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LIGHT EMITTING MICROORGANISMS AND 
CELLS FOR DIAGNOSIS AND THERAPY OF 

TUMORS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 10/866,606, to Aladar SZalay, ?led Jun. 10, 
2004, entitled “Light emitting microorganisms and cells for 
diagnosis and therapy of tumors,” Which is a continuation of 
US. application Ser. No. 10/189,918, to Aladar SZalay, ?led 
Jul. 3, 2002, entitled “Light emitting microorganisms and 
cells for diagnosis and therapy of tumors,” Which claims the 
bene?t of priority, under U.S.C. §119 (a)-(d), to European 
Application No. 011259116, to Aladar SZalay, ?led Oct. 30, 
2001, entitled “Light Emitting Microorganisms and cells for 
diagnosis and therapy of tumors,” and to European Applica 
tion No. 01 118 417.3, to Aladar SZalay, ?led Jul. 31, 2001, 
entitled “Light Emitting Microorganisms and cells for diag 
nosis and therapy of tumors.” The subject matter of these 
applications is incorporated herein in its entirety. 
[0002] The present invention relates to diagnostic and phar 
maceutical compositions comprising a microorganism or cell 
containing a DNA sequence encoding a detectable protein or 
a protein capable of inducing a detectable signal, eg a lumi 
nescent or ?uorescent protein. The present invention also 
relates to the use of said microorganism or cell for tumor 
targeting or tumor-imaging. For therapeutic uses, said micro 
organism or cell additionally contain an expressible DNA 
sequence encoding a protein suitable for tumor therapy, e. g. a 
cytotoxic or cytostatic protein. 
[0003] Presence of bacteria in tumors Was reported 
approximately ?fty years ago. Several publications substan 
tiated the earlier clinical ?ndings 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 lymphoma. 
Another Well described association betWeen the presence of a 
speci?c bacterial species and cancer development is Helico 
bacler pylori in patients With gastric ulcers. Elevated levels of 
H. pylori-associated antibodies have been found in patients 
With duodenal ulcer and gastric adenocarcinoma. These 
observations demonstrate a concomitant presence of bacteria 
at tumor sites; hoWever, it Was yet not clear Whether the 
microorganisms Were the cause of tumor formation or 
Whether the tumorous tissues Were more susceptible to bac 
terial colonization. Intravenously injected strict anaerobic 
bacteria, Closlridium pasleurianum, into mice replicated 
selectively in the tumor suggesting a hypoxic microenviron 
ment in the necrotic center. Intravenous injection of attenu 
ated Salmonella zyphimurium mutants resulted in elevated 
bacterial titers in the tumor tissues in comparison to the other 
organs of mice upon histologic and bacteriologic analyses. 
[0004] Similarly, the presence of virus particles Was 
reported in excised human breast tumors as early as 1965. 
More recently, based on polymerase chain reaction (PCR) 
data, the human papillomavirus has been claimed to be asso 
ciated With anogenital tumors and esophageal cancers, breast 
cancers, and most commonly, cervical cancers. In addition, 
the presence of hepatitis C virus in human hepatocellular 
carcinoma, Epstein-Barr virus in squamous cell carcinoma in 
Kimura’s disease, mouse mammary tumor virus-like par 
ticles (MMTV) in human breast cancer, SV40 virus in 
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macaque astrocytoma, and herpesvirus in turtle ?bropapil 
loma has also been reported. Surprisingly, the concentration 
of virus particles in the tumors shoWs variations among 
patients. The presence of human papillomavirus in squamous 
cell carcinomas of the esophagus ranges from 0 to 72% (10 
15). In contrast to tumor tissues, no virus particles have been 
found in tumor-free areas of the esophageal epithelium of the 
same patient suggesting that the virus particles are located 
only in the tumor tissues. 
[0005] HoWever, so far it could not undoubtedly been 
shoWn Whether the above discussed microorganisms are 
responsible for the development of disorders like tumors (ex 
cept 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) and therapeutic 
methods, eg surgery, are invasive and not very sensitive. 

[0006] Therefore, it is the object of the present invention to 
provide a means for the e?icient and reliable diagnosis as Well 
as the therapy of tumors Which overcomes the disadvantages 
of the diagnostic and therapeutic approaches presently used. 
[0007] According to the present invention this is achieved 
by the subject matters de?ned in the claims. When Vaccinia 
virus (LIVP strain) carrying the light emitting fusion gene 
construct rVV-ruc-gfp Was injected intravenously into nude 
mice, the virus particles Were found to be cleared from all 
internal organs Within 4 days, as determined by extinction of 
light emission. In contrast, When the fate of the injected 
Vaccinia virus Was similarly folloWed in nude mice bearing 
tumors groWn from subcutaneously implanted C6 rat glioma 
cells, virus particles Were found to be retained over time in the 
tumor tissues, resulting in lasting light emission. The pres 
ence and ampli?cation of the virus-encoded fusion proteins in 
the same tumor Were monitored in live animals by observing 
GFP ?uorescence under a stereomicroscope and by collecting 
luciferase-catalyZed light emission under a loW-light video 
imaging camera. Tumor-speci?c light emission Was detected 
4 days after viral injection in nude mice carrying subcutane 
ous C6 glioma implants ranging in siZe from 25 to 2500 m3. 
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 par 
ticles Was also seen in nude mice carrying subcutaneous 
tumors developed from implanted PC-3 human prostate cells, 
and in mice With orthotopically implanted MCF-7 human 
breast tumors. Further, intracranial C6 rat glioma cell 
implants in immunocompetent rats and MB-49 human blad 
der tumor cell implants in C57 mice Were also targeted by the 
Vaccinia virus. Cross sections of a C6 glioma revealed that 
light emission Was clustered in “patches” at the periphery of 
the tumor Where the fast-dividing cells reside. In contrast, 
cross sections of breast tumors revealed that ?uorescent 
“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 Well 
as in nodules on the exposed lung surface, suggesting 
metastasis to the contralateral breast and lung. In summary, 
light-emitting cells or microorganims, e.g. Vaccinia virus can 
be used to detect and treat primary and metastatic tumors. 

