sections revealed that CET fluorescence was

pr esent I'arge clusters "of cells within the tumor (Fig. 4), but no

fl uorescence was vVvisible in normal tissues such as the heart, lung, liver,
spl eenTO 288t & fRY wHARRIAE LQE SO T les! RBURACABPL AL S¥V Eﬁ’rﬁ;org.sf p virus

carried
and re-enter the circulation, we injected C6 glioma cells into

the thigh of mice to form a second tumor in animals already
carrying a breast tumor infected with labeled Vacecinia virus.

If the virus particles were released from the tumor to

re-enter the circulation in significant numbers, they would be
able to colonize the newly implanted glioma tumor. Monitoring

of these second tumors showed that no GFP signal was visible
in the new glioma tumor 7 and 14 days after implantation of
the glioma cells. To demonstrate that the newly inmplanted
glioma tumors could be targeted by labeled Vaccinia virus, a
second dose of rVV-ruc-gfp virus (1 x 10° pfu) was
intravenously injected. Five days later, tumor-specific GFP
expression was detected in the newly formed glioma tumor in
addition to GFP expression seen in the original breast tumor.
These findings suggested that the virus particles in infected
tumors were either not released back into the circulation at
- all, or were not released in sufficient numbers to infect and

replicate in a second tumor.

Two additional tumor models, including Lewis rats with
intracranial C6 rat glioma tumors and C57 mice with MB-49



a second marker gene, which encoded the Renilla luciferase in the form of
a fusion protein with GFP. Therefore we were able to direﬁ§%éﬁfﬂﬂgrinpose
the site of GFP fluorescence with |light em ssion from Ren ucli'f erase

in the g§§§k§ggllnnediately after coel enterazine (sugg@éﬁyﬁwj?roRenilla

| uci fer del i vered by intravenous injection, ng

| uci ferase activity was recorded only in the tunor region under a | ow

|l ight video canmera (Fig. 5). By lowgging the sensitivity of the |ow |ight
video canera to avoid saturation of |ight detection, we were able to

i dent i tpushe b1Radet | guhoes f Qﬁa$ﬁegeﬂad§éi@[ efst@nukad| geal ivagdipasches in
the peri, e tunor., K Thes i ke patterns precise

phery of t tch-
correl&P@ﬁ ﬁﬁ%#ﬁtf1 GrESSPgIERe . ¢ éﬁ@?fiﬁPP9roﬁ wni 8T V|Vb§g%elivered
to the plalrtﬁﬁ)d$é$ ebdn a f ]_ﬁl'lie:riﬁnfefnehe Qimf U@ Bo | tiRlAR €6 e ant8vkstHO

deternin t at of t he Vac a vi.rus was ed to
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03/014@86t§fﬂi¢éxﬁyd®@%$§ 64 tmmmfsuﬂhatnmeyhsé deiiistratedoabsdpait Vaccini a

virus r ecomhi nant i_ntroduced into m. that carried different types
of ' ot IRpRbCTR Y aninsasy nLbREE raES BHER s Rt st w th
inplan@édommbtw@amfousiRﬁﬂ3nhuean1phoﬁBa4@:md&ﬁdﬂbﬂM@derAthh@ﬂghuthe PC3

i npl anitglaf ng%%gl}{ %rteu%r ﬂe,y(?,&é)lp qf %r W1t &}Tgi m%lo%xgi?r%e t han t he

i npl an _ aneous dgI'i oma "t urors, eSe tu _ he” sane
dynam ggowt hvé Bgey d\lzerteos‘b'@ﬁ%ﬁﬁcau\dallll% mlﬁea:ﬁﬂéw ishene begmécad titers (1

x 108) .were,injected intravenously g. Simlar our findings
Wi £ 1P Badt HRGOCORRBT e} CHOLS s apfl LRa TGRS SEFBUS LR af ter

virus tbnj qebwonfoﬁndstheairéuormemdzastzed reltsoughedt theeStapek

observatjon ri . e ude, m estab i shed breast tunors were
al so uéghra‘f: jadild eHl S, hg]ﬁ e’*&%\% d TRESH B r &8st SEEWBr S%her e

al | onedohbrgiow dror ddy n@m,hSaJalfterr&ﬂ:w mermixstﬂaeveebuedy iapéetrds of MCF-7

human Rﬁﬁﬁs 928&2? 5§¥d§;££rr5§3gyﬂ%1a the femoral vein. Five
days after virus injection, all 4 animals were sacrificed, and
their brains were carefully excised for analysis by
fluorescence microscopy. GFP expression was detected in the
brains with implanted intracranial tumors (Fig. 6C-C’’) while
no GFP expression was seen in the control brains. In parallel
experiments, C57 mice, with or without bladder tumors, were
divided into two groups. One group was injected intravenously
with rVV-ruc-gfp Vaccinia virus (1 x 10° pfu) and the other
"with saline solution as control. Five days after virus
injection, the animals were sacrificed and examined under the
‘fluorescence microscope. GFP expression was observed in the
bladder tumor region in € 57 mice but not in control mnice

(Fig. 6D-D'').

Taken together, these experiments show that Vaccinia virus
particles were selectively accumulated and retained in a
variety of tumors, probably protected by the tumor
microenvironment, and that they were not able to survive in
the non-tumorous tissues of immunocompromised as well as
immunocompetent animals. The tumor-targeting process by

intravenously injected Vaccinia  virus carrying the




with pro-1G--11 cDNA. At the tinme of Vaccinia virus injection, the tunors
had reached maxi mum growm h and the tunor volune (about 40%;%80 ;;HB?) did
not change significantly during the experinental period. F%\ o]

previ ou Lrents, 6 days after intravenous delivery of 1 x 108
rW—ruc%f%Bgﬁ%ous particles, strong G-P expression \ﬁgg)fﬁ%@g{ﬁ?/ed in the
breast tunor region (Fig. 6B-B", Fig. 7A-A" and B-B") and nowhere else in
t he body. Exam nation of cross sectgrons of virus-infected breast tunors
reveal ed | um nescent "islands,, throughout the tunors w thout any

i ndi cattiight-eédmigeritigal el pearierer@dngr édmorevicatetl tmf eabilany . 7C-C').
The MCE:7 tunor, cells used in these  breast tunor nbdels are, known to

mot ast KePzJEKRANTR JAGRE! GWSCED, Honcl it gE SATY FURORSTASERRI or

met ast aginded imiref atndaion the left side of the body showed GFP
fluorescence (Fig. 7 DD, EEE" , and F-F'" ). Excised lung tissues were
al so 28 April 2006 WD 03/014380 PCT/ 1B02/ 04767 65 exam ned for detection of
net ast ases. Metastasized tunors as snmall as 0.5 mmin dianeter on the

surface _of the | un re ositive for GFP fl.uorescenc Fig. 717G G'). The
pr esenc&X8PPLe 3t WPlﬁénPEl P EREeP S s eR MR e £ g&ﬁ%‘“"éﬁ%ﬁ“@n confirmed
the expression ofpdrd@ilidi i eglecenitRihgstoLPriolel mica these Dbreast tunors
but nowhere else in the body when the substrate coel enterazi ne was
injected intravenously into the live animals. These experinments showed
that | n{ARUENQIE ¥a 880k V& ad gh¥Vasmi fi #hy/ iadsePis hd Rt hewRslectively
accunul ated to and replicated in primary and nmetastasi zed breast tunors in
nude mice, |ikely arimpkeafiterolntrRvenewsndBonpgE sed state of the tunor
m croenvironnent. To determ ne whether virus particles could nove out of
tunors and re-enter the circulation, we injected C6 gliom cells into the
thi gh 80 wesernéng othea fedeorf tinpraviehouaiyaislarfeddyuninessAHg a breast
tunor bgé?&fﬁﬁ yithpbaheligdiYaceipni Ba¥idiiee cdfrdihify ViKdiSppesii@l es were
rel ease romthe tunor to re-enter the circulation in significant

nunber plathsy iwub@® e were injected into the left femoral wvein of

mice under anesthesia. Following closure of the incision with

sutures, the mice were monitored under the low light imager
(ARGUS 100 Camera System, Hamamatsu, Hamamatsu, Japan) in real
time and photons were collected for one minute. The imaging
was repeated in two-day "time intervals to determine the
presence of light emission from a given animal. It was found
that the distribution pattern of light emission following an

intravenous injection of bacteria into mice was characteristic
of the bacterial strains u%ed. Injection of the attenuated V.
chelera into the bloodstream resulted in light emission
localized in the 1liver 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 8A-8D). Imaging the same animals
24 and 48 hours post-infection showed that all of the
detectable light emission from the earlier time diminished
rapidly and was eliminated completely from the injected
animal. These findings suggest that light emitting bacteria
injected into the bloodstream wvia the femoral vein are
cleared. This process was confirmed by photon emission
analysis of excised organs, which were found to lack light



able to colonize the newy inplanted glioma tunor. Mnitoring of these
second tunors showed that no GFP signal was visible in thggﬂe\z\fgj i.oma
tunor 7 and 14 days after inplantation of the gliona cell gﬁonstrate
that th nplanted glioma tunors could be tar abel ed

Vacci ni g’d\)q%}r%sd second dose of rWW-ruc-gfp virus %%&Egﬁfgémlﬁf u) was
intravenously injected. Five days |ater, tunor-specific GFP expression was
detected in the newy forned gli onmgtum)r in addition to GFP expression
seen in the original breast tunor. These findings suggested that the virus
parti cem$ssivn .nfeoiicr tdatar swemer eoltaihed rat irelessenpbbeak: imice t he

circul ati,on al | r_wer r el eased Uffl ient ers to infect
‘and r@ ﬁil 5"?3 %gegg:&Sﬁd thervﬁe%%l‘éﬂl 8% ﬁﬁﬁ"ang%@' LshEhcl udi ng
Lew s bhd)GdWS mfﬁinﬁeatrhmimjtm@ysamgl i oma turmrs and C57 m ce wi th MB-49
28 April 2006 WO 03/014380 PCT/1B02/04767 66 nouse bl adder tunors in the

bl adder, were used for Vaccinia injections. To determ ne whet her
tunor - af f i ni {(B) Bactianis hpreticltes gldomaptrensne non nidei hiecke t o t unors in
nude mce with a dimnished T-l1ynphocyte function or whether it is a
general protective property of tunors that may be denonstrated also in

i mmunotonpédtentniaei Nhf s, bdahwirsar apsefanentinlilgcremializ€6 taworgis ona tunors
and C5 Wi e a r.4 N bl-gadd re used. A
t ot al 1? %&gs’ldyb&w%ﬁ%%o%%gelt?{s} ?%faddi%fsv a%%‘gtv\gr@g S e\rl\glort{eactl cally
i npl anthel I'Ighﬂ’léllblldallﬁg wére 2ingfeck eidminhoaveipet eint VL1evvﬂ:13er fesoraind t he

tunors vverea w for 5 day T othe rats re injected
i ntracV&ht af’“I'L% \a\fbh r?hos E‘uﬁﬁwePEdslsDal ime ¢ elrhs V\Kc%’gntH]D On day
si X, abblund atet Wa@tleﬂiaavmmfdnmbm ecF@mowﬂrtgh rl\wi‘get:umo@;‘ p itd US
partlcles via the f rmral Ve'trﬁé.{ s after V|ru5|n 1Lclon all 4
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mice injected Wlth S, typhimurium, Jluminescent bacteria were

disseminated throughout the whole body of the animal similar

to the findings in the non-tumorous mice (Figure 9A). Nude
mice injected with V. cholera, demonstrated luminescent
activity only in the liver ‘region during the early observation
period (Figure 9E). Regardless of the bacterial strain

injected, two days after injection, luminescent activity was
observed only in the tumor region (Figures 9B and 9F).
Monitoring of the mice under the low light imager on days four
and six post-injection showed decreased amounts of detectable
Jluminescence in the tumors of animals injected with &S.
typhimurium (Figures 9C and 9D, This finding was in marked
contrast with the findings in the tumors of mice injected with
V. cholera, which demonstrated not only survival but also
propagation of the bacteria in the tumor mass with a dramatic

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

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

DNA carrying the gfp c¢DNA. GFP fluorescence was observed under



experinments, C57 mce, with or without bladder tunors, were divided into
two groups. One group was injected intravenously wth eréééc-.E%@6Vacci ni a
virus (1 x 108 pfu) and the other wth saline solution as Rt . Five

days af%rost%s injection, the animals were sacri fipEfEB %QJGf:xam ned under
the fluoréscence m croscope. G-P expression was obsérved it he bl adder

tunor region in C 57 mce but not in control mce (Fig. 6D-D'). Taken
toget her, these experinments show th@t Vaccinia virus particles were

sel ectively accunul ated and retained in a variety of tunors, probably
pr ot ectedfbyotdmcdnurnr stareswmdscopeent Twanty-tdwtent hayuwer eafiodr abl e to

survive._]j the . - ro ti.s s . of | (o] rom.sed. as, well as

i m’runoggzr:r%ee lezlnhl lgﬁlgr%#gg’ %@Ptéulr%:ﬁt ggaeg?ﬁ%él%erc&%&g B gP%tT‘%%ousl y

i nj ect edgiarclFioune 103 . clior §FRgs 1drea 12 8vaiprablse2066 YWD Oi3¢ Odek38 Mot

