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ABSTRACT 

Modi?ed or attenuated viruses and methods for preparing the 
modi?ed viruses and modulating attenuation are provided. 
Vaccines that contain the viruses are provided. The viruses 
can be used in methods of treatment of diseases, such as 
proliferative and in?ammatory disorders, including as anti 
tumor agents. The viruses also can be used in diagnostic 
methods. 
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METHODS FOR ATTENUATING VIRUS 
STRAINS FOR DIAGNOSTIC AND 

THERAPEUTIC USES 

RELATED APPLICATIONS 

[0001] Bene?t ofpriority is claimed under 35 U.S.C. §119 
(e) to US. Provisional Application Ser. No. 60/852,390, to 
Nanhai Chen, Aladar A. SZalay, Yong A. Yu and Qian Zhang, 
?led on Oct. 16, 2006, entitled “MODIFIED VACCINIA 
VIRUS STRAINS FOR USE IN DIAGNOSTIC AND 
THERAPEUTIC METHODS,” to US. Provisional Applica 
tion Ser. No. 60/933,050, to Qian Zhang and Nanhai Chen, 
?led on Jun. 4, 2007, entitled “VECTOR FOR VACCINIA 
VIRUS,” to US. Provisional Application Ser. No. 60/950, 
587, to Nanhai Chen and Yong A. Yu, ?led on Jul. 18, 2007, 
entitled “USE OF MODIFIED VACCINIA VIRUS 
STRAINS IN COMBINATION WITH A CHEMOTHERA 
PEUTIC AGENT FOR USE IN THERAPEUTIC METH 
ODS,” and to US. Provisional Application Ser. No. 60/ 994, 
794, to Alexa FrentZen, Nanhai Chen, Qian Zhang, Yong A. 
Yu and Aladar A. SZalay, ?led on Sep. 21, 2007, entitled 
“MODIFIED VACCINIA VIRUS STRAINS.” The subject 
matter of each of these applications is incorporated by refer 
ence in its entirety. 
[0002] This application is related to US. Application No. 
(Attorney Dkt. No. 17248-016001/4816) to Nanhai Chen, 
Alexa FrentZen, Aladar A. SZalay, Yong A. Yu and Qian 
Zhang, ?led on Oct. 16, 2007, entitled “MODIFIED VAC 
CINIAVIRUS STRAINS FOR USE IN DIAGNOSTICAND 
THERAPEUTIC METHODS,” Which also claims priority to 
US. Provisional Application Ser. No. 60/852,390, US. Pro 
visional Application Ser. No. 60/933,050, US. Provisional 
Application Ser. No. 60/950,587, and to US. Provisional 
Application Ser. No. 60/994,794. 
[0003] This application is related to International Applica 
tion No. (Attorney Dkt. No. 17248-015WO1/4815PC) to 
Nanhai Chen, Alexa FrentZen, Aladar A. SZalay, Yong A. Yu 
and Qian Zhang, ?led on Oct. 16, 2007, entitled “MODIFIED 
VACCINIA VIRUS STRAINS FOR USE IN DIAGNOSTIC 
AND THERAPEUTIC METHODS,” Which also claims pri 
ority to US. Provisional Application Ser. No. 60/852,390, 
US. Provisional Application Ser. No. 60/933,050, US. Pro 
visional Application Ser. No. 60/950,587, and to US. Provi 
sional Application Ser. No. 60/ 994,794. 
[0004] This application is related to US. application Ser. 
No. 10/ 872,156, to Aladar A. SZalay, Tatyana Timiryasova, 
Yong A. Yu and Qian Zhang, ?led on Jun. 18, 2004, entitled 
“MICROORGANISMS FOR THERAPY,” Which claims the 
bene?t of priority under 35 U.S.C. §19(a) to each of EP 03 
013 826.7, ?led 18 Jun. 2003, entitled “Recombinant vaccinia 
viruses useful as tumor-speci?c delivery vehicle for cancer 
gene therapy and vaccination,” EP 03 018 478.2, ?led 14Aug. 
2003, entitled “Method for the production of a polypeptide, 
RNA or other compound in tumor tissue,” and EP 03 024 
283.8, ?led 22 Oct. 2003, entitled “Use of a Microorganism or 
Cell to Induce AutoimmuniZation of an Organism Against a 
Tumor.” 
[0005] This application also is related to International 
Application Serial No. PCT/US04/ 19866, ?led on Jun. 18, 
2004. This application also is related to US. application Ser. 
No. 10/866,606, ?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, ?led Jul. 3, 2002, US. Application ?led May 19, 
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2004 Ser. No. 10/ 849,664, entitled, “Light emitting microor 
ganisms and cells for diagnosis and therapy of diseases asso 
ciated With Wounded or in?amed tissue” Which is a continu 
ation of US. application Ser. No. 10/163,763, ?led Jun. 5, 
2003, International PCT Application WO 03/014380, ?led 
Jul. 31, 2002, entitled “Microorganisms and Cells for Diag 
nosis and Therapy of Tumors,” PCT Application W0 
03/ 104485, ?led Jun. 5, 2003, entitled, “Light Emitting 
Microorganisms and Cells for Diagnosis and Therapy of Dis 
eases Associated With Wounded or In?amed tissue,” EP 
Application No. 01 118 417.3, ?led Jul. 31, 2001, entitled 
“Light-emitting microorganisms and cells for tumor diagno 
sis/therapy,” EP Application No. 01 125 911.6, ?led Oct. 30, 
2001, entitled “Light emitting microorganisms and cells for 
diagnosis and therapy of tumors,” EP Application No. 02 
0794 632.6, ?led Jan. 28, 2004, entitled“Microorganisms and 
Cells for Diagnosis and Therapy of Tumors,” and EP Appli 
cation No. 02 012 552.2, ?led Jun. 5, 2002, entitled “Light 
Emitting Microorganisms and Cells for Diagnosis and 
Therapy of Diseases associated With Wounded or in?amed 
tissue.” 
[0006] This application also is related to US. application 
Ser. No. 11/827,518, to Jochen StritZker, Phil Hill, Aladar A. 
SZalay, Yong A. Yu and Qian Zhang, entitled “METHODS 
AND COMPOSITIONS FOR DETECTION OF MICRO 
ORGANISMS AND CELLS AND TREATMENT OF DIS 
EASES AND DISORDERS,” ?led Jul. 11, 2007. 
[0007] The subject matter of each of the applications men 
tioned above is incorporated by reference in its entirety. 

INCORPORATION BY REFERENCE OF A 
SEQUENCE LISTING PROVIDED ON COMPACT 

DISCS 

[0008] An electronic version on compact disc (CD-R) of 
the Sequence Listing is ?led hereWith in duplicate (labeled 
Copy #1 and Copy #2), the contents of Which are incorporated 
by reference in their entirety. The computer-readable ?le on 
each of the aforementioned compact discs, created on Oct. 16, 
2007, is identical, 854 kilobytes in siZe, and entitled 
4815SEQ.001.txt. 

FIELD OF THE INVENTION 

[0009] Modi?ed and/or attenuated viruses and methods for 
preparing the modi?ed viruses and modulating attenuation 
are provided. Diagnostic and therapeutic methods also are 
provided. 

BACKGROUND 

[0010] Viruses for therapeutic and diagnostic methods 
often are pathogenic and must be attenuated to increase their 
safety for administration. Attenuation can be effected by 
repeated passage through cell lines and/or through animals to 
screen for strains that have reduced pathogenicity. Other 
methods for attenuation of a virus involve production of 
recombinant viruses that have a modi?cation in one or more 

viral genes that results in loss or reduced expression of a viral 
gene or inactivation of a viral protein. Once attenuated viruses 
are generated, methods for increasing the attenuation of the 
virus often involve selecting or identifying additional genes 
for mutation, combining mutations and/ or insertion of heter 
ologous genes for expression of proteins that alter the in vivo 
pathogenicity of the virus (see e.g., US. Pat. No. 6,265,189 
and US. Patent Publication No. 2006-0099224). The effects 
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of combinations of modi?cations, however, are dif?cult to 
predict and require extensive testing to determine What com 
binations of modi?cations yields a desired level of attenua 
tion. Further complicating the process is the fact that muta 
tions often decrease or abolish viral functions that are 
required for viral replication or life cycle progression. Essen 
tial viral functions often are provided in trans in order to 
produce the mature virions for infection (see e.g., US. Pat. 
Nos. 5,750,396, 6,261,551, 6,924,128, 6,974,695). Thus, 
packaging cell lines that express the essential viral proteins 
are required for viral propagation. Such cell lines, hoWever, 
can be challenging to generate due to the toxicity of the viral 
proteins that are expressed. 
[0011] Mutation of non-essential genes is a method of 
attenuation that preserves the ability of the virus to propagate 
Without the need of a packaging cell lines. In viruses such as 
vaccinia virus, mutations in non-essential genes, such as the 
thymidine kinase (TK) gene or hemagglutinin (HA) gene 
have been employed to attenuate the virus (e.g., Buller et al. 
(1985) Nature 317, 813-815, Shida et al. (1988) J. Virol. 
62(12):4474-80, Taylor et al. (1991) J. Gen. Wrol. 72 (Pt 
1):125-30, US. Pat. Nos. 5,364,773, 6,265,189, 7,045,313). 
The inactivation of these genes decreases the overall patho 
genicity of the virus Without eliminating the ability of the 
viruses to replicate in certain cell types. Further modulation 
of the attenuation of the virus similarly is dif?cult, since it can 
require identi?cation of additional non-essential genes for 
modi?cation, folloWed by testing of combinations of muta 
tions in order to select a recombinant virus With a desired level 
of attenuation. 
[0012] In vieW of the efforts to generate attenuated viruses 
for therapy, including the methods mentioned above, there 
still exists a need for methods for attenuating viruses. Accord 
ingly, it is among the objects herein, to provide methods for 
attenuating viruses and to provide attenuated viruses and 
diagnostic and/or therapeutic methods that employ such 
viruses. 

SUMMARY 

[0013] Provided herein are methods for attenuating viruses. 
The viruses can be used in therapeutic and diagnostic meth 
ods. Also provided are attenuated viruses. 
[0014] The methods for attenuation permit modulation of 
the levels of viral attenuation Without the need to mutate 
restrictive combinations of viral genes or provide additional 
therapeutic genes for in vivo attenuation. The methods permit 
modulation of the attenuation of the virus in a predictable 
manner. Provided are methods for systematically altering a 
virus to a level of attenuation that is desired for a particular 
application of the virus. Also provided are attenuated viruses. 
[0015] Therapeutic viruses also are provided. The viruses 
can be used as therapeutics. In addition they can be employed 
as starting materials in the methods for modulating attenua 
tion. The therapeutic viruses can contain a heterologous 
nucleic acid, inserted for its encoded protein or for attenua 
tion. The heterologous nucleic acid can contain an open read 
ing frame operably linked to a promoter. The heterologous 
nucleic acid can be operatively linked to a native promoter or 
a heterologous (With respect to the virus) promoter. Any suit 
able promoters, including synthetic and naturally-occurring 
and modi?ed promoters, can be used. Exemplary promoters 
include synthetic promoters, including synthetic viral and 
animal promoters. Native promoter or heterologous promot 
ers include, but are not limited to, viral promoters, such as 
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vaccinia virus and adenovirus promoters. Vaccinia viral pro 
moters can be synthetic or natural promoters, and include 
vaccinia early, intermediate, early/late and late promoters. 
Exemplary vaccinia viral promoters for use in the methods 
can include, but are not limited to, P7_5k, Pl 1k, PSE, PSEL, PSL, 
H5R,TK, P28, C11R, G8R, F17R, I3L, I8R,A1L,A2L,A3L, 
H1L, H3L, H5L, H6R, H8R, D1R, D4R, D5R, D9R, D11L, 
D12L, D13L, M1L, N2L, P4b or K1 promoters. Other viral 
promoters can include, but are not limited to, adenovirus late 
promoter, CoWpox ATI promoter, or T7 promoter. 
[0016] Methods provided herein for modi?cation of 
viruses, particularly therapeutic viruses, include steps of 
addition, deletion and/ or modi?cation of a heterologous 
nucleic acid in the viral genome. Such modi?cations of 
viruses result in altering the level of attenuation of the virus 
compared to the unmodi?ed virus. Methods provided herein 
for the modulation of attenuation of a therapeutic virus can 
increase or decrease the level of attenuation of the therapeutic 
virus compared to an unmodi?ed therapeutic virus. 
[0017] Provided herein are methods to alter the attenuation 
of a therapeutic virus Where a promoter contained in the 
therapeutic virus is modi?ed or replaced. Such promoters can 
be replaced by stronger or Weaker promoters, Where replace 
ment results in a change in the attenuation of the virus. As 
provided in the methods herein, a promoter contained in a 
therapeutic virus can be replaced With a natural or synthetic 
promoter. Exemplary promoters that can replace a promoter 
contained in a therapeutic virus can be a viral promoter, such 
as a vaccinia viral promoter, and can include a vaccinia early, 
intermediate, early/late or late promoter. Additional exem 
plary viral promoters are provided herein and knoWn in the art 
and can be used to replace a promoter contained in a thera 
peutic virus. 
[0018] Therapeutic viruses for use in the methods provided 
herein of modulation the attenuation of the virus can contain 
a heterologous nucleic acid that contains an open reading 
frame that encodes one or more gene products. Methods 
provided herein for modulating the attenuation of a therapeu 
tic virus include modi?cation of a heterologous nucleic acid 
that contains an open reading frame. Methods provided 
herein for modi?cation of the open reading frame can include 
increasing the length of the open reading frame, removal of all 
or part of the open reading frame or replacement of all or part 
of the open reading frame. 
[0019] Provided herein are methods to alter the attenuation 
of a therapeutic virus Where a heterologous nucleic acid con 
tained in the virus is modi?ed by removal or all or a portion of 
the heterologous nucleic acid molecule. The portion of the 
heterologous nucleic acid that is removed can be 1, 2, 3, 4, 5 
or more, 10 or more, 15 or more, 20 or more, 50 or more, 100 
or more, 1000 or more, 5000 or more nucleotide bases. Also 
provided herein are methods to alter the attenuation of a 
therapeutic virus Where a heterologous nucleic acid contained 
in the virus is modi?ed by removal or all or a portion of a ?rst 
heterologous nucleic acid molecule and replaced by a second 
heterologous nucleic acid molecule, Where replacement 
changes the level of attenuation of the virus. The second 
heterologous nucleic acid molecule can contain a sequence of 
nucleotides that encodes a protein or can be a non-coding 
nucleic acid molecule. In some examples, the second heter 
ologous nucleic acid molecule contains an open reading 
frame operably linked to a promoter. The second heterolo 
gous nucleic acid molecule can contain one or more open 

reading frames or one or more promoters. Further, the one or 
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more promoters of the second heterologous nucleic acid mol 
ecule can be one or more stronger promoters or one or more 

Weaker promoters, or can be a combination or both. 