[0008] Similar results Were obtained With light-emitting 
bacteria (Salmonella, Wbrio, Listeria, E. coli) Which Were 
injected intravenously into mice and Which could be visual 
iZed in Whole animals under a loW light imager immediately. 
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No light emission Was detected tWenty-four hours after bac 
terial injection in both athymic (nu/nu) mice and immuno 
competent C57 mice as a result of clearing by the immune 
system. In the cutaneous Wound of an intravenously injected 
animal, the bacterial light emission increases and remains 
detectable up to six days post-injection. In nude mice bearing 
tumors developed from implanted C6 glioma cells, light 
emission Was abolished from the animal entirely tWenty-four 
hours after delivery of bacteria, similar to mice Without 
tumors. HoWever, forty-eight hours post-injection, unexpect 
edly, a strong, rapidly increasing light emission originated 
only from the tumor regions Was observed. This observation 
indicates a continuous bacterial replication in the tumor tis 
sue. The extent of light emission is dependent on the bacterial 
strain used. The homing-in process together With the sus 
tained 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 
exempli?ed in the breast tumor model. Tumor-speci?c light 
emission Was also observed in immunocompetent C57 mice 
With bladder tumors as Well as in LeWis rats With brain glioma 
implants. Once in the tumor, the light-emitting bacteria Were 
not observed to be released into the circulation and to re 
coloniZe subsequently implanted tumors in the same animal. 
Further, mammalian cells expressing the Ruc-GFP fusion 
protein, upon injection into the bloodstream, Were also found 
to home into and propagate in glioma tumors. 
[0009] These ?ndings open the Way for (a) designing mul 
tifunctional viral vectors useful for the detection of tumors 
based on signals like light emission and/or for suppression of 
tumor development and/or angiogenesis signaled by, e.g., 
light extinction and (b) the development of bacterium- and 
mammalian cell-based tumor targeting systems in combina 
tion With therapeutic gene constructs for the treatment of 
cancer. These systems have the folloWing advantages: (a) 
They target the tumor speci?cally Without affecting normal 
tissue; (b) the expression and secretion of the therapeutic gene 
constructs are, preferably, under the control of an inducible 
promoter, enabling secretion to be sWitched on or off; and (c) 
the location of the delivery system inside the tumor can be 
veri?ed by direct visualiZation before activating gene expres 
sion and protein delivery. 
[0010] Accordingly, the present invention relates to a diag 
nostic or pharmaceutical composition comprising a microor 
ganism or cell containing a DNA sequence encoding a detect 
able protein or a protein capable of inducing a detectable 
signal. 
[0011] Any microorganism or cell is useful for the diagnos 
tic method of the present invention, provided that they repli 
cate in the organism, are not pathogenic for the organism e.g. 
attenuated and, are recogniZed by the immune system of the 
organism, etc. 
[0012] In a preferred embodiment, the diagnostic or phar 
maceutical composition comprises a microorganism or cell 
containing a DNA sequence encoding a luminescent and/or 
?uorescent protein. 
[0013] As used herein, the term “DNA sequence encoding 
a luminescent and/or ?uorescent protein” also comprises a 
DNA sequence encoding a luminescent and ?uorescent pro 
tein as fusion protein. 
[0014] In an alternative preferred embodiment, the diag 
no stic or pharmaceutical composition of the present invention 
comprises a microorganism or cell containing a DNA 
sequence encoding a protein capable of inducing a signal 
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detectable by magnetic resonance imaging (MRI), e.g. metall 
binding proteins. Furthermore, the protein can bind contrast 
agents, chromophores, ligands or compounds required for 
visualiZation of tissues. 

[0015] Preferably, for transfecting the cells the DNA 
sequences encoding a luminescent and/or ?uorescent protein 
are present in a vector or an expression vector. A person 
skilled in the art is familiar With examples thereof. The DNA 
sequences can also be contained in a recombinant virus con 
taining appropriate expression cassettes. Suitable viruses that 
may be used in the diagnostic or pharmaceutical composition 
of the present invention include baculovirus, vaccinia, sindbis 
virus, Sendai virus, adenovirus, anAAV virus or a parvovirus, 
such as MVM or H-l. The vector may also be a retrovirus, 

such as MoMULV, MoMuLV, HaMuSV, MuMTV, RSV or 
GaLV. For expression in mammals, a suitable promoter is eg 
human cytomegalovirus “immediate early promoter” 
(pCMV). Furthermore, tissue and/or organ speci?c promot 
ers are useful. Preferably, the DNA sequences encoding a 
luminescent and/ or ?uorescent 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. 

[0016] For generating the above described DNA sequences 
and for constructing expression vectors or viruses Which con 
tain said DNA sequences, it is possible to use general methods 
knoWn in the art. These methods include eg in vitro recom 
bination techniques, synthetic methods and in vivo recombi 
nation methods as described in Sambrook et al., Molecular 
Cloning, A Laboratory Manual, 2'” edition (1989) Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 
for example. Methods of transfecting cells, of phenotypically 
selecting transfectants and of expressing the DNA sequences 
by using the above described vectors are knoWn in the art. 