PCT/ 1Bgﬁé/0é%§r?alq7 light-emtting dual marker gene denonstrated the ability

of the Vaccinia virus systemto detect primary and netastatic tunors in
live animals. Exanple 3: Results of intravenous injection of bacterial and

manmal i anahi - et ti. | dinto_mpice (A | i ' f.Jight

emtti ngqggc]tgge%?lgmﬁﬁaeg’ggt S?n!l'%lg[%“ sghlgrr% é\% z)lrf?g?%%%\?%ﬁrgotfss injection To
determ ne the fate okecestanyeimudlagtemisttodfdatiionescent bacteria in the
-animals, 10' bacteria carrying the pLITE201 plasnmd in 50| were injected
into the left fenoral vein of mce under anesthesia. Follow ng closure of
t he i nEhai purmpsd ofutbiesexbbeimirde was etondetereichaindertitere #hew | i ght

| mager o3 {ARGES 100 Lapm alféé/s%g&}‘ ATRIRLR U o 'a{f%:%ﬁhit];ﬁp%@) i) real
time and photons were col I'ected”for "one m'nute. e rnmaging was repeated
in twocdbynidade hntheaaraird at o Tusees nware t hedugrdsincehafrighghthigd ssion from
a gl vepani il gd ty MAs ﬂyo‘éﬁﬂcufcg&"i‘éo&é‘?irgit %B“BEOQ%P&M eé&lthsf dd ght
em ssion followng an T ntravenous 1 njection of baCteria into mce was
char actes¢sibesl. On days 0, 2, 4, 6, 8, and 10 of tumor induction,

attenuated $. typhimurium and V. cholera with the pLITE201

plasmid were injected intravenously through the femoral wvein.

Presence of luminescent bacteria in the tumor was determined

by photon collection for exactly one minute under the low

light imager two and four days post~infection. The tumor

- volume was also determined by measuring the dimensions with a

digital caliper. The earliest time-point when luminescent

activity was noted in the tumors was on day eight after tumor

induction. Corresponding tumor volumes were approximately 200

mm®,

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

‘In order to determine whether bacterial colonization of tumors
is limited to glioma cells or whether this 1is a general
phenomenon observed with all tumors, female nude mice bearing

tumors in the right breast pad were intravenously injected

with 10" V. cholera in a 50 pl volume of bacterial suspension.
Thé animals were monitored within the first 10 minutes after
inoculation under the low light imager for one minute and
demonstrated the typical luminescent pattern in the liver
region (Figure 11A). Two days later, while the 1liver had




of the bacterial strains used. Injection of the attenuated V. cholera into
the bl oodstreamresulted in light em ssion |l|ocalized in t%@ IL¥§H

i medi ately. Injection of S. typhimurium however, was w ﬁ‘ sgeninated
t hr oughguit body of the ani mal suggesting a dlff the
|nterac§#3ﬁhn§%%h host cell system (Figure 8A-8D). %é@ﬂ&lo % same ani mal s
24 and 48 hours post-infection showed that all of the detectabl e |ight

em ssion fromthe earlier tinme dimygi shed rapidly and was elim nated
conpletely fromthe injected aninal. These findings suggest that |ight
enittihgc@mgteméar bﬁjemmﬂdebnémttbecbénnﬂsttﬁantmbasthﬁuhennmab vein are

SLSZLE? ThlS %ﬁﬁhﬁgﬁigo o F&ﬁﬁ¥r§hoi£n n135|oaﬁggg?I¥S|s of excised
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o1 1 ci SRSt Sareny. CapuBactdbl o Abneiovn o9l | Bif THBRS i n nude

m ce Thadettearsie the bhatesiia ptleder eslomldad cﬂie)niﬂelsmmrwmmd ti ssues,

nude njice with ten-day-old tunor about 50 e ri.ght h|nd | eg
Were | RPGRYSR 1T AV S P RITRed e BRBiseaRt TER bR GG ¥k e i
or 10" 13D ehower &hencanbinhed vob Lokl it ibactexi atrcpegpenshownt Fdlel ow ng
i nj ect e u r ur [ e nonitored
for S|§2%%?/éﬁun er CC:hhe olvip @Qﬁ?y\e %ﬁ&’_& %%eglg%tgﬁget‘ra\%é%@a \&t%lrrre poi nt,
- phot onsumgr ehad| bewited ¢kﬂan£dacﬂmmioascemmuaetlvxtyrmmntmnwedcﬁkd with S

t yphi i | ym,pesge b i e t t he whol e
body of 'Phe Sntalr - hmPar Liont RESRrEathhEE SR IR SRR 10
(Figureeﬁd»coﬂdmmﬁednuséngnﬁecteihvtdrdémomshuhéeathdbdmm@tmﬁﬂ@doﬁuninescent

activi Y, iver_r o] ri o] peri od

(Fi gurbxr@%g lﬁléglz%%%?ellslg ojf's %b%%?el’l a(?eﬁ%}lrdae?% }%'r%]%gl%? altlF r&ngays after
injectibh). | um nescent activity was observed only in the tunor region
(Figures 9B and 9F). Monitoring of the mce under the low |light inmager on

days. four
To determine whether the bacteriaz from the tumor enter the

. blood circulation in significant quantities to colonize other
sites, a second tumor {C6é glioma) was induced in these animals

in the right hind leg. The tumor was allowed to grow for 10
days. No luminescent activity was observed in the glioma tumor

demonstrating the absence of a significant bacteria that would
cause colonization of this tumor. However, when the animal was
rechallenged with 10’ attenuated V. cholera intravenously, the

leg tumor showed strong luminescent activity.

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

(E) Bacteria home in to bladder tumors in immunocompetent mice
C57 mice were intravenously injected with 10’ attenuated V.

cholera transformed with pLITE201 encoding the lux operon. On

day nine after bacterial delivery, luminescent activity was



and si x post-injection showed decreased anmounts of detectable | um nescence
-in the tunors of animals injected with S. typhinurium (Fi resuﬁg and 9D
This finding was in marked contrast with the findings in Ps of

m ce inject th V. cholera, which denonstrated noqt, onl rvival but
al so p@pﬂgég“{"%n of the bacteria in the tunor mass %Cirﬁm&%ﬁfirmti o

increase in light em ssion (Figures 9G and 9H). Nude m ce bearing

subcut aneous human PC3 hunan prostatie tunors in the right hind 'l eg were
intravenously injected with 10" attenuated L. nonocytogenes transforned
wi t h psedegfigd pbgsmhdtoﬂ)N&odaec‘yiastg foe ghp abMAteChRiRddruotiescemee was
observ;ﬁ ﬁ der er 2006, WO 03/01438% gCT/I 82/3ﬁ7g7 69_a fl uorescence
st er eom € s&%%% T +H%FS%WEW188UF?SaPP PO B8ctef ﬂfﬁc??%ﬁnlcFP si gha

was debdctbd whbie iamined t(Figurer @gAbn The gamimall) wede GEBrsfgoed was
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age of unors "necessary for bac Brial i ON. pur pose of
this ei:pmnmﬁnmtwlﬁet mmmmwhgrcoﬂ’néurmcté:ooﬁ)et Rémitedrtdhas any

| nf ] uense Bfadder Akl 190 9l 9ahaed, Dbe AR ofidacTuERES R o [ nduced

in the ri f “nude ubcut aneous 1 njection of glioma
cells mscedeéumime@n aldyyity Fas4noo loggeanwisdbsé suwredendicti on,

atte“”%&Sd shimAR] E)brlé%?”dhéf%eh %'c%@d"“ bladdig-PLIEREYdued! agyri d were

injected intravendusly throug enoral vein. Presence of |um nescent
bact er dempmstptea dightwenigeier ni hiairehyl 28hot Hasedl pacthenresiliskact |y one

m nut e gndegy ghe Lo erlﬂa&@é ' ”BQSE%EM apdpf fouﬁaﬁfé/dl S PQghptaT ecld on. The

t unor - volune was et ermi ned measurin mensions with a
di gi taﬁﬁ@@ﬂl‘PWetﬁﬁé eafl i ¥silit | ae- p@#q’tﬁ \Wéﬁ | ufiuFsbesnereact tha ty was

noted LR-tberd Wgr glg@stgf@@@%mggggg w@,jﬂ@lrs tunor induction. Corresponding
tunor vol umes were approxinmately 200 . (D) Bacteria hone in to breast

tunors of nude mice In order to deternlne whet her bacterial col oni zati on of
tumors () Bacteria home in to glioma tumors in the brain of rats

Lewis rats with glioma tumors in the brain were intravenously
injected with 10° attenuated V. cholera with the pLITE201
plasmid through the left femoral vein to determine if bacteria
can cross the blood-brain barrier and target tumors in
immunocompetent animals. The whole animals were monitored for
" one minute under the low light imager the following day and
low levels of Iluminescent activity was observed through the
skull. The rats were sacrificed and the brain tissue was
removed in one piece in order to further evaluate the exact
location of the luminescent bacteria. Visualization of the
excised brain under the imager demonstrated strong luminescent
activity in specific regions of the brain (Figure 13A).
Similar imaging of control rats without brains tumors, which
were intravenously injected with the labeled bacteria,
demonstrated abéence of any luminescent activity (Figure 13B).

(G) Transformed human fibrosarcoma cells home in to

subcutaneous glioma tumors in nude mice




islimted to glioma cells or whether this is a gener al phenorrenon
observed with all tunors, femal e nude m ce bearing tum)rs g %l ght
breast pad were intravenously injected wth 107 V. chol er

vol une |aI suspension. The aninmals were nonj thin the
first 18@4%%%{325 after inoculation under the | ow I| Erﬂ?@&?gg for one

m nute and denonstrated the typical |um nescent pattern in the liver
region (Figure 11A). Two days laterz2 while the liver had 28 April 2006 WO

03/ 014380 PCT/1B02/ 04767 70 becone clear of |um nescent bacteria, the
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showed strong | um nescent activit f1 ndi ngs these experinents
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Furt heggprine tihdiglashesdditidnicd the widYchsdeiBgheescape into the bl ood
in sufficient quantities to infect susceptible sites

Example 4: Construction of bacterial plasmid vectors that
carry the light-emitting protein encoding expression cassettes
and the therapeutic gene expression constructs in cis

configuration
(&) Ratiocnale

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




such as other tunors. (E) Bacteria hone in to bladder tunors in
i munoconpetent mce C57 mce were intravenously injected %éh [11200
attenuated V. cholera transformed with pLI TE201 encodi ng P gperon

On day bacterial delivery, |umnescent a yas 28 April -
2006 \/\0“8’3‘53@1‘%‘%0 PCT/ 1802/ 04767 71 recorded by phot g#[ (f %% on for one
m nute under the low light imager. Light em ssion was noted in the bl adder
region of the whole animal (Figurey3d2A). The aninmals were sacrificed and

an abdom nal incision was nade to expose the bladder. Lum nescent activity
was positt i vehyr carfowthed To bachieud eg¢rbbeit hesdutradden (Eirgmr etde£B) . Upon

rem)val er m t he ce Jum escent ti no | onger

vi si bl exg%ﬁmﬁﬁ@a%gg ﬁéiéﬁ?%‘?% 115n‘no er“Sthe 18§8i gga % %& € W&ont i nued

to deronstraties |witit enfssieart (Elguarle ﬂék@)encﬁase:chmnbé helestgteds of this
experi t £ a unpprs .0 npc ent as | I as nude
m ce. u?t S?ﬁ%’é JI{ achfe &b a%t%ﬁ_’ﬁa cgﬁ alogl Ft 3%%?P ?Q?%nﬁ‘? 15 u?ﬁ)nl’\%a (F)

Bact erpéahmupﬂtm}ingl dDHnihe umodingn seheeheai of obndastatowi swhidls with

glioma t br & v us d h 1Q, attenuated
V. cho é?gﬂ\[f\ntsat%% @ﬁe %\ﬁ ?ll ag{rlr#% t %oué%r%%ﬂﬁ%ﬁfcf R gﬁ%?al Qfvoel nto

det er nkabeqse daut @mldast@’am o‘rrdss tthiee meHdwd, barai addidrioned mndtédr,get tunors
in i ani h r d one

i nut e undgr tﬁ o'l |n%%th§| Fréggﬁwt@ﬁg%%ﬁ E’l\ﬁc} %nﬁggt‘%?o{\?v Ige‘z\igel s of

| umi nebeénbeeret shawny twasagissemeabirane ol@ﬁkntnle@s gndl theTheleags ofere

sacti f bgegoiand theotualy tissve was GeERNRd | @oRNgaghectd N g der to

further eval uate e exact catl on | um nescent bacteri a.