[0020] Provided herein are methods for assessing the level 
of attenuation of a therapeutic virus following addition, dele 
tion and/or modi?cation of a heterologous nucleic acid in the 
viral genome. Such methods for measuring the level of 
attenuation can be performed in vitro or in vivo and can 
include assessment of changes in any or all of the folloWing 
properties of the virus: a) viral mRNA synthesis, b) viral 
protein expression, c) viral DNA replication, d) viral plaque 
siZe, e) viral titer or f) in vivo toxicity. The methods provided 
herein can modulate the attenuation of a therapeutic virus by 
altering transcription of one or more viral genes or altering 
translation of one or more endogenous viral polypeptides 
during the viral life cycle. 
[0021] Provided herein are methods for determining the 
desired level of attenuation for application of the virus. Exem 
plary applications of a therapeutic virus include diagnostic 
applications, therapeutic application or a combination 
thereof. An exemplary therapeutic application is treatment of 
a tumor, cancer or metastasis. An exemplary diagnostic appli 
cation is detection of a tumor. The desired level of attenuation 
for application of the therapeutic virus can depend on a vari 
ety of factors including, but not limited to, the health of a 
subject prior to administration of the virus to the subject or the 
selection of the route of administration for the virus. 

[0022] Provided herein are methods for further modi?ca 
tion of therapeutic viruses that have been modi?ed to modu 
late their attenuation. Included in such methods are insertion 
heterologous nucleic acid molecules that encode a detectable 
protein or a protein capable of inducing a detectable signal. 
Exemplary of such proteins are luciferases, such as a click 
beetle luciferase, a Renilla luciferase, or a ?re?y luciferase, 
?uorescent proteins, such as a GFP or RFP, or proteins that 
can bind a contrasting agent, chromophore, or a compound or 
ligand that can be detected, such as a transferrin receptor or a 
ferritin. Also included in such methods are insertion heterolo 
gous nucleic acid molecules that encode a therapeutic gene 
product, such as a cytokine, a chemokine, an immunomodu 
latory molecule, a single chain antibody, antisense RNA, 
siRNA, prodrug converting enzyme, a toxin, an antitumor 
oligopeptide, an anti-cancer polypeptide antibiotic, angio 
genesis inhibitor, or tissue factor. Such heterologous nucleic 
acid molecules can be inserted into the viral genome in an 
intergenic region or in a locus that encodes a nonessential 
viral gene product, such as hemagglutinin (HA), thymidine 
kinase (TK), F14.5L, vaccinia groWth factor (V GF), A35R, or 
NlL gene loci. In some examples, methods for further modi 
?cation of therapeutic viruses, such as vaccinia viruses, that 
have been modi?ed to modulate their attenuation can include 
replacement of the A34R gene With the A34R gene from 
another vaccinia virus strain. For example, in a vaccinia LIVP 
strain, the A34R gene can be replaced With the A34R gene 
from vaccinia IHD-J strain. Such replacement can increase 
the extracellular enveloped virus (EEV) form of vaccinia 
virus or can increase the resistance of the virus to neutraliZing 
antibodies. 

[0023] Therapeutic viruses for use in the methods provided 
herein of modulation the attenuation of the virus can be, for 
example, a poxvirus, herpesvirus, adenovirus, adeno-associ 
ated virus, lentivirus, retrovirus, rhabdovirus or papillomavi 
rus. Exemplary members of these families of viruses are 
vaccinia virus, avipox virus, myxoma virus, cytomegalovirus 
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(CMV), murine Maloney leukemia virus (MMLV), human 
immunode?ciency virus (HIV), and vesicular stomatitis virus 
(V SV), reovirus, NeWcastle disease virus, coxsackievirus, 
measles virus, in?uenza virus, mumps virus, poliovirus, Sen 
eca valley virus, and semliki forest virus. Exemplary vaccinia 
virus strains for use in the methods provided herein include 
Western Reserve (WR), Copenhagen, Tashkent, Tian Tan, 
Lister, Wyeth, IHD-J, and IHD-W, Brighton, Ankara, MVA, 
Dairen I, LIPV, LC16M8, LC16MO, LIVP, WR 65-16, Con 
naught, NeW York City Board of Health. Exemplary LIVP 
vaccinia viruses provided herein for use in the methods pro 
vided herein include GLV- l h22, GLV- l h68, GLV- l i69, GLV 
lh70, GLV-lh7l, GLV-lh72, GLV-lh73, GLV-lh75, GLV 
lh8l, GLV-lh82, GLV-lh83, GLV-lh84, GLV-lh85, GLV 
lh86, GLV-lj87, GLV-lj88, GLV-lj89, GLV-lh90, GLV 
lh91, GLV-lh92, GLV-lh96, GLV-lh97, GLV-lh98, GLV 
lhl04, GLV-lhl05, GLV-lhl06, GLV-lhl07, GLV-lhl08 an 
GLV- l hl 09. 

[0024] Provided herein are viruses for use uses therapeutics 
and/or in diagnostic methods. Exemplary viruses provided 
herein include recombinant vaccinia viruses that contain a 
modi?ed hemagglutinin (HA) gene, thymidine kinase (TK) 
gene, and F14.5L gene, Where one or more of the modi?ca 
tions comprises insertion of a heterologous non-coding 
nucleic acid molecule into the HA gene locus, TK gene locus, 
or F14.5L gene locus. In such viruses, a functional HA, TK, 
and F14.5L polypeptide is not expressed. Exemplary viruses 
provided herein for therapeutic and diagnostic use include 
Lister strain vaccinia viruses, such as GLV-li69, GLV-lh70, 
GLV-lh7l, GLV-lh72, GLV-lh73, GLV-lh74, GLV-lh8l, 
GLV-lh82, GLV-lh83, GLV-lh84, GLV-lh85, GLV-lh86, 
GLV-lj87, GLV-lj88, GLV-lj89, GLV-lh90, GLV-lh9l, 
GLV-lh92, GLV-lh96, GLV-lh97, GLV-lh98, GLV-lhl04, 
GLV-lhl 05, GLV-lhl 06, GLV-lhl 07, GLV-lhl 08 an GLV 
lhl 09. 

[0025] Viruses provided herein for therapeutic and diag 
nostic use include recombinant vaccinia viruses that contain a 
heterologous nucleic acid molecule that encodes a therapeu 
tic gene product, such as an angiogenesis inhibitor (e. g., 
plasminogen kringle 5 domain, anti-VEGF scAb (G6), tTF 
RGD, truncated human tissue factor-RGD peptide fusion pro 
tein), a tumor groWth suppressor (e.g., IL-24), an immune 
stimulator (e.g., sIL-6R-IL-6, soluble IL-6 receptor-IL-6 
fusion protein). 
[0026] Such therapeutic gene products can be operably 
linked to a vaccinia promoter, such as a vaccinia early pro 
moter, a vaccinia intermediate promoter, a vaccinia early/ late 
promoter and a vaccinia late promoter. 
[0027] Provided herein is an exemplary vaccinia virus that 
expresses the human plasmino gen kringle 5 domain under the 
control of a vaccinia synthetic early/late promoter is GLV 
lh8l. Also provided herein are exemplary vaccinia viruses 
that express sIL-6R-IL-6 under the control of a vaccinia early 
promoter, vaccinia early/late promoter or vaccinia late pro 
moter (GLV- lh90, GLV- lh9 l, and GLV- l h92, respectively). 
Also provided herein are exemplary vaccinia viruses that 
express IL-24 under the control of a vaccinia early promoter, 
vaccinia early/late promoter or vaccinia late promoter (GLV 
lh96, GLV-lh97, and GLV-lh98, respectively). Also pro 
vided herein are exemplary vaccinia viruses that express a 
tTF-RGD fusion protein under the control of a vaccinia early 
promoter, vaccinia early/late promoter or vaccinia late pro 
moter (GLV-lhl 04, GLV-lhl05, and GLV-lhl 06, respec 
tively). Also provided herein are exemplary vaccinia viruses 



US 2009/0098529 A1 

that express an anti-VEGF scAb (G6)-FLAG fusion protein 
under the control of a vaccinia early promoter, vaccinia early/ 
late promoter or vaccinia late promoter (GLV-lhl 07, GLV 
lhl08 and GLV-lhl09, respectively). 
[0028] Viruses provided herein for therapeutic and diag 
nostic use include recombinant vaccinia viruses that contain a 
heterologous nucleic acid molecule that encodes a detectable 
protein or a protein capable of inducing a detectable signal. 
Exemplary of such proteins are luciferases, such as a click 
beetle luciferase, a Renilla luciferase, or a ?re?y luciferase, 
?uorescent proteins, such as a GFP or RFP, or proteins that 
can bind a contrasting agent, chromophore, or a compound or 
ligand that can be detected, such as a transferrin receptor or a 
ferritin. Provided herein are recombinant Lister strain vac 

cinia viruses that express click beetle luciferase (CBG99) and 
REP (e.g., GLV-lh84). 
[0029] Provided herein are viruses for therapeutic and diag 
nostic use that contain a heterologous nucleic acid molecule 
that encodes tWo or more diagnostic or therapeutic gene prod 
ucts, Where the gene products are linked by a picomavirus 2A 
element. In one example provided herein, the recombinant 
vaccinia virus contains a heterologous nucleic acid molecule 
that encodes CBG99 is linked by a picornavirus 2A element 
to a second heterologous nucleic acid molecule that encodes 

RFP (e.g., GLV-lh84). 
[0030] Provided herein are recombinant vaccinia viruses 
for therapeutic and diagnostic use that contain a replacement 
of the A3 4R gene With the A34R gene from another vaccinia 
virus strain. Provided herein is a Lister strain vaccinia virus, 
Where the A34R gene is replaced by the A34R gene from 
vaccinia lHD-J strain (e.g., GLV-li69). Such replacement 
increases the extracellular enveloped virus (EEV) form of 
vaccinia virus and increases the resistance of the virus to 
neutraliZing antibodies. 
[0031] Provided herein are recombinant vaccinia viruses 
for therapeutic and diagnostic use that contain deletion of the 
A35R gene (e.g., GLV-lj87, GLV-lj88 GLV-lj89). 
[0032] Provided herein are recombinant vaccinia viruses 
for therapeutic and diagnostic use that can be further modi?ed 
by addition of one or more additional heterologous nucleic 
acid molecules that encode a therapeutic protein, a detectable 
protein or a protein capable of inducing a detectable signal. 
Exemplary of such proteins are luciferases, such as a click 
beetle luciferase, a Renilla luciferase, or a ?re?y luciferase, 
?uorescent proteins, such as a GFP or RFP, or proteins that 
can bind a contrasting agent, chromophore, or a compound or 
ligand that can be detected, such as a transferrin receptor or a 
ferritin. Also included in such methods are insertion heterolo 
gous nucleic acid molecules that encode a therapeutic gene 
product, such as a cytokine, a chemokine, an immunomodu 
latory molecule, a single chain antibody, antisense RNA, 
siRNA, prodrug converting enzyme, a toxin, an antitumor 
oligopeptide, an anti-cancer polypeptide antibiotic, angio 
genesis inhibitor, or tissue factor. Exemplary antigens include 
tumor speci?c antigens, tumor-associated antigens, tissue 
speci?c antigens, bacterial antigens, viral antigens, yeast 
antigens, fungal antigens, protoZoan antigens, parasite anti 
gens and mitogens. The one or more additional heterologous 
nucleic acid molecules that encode a therapeutic protein, a 
detectable protein or a protein capable of inducing a detect 
able signal can be operatively linked to a promoter, such a 
vaccinia virus promoter. 
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[0033] Provided herein are host cells that contains a recom 
binant virus provided herein. An exemplary host cell is a 
tumor cell that contains a recombinant virus provided herein. 

[0034] Provided herein are pharmaceutical compositions 
that contain a recombinant virus provided herein and a phar 
maceutically acceptable. The compositions contain an 
amount or concentration of the virus suitable for the intended 
use, such as therapy, diagnostics or both, and route of admin 
istration. Provided herein are pharmaceutical compositions 
formulated for local or systemic administration. Provided 
herein are pharmaceutical compositions that contain tWo or 
more viruses. Provided herein are pharmaceutical composi 
tions that are formulated for administration as a vaccine, such 
a smallpox vaccine. 