[0017] The person skilled in the art knoWs DNA sequences 
encoding luminescent or ?uorescent proteins that can be used 
in the diagnostic or pharmaceutical of the present invention. 
During the past decade, the identi?cation and isolation of 
structural genes encoding light-emitting proteins from bacte 
rial luciferase from Vibrio harveyi (Belas et al., Science 218 
(1982), 791-793) and from Wbrio?scherii (Foran and BroWn, 
Nucleic acids Res. 16 (1988), 177), ?re?y luciferase (de Wet 
et al., Mol. Cell. Biol. 7 (1987), 725-737), aequorin from 
Aequorea I/zcwria (Prasher et al., Biochem. 26 (1987), 1326 
1332), Renilla luciferase from Renilla reniformis (LorenZ et 
al., PNAS USA 88 (1991), 4438-4442) and green ?uorescent 
protein from Aequorea Victoria (Prasher et al., Gene 111 
(1987), 229-233) have been described that alloW the tracing 
of bacteria or viruses based on light emission. Transformation 
and expression of these genes in bacteria alloWs detection of 
bacterial colonies With the aid of the loW light imaging cam 
era or individual bacteria under the ?uorescent microscope 
(Engebrecht et al., Science 227 (1985), 1345-1347; Legocki 
et al., PNAS 83 (1986), 9080-9084; Chal?e et al., Science 263 
(1994), 802-805). 
[0018] 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 demon 
strated in Rhizobia residing Within the cytoplasm of cells of 
infected root nodules by loW light imaging (Legocki et al., 
PNAS 83 (1986), 9080-9084; O’Kane et al., J. Plant Mol. 
Biol. 10 (1988), 387-399). Fusion ofthe luxA and lux B genes 
resulted in a fully functional luciferase protein (Escher et al., 
PNAS 86 (1989), 6528-6532). This fusion gene (Fab2) Was 
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introduced into Bacillus sublilis and Bacillus megalherium 
under the xylo se promoter and then fed into insect larvae and 
Was injected into the hemolymph of Worms. Imaging of light 
emission Was conducted using a loW light video camera. The 
movement and localiZation of pathogenic bacteria in trans 
genic arabidopsis plants, Which carry the pathogen-activated 
PAL promoter-bacterial luciferase fusion gene construct, Was 
demonstrated by localiZing Pseudomonas or Erwinia spp. 
infection under the loW light imager as Well as in tomato plant 
and stacks of potatoes (Giacomin and SZalay, Plant Sci. 116 
(1996), 59-72). 
[0019] All of the luciferases expressed in bacteria require 
exogenously added substrates such as decanal or coelentera 
Zine for light emission. In contrast, While visualiZation of 
GFP ?uorescence does not require a substrate, an excitation 
light source is needed. More recently, the gene cluster encod 
ing the bacterial luciferase and the proteins for providing 
decanal Within the cell, Which includes luxCDABE Was iso 
lated from Xenorhabdus luminescens (Meighen and SZittner, 
J. Bacteriol. 174 (1992), 5371-5381) and Pholobaclerium 
leiognalhi (Lee et al., Eur. J. Biochem. 201 (1991), 161-167) 
and transferred into bacteria resulting in continuous light 
emission independent of exogenously added substrate 
(FemandeZ-Pinas and Wolk, Gene 150 (1994), 169-174). 
Bacteria containing the complete lux operon sequence, When 
injected intraperitoneally, intramuscularly, or intravenously, 
alloWed the visualiZation and localiZation of bacteria in live 
mice indicating that the luciferase light emission can pen 
etrate the tissues and can be detected externally (Contag et al., 
Mol. Microbiol. 18 (1995), 593-603). 
[0020] Preferably, the microorganism is a bacterium, e.g. 
attenuated. Particularly preferred is attenuated Salmonella 
Zhyphimurium, attenuated Vibrio cholerae or attenuated Lisl 
eria monocylogenes or E. coli. Alternatively, viruses such as 
Vaccinia virus, AAV, a retrovirus etc. are also useful for the 
diagnostic and therapeutic compositions of the present inven 
tion. Preferably, the virus is Vaccinia virus. 
[0021] Preferably, the cell of the diagnostic or therapeutic 
composition of the present invention is a mammalian cell 
such as stem cells Which can be autologous or heterologous 
concerning the organism. 
[0022] In a further preferred embodiment of the diagnostic 
or therapeutic composition of the present invention the lumi 
nescent or ?uorescent protein is a luciferase, green ?uores 
cent protein (GFP) or red ?uorescent protein (RFP). 
[0023] In a particularly preferred embodiment, the micro 
organism or cell of the diagnostic or pharmaceutical compo 
sition of the present invention additionally contains a gene 
encoding a substrate for the luciferase. In an even more pre 
ferred embodiment, the microorganism or cell of the diagnos 
tic or pharmaceutical composition of the present invention 
contains a ruc-gfp expression cassette Which contains the 
Renilla luciferase (ruc) and Aequorea gfp cDNA sequences 
under the control of a strong synthetic early/late (PE/ L) pro 
moter of Vaccinia or the luxCDABE cassette. 

[0024] A preferred use of the microorganisms and cells 
described above is the preparation of a diagnostic composi 
tion for tumor-imaging. The diagnostic composition of the 
present invention can be used eg during surgery, to identify 
tumors and metastasis. Furthermore, the diagnostic compo 
sition of the present invention is useful for monitoring a 
therapeutic tumor treatment. Suitable devices for analyZing 
the localiZation or distribution of luminescent and/or ?uores 
cent proteins in an organism, organ or tissue are Well knoWn 
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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 modi?ed 
in such a Way that they bind metals and consequently are 
useful in MRI technology to make this more speci?c. 