Vi sual VeBi¢tarheple nd7 £k¥9%ed IraiTekudder ethel.nngePigéfehre¥atd® strong
| um negegady, acdoh Vi t ¥hen sReHId | ©oh88LRES Ofort herlr a's@c(ré:tﬂéﬁ e J3A) .

Simlar i magl ng of control rats without brains tunors, whi wer e
i nt r avERSIEMpnas egpbekinATGR wdphabénsfomamcdeiin, frﬁ@nﬁns@@lﬂ d@#sabsence of

any | UghdeamENt s ARt 1Y dotnlehic@UnBstPBin 68 1ilE 2RSS ARG R Ty osar com
release from the periplasmic space into the medium is
facilitated by sequences present in domain IT of the exotoxin
(Chaudhary et al., PNAS 85 (1988), 2939; Kondo et al.,
J.Biol.Chem, 263 (1988), 9470, Kihara and Pastan,
Biocon].Chem. 5 (1994), 532). To promote secretion of
endostatin and Pseudomonas exotoxin/TGF alpha fusion protein
from L. monocytogenes, the signal sequence of 1listeriolysin
(LLO) (Mengaud et al., Infect.Immun. 56 (1988), 766) can be

placed upstream of each coding sequence.

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




subcut aneous glioma tunors in nude mce 28 April 2006 WO 03/014380
PCT/ 1 B02/ 04767 72 Nude mce with human breast tunors were %Qj&gﬁfﬁ%
intravenously wth 5 x 105 hurman fibrosarconma cells, whic re

per maneltd pspidsk@nsformed with retrovirus derived fro even days
post -i nj ectfo(lz)n, the animals were anesthetized with Ne%}&?dazt{hl?']éand noni t or ed

under a fluorescent stereom croscope. Fluorescent cells were noted only in
the tunor region of the whole m ceg4athrough the skin (Figure 14Al1-3). Upon
exposure of the tunor tissues by reflection of the overlying skin (Figure
14B1- 3pndastktim carodsPsecdononmsofextchextinfDEE GFplyar €uddfil pBdtedirf | uor escent

pat ches re visible Ln distinct regions, Case, e i nation, of, the organs
of thelﬂly\%e §H '%M%%Pf - PPEEEREEIERC sﬁl‘ﬁeﬁ‘i};‘e sé\gg1 P?ﬁﬁril’e%%e cells in
the | ubgs tfankiferrefi Mts, Eemedstr atiilng déhe-af thei taonekithei fdbf osar coma

cell.s for the Iuncgs in addition to the tunprous tissue. Exanple 4:
Const r GEPFRFFSS BRCiSriadl HlPasReFfectds ehht theamhpsiads| itghtR%nmi tti ng

prot ei RreRsatding eXprAgSI om.caswﬁo%ytagsnwe tlerppeutd eryeneRXpr essi on
constructs in cis_ configuration (A) Rafionale Using the | |ght-emtt| ng

expr esSPBRESYLHIieE VAEERFPHERE atArgiP Faftriteoll e dsnB§BET bas¥d on | i ght
em SS1 gl @ptPoldASar@aup1bn @ FEliScallies T ENdidgs thgestady [ emar kabl e

plasmid DNA stability in bacteria i'n the absence of selection. Therefore,

by pl apiagmidee BIRGHEpedtd c Hfenansadietnarliisaties incdhf i epiriatangh i th t he

i ght-ﬁg}']éé;l JYQtein expression cassette on the sane replicon, light
en ssion can ve USéd as an indicator of therapeutic construct presence and
stability. |In contrast to light-emtting proteins, the therapeutic

B o T eqn r S PEh R et BE, BRI N o e e R Al Lt e

cytosol of tunor cells fosedrdiiilont foam28. Agpdd 2006 WO 03/ 014380

PCT/ 1 B02/ 04767
The construction of the endostatin secretion vector to be used
in E. coli is as follows. The coding sequence of human
endostatin (591 bp) will be amplified by PCR from the plasmid
pES3 with the introduction of the required restriction sites
on both ends, followed by ligation into -a pBluescript
(Clontech Corp., USA) cloning vector to generate pBlue-ES. The
ompF signal sequence (Nagahari et al., EMBO J., 4 (1985}, 3589)
is amplified with Tag polymerase and inserted upstream in
frame with the endostatin sei:luence to generate pBlue~ompF/ES.
The expression cassette driven by the T7 promoter will be
excised, and inserted into the pLITE201 vector described in
Example 1(B}), above, carrying the 1luxCDABE cassette, to
produce the plasmid pLITE-ompF/ES. The sequence encoding the
PAS factor (a 76 amino acid polypeptide) will be amplified
from the chromosomal DNA of Vibrio alginolyticus (formerly
named Achromobacter iophagus) (NCIB 11038) with Taq polymerase
using the pPrimers 5'-GGGAARGACATGAAACGCTTAI-! and 51—
AAACAACGAGTGAATTAGCGCT-3', and inserted into the multiple
cloning sites of pCR-Blunt {Clontech Corp., USA) to create the
expression cassette under the control of the lac promoter. The
resulting plasmid will be named pCR-PAS, The lac promoter
linked to the pas gene will be excised from pCR-PAS and




73 of tunor growh. To achieve protein secretion fromthe extracellularly
replicating E. coli cells into the tunor, two constructs H¥& erent

si gnal sequences can be designed. For secretion of endost R e onpF
signal &34 can be placed upstream of the codin of
endostatin,ﬁgﬁﬁkh facilitates the secretion into thg %@@?ﬁpggnlc space. To
rel ease the endostatin into the nmedium an additional protein, the PAS
protein, needs to be coexpressed with endostatin. PAS has been shown to
cause nenbrane | eakiness and the rel ease of secreted proteins into the
medi umipFekbegdwaieto al PLITEDIREGESchitol . v3R1@19%hE, IF3naTokpdasmidt al .,

J. Bi ot gebagl .p3p, (1994), 69). The second construct for the secretion of
Pseudoronas” exot oxi n/ TGF al pha fusion protein fromE. coli has the OmA
si gnal sequence upstream of the fusion gene and the release fromthe

peri pl @iﬁbﬁl&pﬁ €36 N(RoAde SEALYM | Sookacyl Bi&d edcﬂ@é!msegs@ncg@wl esent in
domai n e exotoxin_ (Chau dhary et al., PNAS 5 (1988), 2939; Kondo

et al . 9473) pigsntensm 2637 TFOmPteys7Eolkionssa ]%)hdapas‘?% skopbnj . Chem 5

(1994) segdelce,l0 ANIOMRE €5 QLR oeneédnegﬂd%&na&hn and dzeudenongs
exot oxi n/ TGF_al pha fusion protein fro nonocyt ogenes, the m(gnal

sequen@EeBAORPRASr PRINEIIA  (READ) - ( NVEryabRR efegnence neagedinguiEiGe (1988),

766) Cﬁ@lbebep%ﬁ@ﬁge&pﬁiﬁﬁaﬂééﬁrfﬁ%ienc%ﬂh?ﬂe§egﬂ&“%@pl&%&drﬁ%ﬂﬂfﬁ"3n of
endostatin and Pseudononas exotoxin/ TG al pha fusion protein expression

| evel sfraomert «rff FEIVEEEBr alohan( Breugionenas eexakreriar Ph@8Onét3PEE i ¢ protein

encodi HQpH@Peébtﬁr%d“ﬂ%ﬁl the ﬁP&‘ézﬂﬂi @Lf4 t hﬁ(zﬂarﬁr %m.@tagf:aﬂr { §&q Pspac
synthetic pronoter (Freitag and Jacobs, 1999) 1844).

W t houBPlegagiitbus Fhefict i o, tH218%el s 6‘? t f&epker aﬁélﬁl cblpwmidins are

| ow i nplcg SopR3 AN mbham@a@yéﬂlgﬁé@sﬁonﬂ&ss@tw%lf lyabs39fTdiner apeutic
proteins in bacterl a provide greater safety follow ng intravenous

i nj ect PORNRF Lineed by Frerbo Brernadera wild Dfe sX6ipeti ARY ER&eERdt ruction
of si Xinpb asminhdgAsof ?Ieﬁ?rtfhfe' whhyeppégiurde@tsb@#@dpwpr ession of 28 April

2006 WO 031014380 PCT/1B02/ 04767
(C) Construction of plasmid vectors for protein expression and

secretion from L. monocytogenes

Genes encoding endostatin or PE37/TGF alpha will be inserted
downstream of the listeriolysin (LLO) signal sequence in the
plasmid pCHHI to generate pCHHI-ES and pCCHI-PE37/TGF alpha.
Constitutive expression of the therapeutic proteins will be
obtained by linking the above secrétion cassettes to the
iisteriolysin promoter obtained from the pCHHI 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#4-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 Pgac promoter from the plasmid pSPAC (Yansura
and Henner, PNAS USA 81 (1984), 439) to generate BSPT#5-ESi
and BSPT#6-PTi. Pspac 15 a hybrid promoter consisting of the
Bacillus 's'ubtilis bacteriophage SPO-1 promoter and the lac
operator, IPTG-induced GFP expression from the Pgae promoter




74 endostatin and Pseudononas exotoxin/ TGF al pha fusion protein in E .ol
and L. nonocytogenes is described. Al plasmds to be tr%gfﬂ?ﬁﬂﬁﬁﬁinto E
coli will carry the constitutively expressed bacterial |u o%eron, and al
the plasmds to be transferred into L. nonocytogene il ry the
constitﬁTVV§¥?m%xpressed sod-gi p cassette. Plasm ds %gﬁhgfwﬁﬁj and
BSPT#2-Pti are able to replicate in E. coli only, and plasm ds BSPT#3, #4,
#5, and #6 replicate in E. coli and7&. nonocytogenes. (B) Construction of
pl asm d vectors for protein expression and secretion fromE. coli The
const r Utrtd obeed thoeunadbsd aihn ecnerdatogeaesr o bee ussgtoseh BL coli is
as foll . i ng sequence of human endostatin (591 bp) wll be
anpliff%%ﬁgglggRgg?%%ithe plasmd pES3 with the introduction of the
required restriction sites on both ends, followed by ligation into a

pBl uescript (Cd ontech Corp., USA) cloning vector to generate pBlue-ES. The
onpF signal sequence (Nagahari et al., EMBO J. 4 (1985), 3589) is

anpl i fi etxawmple FBaqDeobpstrasioned thecexmteasionr efinlueifenageeandt h t he
endostatin s ence t enerat e pBlue- FIES,, T ressj-on cassette
driven by th ?'r'p%gﬁg?gi"a vﬁ"}aqt Y %lkgg%\?:gge}b,o ar%ei %%%]?%% %i ?\’ o the pLITE201
vect or dessitheini and bevthbendl B)toxdhp\TeF abphy ifupidhe prok€DABBd asset t e,
to produce the plasm d pLlI TE: onpF/ ES.. .The. sequence _encodi ng the PAS
factor (a 76 anino %ngé‘bqi’d'é)c%ll.lguﬁgu’é S¥Y¥& fromthe
chronmosomal DNA of Vibrio alginolyticus (formerly named Achronobacter

i ophagus) (NCIB 11038) with Taq, pol ynerase usi_ng_the | mers

5" - AN GREAT BRARCCEA T AR oG EBe.  IReReURecACTCART TA 24 dnd inserted
into thg, BHiHoRkaesCEONEREbSIHiasuel RERIBRYNEN (A DNt aale Garvls UBA) to
create the “expression_cassette under the control of the lac prqonoter. The
resul t it pFeRT I Uliivel e e¥RFBASHERIPEST RS | akd pFERDtEr PaLHEed to the

pas gengaM | ledbepaxchaegudiom pERrEASraNd 2E& APT ithaR006rR 133 034380
PCT/ 1 B02/ 04767 75 !
recipient E. coli or L. monocytogenes with the constructs

described in Example 4, the colonies with the highest
‘luciferase 1light emission or GFP fluorescence will be
selected. In addition to characterizing light emission Zfrom
each selected colony before intravenous injection, the ability
of the selected transformants to secret endostatin and
Pseudomonas exotoxin/TGF alpha fusion protein into the medium
needs to be confirmed. The presence of endostatin and
Pseudomonas exotoxin/TGF alpha fusion protein synthesized

within E. coli and L. monocytogenes will be determined by

extracting these proteins from the cell pellet. The secreted
proteins in the medium will be concentrated and analyzed by
gel separation and the quantity will be determined by Western
blotting. It 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