[0035] Provided herein are methods of detecting one or 
more viruses in a subject involving the steps of: a) adminis 
tering a pharmaceutical composition provided herein to a 
subject, Where the pharmaceutical composition contains a 
virus provided herein that expresses a detectable protein or a 
protein capable of inducing a detectable signal, and b) detect 
ing the detectable protein or a protein capable of inducing a 
detectable signal, Whereby detection indicates the presence of 
the virus in the subject. Further, provided herein are methods 
of detecting a tumor in a subject involving the steps of: a) 
administering a pharmaceutical composition provided herein 
to a subject, Where the pharmaceutical composition contains 
a virus provided herein that expresses a detectable protein or 
a protein capable of inducing a detectable signal, and b) 
detecting the detectable protein or a protein capable of induc 
ing a detectable signal, Whereby detection indicates the pres 
ence of a tumor in the subject. Methods provided herein for 
detection include, but are not limited to, ?uorescence imag 
ing, magnetic resonance imaging (MRI), single-photon emis 
sion computed tomography (SPECT), positron emission 
tomography (PET), scintigraphy, gamma camera, a [3+ detec 
tor, a y detector, or a combination thereof. In some examples, 
tWo or more tWo or more detectable proteins or proteins 
capable of inducing a detectable signal are detected. For 
example, tWo or more ?uorescent or luminescent proteins can 
be detected sequentially or simultaneously at different Wave 
lengths. 
[0036] Provided herein are methods of treatment of a 
tumor, cancer or metastasis by administering a pharmaceuti 
cal composition provided herein to a subject, such as a human 
subject or an animal subject. For the methods provided 
herein, administering the pharmaceutical composition causes 
tumor groWth to stop or be delayed, causes a reduction in 
tumor volume or causes the tumor to be eliminated from the 
subject. 
[0037] Exemplary tumors in humans for methods of treat 
ment provided herein include, but are not limited to, bladder 
tumor, breast tumor, prostate tumor, carcinoma, basal cell 
carcinoma, biliary tract cancer, bladder cancer, bone cancer, 
brain cancer, CNS cancer, glioma tumor, cervical cancer, 
choriocarcinoma, colon and rectum cancer, connective tissue 
cancer, cancer of the digestive system, endometrial cancer, 
esophageal cancer, eye cancer, cancer of the head and neck, 
gastric cancer, intra-epithelial neoplasm, kidney cancer, lar 
ynx cancer, leukemia, liver cancer, lung cancer, lymphoma, 
Hodgkin’s lymphoma, Non-Hodgkin’s lymphoma, mela 
noma, myeloma, neuroblastoma, oral cavity cancer, ovarian 
cancer, pancreatic cancer, retinoblastoma, rhabdomyosar 
coma, rectal cancer, renal cancer, cancer of the respiratory 
system, sarcoma, skin cancer, stomach cancer, testicular can 
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cer, thyroid cancer, uterine cancer, and cancer of the urinary 
system. Exemplary tumors in a canine, feline, or pet subject 
for methods of treatment provided herein include, but are not 
limited to, lymphosarcoma, osteosarcoma, mammary 
tumors, mastocytoma, brain tumor, melanoma, adenosqua 
mous carcinoma, carcinoid lung tumor, bronchial gland 
tumor, bronchiolar adenocarcinoma, ?broma, myxochon 
droma, pulmonary sarcoma, neurosarcoma, osteoma, papil 
loma, retinoblastoma, EWing’s sarcoma, Wilm’s tumor, Bur 
kitt’s lymphoma, microglioma, neuroblastoma, 
osteoclastoma, oral neoplasia, ?brosarcoma, osteosarcoma 
and rhabdomyosarcoma, genital squamous cell carcinoma, 
transmissible venereal tumor, testicular tumor, seminoma, 
Sertoli cell tumor, hemangiopericytoma, histiocytoma, chlo 
roma, granulocytic sarcoma, corneal papilloma, corneal 
squamous cell carcinoma, hemangiosarcoma, pleural 
mesothelioma, basal cell tumor, thymoma, stomach tumor, 
adrenal gland carcinoma, oral papillomatosis, hemangioen 
dothelioma, cystadenoma, follicular lymphoma, intestinal 
lymphosarcoma, ?brosarcoma, and pulmonary squamous 
cell carcinoma. Exemplary tumors in a rodent subject for 
methods of treatment provided herein include, but are not 
limited to, insulinoma, lymphoma, sarcoma, neuroma, pan 
creatic islet cell tumor, gastric MALT lymphoma and gastric 
adenocarcinoma. Exemplary tumors in an ovine, equine, 
bovine, caprine, avian, porcine, or piscine subject for meth 
ods of treatment provided herein include, but are not limited 
to, leukemia, hemangiopericytoma, ocular neoplasia, prepu 
tial ?brosarcoma, ulcerative squamous cell carcinoma, 
preputial carcinoma, connective tissue neoplasia, mastocy 
toma, hepatocellular carcinoma, lymphoma, pulmonary 
adenomatosis, pulmonary sarcoma, Rous sarcoma, reticulo 
endotheliosis, ?brosarcoma, nephroblastoma, B-cell lym 
phoma, lymphoid leukosis, retinoblastoma, hepatic neopla 
sia, lymphosarcoma, plasmacytoid leukemia, sWimbladder 
sarcoma (in ?sh), caseous lumphadenitis, and lung tumor. 
[0038] For the methods provided herein for a therapeutic or 
diagnostic application, a pharmaceutical composition pro 
vided herein can be administered systemically, intravenously, 
intraarterially, intratumorally, endoscopically, intralesion 
ally, intramuscularly, intradermally, intraperitoneally, intra 
vesicularly, intraarticularly, intrapleurally, percutaneously, 
subcutaneously, orally, parenterally, intranasally, intratrache 
ally, by inhalation, intracranially, intraprostaticaly, intravitre 
ally, topically, ocularly, vaginally, or rectally. 
[0039] For the methods provided herein for treatment of a 
tumor, cancer or metastasis, the pharmaceutical composition 
provided herein can be administered With an anti-viral agent, 
such as, but not limited to, cidofovir, alkoxyalkyl esters of 
cidofovir, Gleevec, gancyclovir, acyclovir and ST-26. 
[0040] Provided herein are combinations that contain a 
pharmaceutical composition provided herein and an antican 
cer agent. Exemplary anticancer agents for use in combina 
tions provided herein include, but are not limited to, a cytok 
ine, a chemokine, a groWth factor, a photosensitiZing agent, a 
toxin, an anti-cancer antibiotic, a chemotherapeutic com 
pound, a radionuclide, an angiogenesis inhibitor, a signaling 
modulator, an anti-metabolite, an anti-cancer vaccine, an 
anti-cancer oligopeptide, a mitosis inhibitor protein, an anti 
mitotic oligopeptide, an anti-cancer antibody, an anti-cancer 
antibiotic, an immunotherapeutic agent, hyperthermia or 
hyperthermia therapy, a bacterium, radiation therapy or a 
combination thereof. Exemplary chemotherapeutic com 
pounds for use in combinations provided herein include, but 
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are not limited to, alkylating agents such as a platinum coor 
dination complex, among other chemotherapeutic com 
pounds provided herein. Exemplary platinum coordination 
complexes include, but are not limited to, cisplatin, carbopl 
atin, oxaliplatin, DWA2114R, NKlZl, IS 3 295, and 254-8. 
[0041] Provided herein are combinations of the viruses pro 
vided and an anti cancer agent, such as a cytokine, a chemok 

ine, a groWth factor, a photosensitiZing agent, a toxin, an 
anti-cancer antibiotic, a chemotherapeutic compound, a 
radionuclide, an angiogenesis inhibitor, a signaling modula 
tor, an anti-metabolite, an anti-cancer vaccine, an anti-cancer 
oligopeptide, a mitosis inhibitor protein, an antimitotic oli 
gopeptide, an anti-cancer antibody, an anti-cancer antibiotic, 
an immunotherapeutic agent, hyperthermia or hyperthermia 
therapy or a bacterium. Provided herein are combinations of 
the viruses provided and an anti cancer agent, such as cispl 
atin, carboplatin, gemcitabine, irinotecan, an anti-EGFR anti 
body and an anti-VEGF antibody. 

[0042] Provided herein are combinations Where the com 
pound and virus are formulated separately in tWo composi 
tions. Provided herein are combinations Where the compound 
and virus are formulated as a single composition. 

[0043] Provided herein are uses of the viruses provided 
herein for the treatment of a tumor, cancer or metastasis. Also 
provided herein are uses of the viruses provided herein for 
preparation of a pharmaceutical composition for the treat 
ment of a tumor, cancer or metastasis. 

[0044] Provided herein are kits that contain a pharmaceu 
tical composition or combination provided herein and option 
ally instructions for administration thereof for treatment of 
cancer. 

[0045] Provided herein are vaccines, such as a smallpox 
vaccine, containing a recombinant vaccinia virus provided 
herein. Further, provided herein are methods of vaccination 
Where a vaccine, such as a smallpox vaccine, containing a 
recombinant vaccinia virus provided herein is administered to 
a subject for generation of an immune response. 
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A. DEFINITIONS 

[0046] Unless de?ned otherwise, all technical and scien 
ti?c terms used herein have the same meaning as is commonly 
understood by one of skill in the art to which the invention(s) 
belong. All patents, patent applications, published applica 
tions and publications, websites and other published materi 
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als referred to throughout the entire disclosure herein, unless 
noted otherwise, are incorporated by reference in their 
entirety. In the event that there are pluralities of de?nitions for 
terms herein, those in this section prevail. Where reference is 
made to a URL or other such identi?er or address, it is under 
stood that such identi?ers can change and particular informa 
tion on the internet can come and go, but equivalent informa 
tion is known and can be readily accessed, such as by 
searching the internet and/or appropriate databases. Refer 
ence thereto evidences the availability and public dissemina 
tion of such information. 
[0047] As used herein, “virus” refers to any of a large group 
of entities referred to as viruses. Viruses typically contain a 
protein coat surrounding an RNA or DNA core of genetic 
material, but no semipermeable membrane, and are capable 
of growth and multiplication only in living cells. Viruses for 
use in the methods provided herein include, but are not lim 
ited, to a poxvirus, adenovirus, herpes simplex virus, New 
castle disease virus, vesicular stomatitis virus, mumps virus, 
in?uenza virus, measles virus, reovirus, human immunode? 
ciency virus (HIV), hanta virus, myxoma virus, cytomega 
lovirus (CMV), lentivirus, and any plant or insect virus. 
[0048] As used herein, the term “viral vector” is used 
according to its art-recognized meaning. It refers to a nucleic 
acid vector construct that includes at least one element of viral 
origin and can be packaged into a viral vector particle. The 
viral vector particles can be used for the purpose of transfer 
ring DNA, RNA or other nucleic acids into cells either in vitro 
or in vivo. V1ral vectors include, but are not limited to, retro 
viral vectors, vaccinia vectors, lentiviral vectors, herpes virus 
vectors (e.g., HSV), baculoviral vectors, cytomegalovirus 
(CMV) vectors, papillomavirus vectors, simian virus (SV40) 
vectors, semliki forest virus vectors, phage vectors, adenovi 
ral vectors, and adeno-associated viral (AAV) vectors. 
[0049] As used herein, the term “modi?ed” with reference 
to a gene refers to a deleted gene, a gene encoding a gene 

product having one or more truncations, mutations, insertions 
or deletions, or a gene that is inserted (into the chromosome or 
on a plasmid, phagemid, cosmid, and phage) encoding a gene 
product, typically accompanied by at least a change in func 
tion of the modi?ed gene product or virus. 

[0050] As used herein, the term “modi?ed virus” refers to a 
virus that is altered with respect to a parental strain of the 
virus. Typically modi?ed viruses have one or more trunca 
tions, mutations, insertions or deletions in the genome of 
virus. A modi?ed virus can have one or more endogenous 
viral genes modi?ed and/or one or more intergenic regions 
modi?ed. Exemplary modi?ed viruses can have one or more 
heterologous nucleic acid sequences inserted into the genome 
of the virus. Modi?ed viruses can contain one more heterolo 
gous nucleic acid sequences in the form of a gene expression 
cassette for the expression of a heterologous gene. 
[0051] As used herein, modi?cation of a heterologous 
nucleic acid molecule with respect to a virus containing a 
heterologous nucleic acid molecule refers to any alteration of 
the heterologous nucleic acid molecule including truncations, 
mutations, insertions or deletions of the nucleic acid mol 
ecule. A deletion in a heterologous nucleic acid molecule can 
include all or a portion of the heterologous nucleic acid mol 
ecule. For example, if the heterologous nucleic acid molecule 
is a double stranded DNA molecule that is 5,000 base pairs in 
length, deletions of the heterologous nucleic acid molecule 
can include deletions of 1, 2, 3, 4, 5 or more, 10 or more, 50 
or more, 100 or more, 500 or more, 1,000 or more, or 5,000 
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base pairs of the heterologous nucleic acid molecule. Dele 
tion of all or a part of the nucleic acid molecule can also 
include replacement of the heterologous nucleic acid mol 
ecule With another nucleic acid molecule. Modi?cation of a 
heterologous nucleic acid molecule can also include alter 
ation of the viral genome. For example, a deletion of all or a 
portion heterologous nucleic from the viral genome, for 
example by homologous recombination, may also include 
deletion of nucleic acid surrounding the deletion site that is 
part of the viral genome. Similarly, insertion of an additional 
heterologous nucleic acid molecule into the viral genome by 
homologous recombination, for example, may include dele 
tion or all, or a part of a viral gene. When modi?cation of a 
heterologous nucleic acid molecule is an insertion, an addi 
tional nucleic acid molecule can be inserted in the heterolo 
gous nucleic acid molecule or adjacent to the nucleic acid 
molecule. Typically, insertions by homologous recombina 
tion involve replacement of all or a part of the heterologous 
nucleic acid molecule With another nucleic acid molecule. 

[0052] As used herein, the term “therapeutic virus” refers to 
a virus that is administered for the treatment of a disease or 
disorder, such as cancer, a tumor and/or a metastasis or 
in?ammation or Wound or diagnosis thereof and or both. The 
A therapeutic virus typically is modi?ed, such as to attenuate 
it. Other modi?cations include one or more insertions, dele 
tions or mutations in the genome of the virus. Therapeutic 
viruses all can include modi?cations in one or more endog 
enous viral genes or one or more intergenic regions, Which 

attenuate the toxicity of the virus, and can optionally express 
a heterologous therapeutic gene product and/ or detectable 
protein. Therapeutic viruses can contain heterologous nucleic 
acid molecules, including one or more gene expression cas 
settes for the expression of the therapeutic gene product and/ 
or detectable protein. Therapeutic viruses can be replication 
competent viruses (e.g., oncolytic viruses) or replication 
defective viruses. 

[0053] As used herein, a virus that can be detected and used 
for diagnostics and is therapeutic is a theragnostic virus. 
[0054] As used herein, the term, “therapeutic gene product” 
or “therapeutic polypeptide” refers to any heterologous pro 
tein expressed by the therapeutic virus that ameliorates the 
symptoms of a disease or disorder or ameliorates the disease 
or disorder. 

[0055] As used herein, the phrase “immunoprivileged cells 
and tissues” refers to cells and tissues, such as solid tumors 
and Wounded tissues, Which are sequestered from the immune 
system. 
[0056] As used herein, preferential accumulation refers to 
accumulation of a virus at a ?rst location at a higher level than 
accumulation at a second location. Thus, a virus that prefer 
entially accumulates in immunoprivileged tissue, such as a 
tumor, relative to normal tissues or organs refers to a virus that 
accumulates in immunoprivileged tissue, such as tumor, at a 
higher level, or concentration, than the virus accumulates in 
normal tissues or organs. 

[0057] As used herein, to attenuate toxicity of a virus means 
to reduce or eliminate deleterious or toxic effects to a host 
upon administration of the virus compared to an un-attenu 
ated virus. As used herein, a virus With loW toxicity means 
that upon administration a virus does not accumulate in 
organs and tissues in the host to an extent that results in 
damage or harm to organs, or that impacts survival of the host 
to a greater extent than the disease being treated does. For the 

Apr. 16, 2009 

purposes herein, attenuation of toxicity is used interchange 
ably With attenuation of virulence and attenuation of patho 
genicity. 
[0058] As used herein, the term “toxicity” With reference to 
a virus refers to the ability of the virus to cause harm to the 
subject to Which the virus has been administered. 
[0059] As used herein virulence and pathogenicity With 
reference to a virus refers to the ability of the virus to cause 
disease or harm in the subject to Which the virus has been 
administered. Hence, for the purposes herein the terms tox 
icity, virulence and pathogenicity With reference to a virus are 
used interchangeably. 
[0060] As used herein, a compound produced in a tumor or 
other immunoprivileged site refers to any compound that is 
produced in the tumor or tumor environment by virtue of the 
presence of an introduced virus, generally a recombinant 
virus, expressing one or more gene products. For example, a 
compound produced in a tumor can be, for example, an 
encoded polypeptide, such as a recombinant polypeptide 
(e.g., a cell-surface receptor, a cytokine, a chemokine, an 
apoptotic protein, a mitosis inhibitor protein, an antimitotic 
oligopeptide, a toxin, a tumor antigen, a prodrug converting 
enzyme), an RNA (e.g., riboZyme, RNAi, siRNA), or a com 
pound that is generated by an encoded polypeptide and, in 
some examples, the cellular machinery of the tumor or immu 
noprivileged tissue or cells (e.g., a metabolite, a converted 
prodrug). 
[0061] As used herein, a delivery vehicle for administration 
refers to a lipid-based or other polymer-based composition, 
such as liposome, micelle or reverse micelle, Which associ 
ates With an agent, such as a virus provided herein, for deliv 
ery into a host animal. 
[0062] As used herein, a disease or disorder refers to a 
pathological condition in an organism resulting from, for 
example, infection or genetic defect, and characterized by 
identi?able symptoms. 
[0063] As used herein, treatment means any manner in 
Which the symptoms of a condition, disorder or disease are 
ameliorated or otherWise bene?cially altered. Treatment also 
encompasses any pharmaceutical use of the viruses described 
and provided herein. 
[0064] As used herein, amelioration or alleviation of the 
symptoms of a particular disorder, such as by administration 
of a particular pharmaceutical composition, refers to any 
lessening, Whether permanent or temporary, lasting or tran 
sient that can be attributed to or associated With administra 
tion of the composition. 
[0065] As used herein, an effective amount of a virus or 
compound for treating a particular disease is an amount that is 
suf?cient to ameliorate, or in some manner reduce the symp 
toms associated With the disease. Such an amount can be 
administered as a single dosage or can be administered 
according to a regimen, Whereby it is effective. The amount 
can cure the disease but, typically, is administered in order to 
ameliorate the symptoms of the disease. Repeated adminis 
tration can be required to achieve the desired amelioration of 
symptoms. 
[0066] As used herein, an in vivo method refers to a method 
performed Within the living body of a subject. 
[0067] As used herein, a subject includes any animal for 
Whom diagnosis, screening, monitoring or treatment is con 
templated. Animals include mammals such as primates and 
domesticated animals. An exemplary primate is human. A 
patient refers to a subject such as a mammal, primate, human, 
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or livestock subject af?icted With a disease condition or for 
Which a disease condition is to be determined or risk of a 
disease condition is to be determined. 