[0025] The present invention also relates to a pharmaceu 
tical composition containing a microorganism or cell as 
described above, Wherein said microorganism or cell further 
more contains one or more expressible DNA sequence(s) 
encoding (a) protein(s) suitable for tumor therapy and/or 
elimination of metastatic tumors, such as a cytotoxic protein, 
a cytostatic protein, a protein inhibiting angiogenesis, or a 
protein stimulating apoptosis. Such proteins are Well-knoWn 
to the person skilled in the art. Furthermore, the protein can be 
an enZyme converting an inactive substance (pro-drug) 
administered to the organism into an active substance, i.e. 
toxin, Which is killing the tumor or metastasis. For example, 
the enZyme can be glucuronidase converting the less toxic 
form of the chemotherapeutic agent glucuronyldoxorubicin 
into a more toxic form. Preferably, the gene encoding such an 
enZyme is directed by a promoter Which is inducible addi 
tionally ensuring that the conversion of the pro-drug into the 
toxin only occurs in the target tissue, i.e. tumor. Such promot 
ers are e. g. IPTG-, antibiotic-, heat-, pH-, light-, metall-, 
aerobic-, host cell-, drug-, cell cycle- or tissue speci?c-induc 
ible promoters. Additional examples of suitable proteins are 
human endostatin and the chimeric PE37/TGF-alpha fusion 
protein. Endostatin is a carboxyterminal peptide of collagen 
XVIII Which has been characterized (Ding et al., PNAS USA 
95 (1998), 10443). It has been shoWn that endostatin inhibits 
endothelial cell proliferation and migration, induces G1 
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 lim 
ited expression levels of endostatin in tumors. HoWever intra 
tumoral injection of puri?ed endostatin shoWs remarkable 
inhibition of tumor groWth. Pseudomonas exotoxin is a bac 
terial 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 required for binding to cell surface 
receptor, domain II is required for translocating the toxin into 
the target cell cytosol, and domain III is responsible for cyto 
toxicity by inactivating EF-2. PE40 is derived from Wild type 
Pseudomonas exotoxin that lacks the binding domain Ia. 
Other proteins such as antibody fragments or protein ligands 
can be inserted in place of the binding domain. This Will 
render the PE40-ligand fusion protein speci?c to its receptor. 
One of the highly speci?c engineered chimeric toxins is the 
TGF alpha/PE40 fusion protein, Where the C-terminus of 
TGF alpha polypeptide has been fused in frame With the 
N-terminus of the PE40 protein. TGF alpha is one of the 
ligands of epidermal groWth factor receptor (EGFR), Which 
has been shoWn to be preferentially expressed on the surface 
of a variety of tumor cells. TGF alpha-PE40 fusion protein 
has been shoWn to be highly toxic to tumor cells With elevated 
EGFRs on the cell surface and While it is less toxic to nearby 
cells displaying feWer numbers of surface EGFR. The toxicity 
of TGF alpha-PE40 chimeric protein is dependent on a pro 
teolytic 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 
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that does not require processing has been constructed by 
Theuer and coworkers (J. Biol. Chem. 267 (1992), 16872). 
The novel fusion protein is termed PE37/TGF alpha, Which 
exhibited higher toxicity to tumor cells than the TGF alpha 
PE40 fusion protein. 
[0026] Thus, in a preferred embodiment of the pharmaceu 
tical composition, the protein suitable for tumor therapy is 
endostatin (for inhibition of tumor growth) or recombinant 
chimeric toxin PE37/transforming groWth factor alpha (TGF 
alpha) (for cytotoxicity to tumor cells). 
[0027] Moreover, the delivery system of the present appli 
cation even alloWs the application of compounds Which could 
so far not be used for tumor therapy due to their high toxicity 
When systemically applied. Such compounds include pro 
teins inhibiting elongation factors, proteins binding to ribo 
somal subunits, proteins modifying nucleotides, nucleases, 
proteases or cytokines (e.g. IL-2, IL-12 etc.), since experi 
mental data suggest that the local release of cytokines might 
have a positive effect on the immuno suppres sive status of the 
tumor. 

[0028] Furthermore, the microorganism or cell can contain 
a BAC (Bacterial Arti?cial Chromosome) or MAC (Mamma 
lian Arti?cial Chromosome) encoding several or all proteins 
of a speci?c pathWay, e.g. anti-angionesis, apoptosis, Wound 
healing-pathWay or anti-tumor groWth. Additionally the cell 
can be cyber cell or cyber virus endocing these proteins. 
[0029] For administration, the microorganisms or cells of 
the present invention are preferably combined With suitable 
pharmaceutical carriers. Examples of suitable pharmaceuti 
cal carriers are Well knoWn in the art and include phosphate 
buffered saline solutions, Water, emulsions, such as oil/Water 
emulsions, various types of Wetting agents, sterile solutions 
etc. Such carriers can be formulated by conventional methods 
and can be administered to the subject at a suitable dose. 
Administration of the microorganisms or cells may be 
effected by different ways, eg by intravenous, intrapereto 
neal, subcutaneous, intramuscular, topical or intradermal 
administration. The preferred route of administration is intra 
venous injection. The route of administration, of course, 
depends on the nature of the tumor and the kind of microor 
ganisms or cells contained in the pharmaceutical composi 
tion. The dosage regimen Will be determined by the attending 
physician and other clinical factors. As is Well knoWn in the 
medical arts, dosages for any one patient depends on many 
factors, including the patient’s siZe, body surface area, age, 
sex, the particular compound to be administered, time and 
route of administration, the kind, siZe and localiZation of the 
tumor, general health and other drugs being administered 
concurrently. 
[0030] Preferred tumors that can be treated With the micro 
organisms or cells of the present invention are bladder 
tumors, breast tumors, prostate tumors, glioma tumors, 
adenocarcinomas, ovarial carcinomas, and pancreatic carci 
nomas; liver tumors, skin tumors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1: External Imaging of GFP Expression in 
Subcutaneous C6 Glioma Tumors in Nude Mice 
[0032] C6 glioma cells (5x105) Were implanted subcutane 
ously into the right lateral thigh. At designated days after 
tumor cell implantation, the animals Were infected intrave 
nously With 1><108 pfu of rVV-ruc-gfp virus particles. GFP 
expression Was monitored under a ?uorescence stereomicro 
scope. Bright ?eld (top), ?uorescence (middle), and bright 
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?eld, ?uorescence overlay (bottom) images of subcutaneous 
glioma tumor are shoWn. GFP signal can be observed in 
tumors as small as 22 mm3 in siZe (B-B"), or as old as 18 days 

(about 2500 mm3 in siZe) (A-A"). In older tumors, GFP 
expression Was seen in “patch”-like patterns (indicated by 
arroWs in A'). Marker gene expression in the tumor of the 
same animal can be monitored continuously 4 (C-C"), 7 
(D-D"), and 14 (E-E") days after intravenous viral injection. 
(Bars:5 mm.) 
[0033] 
[0034] C6 glioma cells (5x105) Were implanted subcutane 
ously into the right lateral thigh of nude mice. Ten days after 
tumor cell implantation, the animals Were infected intrave 
nously With 1><108 pfu of rVV-ruc-gfp. GFP expression Was 
monitored 7 days post-viral injection. VasculariZation at the 
surface of the subcutaneous C6 glioma tumor is shoWn 
against the bright green ?uorescent background in the tumor 
folloWing Vaccinia-mediated gene expressions. Bright ?eld 
(A), ?uorescence (B), and bright ?eld, ?uorescence overlay 
(C) images of subcutaneous glioma tumor are illustrated. 
(Bars:5 mm.) 
[0035] FIG. 3: Expression of GFP in Subcutaneous Glioma 
Tumor of the Same Animal 