L. non

inserted into pLI TEonpF/ ES to yield the final plasmd BSPT#1- ESI Plasm d
pVvC85 (Kondo et al., 1998, J.Biol. Chem 263: 9470- 9475) ‘g 68 T7
pronoter, followed by an onpA signal sequence, and a sequen encodl ng

domai n g of Pseudonobnas exotoxi n (PE40). E@ guence
encodi ng}qﬂéﬁ 43§WI |1 be excised with restriction enzy g an'a repl aced with a

fragment of PE37/ TGF al pha (Pseudonpbnas exotoxin A 280-613/ TG- al pha)
obtai ned fromthe piasmd CT4 (Kihafad & Pastan, 1994, Bioconjug. Chem 5:
532-538)_to create the Iasm' d pVC85-PE37/ TGF al pha. The expression
casset t¢ oPLBRPAPEFFCTERS altﬁhatBPnk‘éHlSttétPhéVq'7 SFPEREE PR WigUsteB exci sed

and i nsesddd td b® EdigRRQ 40 el thdled idPrekash deBSPI#2FTL (O

Constrgcg%,%t on of %BI asm d vectors for protein expression and secretion from

BePiest ¥hcdditig 1BnbRst il GRLPRBYF TG AlIREVALLY be

i nsert &dssdﬁwafit teadepérhiite | ISt Hodhy Proteihd) wisdINenigRGYSREE1HN the
pl asm pCHHI %Igfnerat e gCHHI -ES and pCCHI - PE37/ TG al pha. Constitutive
expr esston & fllt h4 hei-ap®Q PEY?RQﬁ’@SnsaﬁFI Iblﬁﬂ-ogéﬁﬁéihecﬁcﬁﬁﬁ"lei nkfng t he

above S@ﬂeehltea chRsget tes b@ob@@eeﬂ Bhet @bt NEHERTREBE OB aijged fromthe
excised fromthe plasmd

pCHHI vect p re55| on, cassette,

psod- gf™ tl%e tP%ﬂVlO%ﬁA Iy 217 aRf] ¥e¥R sheser tedbe eEigeHH - ES to
gener at e BSPT#3- ESc, and |nto pCCHI - PE37/ TGF al pha to generate BSPT#4-PTc.
For th xpresi&}i f the therapeutic proteins under the control of an

| PTG i 5t t ERe  exRerivedits, depGEihec et rshonlgseraiitme and

BSPT#4 kG hi| én@@stdtq}?ﬂ agedunbé fis 18 PERAC DEONBES A, r%ltlhﬁs@hgsm d pSPAC
(Yansut%rﬁand Henner, PNAS, USA 81 (1984), 439) to _generate BSPT#5-ESi and

BSPT#6 Ompg1 siggal REBEide p?‘%nﬁ?@llﬁﬁé’i“sﬂlﬁﬁ &St perepderming subtilis

bact erlpzm.@gﬁ SRPrds P ONDL @ﬁe@éﬂdekﬁ@nﬁtsom&at W1-s0l Bl ndpicegs GFP
ot er 2006 WO 03/ 014380

I(?a’)éi'lll)'/r ?SB %ég mai%’ Psﬁ%g%ﬁ%a&%ﬁ&w %[‘)I‘SI’:OI’L nBReESIEY &FEs Serreked eyt osol  of

manmal Ifa:@mce:talcﬂ:erla using the OmpA signal peptide in combination
with domain II of PE. Further, the listeriolysin signal
_peptide may also facilitate the secretion of endostatin and
the chimeric toxin/TGF alpha fusion protein into the medium as
well as into the cytosol of infected tumor cells. Using the
endothelial cell migration inhibition assay and the protein
synthesis inhibition assay, it can be expected to determine
that both proteins secreted into the medium are biologically
active. The presence and quantities of these proteins may be
regulated by replacing the constitutive promoters with
- promoters that can be induced by IPTG.

"In addition to the secretion system described below,
alternative secretion systems such as the E. coli
HiyBD-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. (Choli et al.,
Appl.Microbiol.Biotechnol. 53 (2000), 640; Jeong and Lee,
Biotechnol.Bioeng. 67 (2000}, 398) can be introduced.

() Confirmation of endostatin and Pseudomonas exotoxin/TGF




Exanpl e 5: Denonstration of the expression of luciferase and GFP in
.bacteria and verification of the secretion of endostatin afngr,[%%Bi nant
t oxi n/ TGF al pha fusion protein and their function in cell curture assays

To be aflqshPsfletect the presence of E coli and L. E'%@%)i,]ggenes in tunor
tissues in lTive animals, the levels of the COI’lStitUtPI vel'y expressed

| uci ferase and GFP in bacteria need to be adequate. Therefore, after
transformati on of recipient E coli8 or L. nonocytogenes with the
constructs described in Exanple 4, the colonies with the highest

| uci f er aselphghfusinms protedn SEdrdiicor €zomricaciartila Betoserextted. I n
addition to characterizing |light erg’.ssi on from each selected col ony before
i ntravenous injection, the abili trg;e *5f" the selected transformants to secret
endostatin and Pseudononas exotoxin/ TGF al pha fusion protein into the

medi um_needs to be confirnmed. The presence of endostatin and Pseudononas

exot oxifn/ T af pral i siliiPop mote Bh23 yhPhbsi widd R4 tiansEorned whdHy L.

nonoc S | I oA . € acti gaﬁs‘c r.at.ei fromthe
cel | g%ﬁ?gﬁfsq#e a!snedtg;%esggﬁg %%ric;ﬁsejjiéngs{m‘ldnbpﬁé %re |?f§n ] Ig%f}ggcgﬁ%aeln rated and
anal yz88DBY gulllsepheat iirensddrnpd queliti t ypheshide JSSERABNEICHY Western

blotti ggprhi-pk. | "RERRLEVES{ O %ﬁherﬁé éJﬁipeilg&NﬂQ%ﬁ [Lhgepdiewl y
synthesi zed proteins expressed fromeach plasm constract 1 n either E
coli obPletim@nocoRogem®prepaiats ppetipiohig-chatadaingn |Plakesd so

essent kgly; F AneANfddiBnied 12991 bhObel OcCQNSHA M dats: RS ES AR Mn endost atin
and Pseudononas exotoxin/ TG al Bhabf usion protein, that expression can be
yP®e

i nduce®@irbure. cErgsangoienies gEREseRpdnupder addiay ohli@it IPTG to

the baghepdal Gl tEN o BUMR: RRfcidi@opdestan Qfich Bbedss L URBr dier apy
protocols; the relative anounts 28 April 2006 A WO 03/ 014380 PCT/1B02/ 04767

77 of BrBYRFTWecrespaChivele dbFSe cotonieipiids fihenmeyst eRteRiRds. to be

conpar edgh® bAfsd NI CEELE XU @S St SERYRLB140T batclefi nedpd | BRoRat i od first
in bacterial cultures. It is equall essential to determ ne that both
proteiﬁgrmﬁ%¥Fhﬁthﬁ€§F2§d T¢, verify The secretion of endostatin and

Pseudomas exotoxin/TGF alpha fusion protein from each selected
transformant, the cells will be grown in minimal medium to log
phase. After centrifuging down the bacteria, the supernatants
will be passed through a 0.45-um-pore-size filter, and the
bacterium-free medium will be used for precipitation of the
secreted proteins. The precipitates will be collected by
-centrifugation. Pellets will be washed, dried, and
re~suspended in sample buffer for protein gel separation.

Proteins from aliquots corresponding to 10 pl of bacterial

culture will be compared to proteins from 200 ul of culture
supernatant after separation in a 10% SDS-polyacrylamide gel.
Western blot analysis will be performed using polyclonal
antibody against endostatin (following the antibody production
protocol described by Timpl, Methods Enzymol. 82 (1982), 472)
and monoclonal antibody against TGF alpha (Oncogene Research
Products, Cambridge, MA, USA). The optimal growth conditions
will be established for secretion by sampling the growth
medium at different times during growth., A similar method has
been used previously to analyze secreted proteins in
Salmonella typhimurium oculture supernatant (Kaniga et al.,
J.Bacteriol. 177 (1995), 3965). By use of these methods, the




E. coli and L. nonocytogenes are biologically active if gener at ed fromthe

proposed constructs. Both proteins were synthesized prew&uzg E. coli
and were shovvn to be active. The results of the experinents scr ed bel ow
shoul d gy whet her endostatin is successfully secrgted fromE. coli

usi ng the LB}:O signal peptide in conmbination with Pig g%re orm ng

protein expression. These experinments will also show if the PE40/TG- al pha

and PE37/ TGF al pha fusion proteins B e secreted frombacteria using the
OnpA signal peptide in conbination wth domain Il of PE. Further, the
| i st erigglopsitn ofi gﬁmretpépmr@téema§' Absdheadbddttentielt nelsere etmednunt

endost SBraN bYcesl B hd QHRLTGEE! PRaL ANURRILET Dafptget he medi um

well as Iinto tos ected unor
endot h&sitgbléahed i g""roat |e@ﬁlmah¢ b| 1tli":'bn imcrggsandin heths otaelonntsynf hesi s

i nhi bi ts'e%e%&ayprdﬁel%n he e\‘fﬂg(:tlﬁ‘tgdltlﬂn detx%@ta&peﬁ[{@{t bty BEQEEl NS

secreted into the nmedi um are bi ol ogicall’ y active sence and
quant i Bicédvetiemes P yrigeaitas vidy be cesgubdt eatbhyr @éﬂa@@ ngPTReto

consti ki ¥acRELIDE 66 Mrdh 1PNkt BaL 8aRoDe hadusedahy LRIG In
addition to the secretion systemdéescribed below, alter native secretion

syst emSeSHERERAPAHEIES Yol PHBATOYEEpRHd@PRYSecr eti on pat hway (Schlor et
al . Mol . Gen. Genet. 256 (1997), 306), nay be useful. Alternative
secretl on signals fromother gram positive bacteria, such as the Bacillus

sp. endox{Bhniesd ficghaen pehtihee bickesieal Activiigpet verdastiadingi ot echnol .
53 (2000 L B 98 b
(2000)sec8dPeq 5PNE, AL 168 1! 'ﬂﬁ%{ﬁ}?ﬁeﬁéﬁ% o khEQBDYs098) can be

i ntroduced. (A) Confirmation of en and onon exot oxi n/ TG- 28
April 2006 V\D 03/014380 PCT/ 18047287 ag8awl pha fusi on protein secretion
frombacteria into growwh nmediumE coli strains (DHSa and BL21( XDE3) wi ||
be transformed with BSPT41-ESi and BSPT#2-PTi plasm d DNA. L.
monocyflgedds stpesm EDAR withbtbe emdasttbimed inhihips aswhrdsuBSPT#3- ESc,

BSPT#A’eBESth@ﬁPE#%J:%%th %@t@?‘m(_%@r?) J.ﬂcﬂfge\@ %Lbﬂtlahyuntéﬁﬁféal vein
endothelial c¢ell (HUVEC) migration. Thus, the biological
“activity of endostatin secreted by bacteria can be tested
using the HUVEC migration assay provided by Cascade Biologics,
Portland, OR. The inhibition of cell migration will be
assessed In 48-well chemotaxis chambers (Neuro  Probe,
Galthersburgs, MD) (Polverine et al., Methods Enzymol. 198
(1991), 440). Bacterium-free supernatant from each secretion
construct will be added to HUVECs for preincubation for 30.
min. After incubation, the HUVECs will be placed in the upper
chamber. The migration of HUVECs into the lower chamber
induced by VEGFis (R&D Systems, Minneapolis, NIN) will be
quantified by microscopic analysis. The concentration of
functional endostatin in the medium will be directly
proportional to the degree of inhibition of HUVEC migration.

(C) Testing the cytotoxic activity of secreted recombinant PE

toxin in tumor cell cultures

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

gsynthesis by - inactivating EFf-2 (Carroll and Collier,




plating on appropriate antibiotic-containing plates, individual colonies
wll be selected fromeach transformation m xture. These ﬁ;o}\ ﬁ)%vm Il be
screened under a low |ight imager and fl uorescence m croscop ror

luci f er@yes:Aisk,G-P expression, respectively. Three g ,&Q? sV th the nost
intense |1 ght em ssion from each transformation batc ge chosen for
further studies. To verify the secretion of endostatin and Pseudomas

exot oxi n/ TGF al pha fusion protein Boomeach selected transformant, the
cells will be grown in mnimal nmediumto |og phase. After centrifuging
down tHeBizdctObema, 24 Jupeévhat &703) . vviAJJiqtuetpass%dbtahtenglhnﬁree
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6 hoursnhxhuilphe experiments. The inhibition of [3H]- leu01ne

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

toxin protein in the medium and cell lysate.