[0068] As used herein, the term “neoplasm” or “neoplasia” 
refers to abnormal neW cell growth, and thus means the same 
as tumor, Which can be benign or malignant. Unlike hyper 
plasia, neoplastic proliferation persists even in the absence of 
the original stimulus. 
[0069] As used herein, neoplastic disease refers to any dis 
order involving cancer, including tumor development, 
groWth, metastasis and progression. 
[0070] As used herein, cancer is a term for diseases caused 
by or characterized by any type of malignant tumor, including 
metastatic cancers, lymphatic tumors, and blood cancers. 
Exemplary cancers include, but are not limited to: leukemia, 
lymphoma, pancreatic cancer, lung cancer, ovarian cancer, 
breast cancer, cervical cancer, bladder cancer, prostate can 
cer, glioma tumors, adenocarcinomas, liver cancer and skin 
cancer. Exemplary cancers in humans include a bladder 

tumor, breast tumor, prostate tumor, basal cell carcinoma, 
biliary tract cancer, bladder cancer, bone cancer, brain and 
CNS cancer (e.g., glioma tumor), cervical cancer, choriocar 
cinoma, colon and rectum cancer, connective tissue cancer, 
cancer of the digestive system; endometrial cancer, esoph 
ageal cancer; eye cancer; cancer of the head and neck; gastric 
cancer; intra-epithelial neoplasm; kidney cancer; larynx can 
cer; leukemia; liver cancer; lung cancer (e.g. small cell and 
non-small cell); lymphoma including Hodgkin’s and Non 
Hodgkin’s lymphoma; melanoma; myeloma, neuroblastoma, 
oral cavity cancer (e.g., lip, tongue, mouth, and pharynx); 
ovarian cancer; pancreatic cancer, retinoblastoma; rhab 
domyosarcoma; rectal cancer, renal cancer, cancer of the 
respiratory system; sarcoma, skin cancer; stomach cancer, 
testicular cancer, thyroid cancer; uterine cancer, cancer of the 
urinary system, as Well as other carcinomas and sarcomas. 
Malignant disorders commonly diagnosed in dogs, cats, and 
other pets include, but are not limited to, lymphosarcoma, 
osteosarcoma, mammary tumors, mastocytoma, brain tumor, 
melanoma, adenosquamous carcinoma, carcinoid lung 
tumor, bronchial gland tumor, bronchiolar adenocarcinoma, 
?broma, myxochondroma, pulmonary sarcoma, neurosar 
coma, osteoma, papilloma, retinoblastoma, EWing’s sar 
coma, Wilm’s tumor, Burkitt’s lymphoma, microglioma, neu 
roblastoma, osteoclastoma, oral neoplasia, ?brosarcoma, 
osteosarcoma and rhabdomyosarcoma, genital squamous cell 
carcinoma, transmissible venereal tumor, testicular tumor, 
seminoma, Sertoli cell tumor, hemangiopericytoma, histio 
cytoma, chloroma (e.g., granulocytic sarcoma), corneal pap 
illoma, comeal squamous cell carcinoma, hemangiosarcoma, 
pleural mesothelioma, basal cell tumor, thymoma, stomach 
tumor, adrenal gland carcinoma, oral papillomatosis, heman 
gioendothelioma and cystadenoma, follicular lymphoma, 
intestinal lymphosarcoma, ?brosarcoma and pulmonary 
squamous cell carcinoma. In rodents, such as a ferret, exem 
plary cancers include insulinoma, lymphoma, sarcoma, neu 
roma, pancreatic islet cell tumor, gastric MALT lymphoma 
and gastric adenocarcinoma. Neoplasias affecting agricul 
tural livestock include leukemia, hemangiopericytoma and 
bovine ocular neoplasia (in cattle); preputial ?brosarcoma, 
ulcerative squamous cell carcinoma, preputial carcinoma, 
connective tissue neoplasia and mastocytoma (in horses); 
hepatocellular carcinoma (in sWine); lymphoma and pulmo 
nary adenomatosis (in sheep); pulmonary sarcoma, lym 
phoma, Rous sarcoma, reticulo-endotheliosis, ?brosarcoma, 
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nephroblastoma, B-cell lymphoma and lymphoid leukosis (in 
avian species); retinoblastoma, hepatic neoplasia, lymphosa 
rcoma (lymphoblastic lymphoma), plasmacytoid leukemia 
and sWimbladder sarcoma (in ?sh), caseous lumphadenitis 
(CLA): chronic, infectious, contagious disease of sheep and 
goats caused by the bacterium Corynebaclerium pseudolu 
berculosis, and contagious lung tumor of sheep caused by 
jaagsiekte. 
[0071] As used herein, the term “malignant,” as it applies to 
tumors, refers to primary tumors that have the capacity of 
metastasis With loss of groWth control and positional control. 
[0072] As used herein, metastasis refers to a groWth of 
abnormal or neoplastic cells distant from the site primarily 
involved by the morbid process. 
[0073] As used herein, proliferative disorders include any 
disorders involving abnormal proliferation of cells, such as, 
but not limited to, neoplastic diseases. 
[0074] As used herein, a method for treating or preventing 
neoplastic disease means that any of the symptoms, such as 
the tumor, metastasis thereof, the vasculariZation of the 
tumors or other parameters by Which the disease is character 
iZed are reduced, ameliorated, prevented, placed in a state of 
remission, or maintained in a state of remission. It also means 
that the indications of neoplastic disease and metastasis can 
be eliminated, reduced or prevented by the treatment. Non 
limiting examples of the indications include uncontrolled 
degradation of the basement membrane and proximal extra 
cellular matrix, migration, division, and organization of the 
endothelial cells into neW functioning capillaries, and the 
persistence of such functioning capillaries. 
[0075] As used herein, the term “angiogenesis” is intended 
to encompass the totality of processes directly or indirectly 
involved in the establishment and maintenance of neW vas 
culature (neovasculariZation), including, but not limited to, 
neovasculariZation associated With tumors and neovascular 
iZation associated With Wounds. 
[0076] As used herein, therapeutic agents are agents that 
ameliorate the symptoms of a disease or disorder or amelio 
rate the disease or disorder. Therapeutic agent, therapeutic 
compound, therapeutic regimen, or chemotherapeutic 
include conventional drugs and drug therapies, including vac 
cines, Which are knoWn to those skilled in the art and 
described elseWhere herein. Therapeutic agents include, but 
are not limited to, moieties that inhibit cell groWth or promote 
cell death, that can be activated to inhibit cell groWth or 
promote cell death, or that activate another agent to inhibit 
cell groWth or promote cell death. Optionally, the therapeutic 
agent can exhibit or manifest additional properties, such as, 
properties that permit its use as an imaging agent, as 
described elseWhere herein. Therapeutic agents for the com 
positions, methods and uses provided herein can be, for 
example, an anti-cancer agent. Exemplary therapeutic agents 
include, for example, cytokines, groWth factors, photosensi 
tiZing agents, radionuclides, toxins, anti-metabolites, signal 
ing modulators, anti-cancer antibiotics, anti-cancer antibod 
ies, angiogenesis inhibitors, radiation therapy, 
chemotherapeutic compounds or a combination thereof. 
[0077] As used herein, anti-cancer agents (used inter 
changeably With “anti-tumor or anti-neoplastic” agent) 
include any anti-cancer therapies, such as radiation therapy, 
surgery, hyperthermia or hyperthermia therapy, or anti-cancer 
compounds useful in the treatment of cancer. These include 
any agents, When used alone or in combination With other 
agent, that can alleviate, reduce, ameliorate, prevent, or place 
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or maintain in a state of remission of clinical symptoms or 
diagnostic markers associated With neoplastic disease, 
tumors and cancer, and can be used in methods, combinations 
and compositions provided herein. Exemplary anti-cancer 
agents include, but are not limited to, the viruses provided 
herein used singly or in combination and/ or in combination 
With other anti-cancer agents. Exemplary anti-cancer com 
pounds include a cytokines, chemokines, groWth factors, a 
photosensitiZing agents, toxins, anti-cancer antibiotics, che 
motherapeutic compounds, radionuclides, angiogenesis 
inhibitors, signaling modulators, anti-metabolites, anti-can 
cer vaccines, anti-cancer oligopeptides, mitosis inhibitor pro 
teins, antimitotic oligopeptides, anti-cancer antibodies, anti 
cancer antibiotics, immunotherapeutic agents, bacteria and 
any combinations thereof. 
[0078] Exemplary cytokines and groWth factors include, 
but are not limited to, interleukins, such as, for example, 
interleukin- 1 , interleukin-2, interleukin-6 and interleukin- 1 2, 
tumor necrosis factors, such as tumor necrosis factor alpha 
(TNF-ot), interferons such as interferon gamma (lFN-y), 
granulocyte macrophage colony stimulating factors (GM 
CSF), angiogenins, and tissue factors. 
[0079] PhotosensitiZing agents include, but are not limited 
to, for example, indocyanine green, toluidine blue, aminole 
vulinic acid, texaphyrins, benZoporphyrins, phenothiaZines, 
phthalocyanines, porphyrins such as sodium por?mer, chlo 
rins such as tetra(m-hydroxyphenyl)chlorin or tin(lV) chlorin 
e6, purpurins such as tin ethyl etiopurpurin, purpurinimides, 
bacteriochlorins, pheophorbides, pyropheophorbides or cat 
ionic dyes. 
[0080] Radionuclides, Which depending upon the radionu 
clide, amount and application can be used for diagnosis and/ 
or for treatment. They include, but are not limited to, for 
example, a compound or molecule containing llCarbon, 
llFluorine, 13 -Carbon, l5-Nitrogen, l8Flourine, l9Flourine, 
32Phosphate, 6OCobalt, 9OYttirum, 99Technetium, 103 Palla 
dium, 106Ruthenium, lllIndium, 117Lutetium, 125Iodine, 
131Iodine, 137Cesium, 153Samarium, 186Rhenium, 88Rhe 
nium, l92lridium, 198Gold, 211Astatine, 212Bismuth or 
213Bismuth. 
[0081] Toxins include, but are not limited to, chemothera 
peutic compounds such as, but not limited to, 5-?uorouridine, 
calicheamicin and maytansine. 
[0082] Anti-metabolites include, but are not limited to, 
methotrexate, 5-?uorouracil, 6-mercaptopurine, cytosine 
arabinoside, hydroxyurea and 20-chlorodeoxyadenosine. 
[0083] Signaling modulators include, but are not limited to, 
for example, inhibitors of macrophage inhibitory factor, toll 
like receptor agonists and stat 3 inhibitors. 
[0084] Anti-cancer antibiotics include, but are not limited 
to, anthracyclines such as doxorubicin hydrochloride (adria 
mycin), idarubicin hydrochloride, daunorubicin hydrochlo 
ride, aclarubicin Hydrochloride, epirubicin hydrochloride 
and purarubicin hydrochloride, enomycin, phenomycin, 
pleomycins such as pleomycin and peplomycin sulfate, mito 
mycins such as mitomycin C, actinomycins such as actino 
mycin D, Zinostatinstimalamer and polypeptides such as neo 
carZinostatin. 
[0085] Anti-cancer antibodies include, but are not limited 
to, Rituximab, ADEPT, TrastuZumab (Herceptin), Tositumo 
mab (Bexxar), Cetuximab (Erbitux), lbritumomab (Zevalin), 
AlemtuZumab (Campath-1H), EpratuZumab (Lymphocide), 
GemtuZumab oZogamicin (Mylotarg), Bevacimab (Avastin), 
Tarceva (Erlotinib), SUTENT (sunitinib malate), Panorex 

Apr. 16, 2009 

(Edrecolomab), RITUXAN (Rituximab), Zevalin (90Y-ibri 
tumomab tiuexetan), Mylotarg (GemtuZumab OZogamicin) 
and Campath (AlemtuZumab). 
[0086] Angiogenesis inhibitors include, but are not limited 
to, collagenase inhibitors such as metalloproteinases and tet 
racyclines such as minocycline, naturally occurring peptides 
such as endostatin and angiostatin, fungal and bacterial 
derivatives, such as fumagillin derivatives like TNP-470, 
aptamer antogonist of VEGF, batimastat, Captopril, cartilage 
derived inhibitor (CD1), genistein, interleukin l2, Lavendus 
tin A, medroxypregesterone acetate, recombinant human 
platelet factor 4(rPF4), taxol, D-gluco-D-galactan sulfate 
(Tecogalan(:SP-PG, DS-4 l 52)), thalidomide, thrombospon 
din. 

[0087] Radiation therapy includes, but is not limited to, 
photodynamic therapy, radionuclides, radioimmunotherapy 
and proton beam treatment. 