[0036] Five days after the subcutaneous implantation of 
5><105 C6 glioma cells into the right lateral thigh, 108 of 
rVV-ruc-gfp virus particles Were injected intravenously. Five 
days after viral injection, the animal Was anesthetiZed and 
sacri?ced for analysis of GFP expression under ?uorescence 
microscope. The tumor Was visualiZed externally (A-A"), 
With the overlying skin re?ected (B-B"), in cross section 
(C-C"), and in the amputated leg (D-D"). Bright ?eld (A), 
?uorescence (B), and bright ?eld, ?uorescence overlay (C) 
images of subcutaneous glioma tumor are illustrated. The 
strongest GFP expressions are seen as patches located along 
the outer surface of the tumor on the right (double arroWs in 
C-C"). Sharp difference of GFP expression in tumor tissue 
and in the normal muscle tissue (arroWs in D-D") is clearly 
visible. Asterisks mark the re?ected skin (B-B" and D-D"). 
(Bars:5 mm.) 
[0037] FIG. 4: Bright Field (A) and Fluorescence (B) 
Images of Tumor Cells Expressing GFP 
[0038] FroZen sections (30 pm thick) of the glioma tumor 
tissues Were prepared from a nude mouse that has been intra 
venously injected With 1><108 of rVV-rucgfp virus particles. 
(Bars:50 pm.) 
[0039] FIG. 5: LoW Light Image of the Anesthetized Nude 
Mouse to Indicate the Location of Renilla luciferase-Trig 
gered Light Emission in the Presence of Intravenously 
Injected Substrate CoelenteraZine (5 pg Ethanol Solution) 
[0040] FIG. 6: Monitoring Tumor-Speci?c Viral Infection 
Based on GFP Gene Expression in aVariety of Tumor Models 

[0041] GFP gene expression Was monitored in a variety of 
tumor models including subcutaneous PC-3 human prostate 
tumor (A-A") and MCF-7 human breast tumor (B-B") in nude 
mice, intracranial C6 rat glioma tumor (C-C", arroWs indicate 
the location of the tumor) in LeWis rats, and MB-49 human 
bladder tumor (D-D") in C57 mice. Animals Were monitored 
7 days after intravenous injections of 1><108 of rVV-ruc-gfp 
virus particles. Bright ?eld (top), ?uorescence (middle), and 
bright ?eld, ?uorescence overlay (bottom) images of the 
tumor are illustrated. (Bars:5 mm.) 

FIG. 2: Visualization of Tumor Angiogenesis 
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[0042] FIG. 7: Monitoring Vaccinia-Mediated GFP 
Expression in a Breast Tumor Model 
[0043] Nude mouse carrying breast tumor Was injected 
intravenously With 1><108 of rVV-ruc-gfp virus particles. 
Both the primary tumor (A-A", B-B", and C-C") and the 
metastasiZed tumor (D-D", E-E", and F-F") Were visualiZed 
externally (A-A" and D-D"), With overlying skin removed 
(B-B" and E-E"), and When they Were split open (C-C" and 
F-F") in a set of bright ?eld, ?uorescence C) and bright ?eld, 
?uorescence overlay (") images. GFP expression in lung 
metastases in the same animal Was also visualiZed (G-G"). 
(Bars:5 mm (A-A" to F-F"), and Bars:1 mm (G-G"). 
[0044] FIG. 8: Visualization of the Clearance of Light 
Emitting Bacteria From Nude Mice Based on the Detection of 
Light Emission Under the LoW Light lmager 
[0045] Nude mice Were intravenously injected With 107 
cells of attenuated S. zyphimurium (A, B) and V cholera (C, 
D). Both strains Were transformed With pLlTE201 carrying 
the lux operon. Photon collection Was done 20 min (A, C) and 
2 days (B, D) after bacterial injections. 
[0046] FIG. 9: Homing of Glioma Tumors by Attenuated 
Bacteria 
[0047] Nude mice With a C6 glioma tumor in the right hind 
leg Were intravenously injected With 107 attenuated S. typh 
imurium (A-D) and With V cholera (E-H) both transformed 
With pLlTE201 plasmid DNA encoding the lux operon. Pho 
ton collection Was carried out for one minute under the loW 
light imager. Mice injected With S. Zyphimurium 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. zyphimurium sloWly diminished four 
(C) and six (D) days after bacterial injection. Tumors infected 
With V cholera shoWed enormously increased light emission 
four (G) and six (H) days after injection suggesting continued 
replication of the bacteria in the tumor tissues. 
[0048] FIG. 10: Homing in of Bacteria onto Breast Tumors 
[0049] Nude mice With breast tumors in the right breast pad 
Were intravenously injected With 107 attenuated V cholera 
(A-D) and With 107 E. coli (E-F) transformed With pLlTE201 
plasmid DNA encoding the lux operon. Photon collection 
Was carried out for one minute under the loW light imager. 
TWenty minutes after bacterial delivery, luminescent V chol 
era Were observed in the liver (A). Forty-eight hours after 
injection, light emission Was noted in 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 ?ve 
days, the light emission Was visible only in the tumor regions, 
and non at the Wound (C). Eight days after bacterial injection, 
the luminescent activity Was abolished from the smaller 
tumor region but remained strong in the primary breast tumor 
(D). Homing in of E. coli onto breast tumors in nude mice Was 
also observed tWo days after intravenous bacterial injection 
(E: side vieW, F: ventral vieW). 
[0050] FIG. 11: Homing in of Bacteria Onto Bladder 
Tumors in C57 Mice 
[0051] C57 mice Were intravenously injected With 107 
attenuated V cholera transformed With pLlTE201 encoding 
the lux operon. Nine days after bacterial delivery, lumines 
cence Was noted in the bladder region of the Whole animal 
(A). The animal Was sacri?ced and an abdominal incision Was 
made to expose the bladder. The light emission Was limited to 
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the bladder region (B). With the removal of the bladder (C) 
from the mouse, the entire source of light emission Was 
removed (D) as demonstrated by the overlay of the loW light 
photon emission image over the photographic image of the 
excised bladder. 
[0052] FIG. 12: Homing in of Bacteria onto Brain Glioma 
Tumors in LeWis Rats 
[0053] LeWis rats Were intravenously injected With 108 
cells of attenuated V cholera transformed With pLlTE201 
encoding the lux operon. TWenty-four hours after bacterial 
injection, faint luminescence Was noted in the head region of 
the Whole animal during visualiZation under the loW light 
imager. The animals Were sacri?ced and their brain removed. 
Photon collection Was carried out for one minute from rats 
With (A) and Without (B) brain tumors. Strong luminescence 
Was con?rmed in regions of the brain of the rats With the brain 
tumor (marked With arroWs in A). Luminescence Was com 
pletely absent in the control brain tissues (B). 
[0054] FIG. 13: Transformed Human Fibrosarcoma Cells 
Home in on Subcutaneous Glioma Tumors in Nude Mice 
[0055] Nude mice With human breast tumors Were injected 
intravenously With 5><105 human ?brosarcoma cells, Which 
Were permanently transformed With retrovirus derived from 
pLElN. Seven days post-injection, the animals Were anesthe 
tiZed and monitored under a ?uorescent stereomicroscope. 
Fluorescent cells Were noted only in the tumor region of the 
Whole mice through the skin (Al-3). Upon exposure of the 
tumor tissues by re?ection of the overlying skin (B 1 -3), and in 
cross sections of the tumors (C1 -3), ?uorescent patches Were 
visible in distinct regions. Close examination of the organs of 
the mice shoWed the presence of small clusters of ?uorescent 
cells in the lungs of the animals, demonstrating the af?nity of 
the ?brosarcoma cells for the lungs in addition to the tumor 
ous tissues (D1-3). (Bars:5 mm (A1-C3),:1 mm (D1-D3)). 
[0056] FIG. 14: Homing of Attenuated Listeria monocylo 
genes into Subcutaneous Prostate Tumors 
[0057] Nude mice With subcutaneous human PC3 prostate 
tumor in the right hind leg Were intravenously injected With 
107 attenuated L. monocylogenes transformed With pSOD 
gfp plasmid DNA carrying the gfp cDNA, GFP ?uorescence 
Was observed under a ?uorescence stereo microscope. 
TWenty-seven hours after bacterial injection, GFP signal Was 
detected only in the tumor region. The tumor is shoWn in a set 
of visible light (a), ?uorescent (b), and visible and ?uorescent 
light overlay (C) images. (Bars:5 mm.) 
[0058] The present invention is explained by the examples. 