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

live animals

(A} Rationale

Siﬁce only a small number of intravenously injected bacteria
escape the ‘immune system by entering the tumor, their
immediate localization is not possible due to limited light
emission in live animals. Their location can only be verified
by sectioning the tumor to identify the early centers of light
emission. Looking at sections at a later time point, bacteria
‘can be seen throughout the entire tumor due to rapid
replication. To determine whether one or multiple bacteria
enter through the same site, red fluorescent protein can be




secreted proteins will be assayed as above. (B) Verification of the
bi ol ogi cal activity of endostatin secreted by E. coil andzé_AHmU@ yt ogenes
using a migration inhibition assay It has been shown that™endostatin

i nhi bi tﬁrp\ﬁ%ﬁkgoar' endot helial growth factor (VEGF) %ﬂ%&lﬁﬂﬁﬁun&n
us, t

unbi | i cal” Vel'n™ endothelial cell (HUVEC) m gration. e bi ol ogi cal
activity of endostatin secreted by bacteria can be tested using the HUVEC
m gration assay provided by CascadeiBi ol ogics, Portland, OR The
inhibition of cell mgration wll be assessed in 48-well chenotaxis
chanbe1|:1§edi Newr oi d&¥eabethe G@ﬁtl&absbm:ley:c\/D)eﬁHdaiﬂlrﬂgneEet calli, dvkt hods
Enzynol . 198 1991 440) . .Bagterjumfree supernatant from.each secretion
const r BEERhi ’F]ré S&)&BEdPrf)BtF&R/E L f ep?%‘f’?‘?ﬁ?ggﬁlgﬁ&?ofe@ ST Aft er

i ncubati ofhonberdddviees Byl |viktapliates tive t destyppertionhafbethe Teel mi grati on
of HUVEC& into the | ower chanbe{. induce%.b§ VEGEF165 éR&D %iystems,

M nneaPBti LR N UREE CHBCE qlAntTIHd T *PEF bsEBPi ERERAl V8T, ®the
concen&®l i iy Ofrepl UBSti@alang@ndoséltiizatiiont hef negli umodil | adxe directly
proportional to the degree of inhibition of HUVEC m, rai'&on. (Q), Testing
the cyPBROSHIOIERESYi t Y sebPet edPF&EEBHBRAant JF‘@”H%)‘&E‘ ¥n t cel |

C}J: ltu[) §§ert€aﬂe6gisEyt qgay aed | ‘ﬁéiﬁﬂ bf?pﬁﬂﬁ.ﬁﬁéf@thtéb_ﬁlohﬁ rm{nr:malei anb cells
W € neasure asea on 1 n 1 Oon, O e Novo proteLn ntnes) s by
i nact i Y&y EF- £30CaP? olfFPER S@olPREr PS5 %W%Ip%o%% WE55Y 0 £PSko

PCT/ | BQ24 04t 186 JoBi@indhenn 26w ah384) , t6AO79 . mAliiquotSood of
bacteriumfree sgﬂgr nat ant s oht ai.ned 1flrobm t,he .ex hli)essi on, of various
r econbPAAMEAISEUSe EPHEPF BN ROPI ALY i FRE. %%qefrlélﬁ‘g ARet . I1RBITN ogenes

wi || bgnadsietetin ther&by ghildmbecehd sa oraltid EHEProadif. col on carci noma cel | s.
Follow ng treatment with nmedium the manmalian cells will be pulsed with
[3H] -1 euci ne, and the incorporation will be determned in the protein
fractiwhth Tehedeb@rorimenthe dusestbed dh sssrteterd ¢Bj nebedowpxitheproteins in

L. mongeyt ogenes i MG Y MUIR! ! 8RsEeldifeich'® §RC bR Wbl ceing
bacteria in spontaneous tumors can be compared to the
distribution patterns in implanted tumors. Further,
double-labeling experiments will allow the operator to
precisely locate the extracellularly replicating E. coli and
the intracellularly replicating L. monocytogenes in the same
tumor sections. Lastly, it can be determined ({subsequent to a
five-day Dbacterial colonization) whether bacteria are
distributed evenly in the tumors or preferential localization
occurs in the periphery of the tumor or in the necrotic
center. A possible reduction in -bacterial entry into
spontaneously occurring tumors due to the immunocompetence of
these animals can be overcome by increasing the number of

intravenously injected bacteria.

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

implanted and spontaneous tumors

E. coli (DH5a) carrying the DsRed (Matz et al., Nat.Biotech.
17 (1999), 969) expression cassette under the control of a




be elimnated fromthe nmediumby gentamcin treatnent. The manmalian cells
containing L. nonocytogenes in the cytosol wll be |ysed, E1;1}3{d ]tﬂﬁérel eased
bacteria renoved fromthe |ysate by filtration. The nmama ‘?‘ | ysat e

cont ai nw&s%ﬁ%sepr et ed ch! neric toxins wi I I be ass#gﬁm{aéu; otein

synt hesI's Ition experinents. The inhibition of ci ne

I ncorporation in tunmor cell culture will be directly proportional to the
anount of the biologically active @ginmeric toxin protein in the nedium and
cell lysate. Exanple 6: Determ nation of the entry, l|localization and

di stri buhsoiafivent ooeideds! yarsj eeked bagt erhasi nckpabiseraf. | iyve animals
(A) Rationale Since_onl unber of i ntravenousl y I nj ected bacteria

escape™PHgc YIRARRE S F&Pe B?I%rf{eé%vﬁﬁlf’ﬁﬁ virerinthame dedpetiacis

| ocal i gath OB i TG QSELEE| Gerthie vied el llﬁuieﬂdxhamy la@E188i Rtk Ntild ve

ani mal s. The;L_L Iocacgé‘ig%n can onl be verlésl:g1 ct|0n| ng the tunor to

i dent i #§CEhet €417 BEOtEEn § %ﬁﬁe tt&mi ené:ogﬁ Etti¥hs at a

| at er BopEpfMMdHer.bacteria can be seen throughout the entire tunor due to
rapid replication. To determ ne whether one or multiple bacteria enter

through the same site, red fluorescent protein can be 28 April 2006 WO
03/ 01438€ RGERBAZA04GH7 aBd Lt&ﬁd‘al@mb&bﬁl dike-raxtitacel lad aphytewipl i cating E

coli and e quore cent in.for the intracel] Iar replicating L.
onocy bbb s TP, BEIFFS: G e BrSE: bl P IR thohl Yordi R cen

fl uor eECBIL® |colbnssmm:csmmaon&;mdxme eg6r wisicmas as H@glilléascalpl i cation
and localization of E. coli apd L. nonocytogenes can_be determ ned

i ndi vi 8%?%@%&9H%K§aﬁeé@sl }nl n®ndtdentitl B [FevrBheredusidgi ons of
the tgxg?éctéci G b&eew%tte@hlhaaheﬁh%fp%beraﬂ&mais enty1-ANdiayll stribution

obtain In inplanted tunors mmc those of spont aneous tunors

accor drRERY, LRy meRdteindRrbisld Ehagiiseds afdlpbst snestherasimi |1 becone
a val i gn@ppreaghst WebhotfiE SXNET sWEN S 1des Chiderddl. N 15e6tleni {Bhng bel ow, the

bacteria (1 x 10° cells re-suspended in 50 pl of saline) will
‘be intravenously injected, and the wound incision will be
"closed with sutures. Tumors will be measured three times a
week using a caliper. Tumor volume will be calculated as

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

The localization of bacteria in the tumor, based on GFP or
RFP, will also be analyzed using cryosectioned tumor tissues.
A reliable morphological and histological preservation, and
reproducible GFP or RFP detection may be obtained using frozen
sections after a slow tissue freezing protocel (Shariatmadari
et al., Biotechniques 30 (2001), 1282). Briefly, tumor tissues
will be removed from the sacrificed animals to a Petri dish
containing PBS and dissected into the desired size. The
samples will be mixed for 2 h in 4% paraformaldehyde (PFA) in
PBS at room temperature. They will be washed once with PBS,
.and embedded in Tissue~-Tek at room temperature, and then kept

in the dark at 4°C for 24 h and slowly frozen at -70°C. Before
sectioning, the tissue will be kept at -20°C for 30 min. Then,
10- to 50-um-thick sections will be cut with a Reichert-Jung

Cryocut 1800 cryostat and collected on poly-L-lysine
(1%)-treated = microscope slides. During sectioning, the




entry, replication, and distribution of light-emtting bacteria in

spont aneous tunors can be conpared to the distribution p ﬁLﬁrnﬁs d?/@

i npl anted tunors. Further, double-Iabeling experinments w B % t he

oper at ﬁmnﬁmr@éec'sely Iocate the extracellularly re?k%ﬁﬁﬁhPQ7E coI| and
the intracel arly replicating L. nonocytogenes in e same tuno

sections. Lastly, it can be determ ned (subsequent to a five-day bacteri al
col oni zati on) whether bacteria aregxistributed evenly in the tunors or
preferential l|localization occurs in the periphery of the tunor or in the
necr ot matereat ewilA pesdieplte atedumdm obeipedrmnirer i td endig kateral

spont a o] rrl I noco f t hese
aninalgggggL%% §§§r§%%§l gn%W§%g§S|E§nFEgth%§ O%?révghod%?y i njected
bact er r@nsé8)id MBsAwaa0HSuL e ah PBSOANE. k& Imeméeéérmgaﬂ adc, f | uorescent
protein and L. nonocytogenes expressing green fluorescent protein into
nude mce and into rodents with i nplanted and spontaneous tunors E. col

(DHS ) rearmy it henbsRege Moz elight . éﬂattt@h tesh ccif (4889)5, 969)
expressi on cassette under the control of a rii 2006 WO 03/014380
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TonoCYh9genGe1 ECDeSURRLE-ART AL | 06 LUSR LorTd AMEnlel Pl [ iceach of the
virul ence genes were _individually [abeled wth t he green fluorescent

prot ei WiEBs$ETLESdGNER HRTCABOBRNSEILLG: | ViarelBeD VSR ST THEWDcal i zat i on
and i ngeas vepalt, dioshhi Al ofrcdf tBACLEr hRoud ddd fd rslombenat Heters i N nude

mce with inpl anted C6 glioma or HCT116 col on carcinoma tunors. C6 glioma
or HCTZIBUR oF&HL Eﬁ?%}‘ﬁ%nﬁncépt%a‘(@%slo%mwtj}eﬂ 19 W | Sl s¥bidut aneousl y

injectedei RF® tdh 4@l Nimdthed of bhGnad Melsn BaRhvedays wafier tunor
cell injection, the ani mal's Wi || be anesthetized, and the |eft fenoral

vei n stegetes | yaéxpdgetdravsngm emnmepﬁgonba@tfené (1 menpgptegpnes
re- susegﬁlﬁ%fn{w%lthofthéabwe@ﬂ'éoné%‘rdd%t raueneHsty §rhgsted.o and the

wound i ncision Wl
animals from each tumor model will receive both E. coli and L.

monocytogenes (1 % 10° cells of each). Five hours, 25 hours,
and 5 days after injection, three animals of each treatment
group will be sacrificed, their tumors excised, and processed
individually as described in the above cryosectioning

protocol. After freezing, each tumor will be cut into two

halves. One half of the tumor will be used for preparing thick

sections (60-75 pum), which will Dbe analyzed under a

fluorescence stereomicroscope to observe the distribution of
bacteria in the sections of tumors obtained from each time
point of the experiment. The regions of interest will be
identified, thin sectioned, prepared, and analyzed with laser
scanning cytometry and under the confocal microscope followed

by image reconstruction.

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

can be imaged similarly to the implanted tumors based on



closed with sutures. Tunors will be neasured three tines a week using a
cal i per. Tunor volunme wll be calculated as follows: smali8 ialr%t0 r X

| arge di aneter x height / 2. The localization of bacteriaThn PRettnor |

: based.oﬂroq'i}oougfu RFP, wi |l also be analyzed using cryesgehheped tunor
tissues. reli abl e norphol ogi cal and hi stol ogi cal preservation, and
reproduci ble GFP or RFP detection may be obtai ned using frozen sections
after a slow tissue freezing protogal (Shariatmadari et al., Biotechniques
30 (2001), 1282). Briefly, tunor tissues wll be renoved fromthe

sacri f baetewid Indhg itferasPetxprelsion .c @wbaiofi thePBSonhaneisseotmed i nto t he

desired size. The s les w || 1 X f.or 2 | % har.aforyal dehyde

( PFA) ﬁ“%éeéss BiCq o%’?ﬁr?e %‘F%‘?%‘gg"?ﬁeg’%m %e bleﬁvéaéghielr(cﬁegcﬁ%?em PBS, and
enbeddeiicé nwiitls saderkele ratinonanvf erhber atumary ahtssisen Wwiddt b maegde dark at
4C for 24 and_ sl f t < ’ r I Oni; i ssue w ||
be kepFoﬁt%?Eg%F¥%$mg%C%4%.%Qﬁghfﬁ%%%@m5§£g0?8%$§ﬁ%% éggf?%ﬁg?%ﬁll be cut
Wit h ailgéctient - dngs. CropddutexiB@GsingoRER and chbl | gonedybrrgivisdy/- L- | ysi ne
(199 -treated mmcr o] i i seciiqnin t ry 006 WO
03/ 014%%”?80@%45%7%%%%&%% 11 E%egggp?y Cat &r‘?%%ne?gr#pﬂeartgt ure to
avoi d skwes alexpbrrémentg aridlt hawphasicaec| dbe Feignificange sektitdes will be

rinsed_in, P u NP ' t 4C. To nonitor the
entry B?CF?W@%E& %‘Ibg%d%o %ﬁgﬁ-@ﬂt mnntlrrll%g%?gge eil's?e rom the bl ood stream
into the tunor, 27 nude mce will be injected with C6 tunor cells, and 27
nude mce wth HCT116 col on car%]gpémﬁ cells. Twelve days after tunor

devel opnent, 9 animals fromthe group and 9 fromthe HCT116 group wl|
recei ve an intravenowspdntanepusntwficf andokil wedéels t he RFP construct.