[0088] Chemotherapeutic compounds include, but are not 
limited to platinum; platinum analogs (e.g., platinum coordi 
nation complexes) such as cisplatin, carboplatin, oxaliplatin, 
DWA21 14R, NKl2l, IS 3 295, and 254-8; anthracenediones; 
vinblastine; alkylating agents such as thiotepa and cyclospho 
sphamide; alkyl sulfonates such as busulfan, improsulfan and 
piposulfan; aZiridines such as benZodopa, carboquone, 
meturedopa and uredopa; ethylenimines and methy 
lamelamines including altretamine, triethylenemelamine, tri 
etylenephosphoramide, triethylenethiophosphaoramide and 
trimethylolomelamime nitrogen mustards such as chioram 
bucil, chlomaphazine, cholophosphamide, estramustine, 
ifosfamide, mechlorethamine, mechlorethamine oxide 
hydrochloride, melphalan, novembichin, phenesterine, pred 
nimustine, trofosfamide, uracil mustard; nitrosureas such as 
carmustine, chloroZotocin, fotemustine, lomustine, nimus 
tine, ranimustine; antibiotics such as aclacinomysins, actino 
mycin, authramycin, aZaserine, bleomycins, cactinomycin, 
calicheamicin, carabicin, caminomycin, carZinophilin, chro 
momycins, dactinomycin, daunorubicin, detorubicin, 
6-diaZo-5-oxo-L-norleucine, doxorubicin, epirubicin, esoru 
bicin, idarubicin, marcellomycin, mitomycins, mycophe 
nolic acid, nogalamycin, olivomycins, peplomycin, pot?ro 
mycin, puromycin, quelamycin, rodorubicin, streptonigrin, 
streptoZocin, tubercidin, ubenimex, Zinostatin, Zorubicin; 
anti-metabolites such as methotrexate and 5-?uorouracil 
(S-FU); folic acid analogues such as denopterin, methotrex 
ate, pteropterin, trimetrexate; purine analogs such as ?udara 
bine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimi 
dine analogs such as ancitabine, aZacitidine, 6-aZauridine, 
carmofur, cytarabine, dideoxyuridine, doxi?uridine, enocit 
abine, ?oxuridine; androgens such as calusterone, dromo 
stanolone propionate, epitiostanol, mepitiostane, testolac 
tone; anti-adrenals such as aminoglutethimide, mitotane, 
trilostane; folic acid replenisher such as frolinic acid; acegla 
tone; aldophosphamide glycoside; aminolevulinic acid; 
amsacrine; bestrabucil; bisantrene; edatraxate; defofamine; 
demecolcine; diaZiquone; elfomithine; elliptinium acetate; 
etoglucid; gallium nitrate; substituted ureas; hydroxyurea; 
lentinan; lonidamine; mitoguaZone; mitoxantrone; mopi 
damol; nitracrine; pentostatin; phenamet; pirarubicin; podo 
phyllinic acid; 2-ethylhydraZide; procarbaZine; anti-cancer 
polysaccharides; polysaccharide-K; raZoxane; siZofuran; 
spirogermanium; tenuaZonic acid; triaZiquone; 2,2',2" 
trichlorotriethylamine; urethan; vindesine; dacarbaZine; 
mannomustine; mitobronitol; mitolactol; pipobroman; gacy 
tosine; cytosine arabinoside; cyclophosphamide; thiotepa; 



US 2009/0098529 A1 

taxoids, such as paclitaxel and doxetaxel; chlorambucil; gem 
citabine; 6-thioguanine; mercaptopurine; methotrexate; eto 
poside (V P-l6); ifosfamide; mitomycin C; mitoxantrone; 
vincristine; vinorelbine; navelbine; novantrone; teniposide; 
daunomycin; aminopterin; xeloda; ibandronate; CPTll; 
topoisomerase inhibitor RES 2000; di?uoromethylomithine 
(DMFO); retinoic acid; esperamicins; capecitabine; methyl 
hydraZine derivatives; and pharmaceutically acceptable salts, 
acids or derivatives of any of the above. Also included in this 
de?nition are anti-hormonal agents that act to regulate or 
inhibit hormone action on tumors such as anti-estrogens 
including for example tamoxifen, raloxifene, aromatase 
inhibiting 4(5)-imidaZoles, 4-hydroxytamoxifen, trioxifene, 
keoxifene, LYll70l8, onapristone and toremifene (Far 
eston); adrenocortical suppressants; and antiandrogens such 
as ?utamide, nilutamide, bicalutamide, leuprolide and goser 
elin; and pharmaceutically acceptable salts, acids or deriva 
tives of any of the above. Such chemotherapeutic compounds 
that can be used herein include compounds Whose toxicities 
preclude use of the compound in general systemic chemo 
therapeutic methods. 
[0089] As used herein, an anti-cancer oligopeptide or an 
anti-tumor oligopeptide is short polypeptide that has the abil 
ity to sloW or inhibit tumor groWth and/or metastasis. Anti 
cancer oligopeptide typically have high af?nity for and speci 
?city to tumors enabling them to target tumors. Such 
oligopeptides include receptor-interacting compounds, 
inhibitors of protein-protein interactions, enZyme inhibitors, 
and nucleic acid-interacting compounds. As used herein an 
antimitotic oligopeptide is an oligopeptide that inhibits cell 
division. An antimitotic oligopeptide is an exemplary anti 
cancer oligopeptide. Exemplary antimitotic oligopeptides 
include, but are not limited to, tubulysin, phomopsin, hemi 
asterlin, taltobulin (HTI-286, 3), and cryptophycin. 
[0090] As used herein, a prodrug is a compound that, upon 
in vivo administration, is metaboliZed or otherWise converted 
to the biologically, pharmaceutically or therapeutically active 
form of the compound. To produce a prodrug, the pharma 
ceutically active compound is modi?ed such that the active 
compound is regenerated by metabolic processes. The pro 
drug can be designed to alter the metabolic stability or the 
transport characteristics of a drug, to mask side effects or 
toxicity, to improve the ?avor of a drug or to alter other 
characteristics or properties of a drug. By virtue of knoWledge 
of pharmacodynamic processes and drug metabolism in vivo, 
those of skill in this art, once a pharmaceutically active com 
pound is knoWn, can design prodrugs of the compound (see, 
e.g., Nogrady (1985) Medicinal Chemistry A Biochemical 
Approach, Oxford University Press, NeW York, pages 388 
392). Prodrugs include, but are not limited to, 5-?uorocy 
tosine, gancyclovir, 6-methylpurine deoxyriboside, cepha 
losporin-doxorubicin, 4-[(2-chloroethyl)(2-mesuloxyethyl) 
amino]benZoyl-L-glutamic acid, indole-3-acetic acid, 
7-ethyl- l 0-[4-(1 -piperidino)-l -piperidino] carbonyloxycam 
potothecin, bis-(2-chloroethyl)amino-4-hydroxyphenylami 
nomethanone 28, l-chloromethyl-5-hydroxy- l ,2-dihyro -3H 
benZ[e]indole, epirubicin-glucoronide, 5'-deoxy-5 
?uorouridine, cytosine arabinoside, and linamarin. 
[0091] As used herein, a compound conjugated to a moiety 
refers to a complex that includes a compound bound to a 
moiety, Where the binding betWeen the compound and the 
moiety can arise from one or more covalent bonds or non 

covalent interactions such as hydrogen bonds, or electrostatic 
interactions. A conjugate also can include a linker that con 
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nects the compound to the moiety. Exemplary compounds 
include, but are not limited to, nanoparticles and sidero 
phores. Exemplary moieties, include, but are not limited to, 
detectable moieties and therapeutic agents. 
[0092] As used herein, nanoparticle refers to a microscopic 
particle Whose siZe is measured in nanometers. Often such 
particles in nanoscale are used in biomedical applications 
acting as drug carriers or imaging agents. Nanoparticles can 
be conjugated to other agents, including, but not limited to 
detectable/diagnostic agents or therapeutic agents. 
[0093] As used herein, a detectable label or detectable moi 
ety or diagnostic moiety (also imaging label, imaging agent, 
or imaging moiety) refers to an atom, molecule or composi 
tion, Wherein the presence of the atom, molecule or compo 
sition can be directly or indirectly measured. 
[0094] As used herein, a detectable moiety or an imaging 
moiety refer to moieties used to image a virus in any of the 
methods provided herein. Imaging (detectable) moieties 
include, for example, chemiluminescent moieties, biolumi 
nescent moieties, ?uorescent moieties, radionuclides and 
metals. 

[0095] As used herein, a detection agent or an imaging 
agent refer to any molecule, compound, or polypeptide used 
to image a virus in any of the methods provided herein. 
Detection agents or imaging agents can contain, for example, 
a detectable moiety or can be a substrate, such as a luciferin, 
that produces a detectable signal folloWing modi?cation, 
such as by chemical modi?cation by a luciferase. 

[0096] As used herein, detect, detected and detecting refer 
generally to any manner of discovering or determining the 
presence of a signal, such as visual inspection, ?uorescence 
spectroscopy, absorption, re?ectance measurement, ?oW 
cytometry, magnetic resonance methods such as magnetic 
resonance imaging (MRI) and magnetic resonance spectros 
copy (MRS), ultrasound, X-rays, gamma rays (after annihi 
lation of a positron and an electron in PET scanning), tomo 
graphic methods including computed tomography (CT), 
computed axial tomography (CAT), electron beam computed 
tomography (EBCT), high resolution computed tomography 
(HRCT), hypocycloidal tomography, positron emission 
tomography (PET), single-photon emission computed 
tomography (SPECT), spiral computed tomography and 
ultrasonic tomography. Direct detection of a detectable label 
refers to, for example, measurement of a physical phenom 
enon, such as energy or particle emission or absorption of the 
moiety itself, such as by X-ray or MRI. Indirect detection 
refers to measurement of a physical phenomenon, such as 
energy or particle emission or absorption, of an atom, mol 
ecule or composition that binds directly or indirectly to the 
detectable moiety. In a non-limiting example of indirect 
detection, a detectable label can be biotin, Which can be 
detected by binding to avidin. Non-labeled avidin can be 
administered systemically to block non-speci?c binding, fol 
loWed by systemic administration of labeled avidin. Thus, 
included Within the scope of a detectable label or detectable 
moiety is a bindable label or bindable moiety, Which refers to 
an atom, molecule or composition, Wherein the presence of 
the atom, molecule or composition can be detected as a result 
of the label or moiety binding to another atom, molecule or 
composition. Exemplary diagnostic agents include, for 
example, metals such as colloidal gold, iron, gadolinium, and 
gallium-67, ?uorescent moieties and radionuclides. Exem 
plary ?uorescent moieties and radionuclides are provided 
elseWhere herein. 
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[0097] As used herein, magnetic resonance imaging (MRI) 
refers to the use of a nuclear magnetic resonance spectrometer 
to produce electronic images of speci?c atoms and molecular 
structures in solids, especially human cells, tissues and 
organs. MRI is non-invasive diagnostic technique that uses 
nuclear magnetic resonance to produce cross-sectional 
images of organs and other internal body structures. The 
subject lies inside a large, holloW cylinder containing a strong 
electromagnet, Which causes the nuclei of certain atoms in the 
body (such as, for example, 1H, 13C and 19F) to align mag 
netically. The subject is then subjected to radio Waves, Which 
cause the aligned nuclei to ?ip; When the radio Waves are 
WithdraWn the nuclei return to their original positions, emit 
ting radio Waves that are then detected by a receiver and 
translated into a tWo-dimensional picture by computer. For 
some MRI procedures, contrast agents such as gadolinium are 
used to increase the accuracy of the images. 
[0098] As used herein, an X-ray refers to a relatively high 
energy photon, or a stream of such photons, having a Wave 
length in the approximate range from 0.01 to 10 nanometers. 
X-rays also refer to photographs taken With x-rays. 
[0099] As used herein, nucleic acids include DNA, RNA 
and analogs thereof, including peptide nucleic acids (PNA) 
and mixtures thereof. Nucleic acids can be single or double 
stranded. Nucleic acids can encode for example gene prod 
ucts, such as, for example, polypeptides, regulatory RNAs, 
siRNAs and functional RNAs. 
[0100] As used herein, primer refers to an oligonucleotide 
containing tWo or more deoxyribonucleotides or ribonucle 
otides, typically more than three, from Which synthesis of a 
primer extension product can be initiated. Typically a primer 
contains a free 3' hydroxy moiety. Experimental conditions 
conducive to synthesis of a gene product include the presence 
of nucleoside triphosphates and an agent for polymerization 
and extension, such as DNA polymerase, and a suitable 
buffer, temperature, and pH. When referring to probes or 
primers, Which are optionally labeled, such as With a detect 
able label, such as a ?uorescent or radiolabel, single-stranded 
molecules are provided. Such molecules are typically of a 
length such that their target is statistically unique or of loW 
copy number (typically less than 5, generally less than 3) for 
probing or priming a library. Generally a probe or primer 
contains at least 14, 16 or 30 contiguous nucleotides of 
sequence complementary to or identical to a gene of interest. 
Probes and primers canbe 5, 6, 7, 8, 9, 10 or more, 20 or more, 
30 or more, 50 or more, 100 or more nucleic acids long. 

[0101] As used herein, a sequence complementary to at 
least a portion of an RNA, With reference to antisense oligo 
nucleotides, means a sequence of nucleotides having su?i 
cient complementarity to be able to hybridize With the RNA, 
generally under moderate or high stringency conditions, 
forming a stable duplex; in the case of double-stranded anti 
sense nucleic acids, a single strand of the duplex DNA (i.e., 
dsRNA) can thus be tested, or triplex formation can be 
assayed. The ability to hybridize depends on the degree of 
complementarily and the length of the antisense nucleic acid. 
Generally, the longer the hybridizing nucleic acid, the more 
base mismatches With an encoding RNA it can contain and 
still form a stable duplex (or triplex, as the case can be). One 
skilled in the art can ascertain a tolerable degree of mismatch 
by use of standard procedures to determine the melting point 
of the hybridized complex. 
[0102] As used herein, a heterologous nucleic acid (also 
referred to as exogenous nucleic acid or foreign nucleic acid) 

Apr. 16, 2009 

refers to a nucleic acid that is not normally produced in vivo 
by an organism or virus from Which it is expressed or that is 
produced by an organism or a virus but is at a different locus, 
expressed differently, or that mediates or encodes mediators 
that alter expression of endogenous nucleic acid, such as 
DNA, by affecting transcription, translation, or other regulat 
able biochemical processes. Heterologous nucleic acid is 
often not endogenous to a cell or virus into Which it is intro 
duced, but has been obtained from another cell or virus or 
prepared synthetically. Heterologous nucleic acid can refer to 
a nucleic acid molecule from another cell in the same organ 
ism or another organism, including the same species or 
another species. Heterologous nucleic acid, hoWever, can be 
endogenous, but is nucleic acid that is expressed from a 
different locus or altered in its expression or sequence (e. g., a 
plasmid). Thus, heterologous nucleic acid includes a nucleic 
acid molecule not present in the exact orientation or position 
as the counterpart nucleic acid molecule, such as DNA, is 
found in a genome. Generally, although not necessarily, such 
nucleic acid encodes RNA and proteins that are not normally 
produced by the cell or virus or in the same Way in the cell in 
Which it is expressed. Any nucleic acid, such as DNA, that one 
of skill in the art recognizes or considers as heterologous, 
exogenous or foreign to the cell in Which the nucleic acid is 
expressed is herein encompassed by heterologous nucleic 
acid. 