EXAMPLE 1 

Materials and Methods 

[0059] (A) Bacterium strains. The bacterial strains used 
Were attenuated Salmonella zyphimurium (SL7207 hisG46, 
DEL407-[aroA544::Tn10]), attenuated Vlbl’lO cholerae 
(Bengal 2 Serotyp 0139, M010 DattRSl), and attenuated 
Listeria monocylogenes (D2 mpl, actA, plcB). The bacterial 
strains Were kindly provided by Prof. W. Gobel (University of 
WurZburg, Germany). 
[0060] (B) Plasmid constructs. The plasmid pLlTE201 
containing the luxCDABE cassette Was obtained from (Voi 
sey and Marincs, 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 Notting 
ham, UK). 
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[0061] (C) Transformation of Bacteria 
[0062] The bacteria Were transformed by electroporation. 
[0063] (D) Tumor Cell lines. The rat C6 nitrosourea-in 
duced glioma cell line (ATCC, Rockville, Md.) Was cultured 
in RPMl-1640 medium (Cellgro®, Mediatech, lnc., Hem 
don, Va.) supplemented With 10% (v/v) FBS and 1x penicil 
lin/ streptomycin. The human PC3 prostate carcinoma cell 
line (ATCC, Rockville, Md.) and the Human MB-49 bladder 
tumor cells and rat 9 L glioma cells Were maintained in 
DMEM medium (Cellgro®, Mediatech, lnc., Hemdon, Va.) 
supplemented With L-glutamine and 10% (v/v) FBS. HT1080 
?brosarcoma cells (ATCC, Manassas, Va.) Were cultured in 
F12 minimal essential media (Cellgro®, Mediatech, lnc., 
Hemdon, Va.) supplemented With 10% FBS and 1x penicil 
lin/streptomycin. The MCF-7 human mammary carcinoma 
cell line (ATCC, Rockville, Md.), permanently transformed 
With a plasmid carrying pro-lGF-l cDNA (obtained from Dr. 
Daisy De Leon, Loma Linda University, Loma Linda, Calif.) 
Was cultured in DMEM/F12 medium supplemented With 5% 
FBS and 560 [1.g/ml of G418 (Life Technologies, Grand 
Island, NY). 
[0064] (E) Production and propagation of retrovirus to gen 
erate a light-emitting stably transformed cell line. PT67 pack 
ing cells (Clontech, Palo Alto, Calif.) Were cultured in 
DMEM medium supplemented With 10% (v/v) FBS. At 70% 
con?uence, PT67 cells Were transformed With pLElN (Clon 
tech, Palo Alto, Calif.) using calcium phosphate precipitation 
method (Profection Mammalian Transfection Systems, 
Promega, Madison, Wis.) for 12 hours. Fresh medium Was 
replenished at this time. Retroviral supernatant collected 
from PT67 cells 48 hours post transformation Were ?ltered 
through a 0.45 [mi ?lter and Was added to target HT1080 cells 
along With polybrene to a ?nal concentration of 4 [1.g/ml. The 
medium Was replaced after 24 hours and the cells Were treated 
With G418 selection at 400 [1.g/ml and stepWise increased to 
1200 [1.g/ml. 
[0065] (F) Recipient animals and tumor models. Five- to 
six-Week-old male BALB/c athymic nu/nu mice (25-30 g in 
body Weight) and LeWis rats (250-300 g in body Weight) Were 
purchased from Harlan (Frederick, Md.). C57BL/6J Min/+ 
mice Were obtained from Jackson Laboratories (Bar Harbor, 
Me.), Min (multiple intestinal neoplasia) is an autosomal 
dominant trait involving a nonsense mutation in codon 850 of 
the murine Apc gene, Which renders these animals susceptible 
to spontaneous intestinal adenoma formation. Female 
BALB/c athymic nu/nu mice baring bearing MCF-7 human 
breast tumor implants Were generated and kindly provided by 
Dr. Daisy DeLeon and Dr. Tian (Loma Linda University, 
Loma Linda, Calif.). C57 mice With orthotopically implanted 
human MB-49 tumor cells in the bladder Were generated and 
kindly provided by Dr. lstvan Fodor (Loma Linda University, 
Loma Linda, Calif.). All animal experiments Were carried out 
in accordance With protocol approved by the Loma Linda 
University animal research committee. The animals contain 
ing recombinant DNA materials and attenuated pathogens 
Were kept in Loma Linda University animal care facility 
under biosafety level tWo. 
[0066] (G) Propagation of recombinant vaccinia Virus. 
Vaccinia virus Lister strain (LlVP) Was used as a Wild type 
virus. Recombinant Vaccinia virus rVV-ruc-gfp Was con 
structed by inserting, via homologous recombination, the 
ruc-gfp-cassette into the Vaccinia virus genome (Wang et al., 
Proc. Biolumin. Chemilumin. 9, 1996, 419-422). The virus 
Was ampli?ed in CV-1 cells by addition of virus particles at a 
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multiplicity of infection (MOI) of 0.1 pfu/cell to CV-1 cell 
monolayers folloWed by incubation at 370 C. for 1 hWith brief 
agitation every 10 min. At this time, the supernatant ?uid With 
virus particles Was removed, and the cell monolayers Were 
Washed once With serum free medium. Complete groWth 
medium Was then added and the cells Were incubated at 370 C. 
rVV-ruc-gfp virions propagated in CV-1 cells Were puri?ed 
through a sucrose gradient. A plaque assay Was used 72 h after 
infection to determine the titer of recombinant virus by stain 
ing the cells With 50% crystal violet solution in ethanol. 
[0067] (H) Generation of mice carrying tumor implants. 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><105 cells Were suspended in 
100 [1.1 of phosphate buffered saline (PBS) and injected sub 
cutaneously 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 (mm3) Was estimated by the 
formula (L><H><W)/2, Where L is the length, W is the Width, 
and H is the height of the tumor in mm. 