Anot her 9 animals fromeach group will receive an intravenous injection of
L. nonocytogenes transfornmed with the GFP cDNA construct. The third group
of 9 aniaminmlf r oms¢aain tnamer nodeimaw | | r ecSpueceot h ERefsglencgnd L.

nonocyt ogenes (1 x 106 cells ofd egclg% . nFi ve hours, 25 hours, and 5 days
after inFBEFLBRH, three ani mal sOGPCERHY
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group will be sacrificed, their tunors excised, and processed ‘individually
as described in the above cryosectioning protocol. After ié’ﬁe&iﬂ)@ﬁ each
tumor will be cut into two halves. One half of the tunor 1Y € Used for
pr epari&g&)&hg@ sections (60-75 nm), which will be a?@hﬁfn‘?ﬂ Ahder a

fl uorescence Stereon croscope to observe the distribution o? bacteria in
the sections of tunors obtained fromeach tine point of the experinent.
The regions of interest will be ia&egntified, thin sectioned, prepared, and
anal yzed with | aser scanning cytonetry and under the confocal m croscope
followed by image reconstruction. |n paraitfehimexpesr,i mends3) ,akissal s with
spont aneous tunors, as listed in Table 6, wll _be obtained and used in
intravenous injection experinents with E. coli carrying the bacterial |ux
operon. Two animals of each tunor nodel will be used, and the |uciferase

| ight em ssion nonitored daily under the lowlight imger. It is expected
t hat the spontaneously occurring tunors can be imaged simlarly to the

i npl anted tunors based on 28 April 2006 WO 03/014380 PCT/1B02/ 04767 84

bact er | Aloddiel Her 9se: SXAIGRS] 8B ndUes Blunl NS PRODA ANGOUS (LUTDL; pgodel s, i ce
Wi th adénoCarci noMmg 6f The arge-tntestine an i Ce W th-adenotar ci noma of
t he mamrar ynd | st rivwn-bebee tsk proftel nbtlsdmrpyalinl @odénzatwidth experi nment s
~foll.owi ng intravenous, injection of E._coli expressing RFP and L.

nonocyt ogenes  expr eser B 8% R nggasaggxg%r_s It can be expected that

t hese experinents will enphasize the significance of the bacterium based
di agnosi s and protein therapy system Table 6 Spontaneous tunor ani mal
nodel s Ani mal Strain naneTunDr%{vjr%%'ﬂéﬁ“@l@nce speci esdescri ption

-Mousel29/ Sv- Spont aneousJacksonzZhu et al ., Madh3tm paradenocar - Labor at o- Cel |

94 cinoma ofries(1988), 703 | argeBar_Harbor . :
As shown ii(l %he) previous examples, gn’travenous injection of

light-emitting bacteria results in entry, replication, and
accumulation only in the tumor regions in animals. This
process can be monitored by imaging of light emission in
tumors. Placing the endostatin and chimeric toxin expressing
gene cassettes in cis configuration with a light-emitting gene
cassette provides an indirect detection system in vivo for

their temporal and spacial delivery via bacteria.

The endostatin and chimeric toxin gene cassettes are linked to
signal peptide encoding sequences, which facilitate the
secretion of these proteins into the extracellular space in
the tumor or into the cytosol of infected tumor cells. Both
proteins secreted from bacteria into the extracellular space
of the tumor are expected to function similarly to directly
injected purified proteins. Both proteins secreted from L.
meonocytogenes into the cytosol of the infected tumor cells
will resemble the wviral delivery system reported earlier for
endostatin. The Dbacterial systems can be used as a
constitutive secretion system or as an exogencusly 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. Withput the
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infection.

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

monocytogenes on tumor growth in animals with implanted tumors

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




the tunmor or into the cytosol of infected tunor cells. Both proteins
secreted frombacteria into the extracellular space of t re

expected to function simlarly to directly injected purifié€ PE%OPQ ns.

Bot h pr ecreted fromL. nonocytogenes into t of the
i nfect egﬁoeds}a 4rﬁ’cel ls will resenble the viral deli ve:ﬂ;E/ @s}taz%}reported
earlier for endostatin. The bacterial systens can be used as a
constitutive secretion systemor ass?an exogenously added |PTG activatable
secretion systemin the tunor. By regulating the expression |levels of the
t her ap@gsierpr dtlatins analyateer i Theddatexpelrdmexzes t el lunoresuihe smcret ed
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ant i bi éfi cs2 si FHAPWIrEPt r eQ¥PREIRETHact emigle i &R | orFPORBRNERERY i nat i on

of theagbh66drS&moaRdOSt AL § manua@ Psat&%ona%trsfﬁt OopeyEUnky (AR f usi on
protein secreted by E. cull nonocyt ogenes on turmr rowth in

ani mal $aRLe ho) ﬁﬂldmb@dutsaﬁﬂ@ a“lmdy rﬁli?ieblefféfe? e@lfe%QC@tEéln&é@Fa%% and the

cytot oxhCitfce! gEdEILhi BRT iGrle@XnBnLCT 8LRENOY iBentObh1an® Linat
nmonocytogenes in_ tunors will be determ ned as follows. Thirty-five nude

mice BeAFTiRPAOfahy -thed % CURBFs aRaLyshs "‘Hjléctlé%l #eeh: bddt ebhal

constr u@ﬁqsl@tslarpl bOWEUMOR) t'ﬁ'e‘.tﬁg?} cenw tdredseneel ioenghdesrRdn te secrete
endost af i Five m ce Wi th coli engineered to secrete chineric

t oxi n; E‘Ef)‘eﬁci/etﬁ?‘t’é it hERe  HReEytidgsies Wiy REer RETIBEE, t%
en_dost Aebberd dp1dt vanaayﬁsm tan leeﬂﬁl@laQCﬁ}@@QEm@ﬁtﬁllgdéﬁﬂjredwipl secrete
chi morbe LKMol Skl Gnd" e b 1 13RS ELA "G e g L L, 2

and chimeric toxin production in bacteria in C6 tumors as well

.as in the spontaneously occurring breast tumor mouse model, It

is expected that multiple IPTG induction of protein expression

in bacteria might be required for successful tumor therapy.

At any stage of tumor treatment, it may be required to remove
‘the light emitting and therapeutic gene containing bacteria
from the animal. To carry out this experiment, mice with
12—day—old Cé6 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 cbmpleting the above experiments, it 1is expected that
endostatin and chimeric toxin proteins secreted into the
tumors will <cause the inhibition of tumor growth and




control group: five mce injected with E. coli expressing bacteri al

| uci ferase alone, and five mce with L. nonocytogenes expig(e;ﬁ?mnﬂm@l:P At

.the tinme of bacteria injection, each tunmor volune wll erm ned

Three daysusndfber injection, the replication of bacte%kﬁ?hmwkpe_tunnrs
wi Il be nonitored under a low light imager or under a uor escence

stereonlcroscope The light em ssion and the tunor volune will be neasured

daily up to 20 days after bacteri @B injection. Ten days after injection,

one animal from each group will be sacrificed and the |evels of the

secr etmelaswahlea nsupoesergreaside. t droris i ssgéchphtede thadl yRwusi ng 28

Apri | 3/ 380, P 0476 n | These

exper | FERE ) 0. LTl Rl ooty i o TR S

treatedmyﬁmmﬂﬂds @umarsnnamﬁ(jwaﬁht|&Pqnnﬂmeoﬂééyes@@Qﬂ$rlﬁ9an¥¥ﬁﬂ¥§ t r eat ed

Wi th  ERLOPIIGd0Xi i 0Ot it IHELIUMORI QULR & CORt TObedRitBI S 1S not

expecte e affect by t e acteri a one fol | ow up experinent,

i ce mn@osmram§hla@ém@c§¢:eirnm®rlmﬁaﬁaﬁartmrs§aea*(r&%1?falmﬂy

FVB- neﬁ%@%@@)most IOELJ.E).H(%I 1ds1@sUSee t Pordddly dihenefl kagin&dresgecr et ed

prot ei on tunor experinmental schene identical to that

descr i bedt¢wnia tire hﬁuﬁﬁm%r%}r ywsind ndgErapon g anki biABiCE ovIa&t i on of
tunor EB&é&pé'afét*}emlé%%ﬁ%BCSf of nLiRT L2t {1h- S cr S BIriog el X EHetdbyt he tunor
tissue wll be déterm ned by Wstern blot analysis. An identical

exper i MBPRE) edbgnPRpsent P vgdédoPo assay the effect of | PTG induction of
endostatin and chineric toxin production in bacteria in C6 tunors as well
as in the spontaneously occurring breast tunor nouse nodel. It is expected
that multiple PTG induction of iprotein expression in bacteria mght be
required for successful tunor therapy. At any stage of tunor treatnent, it
may be required to renbve the light emtting and therapeutic gene
containing bacteria fromthe animal. To carry out this experinment, mce
with 12-day-old C6 tunors will :be intravenously injected with E. col
expressing the bacteri al | uci ferase. Three days after




injection, antibiotic therapy will be initiated by intraperitoneal

adm nistration of gentamcin (5 ng/kg body weight) tw ce é§¥4@ﬂzdaﬁ t he
new y di scovered clinafloxacin (CL960) (N chterlein et al™,
Zentral bl . Bakteriol. 286 (1997), 401). This treatnment will be perforned
for 5 days, and the effect of antdbiotics on the bacteria will be
nonitored by inmaging light emssion fromthe animals daily. By conpleting
t he above experinments, it is expethiedsthat endostatin and chinmeric toxin
proteins secreted into the tunors will cause the inhibition of tunor
growth and 28 April 2006 WO 03/014380 PCT/1B02/04767 88 measurabl e tunor
regressio t nt .Gl t u r beachi eved in
bot h Sfouggy%fc#id%ntgg§ﬁih§gin%?%%%e tuH%?% 3%3; fh spon?gnegusly

occur raéangpd Lot sn f&kp@etem%d@nmﬁfhastumbtanéumerapphsuat|oanoérsecreted
endostatin and chinmeric t el ns in tunor treatnent may give the
nost PromieT Y Feshl1s.2 ‘Isr%J edﬁ‘ejtrhe engi neered bacteria fromthe
tunor by adpi %héat\}l%éjflgntép@(ﬁtﬂl%ll aretaeled saf el ytomasyre of the
bacteriumsecreted protein therapy (BSPT) of the present invention. 28
Apri| 008 80iEsaE nsCanceke oaf e hasdaisdica dMe uanin t%epﬁﬂ*ésﬁiia@non of a
composid! o d or AR LClion (fle @ cliSous! VTR LLRRUGE CABERT p@Egetastasi s
in a subjec ereln: rta e VIrus 1s speci fica 'y retained at a tunor,
t unor ¢leste] merhearsutejtas:ta@ s etu e mominge tsqrsptmt eanidgior of the virus in

t he tunorous environnent f.rom bein cleargd fr %heméubuect by the i mune
Csystem andfr (b) (HE viPdYScafABRCG f FeféRtrRtEabE weER"S§  caflcer ous cel

or tissiansha BENICINCEr DL ONAtCEPA S - &8k de Rud | 8S8UBEc2PELEr (C) the
virus is not tunor-targeted.
cell or tissue; and/or

(c) the virus is not tumor-targeted.

2. The use of claim 1, wherein the virus is a Lister

strain of wvaccinia virus.

3. The use of claim 1, wherein the virus is the LIVP

strain of wvaccinia virus.

4. The use of any of claims 1-3, wherein the wvirus is

capable of replicating in the subject.

5. The use of any of claims 1-4, wherein the compositién

is for systemic administration to a subject.

6. The use of any of claims 1-4, wherein the composition

is for intravenous administration to a subject.

7. The use of any of claims 1-6, wherein the tumor, tumor
tissue, <cancer or metastasis 1is a breast, prostate,

bladdex, brain, colon, lung, ovarian, pancreatic, liver or

skin tumor, tumor tissue, cancer or metastasis.