[0103] As used herein, a heterologous protein or heterolo 
gous polypeptide (also referred to as exogenous protein, 
exogenous polypeptide, foreign protein or foreign polypep 
tide) refers to a protein that is not normally produced in vivo 
by an organism. 
[0104] As used herein, operative linkage of heterologous 
nucleic acids to regulatory and effector sequences of nucle 
otides, such as promoters, enhancers, transcriptional and 
translational stop sites, and other signal sequences refers to 
the relationship betWeen such nucleic acid, such as DNA, and 
such sequences of nucleotides. For example, operative link 
age ofheterologous DNA to a promoter refers to the physical 
relationship betWeen the DNA and the promoter such that the 
transcription of such DNA is initiated from the promoter by 
an RNA polymerase that speci?cally recognizes, binds to and 
transcribes the DNA. Thus, operatively linked or operation 
ally associated refers to the functional relationship of a 
nucleic acid, such as DNA, With regulatory and effector 
sequences of nucleotides, such as promoters, enhancers, tran 
scriptional and translational stop sites, and other signal 
sequences. For example, operative linkage of DNA to a pro 
moter refers to the physical and functional relationship 
betWeen the DNA and the promoter such that the transcription 
of such DNA is initiated from the promoter by an RNA 
polymerase that speci?cally recognizes, binds to and tran 
scribes the DNA. In order to optimize expression and/or 
transcription, it can be necessary to remove, add or alter 5' 
untranslated portions of the clones to eliminate extra, poten 
tially inappropriate, alternative translation initiation (i.e., 
start) codons or other sequences that can interfere With or 
reduce expression, either at the level of transcription or trans 
lation. In addition, consensus ribosome binding sites can be 
inserted immediately 5' of the start codon and can enhance 
expression (see, e.g., Kozakl Biol. Chem. 266: 19867-19870 
(1991); Shine and Delgarno Nature 254(5495): 34-38 
(1975)). The desirability of (or need for) such modi?cation 
can be empirically determined. 
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[0105] As used herein, a promoter, a promoter region or a 
promoter element or regulatory region or regulatory element 
refers to a segment of DNA or RNA that controls transcription 
of the DNA or RNA to Which it is operatively linked. The 
promoter region includes speci?c sequences that are involved 
in RNA polymerase recognition, binding and transcription 
initiation. In addition, the promoter includes sequences that 
modulate recognition, binding and transcription initiation 
activity of RNA polymerase (i.e., binding of one or more 
transcription factors). These sequences can be cis acting or 
can be responsive to trans acting factors. Promoters, depend 
ing upon the nature of the regulation, can be constitutive or 
regulated. Regulated promoters can be inducible or environ 
mentally responsive (e. g. respond to cues such as pH, anaero 
bic conditions, osmoticum, temperature, light, or cell den 
sity). Many such promoter sequences are knoWn in the art. 
See, forexample, US. Pat. Nos. 4,980,285; 5,631,150; 5,707, 
928; 5,759,828; 5,888,783; 5,919,670, and, Sambrook, et al., 
Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold 
Spring Harbor Press (1989). 
[0106] As used herein, a native promoter is a promoter that 
is endogenous to the organism or virus and is unmodi?ed With 
respect to its nucleotide sequence and its position in the viral 
genome as compared to a Wild-type organism or virus. 
[0107] As used herein, a heterologous promoter refers to a 
promoter that is not normally found in the Wild-type organism 
or virus or that is at a different locus as compared to a Wild 
type organism or virus. A heterologous promoter is often not 
endogenous to a cell or virus into Which it is introduced, but 
has been obtained from another cell or virus or prepared 
synthetically. A heterologous promoter can refer to a pro 
moter from another cell in the same organism or another 
organism, including the same species or another species. A 
heterologous promoter, hoWever, can be endogenous, but is a 
promoter that is altered in its sequence or occurs at a different 
locus (e.g., at a different location in the genome or on a 
plasmid). Thus, a heterologous promoter includes a promoter 
not present in the exact orientation or position as the coun 
terpart promoter is found in a genome. 
[0108] A synthetic promoter is a heterologous promoter 
that has a nucleotide sequence that is not found in nature. A 
synthetic promoter can be a nucleic acid molecule that has a 
synthetic sequence or a sequence derived from a native pro 
moter or portion thereof. A synthetic promoter can also be a 
hybrid promoter composed of different elements derived 
from different native promoters. 
[0109] As used herein a “gene expression cassette” or 
“expression cassette” is a nucleic acid construct, containing 
nucleic acid elements that are capable of effecting expression 
of a gene in hosts that are compatible With such sequences. 
Expression cassettes include at least promoters and option 
ally, transcription termination signals. Typically, the expres 
sion cassette includes a nucleic acid to be transcribed oper 
ably linked to a promoter. Additional factors helpful in 
effecting expression can also be used as described herein. 
Expression cassettes can contain genes that encode, for 
example, a therapeutic gene product or a detectable protein or 
a selectable marker gene, 

[0110] As used herein, replacement of a promoter With a 
stronger promoter refers to removing a promoter from a 
genome and replacing it With a promoter that effects an 
increased the level of transcription initiation relative to the 
promoter that is replaced. Typically, a stronger promoter has 
an improved ability to bind polymerase complexes relative to 
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the promoter that is replaced. As a result, an open reading 
frame that is operably linked to the stronger promoter has a 
higher level of gene expression. Similarly, replacement of a 
promoter With a Weaker promoter refers to removing a pro 
moter from a genome and replacing it With a promoter that 
decreases the level of transcription initiation relative to the 
promoter that is replaced. Typically, a Weaker promoter has a 
lessened ability to bind polymerase complexes relative to the 
promoter that is replaced. As a result, an open reading frame 
that is operably linked to the Weaker promoter has a loWer 
level of gene expression. 

[0111] As used herein, production by recombinant means 
by using recombinant DNA methods means the use of the 
Well knoWn methods of molecular biology for expressing 
proteins encoded by cloned DNA. 
[0112] As used herein, vector (or plasmid) refers to discrete 
elements that are used to introduce heterologous nucleic acid 
into cells for either expression or replication thereof. The 
vectors typically remain episomal, but can be designed to 
effect integration of a gene or portion thereof into a chromo 
some of the genome. Selection and use of such vectors are 
Well knoWn to those of skill in the art. An expression vector 
includes vectors capable of expressing DNA that is opera 
tively linked With regulatory sequences, such as promoter 
regions, that are capable of effecting expression of such DNA 
fragments. Thus, an expression vector refers to a recombinant 
DNA or RNA construct, such as a plasmid, a phage, recom 
binant virus or other vector that, upon introduction into an 
appropriate host cell, results in expression of the cloned 
DNA. Appropriate expression vectors are Well knoWn to 
those of skill in the art and include those that are replicable in 
eukaryotic cells and/or prokaryotic cells and those that 
remain episomal or those Which integrate into the host cell 
genome. Vectors can be used in the generation of a recombi 
nant genome by integration or homologous recombination, 
such as in the generation of a recombinant virus as described 
elseWhere herein. 

[0113] As used herein, genetic therapy or gene therapy 
involves the transfer of heterologous nucleic acid, such as 
DNA or RNA, into certain cells, target cells, of a mammal, 
particularly a human, With a disorder or conditions for Which 
such therapy is sought. As used herein, genetic therapy or 
gene therapy can involve the transfer of heterologous nucleic 
acid, such as DNA, into a virus, Which can be transferred to a 
mammal, particularly a human, With a disorder or conditions 
for Which such therapy is sought. The nucleic acid, such as 
DNA, is introduced into the selected target cells, such as 
directly or indirectly, in a manner such that the heterologous 
nucleic acid, such as DNA, is expressed and a therapeutic 
product encoded thereby is produced. Alternatively, the het 
erologous nucleic acid, such as DNA, can in some manner 
mediate expression of DNA that encodes the therapeutic 
product, or it can encode a product, such as a peptide or RNA 
that is in some manner a therapeutic product, or Which medi 
ates, directly or indirectly, expression of a therapeutic prod 
uct. Genetic therapy also can be used to deliver nucleic acid 
encoding a gene product that replaces a defective gene or 
supplements a gene product produced by the mammal or the 
cell in Which it is introduced. The introduced nucleic acid can 
encode a therapeutic compound. The heterologous nucleic 
acid, such as DNA, encoding the therapeutic product can be 
modi?ed prior to introduction into the cells of the af?icted 
host in order to enhance or otherWise alter the product or 
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expression thereof. Genetic therapy also can involve delivery 
of an inhibitor or repressor or other modulator of gene expres 
sion. 
[0114] As used herein, a therapeutically effective product 
for gene therapy is a product that is encoded by heterologous 
nucleic acid, typically DNA, or an RNA product such as 
dsRNA, RNAi, including siRNA, that upon introduction of 
the nucleic acid into a host, a product is expressed that ame 
liorates or eliminates the symptoms, manifestations of an 
inherited or acquired disease or that cures the disease. Also 
included are biologically active nucleic acid molecules, such 
as RNAi and antisense nucleic acids. 
[0115] As used herein, an agent or compound that modu 
lates the activity of a protein or expression of a gene or nucleic 
acid either decreases or increases or otherWise alters the activ 
ity of the protein or, in some manner, up- or doWn-regulates or 
otherWise alters expression of the nucleic acid in a cell. 
[0116] As used herein, recitation that amino acids of a 
polypeptide “correspond to” amino acids in a disclosed 
sequence, such as amino acids set forth in the Sequence 
listing, refers to amino acids identi?ed upon alignment of the 
polypeptide With the disclosed sequence to maximiZe identity 
or homology (Where conserved amino acids are aligned) 
using a standard alignment algorithm, such as the GAP algo 
rithm. By aligning the sequences of polypeptides, one skilled 
in the art can identify corresponding residues, using con 
served and identical amino acid residues as guides. 
[0117] As used herein, “amino acids” are represented by 
their full name or by their knoWn, three-letter or one-letter 
abbreviations (Table 1). The nucleotides Which occur in the 
various nucleic acid fragments are designated With the stan 
dard single-letter designations used routinely in the art. 

TABLE 1 

Table of Correspondence 

SYMBOL 

1-Letter 3 —Letter AMINO AC ID 

Y Tyr tyrosine 
G Gly glycine 
F Phe phenylalanine 
M Met methionine 
A Ala alanine 
S Ser serine 
I Ile isoleucine 
L Leu leucine 
T Thr threonine 
V Val valine 
P Pro proline 
K Lys lysine 
H His histidine 
Q Gln glutalnine 
E Glu glutalnic acid 
Z Glx Glu and/or Gln 
W Trp tryptophan 
R Arg arginine 
D Asp aspartic acid 
N Asn asparagine 
B Asx Asn and/or Asp 
C Cys cysteine 
X Xaa Unknown or other 

[0118] As used herein, the terms “homology” and “iden 
tity” are used interchangeably, but homology for proteins can 
include conservative amino acid changes. In general, to iden 
tify corresponding positions, the sequences of amino acids 
are aligned so that the highest order match is obtained (see, 
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e.g., Computational Molecular Biology, Lesk, A. M., ed., 
Oxford University Press, NeW York, 1988; Biocomputing: 
Informatics and Genome Projects, Smith, D. W., ed., Aca 
demic Press, NeW York, 1993; Computer Analysis of 
Sequence Data, Part I, Grif?n,A. M., and Grif?n, H. G., eds., 
Humana Press, NeW Jersey, 1994; Sequence Analysis in 
Molecular Biology, von Heinje, G., Academic Press, 1987; 
and Sequence Analysis Primer, Gribskov, M. and Devereux, 
1., eds., M Stockton Press, NeW York, 1991; Carillo et al. 
(1988) SlAMJApplied Math 48: 1073). 
[0119] As use herein, “sequence identity” refers to the 
number of identical amino acids (or nucleotide bases) in a 
comparison betWeen a test and a reference polypeptide or 
polynucleotide. Homologous polypeptides refer to a pre-de 
termined number of identical or homologous amino acid resi 
dues. Homology includes conservative amino acid substitu 
tions as Well identical residues. Sequence identity can be 
determined by standard alignment algorithm programs used 
With default gap penalties established by each supplier. 
Homologous nucleic acid molecules refer to a pre-deter 
mined number of identical or homologous nucleotides. 
Homology includes substitutions that do not change the 
encoded amino acid (i.e., “silent substitutions”) as Well iden 
tical residues. Substantially homologous nucleic acid mol 
ecules hybridiZe typically at moderate stringency or at high 
stringency all along the length of the nucleic acid or along at 
least about 70%, 80% or 90% of the full-length nucleic acid 
molecule of interest. Also contemplated are nucleic acid mol 
ecules that contain degenerate codons in place of codons in 
the hybridiZing nucleic acid molecule. (For determination of 
homology of proteins, conservative amino acids can be 
aligned as Well as identical amino acids; in this case, percent 
age of identity and percentage homology vary). Whether any 
tWo nucleic acid molecules have nucleotide sequences (or any 
tWo polypeptides have amino acid sequences) that are at least 
80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% “identical” 
can be determined using knoWn computer algorithms such as 
the “FAST A” program, using for example, the default param 
eters as in Pearson et al. Proc. Natl. Acad. Sci. USA 85: 2444 
(1988) (other programs include the GCG program package 
(Devereux, 1., et al., Nucleic Acids Research 12(I): 387 
(1984)), BLASTP, BLASTN, FASTA (Atschul, S. F., et al., J. 
Molec. Biol. 215:403 (1990); Guide to Huge Computers, 
Martin J. Bishop, ed., Academic Press, San Diego (1994), and 
Carillo et al. SIAMJApplied Math 48: 1073 (1988)). For 
example, the BLAST function of the National Center for 
Biotechnology Information database can be used to deter 
mine identity. Other commercially or publicly available pro 
grams include DNAStar “MegAlign” program (Madison, 
Wis.) and the University of Wisconsin Genetics Computer 
Group (UWG) “Gap” program (Madison Wis.)). Percent 
homology or identity of proteins and/or nucleic acid mol 
ecules can be determined, for example, by comparing 
sequence information using a GAP computer program (e. g., 
Needleman et al. .1. Mol. Biol. 48: 443 (1970), as revised by 
Smith and Waterman (Adv. Appl. Math. 2: 482 (1981)). 
Brie?y, a GAP program de?nes similarity as the number of 
aligned symbols (i.e., nucleotides or amino acids) Which are 
similar, divided by the total number of symbols in the shorter 
of the tWo sequences. Default parameters for the GAP pro 
gram can include: (1) a unary comparison matrix (containing 
a value of 1 for identities and 0 for non identities) and the 
Weighted comparison matrix of Gribskov et al. Nucl. Acids 
Res. 14: 6745 (1986), as described by SchWartZ and Dayhoff, 
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eds., Atlas of Protein Sequence and Structure, National Bio 
medical Research Foundation, pp. 353-358 (1979); (2) a pen 
alty of 3 .0 for each gap and an additional 0.10 penalty for each 
symbol in each gap; and (3) no penalty for end gaps. There 
fore, as used herein, the term “identity” represents a compari 
son betWeen a test and a reference polypeptide or polynucle 
otide. In one non-limiting example, “at least 90% identical to” 
refers to percent identities from 90 to 100% relative to the 
reference polypeptides. Identity at a level of 90% or more is 
indicative of the fact that, assuming for exempli?cation pur 
poses a test and reference polynucleotide length of 100 amino 
acids are compared, no more than 10% (i.e., 10 out of 100) of 
amino acids in the test polypeptide differs from that of the 
reference polypeptides. Similar comparisons can be made 
betWeen a test and reference polynucleotides. Such differ 
ences can be represented as point mutations randomly dis 
tributed over the entire length of an amino acid sequence or 
they can be clustered in one or more locations of varying 
length up to the maximum alloWable, e. g., 10/100 amino acid 
difference (approximately 90% identity). Differences are 
de?ned as nucleic acid or amino acid substitutions, insertions 
or deletions. At the level of homologies or identities above 
about 85-90%, the result should be independent of the pro 
gram and gap parameters set; such high levels of identity can 
be assessed readily, often Without relying on softWare. 