[0068] lntracerebral glioma tumors Were generated by 
injecting C6 glioma cells into the head of rats. Prior to injec 
tion, rats Were anesthetiZed With sodium pentobarbital (N em 
butal® Sodium solution, Abbot Laboratories, North Chicago, 
111.; 60 mg/kg body Weight). A midline scalp incision (0.5-1 
cm) Was made, the skin Was retracted, and a 1 mm burr hole 
Was made in the skull at a location 2 mm to the left and 2.5 mm 
posterior to the brigma. Tumor cells Were pipetted into an 
insulin syringe, Which Was ?tted With a 29-gauge needle and 
mounted in a stereotactic holder. The needle Was inserted 
vertically through the burr hole to a depth of 3 mm. After 
injection into the brain of 5><105 C6 cells in a 10111 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><106 
PC3 human prostate cells. 
[0069] MB-49 human bladder tumor cells Were implanted 
in the C57 mouse bladder to produce animals With bladder 
tumors. To generate animals With breast cancer (Tian and 
DeLeon, submitted for publication), female nude mice Were 
?rst implanted With 0.72 mg/90 day-release 170-estradiol 
pellets (Innovative Research, Rockville, Md.) in the skin to 
facilitate breast tumor development and metastasis. One day 
after estrogen pellet implantation, 1><106 MCF-7 human 
breast carcinoma cells transformed With pro-lGF-ll (Dull et 
al., Nature 310 (1984), 777-781) Were implanted in the mam 
mary fat pad. For orthotopic transplants, tumors developed 
from implanted cells Were resected and minced into 1-mm3 
cubes for tissue transplantation into the mammary fat pad. 
[0070] (l) Assay of Renilla luciferase in live animals. Mice 
Were anesthetiZed With Nembutal (60 mg/kg body Weight) 
before every Renilla luciferase assay. Renilla luciferase 
activities Were determined after intravenous injection of a 
mixture of 5 [1.1 of coelenteraZine (0.5 [1g/ [1.1 diluted ethanol 
solution) and 95 [1.1 of luciferase assay buffer (0.5 M NaCl; 1 
mM EDTA; and 0.1 M potassium phosphate, pH 7.4). Whole 
live animals Were then imaged in a dark box using a 
Hamamatsu loW light video camera, and the images Were 
recorded using lmage Pro Plus 3.1 softWare (Media Cyber 
netics, Silver Spring, Md.). The pseudocolored photon emis 
sion image Was superimposed onto the gray scale image of the 
animal in order to precisely locate the site of light emission. 
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[0071] (J) Fluorescence microscopy of live animals. Mice 
Were anesthesized With Nembutal (60 mg/kg body Weight) 
before tumor visualization. External imaging of GFP expres 
sion in live animals Was performed using a Leica MZ8 stereo 
?uorescence microscope equipped With a mercury lamp 
poWer supply and a GFP ?lter (excitation at 470 nm). Images 
Were captured using a SONY DKC-5000 3CCD digital photo 
camera. 