2. The use of claiml1l, wherein the virus is a Lister strain of vaccini a
virus. 3. The use of claim1, wherein the virus is the LIV (ﬁ6of
vaccinia virus. 4. The use of any of clains 1-3, wherein t |rus is
capable of replicating in the subject. 5. The use of any of clains 1-4,
wherein the conposition is for sysbemic admnistration to a subject. 6.
The use of any of clains 1-4, wherein the conposition 1is for intravenous
adm nistration to a subject. 7. The use of any of claims 1-6, wherein the
tumor, tunor tissue, cancer or netastasis is a breast, prostate, bl adder,
brai n, 8colBa, usgngt @ﬂMﬂQﬁ1C¥ﬁﬂmﬁehIYC wheyetn ofhe sKiFusuRBrOwSUNDr
tissue ofark&e% aQLrlzTB‘?ttlaos&a 228 R %Ql%r90t§ss@e ‘tsa%é’ér any. of claims
1-7, erein the virus al for Vi‘suall zation tufmor tissue,
cancermetast@sast asis. 9. The use of any of clains 1-7, mhereln the virus
allows for external visualization of a tunmor, tunor tissue, cancer or
netastasis. 10. The use of any of clains 1-9, wherein the virus allows for
detectponTpE asbuUBRr ankUMH 4155, 1 CANCRRe PEin MBRAST 28118 Basedson a
signal. 11. The use of "claim 10, wherein the signal is detectable by
magnet ferr eeeireiel | ﬁ@gﬁufglﬂ(mn)on siafgl @ phorenr, efrugiron téespet ed
tonngrgggge£§5?9éﬁuaﬂg§ téon em ssion tonography (PET), scintigraphy,
gama canera e or ay detector. 12. The use of any of clains
1-9, wherein the virus alloms for detectlon of a tunor, tunor tissue

cancer_or _nmetastasis through detectl n of ht. 13. The u of any
“cl ai mst @ 15he R3t ePh ¥RE OfrGiafesal ecBHﬁFﬁ ﬁttbﬁrﬁérESnﬁiiHWﬁg a

reconbpant eeBsEI4gt oencadi NG iCel It hRGePt o1 s Sapabl 8apkebi Ndi-ng a
detectable |ligand for detection of a tunor, tumor tissue, cancer or
metastasis based on a signal.

11. The use of claim 10, wherein the signal is detectable
by magnetic resonance 1imaging (MRI), single-photon
emission computed tomography (SPECT), positron emission
tomography (PET), scintigraphy, gamma camera, a B' detector

or a y detector.

12. The use of any of claims 1-9, wherein the virus allows

for detection of a tumor, tumor tissue, cancer oOr

metastasis through detection of light.

13. The use of any of claims 1-12, wherein the wvirus is a

recombinant virus containing a recombinant construct

encoding a cell receptor capable of binding a detectable
ligand for detection of a tumor, tumor tissue, cancer or

metastasis in a subject.

14. The use of any of claims 1-13, wherein the wvirus is
cleared from a subject without affecting normal tissues

‘that are not a tumor or metastasis.



metastasis in a subject. 14. The use of any of clainms 1-13, wherein the
virus is cleared froma subject w thout affecting normal iégs 06that are
not a tumor or netastasis. 28 April 2006 91 15. The use of“any of clains
1-14, wherein the virus is an attenuated form of a pathogeni c organi sm or
is a non- pathogenic organism 16. 9The use of any of clains 1-15, wherein
the conposition is for detection of a tunor, tunor tissue, cancer or

nmet ast@asi sThd 68al okl BBy &f. cTheémdse-0f, apneotbial ahaBvirh6, iwhanein the
conposition is for detection of a tunor, tunor tissue, cancer or
met ast atienwi Eed n far@ whél e bpdEhepenie | PYEARLIN et 18. Fha8%Hse of any of

claims_ 117 e»@gr@££%§p§?conposition is for detection of a tunor, tunor
er-or as

ti ssue, can asis in the brain or breast of a subject. 19. Use
of a vaccinia virus in the preparation of a conposition for detection of a
tunmor, tunpr tissue,_ cancer r.metastasis_in a subject, wherein: the virus
conpri%é;nﬁh%oHE?rﬁgtaEMCSE!ﬁgaémﬁeiéggabwgerﬁﬁatg%ﬁ.SPmEOSfBEBPn capabl e
of indugi nghra deteckabhe o8i apalcurd (@hmbhe Vigsge] s SRRGEA 16l |y
retained at a tunor, tunor tissue, cancer or netastasis due only to

prot eci¢omstasis hn vieas $me he tunorous environnent from being cleared
fromthe subject by the imune system and/or (b) the virus cannot
differentiate between a cancerous cell or tissue and a non-cancerous
counterpart TkBEl aseti sgue;arand/@f (c)aime virls, i swhetefnnothtar geted. 28

April 2006 92 20. The use of claim 19, wherein the virus is a Lister
st rai COPYSEE R a LG r E_Y deteqtlon of a tumor, tumor tissue,

cancer or metastasis within the whole body of the 1live

subject.

18. The use of any of claims 1-17, wherein the composition
is for detection of a tumor, tumor tissue, cancer or

metastasis in the brain or breast of a subject.

19. Use of a vaccinia. virus in the preparation of a
composition for detection of a tumor, tumor tissue, cancer
or metastasis in a subject, wherein:
the virus comprises a construct encoding a detectable

protein or a protein cépable of inducing a detectable
signal; and f

(a) the wvirus 1is specifically retained at a tumof,
tumor tissue, cancer or metastasis due only to protection
of the wvirus 1in the tumorous environment from being
‘cleared from the subject by the immune system; and/or

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

{c) the virus is not tumor-targeted.




21. The use of claim19, wherein the virus is the LIVP strain of vaccinia
virus. 22. The use of any of clainms 19-21, wherein the V|r%§ Bﬁ Va(gl)%pable of
replicating in the subject. 23. The use of any of clains erein the
conposition is for systemc admnistration to a subject. 24. The use of any
of clainms 19-22, wherein the conp®8ition is for intravenous adm nistration
to a subject. 25. The use of any of clains 19-24, wherein the tunor,
tunmor 20 ssug@heCaneer ool cretiastlasi swhsr&iHr east viphestiai ea Lhkadder, brain,
colon, lung, ovarian, pancreatic, liver or skin tunmor, tunor tissue,
cancerSoFa bt A5 VRFSINDE VITHES use of any of clains 19- 25 wherein the virus
allows for visualization of a tunor, tunor tissue, cancer or netastasis.
27. The use of any of clainms 19-25, wherein the virus allows for external
visuaJZkati@@aﬁusetuﬁnc;aﬁmndﬁ,thﬁmmincaheewimmsmﬁ%wtbsiQIVE8. The use
any gf cl $E 27, _wherein the virus is cleared froma subject
vmtrunﬁ BFect rﬁf?ﬁﬁQﬁﬁ Yi5&les that are not a tumor or netastasis. 28
April 2006 93 29. The use of any of clains 19-28, wherein the virus is an
attenuated form of a pathogenic organismor is a non- pathogenic organi sm

30. The?useThf HF§ @ff éqnaf e 1D-gs whidt 2l n wlh%rmerbn%%m-@% §f or

det ect ], 191fe a “J.r@gfllé tlnssdwif%, réqﬁr metastasis in real tinme. 31.
The use any of al ms 2 eré&% e conposition is for detection
of a punnr tunor tissue, cancer or netastasis within the whole body of

the Ii ect 32. The use of _any,of cl ai 9-31, wherein the
conpoé%fTo ¢ orudfet eRti oA 0f Aftu ?}m?un%§§?%35ughe %hﬂce?h
met aStcﬁﬁﬁg&oéﬂ:i&hﬁ iy addy Qgrysttree@_s-;t #dmighisShLGlon to a subject.

24. The use of any of claims 19-22, wherein the
composition is for intravenous administration to a

subject.

- 25. The use of any of claims 19-24, 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.

26. The use of any of claims 19-25, wherein the virus
allows for visualization‘bf a tumor, tumor tissue, cancer

or metastasis.

- 27. The use of any of claims 19%-25, wherein the virus
allows for external visualization of a tumor, tumor

tissue, cancer or metastasis.

28. The use of any of claims 19-27, wherein the virus is
cleared from a subject without affecting normal tissues

that are not a tumor or metastasis.




33. The use of any of clains 19-32, wherein the construct encodes a
protein that is capable of emtting light or of inducing fgqéﬁﬂéHGGOf
light. 34. The use of any of clains 19-32, wherein the constrtc encodes a
protein that can bind a contrasting agent, chronophore or a conpound or

| i gand for visualization of tissu@38. 35. The use of any of clains 19-32,
wherein the construct encodes a fluorescent or |um nescent protein. 36.
The usgoof any @keClod ML B%L1aMes ein-2de gRaséinCtheeReedsesia | uciferase
and/or a substrate for luciferase. 28 April 2006 94 37. The use of any of

cl ai rsanoasfenyipépdi AotHe A raisPahlRPERBlFoPrgaréeni GF ofS a2t BRBFr, tunor
tissu . or asi s based on a signal. 38. The use of claim 37,
'mheres%agﬁgggébﬁa?r$%ﬁ etectabl e by nagnetic resonance imaging (MRl),

si ngl e-photon em ssion conput ed tonography (SPECT), positron em ssion

t onography (PET), scintigraphy, nmra.canera, .a,.pt detector ay
detect%&t 39. “the US® o?gangnéf g?aiﬁ%ai§§32?9ﬁﬁ§reiﬁkFﬁngirgée al 1 ows for
detectéOp®iBidMals, FHPADIGdHSTURN CARCY elmolPt asimst S tikkawgh detection
of light. 40. The use of any of clainms 19-32, wherein the virus is a

r econmbFARAGE T V¥ UBS TS ¥ nigt arexkdrdisrant construct  encoding a cel
receptor capable of binding a detectable |igand for detection of a tunor,
tunmor tissue, cancer or netastasis in a subject. 41. Use of an LIVP strain
of vac®lnia vihes uset hef paeparafi onlefima cdfpd8iti whekerintr&henment of a
tunmor, tunor, fissye, fancer or netastfsis In a subject, wherein the

i

conposFRMRAEHsI 9r 1Sy st SeEGRtHO% r QFi 6n FBTRT: s TR . CA55U%ne use of

cl ai mddncaherei MmdhesComositic@Rni StHOr whblbr akgnpus radiidi stpation to a
subject.b43. The use of claim41 or claim42, wherein the virus is
subject.

32. The wuse of any . of c¢laims 19-31, wherein the
composition is for detection of a tumor, tumor tissue,

cancer or metastasis in the brain or breast of a subject.

33. The use of any of claims 19-32, wherein the construct
encodes a protein that is capable of emitting light or of

inducing emission of light.

34. The use of any of claims 19-32, wherein the construct
encodes a protein that can bind a contrasting agent,

chromophore or a compound or ligand for visualization of

tissues.

35. The use of any of claims 19-32, wherein the construct

encodes a fluorescent or luminescent protein.

36. The use of any of claims 19-32, wherein the construct

encodes- a luciferase and/or a substrate for luciferase.




recogni zed by the i mune system of the subject. 28 April 2006 95 44. The
use of any of clains 41-43, wherein the virus is capable %g reigdd%ating in
the subject. 45. The use of any of clains 41-44, wherein: a?p? evirus is
specifically retained at a tunor, tunor tissue, cancer or netastasis due
only to protection of the virus if4the tunorous environnent from being
cleared fromthe subject by the imune system and/or (b) the virus cannot

differsnti ate betyeer aanganser eusifel 119434 j sgHerand amonveanger ous
counterfart cell or tissue; and/or (c) the virus accunulates in a tunor,

tunor #45Q¢e, fogasedrechoretalist astsmpPa, t Famubjteetsrn Fa3nefBaPEd from
non- t i f ject by the i mune system and/or (d) the
%HQEQ%?a%fQ }%?e@ oft N& éﬁ%@aefm

virus 1s n unor -t ar get ed. e use of any of clains 41-45, wherein
the virus conprises a construct encoding a conposition suitable for

treat t of a tunor.. 47. T use of claim46, wherein the conpstruct
bheotel s TaeBEENDE Sl o i YR VU of bohe D ancEREFERELE of
angi ogepesintgrd tilcot erBsbhRahcst | MUhay B8g apoRirasi,s, ainBnetghhtbhat inhibits

an elongation factor, a protein that binds to a ribosomal subunit, a
nucl ec®ERs Wi IOEMRg tast otemagrarhicl e3BE T ar pstseds®n acByE6kPRe, an

enzy e . A f i whergei osition
sui tgﬁgﬁoq%ﬁlﬁegﬁ@n’t %ﬁl%&&%r 3{3'5 (%snwoﬁ%% ad- 19 g[gngga?ﬁggﬁ TNF,
Ant i - 7 38-2,detiexrtomd n E492, di phtheria toxin, Pseudonbnas exotoxins,

shiga toxin, endostatin, 28 April 2006 96 gl ucuronidase,
bet a- gal act osi dase, thym di ne ki nase, horseradi sh peroxi dase,

car boxypeptrhdasesd2 o rCYLR¢ hiec1 RS, 101301 edHel-ash, 1 o pgsdeani nase,
allows for detection of a tumor, tumor tissue, cancer or

metastasis through detection of light.