[0120] The term substantially identical or homologous or 
similar varies With the context as understood by those skilled 
in the relevant art and generally means at least 60% or 70%, 
preferably means at least 80%, more preferably at least 90%, 
and most preferably at least 95%, 96%, 97%, 98%, 99% or 
greater identity. As used herein, substantially identical to a 
product means suf?ciently similar so that the property of 
interest is suf?ciently unchanged so that the substantially 
identical product can be used in place of the product. 

[0121] As used herein, substantially pure means su?i 
ciently homogeneous to appear free of readily detectable 
impurities as determined by standard methods of analysis, 
such as thin layer chromatography (TLC), gel electrophoresis 
and high performance liquid chromatography (HPLC), used 
by those of skill in the art to assess such purity, or suf?ciently 
pure such that further puri?cation Would not detectably alter 
the physical and chemical properties, such as enzymatic and 
biological activities, of the substance. Methods for puri?ca 
tion of the compounds to produce substantially chemically 
pure compounds are knoWn to those of skill in the art. A 
substantially chemically pure compound can, hoWever, be a 
mixture of stereoisomers or isomers. In such instances, fur 
ther puri?cation might increase the speci?c activity of the 
compound. 
[0122] As used herein equivalent, When referring to tWo 
sequences of nucleic acids, means that the tWo sequences in 
question encode the same sequence of amino acids or equiva 
lent proteins. When equivalent is used in referring to tWo 
proteins or peptides or other molecules, it means that the tWo 
proteins or peptides have substantially the same amino acid 
sequence With only amino acid substitutions (such as, but not 
limited to, conservative changes) or structure and the any 
changes do not substantially alter the activity or function of 
the protein or peptide. When equivalent refers to a property, 
the property does not need to be present to the same extent 
(e. g., tWo peptides can exhibit different rates of the same type 
of enzymatic activity), but the activities are usually substan 
tially the same. Complementary, When referring to tWo nucle 
otide sequences, means that the tWo sequences of nucleotides 
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are capable of hybridizing, typically With less than 25%, 15% 
or 5% mismatches betWeen opposed nucleotides. If neces 
sary, the percentage of complementarity Will be speci?ed. 
Typically the tWo molecules are selected such that they Will 
hybridize under conditions of high stringency. 
[0123] As used herein, a receptor refers to a molecule that 
has an af?nity for a ligand. Receptors can be naturally-occur 
ring or synthetic molecules. Receptors also can be referred to 
in the art as anti-ligands. As used herein, the receptor and 
anti-ligand are interchangeable. Receptors can be used in 
their unaltered state or bound to other polypeptides, including 
as homodimers. Receptors can be attached to, covalently or 
noncovalently, or in physical contact With, a binding member, 
either directly or indirectly via a speci?c binding substance or 
linker. Examples of receptors, include, but are not limited to: 
antibodies, cell membrane receptors surface receptors and 
internalizing receptors, monoclonal antibodies and antisera 
reactive With speci?c antigenic determinants (such as on 
viruses, cells, or other materials), drugs, polynucleotides, 
nucleic acids, peptides, cofactors, lectins, sugars, polysac 
charides, cells, cellular membranes, and organelles. 
[0124] As used herein, bind, bound and binding refer to the 
binding betWeen atoms or molecules With a Kd in the range of 
10-2 to 10-15 mole/L, generally, 10-6 to 10_15, 10-7 to 10-15 
andtypically 10'8 to 10'15 (and/oraKa of105-1012, 107-1012, 
108-10l2 L/mole). 
[0125] As used herein, luminescence refers to the detect 
able electromagnetic (EM) radiation, generally, ultraviolet 
(UV), infrared (IR) or visible EM radiation that is produced 
When the excited product of an exergonic chemical process 
reverts to its ground state With the emission of light. Chemi 
luminescence is luminescence that results from a chemical 
reaction. Bioluminescence is chemiluminescence that results 
from a chemical reaction using biological molecules (or syn 
thetic versions or analogs thereof) as substrates and/or 
enzymes. Fluorescence is luminescence in Which light of a 
visible color is emitted from a substance under stimulation or 
excitation by light or other forms radiation such as ultraviolet 
(UV), infrared (IR) or visible EM radiation. 
[0126] As used herein, chemiluminescence refers to a 
chemical reaction in Which energy is speci?cally channeled 
to a molecule causing it to become electronically excited and 
subsequently to release a photon thereby emitting visible 
light. Temperature does not contribute to this channeled 
energy. Thus, chemiluminescence involves the direct conver 
sion of chemical energy to light energy. 
[0127] As used herein, bioluminescence, Which is a type of 
chemiluminescence, refers to the emission of light by bio 
logical molecules, particularly proteins. The essential condi 
tion for bioluminescence is molecular oxygen, either bound 
or free in the presence of an oxygenase, a luciferase, Which 
acts on a substrate, a luciferin. Bioluminescence is generated 
by an enzyme or other protein (luciferase) that is an oxyge 
nase that acts on a substrate luciferin (a bioluminescence 
substrate) in the presence of molecular oxygen and trans 
forms the substrate to an excited state, Which, upon return to 
a loWer energy level releases the energy in the form of light. 
[0128] As used herein, the substrates and enzymes for pro 
ducing bioluminescence are generically referred to as 
luciferin and luciferase, respectively. When reference is made 
to a particular species thereof, for clarity, each generic term is 
used With the name of the organism from Which it derives 
such as, for example, click beetle luciferase or ?re?y 
luciferase. 
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[0129] As used herein, luciferase refers to oxygenases that 
catalyze a light emitting reaction. For instance, bacterial 
luciferases catalyze the oxidation of ?avin mononucleotide 
(FMN) and aliphatic aldehydes, Which reaction produces 
light. Another class of luciferases, found among marine 
arthropods, catalyzes the oxidation of Cypridina (Vargula) 
luciferin and another class of luciferases catalyzes the oxida 
tion of Coleoplera luciferin. 
[0130] Thus, luciferase refers to an enzyme or photoprotein 
that catalyzes a bioluminescent reaction (a reaction that pro 
duces bioluminescence). The luciferases, such as ?re?y and 
Gaussia and Renilla luciferases are enzymes Which act cata 
lytically and are unchanged during the bioluminescence gen 
erating reaction. The luciferase photoproteins, such as the 
aequorin photoprotein to Which luciferin is non-covalently 
bound, are changed, such as by release of the luciferin, during 
bioluminescence generating reaction. The luciferase is a pro 
tein, or a mixture of proteins (e.g., bacterial luciferase), that 
occurs naturally in an organism or a variant or mutant thereof, 
such as a variant produced by mutagenesis that has one or 
more properties, such as thermal stability, that differ from the 
naturally-occurring protein. Luciferases and modi?ed mutant 
or variant forms thereof are Well knoWn. For purposes herein, 
reference to luciferase refers to either the photoproteins or 
luciferases. 

[0131] Thus, reference, for example, to Renilla luciferase 
refers to an enzyme isolated from member of the genus 
Renilla or an equivalent molecule obtained from any other 
source, such as from another related copepod, or that has been 
prepared synthetically. It is intended to encompass Renilla 
luciferases With conservative amino acid substitutions that do 
not substantially alter activity. Conservative substitutions of 
amino acids are knoWn to those of skill in this art and can be 
made generally Without altering the biological activity of the 
resulting molecule. Those of skill in this art recognize that, in 
general, single amino acid substitutions in non-essential 
regions of a polypeptide do not substantially alter biological 
activity (see, e.g., Watson et al. Molecular Biology of the 
Gene, 4th Edition, 1987, The Benjamin/Cummings Pub. co., 
p. 224). 
[0132] As used herein, bioluminescence substrate refers to 
the compound that is oxidized in the presence of a luciferase 
and any necessary activators and generates light. These sub 
strates are referred to as luciferins herein, are substrates that 
undergo oxidation in a bioluminescence reaction. These 
bioluminescence substrates include any luciferin or analog 
thereof or any synthetic compound With Which a luciferase 
interacts to generate light. Typical substrates include those 
that are oxidized in the presence of a luciferase or protein in 
a light-generating reaction. Bioluminescence substrates, 
thus, include those compounds that those of skill in the art 
recognize as luciferins. Luciferins, for example, include ?re 
?y luciferin, Cypridina (also knoWn as Vargula) luciferin 
(coelenterazine), bacterial luciferin as Well as synthetic ana 
logs of these substrates or other compounds that are oxidized 
in the presence of a luciferase in a reaction the produces 
bioluminescence. 

[0133] As used herein, capable of conversion into a biolu 
minescence substrate refers to being susceptible to chemical 
reaction, such as oxidation or reduction, Which yields a biolu 
minescence substrate. For example, the luminescence pro 
ducing reaction of bioluminescent bacteria involves the 
reduction of a ?avin mononucleotide group (FMN) to 
reduced ?avin mononucleotide (FMNH2) by a ?avin reduc 
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tase enzyme. The reduced ?avin mononucleotide (substrate) 
then reacts With oxygen (an activator) and bacterial luciferase 
to form an intermediate peroxy ?avin that undergoes further 
reaction, in the presence of a long-chain aldehyde, to generate 
light. With respect to this reaction, the reduced ?avin and the 
long chain aldehyde are bioluminescence substrates. 

[0134] As used herein, a bioluminescence generating sys 
tem refers to the set of reagents required to conduct a biolu 
minescent reaction. Thus, the speci?c luciferase, luciferin 
and other substrates, solvents and other reagents that can be 
required to complete a bioluminescent reaction form a biolu 
minescence system. Thus a bioluminescence generating sys 
tem refers to any set of reagents that, under appropriate reac 
tion conditions, yield bioluminescence. Appropriate reaction 
conditions refer to the conditions necessary for a biolumines 
cence reaction to occur, such as pH, salt concentrations and 
temperature. In general, bioluminescence systems include a 
bioluminescence substrate, luciferin, a luciferase, Which 
includes enzymes luciferases and photoproteins and one or 
more activators. A speci?c bioluminescence system can be 
identi?ed by reference to the speci?c organism from Which 
the luciferase derives; for example, the Renilla biolumines 
cence system includes a Renilla luciferase, such as a 
luciferase isolated from Renilla or produced using recombi 
nant methods or modi?cations of these luciferases. This sys 
tem also includes the particular activators necessary to com 
plete the bioluminescence reaction, such as oxygen and a 
substrate With Which the luciferase reacts in the presence of 
the oxygen to produce light. 
[0135] As used herein, a ?uorescent protein (FP) refers to a 
protein that possesses the ability to ?uoresce (i.e., to absorb 
energy at one Wavelength and emit it at another Wavelength). 
For example, a green ?uorescent protein (GFP) refers to a 
polypeptide that has a peak in the emission spectrum at 510 
nm or about 510 nm. A variety of FPs that emit at various 
Wavelengths are knoWn in the art. Exemplary FPs include, but 
are not limited to, a green ?uorescent protein (GFP), yelloW 
?uorescent protein (Y FP), orange ?uorescent protein (OPP), 
cyan ?uorescent protein (CFP), blue ?uorescent protein 
(BFP), red ?uorescent protein (REP), far-red ?uorescent pro 
tein, or near-infrared ?uorescent protein. Extending the spec 
trum of available colors of ?uorescent proteins to blue, cyan, 
orange yelloW and red variants, provides a method for multi 
color tracking of fusion proteins. 
[0136] As used herein, Aequorea GFP refers to GFPs from 
the genus Aequorea and to mutants or variants thereof. Such 
variants and GFPs from other species, such as Anlhozoa reef 
coral, Anemonia sea anemone, Renilla sea pansy, Galaxea 
coral, Acropora broWn coral, Trachyphyllia and Peclimidae 
stony coral and other species are Well knoWn and are available 
and knoWn to those of skill in the art. Exemplary GFP variants 
include, but are not limited to BFP, CFP, YFP and OFP. 
Examples of ?orescent proteins and their variants include 
GFP proteins, such as Emerald (lnVitro gen, Carlsbad, Calif.), 
EGFP (Clontech, Palo Alto, Calif.), Azami-Green (MBL 
International, Woburn, Mass.), Kaede (MBL lntemational, 
Woburn, Mass.), ZsGreenl (Clontech, Palo Alto, Calif.) and 
CopGFP (Evrogen/Axxora, LLC, San Diego, Calif.); CFP 
proteins, such as Cerulean (Rizzo, Nat. Biotechnol. 22(4): 
445-9 (2004)), mCFP (Wang et al., PNAS USA. 101(48): 
16745-9 (2004)), AmCyan1 (Clontech, Palo Alto, Calif.), 
MiCy (MBL lntemational, Woburn, Mass.), and CyPet 
(Nguyen and Daugherty, Nat. Biotechnol. 23(3):355-60 
(2005)); BFP proteins such as EBFP (Clontech, Palo Alto, 
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Calif); YFP proteins such as EYFP (Clontech, Palo Alto, 
Calif),YPet (Nguyen and Daugherty, Nat. Biotechnol. 23(3): 
355-60 (2005)), Venus (Nagai et al., Nat. Biotechnol. 20(1): 
87-90 (2002)), ZsYelloW (Clontech, Palo Alto, Calif), and 
mCitrine (Wang et al., PNAS USA. 101(48): 16745-9 (2004)); 
OFP proteins such as cOFP (Strategene, La Jolla, Calif), 
mKO (MBL International, Woburn, Mass.), and mOrange; 
and others (Shaner N C, Steinbach P A, and Tsien RY., Nat. 
Methods. 2(12):905-9 (2005)). 
[0137] As used herein, red ?uorescent protein, or RFP, 
refers to the Discosoma RFP (DsRed) that has been isolated 
from the corallimorph Discosoma (MatZ et al., Nature Bio 
technology 17: 969-973 (1999)), and red or far-red ?uores 
cent proteins from any other species, such as Heteractis reef 
coral and Actinia or Entacmaea sea anemone, as Well as 
variants thereof. RFPs include, for example, Discosoma vari 
ants, such as mRFPl, mCherry, tdTomato, mStraWberry, 
mTangerine (Wang et al., PNAS USA. 101 (48): 16745-9 
(2004)), DsRed2 (Clontech, Palo Alto, Calif), and DsRed-Tl 
(Bevis and Glick, Nat. BiotechnoL, 20: 83-87 (2002)), Anth 
omedusa J-Red (Evrogen) andAnemonia AsRed2 (Clontech, 
Palo Alto, Calif). Far-red ?uorescent proteins include, for 
example, Actinia AQ143 (Shkrob et al., Biochem J 392(Pt 
3):649-54 (2005)), Entacmaea eqFP611 (Wiedenmann et al. 
Proc Natl Acad Sci USA. 99(18):11646-51 (2002)), Disco 
soma variants such as mPlum and mRasberry (Wang et al., 
PNAS USA. 101(48):16745-9 (2004)), and Heteractis 
HcRedl and t-HcRed (Clontech, Palo Alto, Calif). 
[0138] As used herein the term assessing or determining is 
intended to include quantitative and qualitative determination 
in the sense of obtaining an absolute value for the activity of 
a product, and also of obtaining an index, ratio, percentage, 
visual or other value indicative of the level of the activity. 
Assessment can be direct or indirect. 