[0072] (K) Detection of luminescence and ?uorescence. 
Immediately before imaging, mice and rats Were anesthetized 
With Nembutal® (60 mg/kg body Weight). The animals Were 
placed inside the dark box for photon counting and recording 
superimposed images (ARGUS 100, Hamamatsu, 
Hamamatsu, Japan). Photon collection Was for one minute 
from ventral and dorsal vieWs of the animals. A light image 
Was then recorded and the loW light image Was then superim 
posed over the light image to record the location of lumines 
cent activity. 
[0073] Imaging of GFP expression in tumors of live ani 
mals Was performed using a Leica MZ8 stereo ?uorescence 
microscope equipped With a mercury lamp poWer supply and 
a GFP ?lter (excitation at 470 run). Images Were captured 
using a SONY DKC-5000 3CCD digital photo camera. 
[0074] (L) Histology of tumor tissues. Under anesthesia, 
the animals Were euthanized With an overdose of Nembutal®. 
The tissues of interest Were removed, embedded in Tissue 
Tek OCT compound (Miles Scienti?c, Naperville, Ill.) and 
immediately frozen in liquid nitrogen Without ?xation. Fro 
zen sections Were cut at —200 C. using a Reichert-Jung Cry 
ocut 1800 cryostat. GFP ?uorescence of the tissues Was moni 
tored under a Leica ?uorescence microscope and the images 
Were recorded using Photoshop softWare. 

EXAMPLE 2 

Results Obtained by Intravenous Injection of 
Recombinant Vaccinia Virus rVV-ruc-gfp into Mice 

(A) Monitoring of Virus-Mediated Marker Gene Expression 
in Immunode?cient Mice 

[0075] Vaccinia virus (l><l08 pfu) carrying the Renilla 
luciferaseiGFP fusion expression cassette (rVV-ruc-gfp) 
Was introduced intravenously into nude mice With no tumors. 
The animals Were observed once every 3 days over a tWo 
Week time period under the loW-light imager to monitor 
luciferase catalyzed light emission immediately after intra 
venous injection of coelenterazine, and under a ?uorescence 
microscope to visualize GFP expression. Neither apparent 
luminescence nor green ?uorescence Was detected in the 
animals When imaged extemally, except at certain locations 
that had small skin lesions. Such luminescence and ?uores 
cence signals disappeared after a feW days once the lesions 
had healed. Animals Were sacri?ced one Week and tWo Weeks 
after viral infection, and their organs Were removed and 
examined for the presence of luminescence and GFP ?uores 
cence signals. One Week after viral injection, no lumines 
cence or green ?uorescence could be detected in brain, liver, 
lung, spleen, kidney or testis. These results indicated that the 
rVV-ruc-gfp virus did not shoW organ speci?city after inj ec 
tion and that the virus seemed to be cleared from the animal 
by the immune system soon after systemic delivery via the 
bloodstream. 

(B) Visualization of Vaccinia Virus-Mediated Marker Gene 
Expression in Glioma Tumors of Live Nude Mice 

[0076] The distribution of injected Vaccinia virus in nude 
mice bearing subcutaneously implanted C6 glioma tumors 
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Was examined. Nude mice With tumors approximately 500 
mm3 in size Were injected intravenously With l><l08 pfu of the 
rVVruc-gfp virus. Seven days after virus injection, the ani 
mals Were monitored for GFP expression under a ?uores 
cence microscope to determine the presence of viral infection 
and multiplication in the tumors, Which had groWn to 
approximately 2500 mm3 in size. Surprisingly, green ?uores 
cence Was detected only in the tumor regions in live animals. 
Seven days after viral injection, the GFP ?uorescence Was 
very intensely localized in a patch-like pattern restricted to 
the tumor region (FIG. 1A-A"). These patches, often seen at 
the end of blood vessel branches, may have indicated local 
viral 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 ?uorescent centers 
appeared in the form of rings at the periphery of the fading 
patches. The neW sites of intense GFP ?uorescence 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 ?uorescence Was seen else 
Where 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 virus, based on light 
emission, and it also demonstrated the a?inity of virus par 
ticles for the tumor tissue. 

[0077] To determine Whether tumor size and vasculariza 
tion are decisive factors for viral retention in tumors, nude 
mice Were intravenously injected With l><l08 rVV-ruc-gfp 
Vaccinia virus particles one day after subcutaneous C6 cell 
implantation. Surprisingly, 4 days after viral injection GFP 
expression Was seen in 5-day-old C6 tumors that had a vol 
ume of about 25 mm3 (FIG. lB-B"). Examination of labeled 
Vaccinia virus tumor targeting by visualization of GFP 
expression in implanted tumors younger than 5 days Was not 
feasible in live mice, since su?icient levels of marker gene 
expression required approximately 4 days to alloW detection 
under a ?uorescence microscope. 

[0078] The ?nding that injection of the rVV-ruc-gfp Vac 
cinia virus into the bloodstream of the host resulted in GFP 
expression and accumulation in tumors suitable for non-in 
vasive tumor detection alloWed us to folloW the entry and 
replication process of this virus in the same animal in real 
time (FIGS. 1C-C", D-D" and E-E"). A continuously increas 
ing level of GFP ?uorescence Was observed in the same 
animal throughout 20 days folloWing viral injection, Which 
Was the time scheduled before sacri?cing the animals. Such 
an increase in detectable ?uorescence Was indicative of a very 
strong viral replication in the tumor tissue, the latter appear 
ing to function as a protective immunoprivileged environ 
ment for viral replication. Interestingly, the location of blood 
vessels and the neovascularization Within the periphery of the 
enlarging tumor Were readily visible and con?rmed by exter 
nal visualization against a bright green ?uorescent back 
ground (FIGS. 1A-A", D-D", E-E" and FIG. 2). 
[0079] To determine the location of viral infection Within 
the tumors, the animals Were sacri?ced and the skin over the 
tumor Was carefully re?ected to expose the tumor. In the 
exposed tumor, GFP ?uorescence Was found to be concen 
trated exclusively in the tumor tissue (FIGS. 3B-B" and 
D-D"). The non-tumorous thigh muscles did not shoW any 
?uorescence of viral infection, as indicated by arroWs in FIG. 
3D-D". The skin overlying the tumor Was also non-?uores 




