40. The use of any of claims 19-32, wherein the wvirus 1is
a recombinant wvirus containing a recombinant construct
encoding a cell receptor capable of binding a detectable
ligand for detection of a tumcr, tumor tissue, cancer or

metastasis in a subject.

41. Use of an LIVP strain of wvaccinia wvirus in the
preparation of a composition for treatment of a tumor,
tumor tissue, cancer or metastasis in a subject, wherein
- the composition is for systemic administration to a

subject.

42, The use of claim 41, wherein the composition is for

intravenous administration to a subject.

.43, The use of claim 41 or claim 42, wherein the wvirus is

- recognized by the immune system of the subject.




car boxyl esterase, tyrosinase or verotoxin |I. 49. The use of any of clains
4.1f48, wherein the virus a! | ows for visualization of a jtu%)% ﬁf%m%r .

ti ssue, cancer or netastasis. 50. The use of any of clains R0 , Wherein
the virus allows for external visualization of a tunbr, tunor tissue,
cancer or netastasis. 51. The use ef any of clains 41-48, wherein the virus
allows for detection of a tunmor, tunor tissue, cancer or netastasis based

on a sjgnal Thézusgh%fu%%yOfoﬁ'@ia{En%LM\b@ﬁ ei phipeisi gral visudetgct abl e by
magneti c resonance i maging (MRl), single- p'hot on emn ssion conputed

t onogr eabyb I SPECTYep pbsd t¥om iam t9sd asbbieriogr aphy (PET), scintigraphy,
gamma canera, a R+ detector or a y detector. 53. The use of any of clains
41-48, wherein the virus allows for detection of a tunor, tunor tissue,
cancer4®r Tie¢astasos dmy ahcreimetd omHf wHedin:54. The use of any of
clainms 41-53, wherein the virus is _cleared froma subject w thout
affecting nb?thalthe &8s LRatSREE Mcte ld ft ukdFaoheHedstasty¥™OE8. The use

of any. @fo£! @k 88,41- 34ncubersl dhes My . qud USRIyt LSSHeoreaREBR OF
netastasis is a breast, prostate, 28 April 2006 9% bl adder, brain, colon,

l ung, @Vartlad, phnes eats c,thd véummrouski mrvimenmennof roiissbeingancer or

met astg IS, 56, Use. of ar Lel \[P st raln of vaccini.a Vi rusde(lon the preparation

edred. from th ct. B ifmune system; an r
of a conpositl on 1Iflol’ rea nt_t (% aefum)r, tl}’m)r HPI ssue, cancer or

metastasi s () a el ectirwkher elanndthe aofpesehtoates frtwidest emac
adm nistration to a_ subject; and the virus conprises a construct encoding
a det APV Dr 6BEiln Br Bl pTR ePRdc dpabPR~ SR FRERIEF n§ORHEFRREADI €

si gnal oo B o A Ne; 3486 Of 5,54 AlyM 56, wherein the conposition is for
i ntravenous adm nistration to a subject.

{c) the virus accumulates in a tumor, tumor tissue,

cancer or metastasis in the subject but is cleared from

" non-tumorous regions of the subject by the immune system;
and/or

(d) the wvirus is not tumor-targeted.

46. The use of any of claims 41-45, wherein the virus
comprises a construct encoding a composition suitable for

treatment of a tumor.

47. The use of claim 46, wherein the construct 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,.

48. The use of claim 46, 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,




58. The use of claim56 or claimb57, wherein the virus is recognized by
the i nmune system of the subject. 59. The use of any of clﬂéﬂg- 8,
‘wherein the virus is capable of replicating in the subject. 0.~ The use of
any of clainms 56-59, wherein: (a) the virus is specifically retained at a
tunor, tunor tissue, cancer or nepastasis due only to protection of the
virus in the tunorous environnent frombeing cleared fromthe subject by

the i ngune; sysif8e and/9etd Dot ¥ {dss€annotnghifierent i gt aabet ween a
cancerous cell or tissue and a non-cancerous counterpart cell or tissue;

and/ orhgedenddish r perpociyiafcat esanbox viogrsridasenof2y i ssMéocheameer or
netastasi,s in the _syhject t.is cleared. fr non-t unqr ions of the
]?E%& nlwo%re l}e%#]ase %YES%I nafggdﬁ%’l%gg

subj ec Yy the i mune sys dnd/ or 2 ©2006 98 e Virus is not
t unor -¢arget ek steraskde tige Nfnay of wmitexis6-180, wherein the virus
conprises a construct encoding a conposition suitable for treatnment of a
tunor. 62. The use of claim®6l, wherein the construct encodes a cytotoxic

proteify arpput osiatl ic¢ PLRfeidy aNaifbi bif.org of yhapgiRUENRSI §ir@sProtein
that stinulates apoptosis, a. protein that inhibits an elongation factor, a

proteialldes fdrndsstelazatbosomdl asuburit, e ebssde, nodhfging

pr ot e_ionr a, .nu Iaesase, a protease, a cytokine, an enzynme or a receptor. 63.
The use SI°EHHITRBL, wherein the conposition suitable for treatnment of a
tumor is rsCD40L, Fas-ligand, TRAIL, TNF, Anti-GA733-2, mcrocin E492,

di phtheria toxin, Pseudononas exotoxins, shiga toxin, endostatin,
gl ucurdfhi dA8€, WA aOdal eY oSifdaskihy filgidfe kihaseln Adtseradirsh

per oxi fasg, s cafboxypeptidase (Fay LV L O o459, e&ﬁ§9redeﬁﬁa§e, cytosine

deam nase, carboxyl esterase, tyrosinase or verotoxin
tissue, cancer or metastasis.

51. The use of any of claims 41-48, wherein the virus
allows for detection of a tumor, tumor tissue, cancer or

metastasis based on a signal.

52. The use of claim 51, wherein the signal is détectable
by magnetic resonance ' imaging (MRI), single-photon
emission computed tomography (SPECT}, positron emission
tomography (PET), scintigraphy, gamma camera, a B* detector

or a vy detector.

53. The use of any of claims 41-48, wherein the virus
allows for detection of a tumor, tumor tissue, cancer or

metastasis through detection of light.

54. The use of any of claims 41-53, wherein the wvirus is
cleared from a subject without affecting normal tissues

that are not a tumor or metastasis.

55. The use of any of claims 41-54, wherein the tumdr,

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




64. The use of any of clainms 56-63, wherein the virus allows for
visualization of a tunor, tunor tissue, cancer or metastagi g,.6r0The USE
of any of clains 56-63, wherein the virus allows for extg?%aPn
visualization of a tunor, tunor tissue, cancer or netastasis. 28 Apri
2006 99 66. The use of any of claias 56-63, wherein the virus allows for
detection of a tunor, tunor tissue, cancer or netastasis based on a

si gnal p1 &ddedNeppsen Of c618h N BlngWhevetnahhepshapabths, dgteet-abke by
magneti c_resonance imaging (M), single-photon em ssi on conput ed

t omography TSPECT) US| §¥DTM FNGT A msfraitas(PET), scinti graphy,
gamma canera, a (3+ detector or ay detector. 68. The use of any of clains
56- 63, wherein the virus allows for detection of a tunor, tunor tissue,
cancer5@®r nBbastaSi st hLAWGh sletzoti @f ofrakcdghtia 69irdde iusetbé any of
clainms 56-68, wherein the virus i,s cleared froma sggject wi t hout

af f ect PP Ho? ™ t Pls s SRS 1€Moot Ok (HAFT G rePhstasFi™o%g. The use

of anyt@hof! @i fBuSb-GhcohedLineddia ddMrin 4 W ddiSSWher@dncer or
nmetastasis is a breast, prostate, bladder, brain, colon, lung, ovarian,

pancreat i c,the vepmppsiskpn tignokor t asEeniss gelnigdmmdaratdonrdi@astasis. 71.
The usg of . any gf claims 56-63, wherein the construct encodes a protein
that can bind a contrasting agent, chronophore or a conpound or |igand for
vi sual i zat itdre ofirds ssomsrid@s dheouseroft asycofiinaandebbe63blaherein the
Vi rus coq;rises a construct enc%gjng a_protein that is ca ablf of

eni ttiMPLITght 98r Bf Fiffuethg “@heSdifonCbf }Wé%ﬁ%HQSE%ppFFe 5881200 73. The
use ofsaqwspf clainms 56-63, wherein the construct encodes a fluorescent or
| um nescent protein.

57. The use of claim 56, wherein the composition 1s for

intravenous administration to a subject.

58. The use of claim 56 or claim 57, wherein the virus is

recognized by the immune system of the subject.

59. The use of any of claims 56-58, wherein the wvirus is

capable of replicating in the subject.

60. The use of any of claims 56-59, wherein:

(a) the wvirus is sbecifically retained at a tumor,
tumor tilssue, cancer or metastasis due only to protectibn
of the wvirus in the tumorous environment from being
cleared from the subject by the immune system; and/ox

(b) the virus cannot differentiate between a
cancerous cell or tissue and a non-cancerous counterpart
cell or tissue; and/or

{c) the wvirus accumulates in a tumor, tumor tissue,
cancer or metastasis 1in the subject but is cleared from
non-tumorous regions of the subject by the immune system;

and/or




74. The use of any of clains 56-63, wherein the construct encodes a

| uci ferase and/or a substrate for luciferase. 75. The use QgAgﬁy2®% cl ai s
56- 63, wherein the construct encodes a GFP or RFP. 76. The uSe of any of
clainms 56-63, wherein the virus is a reconbinant virus containing a
reconbi nant construct encoding a c@Bl receptor capable of binding: (a) a
detectable ligand for detection of a tunor, tunor tissue, cancer or

met astasi s {d) aclsabyeels Nt dion-tdhefepeautic |igand suitable for tunor
therapy. 77. The use of any of clains 19-32, wherein the construct encodes

a GFP or RFP.
6l. The use of any of claims 56-60, wherein the virus

comprises a construct enceding a composition suitable for

treatment of a tumor.

62. The use of claim 61, wherein the construct 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 éubunit, a nucleotide-modifying
protein, a nuclease, a protease, a cytokine, an enzyme or

a receptor,

63. The use of claim 61, wherein the composition suitable
for treatment of a tumor is rsCD40L, Fas-ligand, TRAIL,
TNF, Anti-GA733-2, microcin E492, diphtheria toxiﬁ,
Pseudomonas exotoxins, shiga toxin, endostatin,
glucurconidase, beta~galéctosidase, thymidine kinase,
horseradish peroxidase, <carboxypeptidase G2, cytochrome
FP450, nitroreductase, cytosine deaminase,

carboxylesterase, tyrosinase or verotoxin I.

64. The use of any of claims 56-63, wherein the virus
allows for wvisualization of a tumor, tumor tissue, cancer

or metastasis.

65. The use of any of claims 56-63, wherein the virus
allows for external visualization of a tumor, tumor

tissue, cancer or metastasis.
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66. The use of any of claims 56-63, wherein the virus
allows for detection of a tumor, tumor tissue, cancer or

metastasis based on a signal.

67. The use of claim 66, wherein the signal is detectable
by magnetic resonance imaging (MRI), single~photon
emission computed tomography (SPECT), positron emission
tomography (PET), scintigraphy, gamma camera, a B’ detector

or a y detector.

68. The use of any of c¢laims 56-63, wherein the virus
allows for detection of a tumor, tumor tissue, cancer or

metastasis through detection of light.

69. The use of any of claims 56-68, wherein the virus is
cleared from a subject without affecting normal tissues

that are not a tumor or metastasis.

70. The use of any of claims 56-69, wherein the tumox,
tumor tissue, cancer or metastasis i1s a breast, prostate,
bladder, brain, colon, lung, ovarian, pancreatic, liver or

skin tumor, tumor tissue, cancer or metastasis.

71. The use of any of claims 56-63, wherein the construct
encodes a protein that can bind a contrasting agent,
chromophore or a compound or ligand for wvisualization of

tissues.

72. The use of any of claims 56-63, wherein the virus
comprises a construct encoding a protein that is capable

of emitting light or of inducing emission of light.
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73. The use of any of claims 56-63, wherein the construct

encodes a fluorescent or luminescent protein.

74. The use of any of claims 56-63, wherein the construct

encodes a luciferase and/or a substrate for luciferase.

75. The use of any of claims 56-63, wherein the construct

encodes a GFP or RFP,

76. The use of any of claims 56-63, wherein the virus is
a recombinant virus conéaining a recombinant construct
encoding a cell receptor capable of binding:

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

(b} a therapeutic ligand suitable for tumor therapy.

77. The use of any of claims 19-32, wherein the construct

encodes a GFP or RFP.