[0139] As used herein, activity refers to the in vivo activi 
ties of a compound or viruses on physiological responses that 
result folloWing in vivo administration thereof (or of a com 
position or other mixture).Activity, thus, encompasses result 
ing therapeutic effects and pharmaceutical activity of such 
compounds, compositions and mixtures. Activities can be 
observed in in vitro and/ or in vivo systems designed to test or 
use such activities. 

[0140] As used herein, a vaccine refers to a composition 
Which, upon administration to a subject, elicits an immune 
response in a subject to Which it is administered and Which 
protects the immuniZed subject against subsequent challenge 
by the immunizing agent or an immunologically cross-reac 
tive agent. A vaccine can be used to enhance the immune 
response against a pathogen, such as a virus, that expresses 
the immunological agent and/ or has already infected the sub 
ject. Protection can be complete or partial (i.e., a reduction in 
symptoms or infection as compared With an unvaccinated 
subject). Typically a vaccine is administered to a subject that 
is a mammal. An immunologically cross-reactive agent can 
be, for example, the Whole protein (e. g., tumor antigen) from 
Which a subunit peptide used as the immunogen is derived. 
Alternatively, an immunologically cross-reactive agent can 
be a different protein Which is recogniZed in Whole or in part 
by the antibodies elicited by the immunizing agent. Exem 
plary vaccines can be modi?ed vaccinia viruses that express 
an immunologically cross-reactive agent. 
[0141] As used herein, a “pharmaceutically acceptable car 
rier” refers to any carrier, diluent, excipient, Wetting agent, 
buffering agent, suspending agent, lubricating agent, adju 
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vant, solid binder, vehicle, delivery system, emulsi?er, disin 
tegrant, absorbent, preservative, surfactant, colorant, ?a 
vorant, or sWeetener, preferably non-toxic, that are suitable 
for use in a pharmaceutical composition. 
[0142] As used herein, complex refers generally to an asso 
ciation betWeen tWo or more species regardless of the nature 
of the interaction betWeen the species (i.e., ionic, covalent, or 
electrostatic). 
[0143] As used herein, “a combination” refers to any asso 
ciation betWeen tWo or among more items or elements. Exem 
plary combinations include, but are not limited to, tWo or 
more pharmaceutical compositions, a composition contain 
ing tWo or more active ingredients, such as tWo viruses, or a 
virus and a chemotherapeutic compound, tWo or more 
viruses, a virus and a therapeutic agent, a virus and an imag 
ing agent, a virus and a plurality therapeutic and/ or imaging 
agents, or any association thereof. Such combinations can be 
packaged as kits. 
[0144] As used herein, a composition refers to any mixture. 
It can be a solution, a suspension, an emulsion, liquid, poW 
der, a paste, aqueous, non-aqueous or any combination of 
such ingredients. 
[0145] As used herein, ?uid refers to any composition that 
can ?oW. Fluids thus encompass compositions that are in the 
form of semi-solids, pastes, solutions, aqueous mixtures, 
gels, lotions, creams and other such compositions. 
[0146] As used herein, a kit is a packaged combination, 
optionally, including instructions for use of the combination 
and/or other reactions and components for such use. 
[0147] For clarity of disclosure, and not by Way of limita 
tion, the detailed description is divided into the subsections 
that folloW. 

B. VIRUSES FOR TREATMENT AND 
DIAGNOSIS 

[0148] Provided herein are viruses for therapeutic and diag 
nostic use. Also provided elseWhere herein are methods for 
making and using such viruses for therapeutic and diagnostic 
use. The viruses provided herein are typically attenuated. 
Attenuated viruses have a decreased capacity to cause disease 
in a host. The decreased capacity can result from any of a 
variety of different modi?cations to the ability of a virus to be 
pathogenic. For example, a virus can have reduced toxicity, 
reduced ability to accumulate in non-tumorous organs or 
tissue, reduced ability to cause cell lysis or cell death, or 
reduced ability to replicate compared to the non-attenuated 
form thereof. The attenuated viruses provided herein, hoW 
ever, retain at least some capacity to replicate and to cause 
immunoprivileged cells and tissues, such as tumor cells to 
leak or lyse, undergo cell death, or otherWise cause or 
enhance an immune response to immunoprivileged cells and 
tissues, such as tumor cells. Such characteristics of the 
viruses provided are described in detail elseWhere herein. 
[0149] The viruses provided herein can accumulate in 
immunoprivileged cells or immunoprivileged tissues, includ 
ing tumors and/or metastases, and also including Wounded 
tissues and cells. While the viruses provided herein can typi 
cally be cleared from the subject to Whom the viruses are 
administered by activity of the subject’s immune system, 
viruses can nevertheless accumulate, survive and proliferate 
in immunoprivileged cells and tissues such as tumors because 
such immunoprivileged areas are sequestered from the host’s 
immune system. Accordingly, the methods provided herein, 
as applied to tumors and/or metastases, and therapeutic meth 
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ods relating thereto, can readily be applied to other immuno 
privileged cells and tissues, including Wounded cells and 
tissues. 

[0150] Among the viruses provided herein are cytoplasmic 
viruses, Which do not require entry of viral nucleic acid mol 
ecules in to the nucleus of the host cell during the viral life 
cycle. Exemplary cytoplasmic viruses provided herein are 
viruses of the poxvirus family, including orthopoxviruses. 
Exemplary of poxviruses provided herein are vaccinia 
viruses. Vaccinia virus possesses a variety of features for use 
in cancer gene therapy and vaccination, including broad host 
and cell type range, a large carrying capacity for foreign genes 
and high sequence homology among different strains for 
designing and generating modi?ed viruses in other strains. 
Techniques for production of modi?ed vaccinia strains by 
genetic engineering are Well established (Moss (1993) Curl: 
Opin. Genet. Dev. 3: 86-90; Broder and Earl (1999) Mol. 
Biotechnol. 13: 223-245; Timiryasova et al. (2001) Biotech 
niques 31: 534-540). A variety of vaccinia virus strains are 
available, including Western Reserve (WR), Copenhagen, 
Tashkent, Tian Tan, Lister, Wyeth, lHD-J, and IHD-W, 
Brighton, Ankara, MVA, Dairen I, LIPV, LC16M8, 
LC16MO, LIVP, WR 65-16, Connaught, NeW York City 
Board of Health. Exemplary of vaccinia viruses provided 
herein are Lister strain or LIVP vaccinia viruses. 

[0151] The viruses provided herein are modi?ed from their 
Wild type form. Modi?cations can include any of a variety of 
changes, and include changes to the genome of the virus. 
Exemplary nucleic acid modi?cations include truncations, 
insertions, deletions and mutations. In an exemplary modi? 
cation, a viral gene can be modi?ed by truncation, insertion, 
deletion or mutation. Modi?cations of the viruses provided 
herein can result in a modi?cation of virus characteristics, 
including those provided herein such as pathogenicity, toxic 
ity, ability to preferentially accumulate in tumor, ability to 
lyse cells or cause cell death, ability to elicit an immune 
response against tumor cells, immunogenicity and replication 
competence. 
[0152] Provided herein are vaccinia viruses With insertions, 
mutations or deletions, as provided in the Examples and 
described elseWhere herein. Exemplary insertions, mutations 
or deletions are those that result in an attenuated vaccinia 
virus relative to the Wild type strain. For example, vaccinia 
virus insertions, mutations or deletions can decrease patho 
genicity of the vaccinia virus, for example, by reducing the 
toxicity, reducing the infectivity, reducing the ability to rep 
licate or reducing the number of non-tumor organs or tissues 
to Which the vaccinia virus can accumulate. Other exemplary 
insertions, mutations or deletions include, but are not limited 
to, those that increase antigenicity of the virus, those that 
permit detection or imaging, those that alter attenuation of the 
virus, and those that alter infectivity. Modi?cations can be 
made, for example, in genes that are involved in nucleotide 
metabolism, host interactions and virus formation. 
[0153] Any of a variety of insertions, mutations or deletions 
of the vaccinia virus knoWn in the art can be used herein, 
including insertions, mutations or deletions of: the thymidine 
kinase (TK) gene, the hemagglutinin (HA) gene and F14.5L 
gene, among others provided elseWhere herein. The vaccinia 
viruses provided herein also can contain tWo or more inser 
tions, mutations or deletions. Thus, included are vaccinia 
viruses containing tWo or more insertions, mutations or dele 
tions of the loci provided herein or other loci knoWn in the art. 
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[0154] Viruses provided herein can contain one or more 
heterologous nucleic acid molecules inserted into the genome 
of the virus. A heterologous nucleic acid molecule can con 
tain an open reading frame or can be a non-coding sequence. 
In some cases, the heterologous nucleic acid replaces all or a 
portion of a viral gene. The viral gene can be replaced With 
homologous gene from another virus or a different gene. For 
example, vaccinia viruses provided herein can be modi?ed by 
replacement of the A34R gene With another A34R gene from 
a different strain in order to increase the EEV form of the 
virus. In one example, the A34R gene from the Lister strain of 
vaccinia can be replaced With A34R gene from the IHD-J 
strain of vaccinia virus (see, e. g., Examples 1, 2; strain GLV 
1i69). 
[0155] The heterologous nucleic acid can be operably 
linked to a promoter for expression of an open reading frame. 
A heterologous nucleic acid that is operably linked to a pro 
moter is also called an expression cassette. Hence, viruses 
provided herein can have the ability to express one or more 
heterologous genes. Gene expression can include expression 
of a protein encoded by a gene and/or expression of an RNA 
molecule encoded by a gene. In some embodiments, the 
viruses provided herein can express exogenous genes at levels 
high enough that permit harvesting products of the exogenous 
genes from the tumor. Expression of heterologous genes can 
be controlled by a constitutive promoter, or by an inducible 
promoter. Exogenous genes expressed can include genes 
encoding a therapeutic gene product, genes encoding a 
detectable gene product such as a gene product that can be 
used for imaging, genes encoding a gene product to be har 
vested, genes encoding an antigen for tumor therapy or for 
antibody to be harvested (e.g., vaccination). The viruses pro 
vided herein can be used for expressing genes in vivo and in 
vitro. 

[0156] The heterologous gene expressed by the viruses pro 
vided herein can be controlled by a regulatory sequence. 
Suitable regulatory sequences Which, for example, are func 
tional in a mammalian host cell are Well knoWn in the art. In 
one example, the regulatory sequence can contain a natural or 
synthetic promoter. In another embodiment, the regulatory 
sequence contains a poxvirus promoter, such as a vaccinia 
virus promoter. Strong late promoters can be used to achieve 
high levels of expression of the foreign genes. Early and 
intermediate-stage promoters can also be used. In one 
embodiment, the promoters contain early and late promoter 
elements, for example, the vaccinia virus early/late promoter 
P7.5 k, vaccinia late promoter P11 k, a synthetic early/late 
vaccinia PSEL promoter (Patel et al., (1988)Pr0c. Natl. Acad. 
Sci. USA 85: 9431-9435; Davison and Moss, (1989) JMol 
Biol 210: 749-769; Davison et al. (1990) Nucleic Acids Res. 
18: 4285-4286; Chakrabarti et al. (1997), BioTechniques 23: 
1094-1097). As described in the Examples and elseWhere 
herein, the viruses provided can exhibit differences in char 
acteristics, such as attenuation, as a result of using a stronger 
promoter versus a Weaker promoter. For example, in vaccinia, 
synthetic early/late and late promoters are relatively strong 
promoters, Whereas vaccinia synthetic early, P7.5 k early/ 
late, P7.5 k early, and P28 late promoters are relatively 
Weaker promoters (see e.g., Chakrabarti et al. (1997) Bio 
Techniques 23(6) 1094-1097). 
[0157] The viruses provided herein can express one or more 
genes Whose products are useful for tumor therapy. For 
example, a virus can express a proteins cause cell death or 
Whose products cause an anti-tumor immune response. Such 
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genes can be considered therapeutic genes. A variety of thera 
peutic gene products, such as toxic or apoptotic proteins, or 
siRNA, are knoWn in the art, and can be used With the viruses 
provided herein. The therapeutic genes can act by directly 
killing the host cell, for example, as a channel-forming or 
other lytic protein, or by triggering apopto sis, or by inhibiting 
essential cellular processes, or by triggering an immune 
response against the cell, or by interacting With a compound 
that has a similar effect, for example, by converting a less 
active compound to a cytotoxic compound. Exemplary pro 
teins useful for tumor therapy include, but are not limited to, 
tumor suppressors, toxins, cytostatic proteins and costimula 
tory molecules, such as cytokines and chemokines among 
others provided elseWhere herein and knoWn in the art. 
[0158] The viruses provided herein can be based on modi 
?cations to the Lister strain of vaccinia virus (e. g., LIVP). The 
modi?cations of the Lister strain provided herein can also be 
adapted to other vaccinia viruses (e.g., Western Reserve 
(WR), Copenhagen, Tashkent, Tian Tan, Lister, Wyeth, 1HD 
J , and IHD-W, Brighton, Ankara, MVA, Dairen I, LIPV, 
LC16M8, LC16MO, LIVP, WR 65-16, Connaught, NeWYork 
City Board of Health). The modi?cations of the Lister strain 
provided herein can also be adapted to other viruses, includ 
ing, but not limited to, viruses of the poxvirus family, aden 
oviruses, herpes viruses and retroviruses. 
[0159] Exemplary vaccinia viruses provided herein Were 
derived from vaccinia virus strain GLV-1h68 (also named 
RVGL21, SEQ ID NO: 1). GLV-1h68, Which has been 
described in US. Pat. Pub. No. 2005 -0031643, contains DNA 
insertions gene loci of the vaccinia virus LIVP strain (a vac 
cinia virus strain, originally derived by adapting the Lister 
strain (ATCC Catalog No. VR-1549) to calf skin (Institute of 
Viral Preparations, MoscoW, Russia, Al’tshtein et al., (1983) 
Dokl. Akad. Nauk USSR 285:696-699)). GLV-1h68 contains 
expression cassettes encoding detectable marker proteins in 
the F14.5L (also designated in LIVP as F3) gene locus, thy 
midine kinase (TK) gene locus, and hemagglutinin (HA) gene 
locus. An expression cassette containing a Ruc-GFP cDNA 
molecule (a fusion of DNA encoding Renilla luciferase and 
DNA encoding GFP) under the control of a vaccinia synthetic 
early/late promoter PSEL ((PSEL)Ruc-GFP) Was inserted into 
the F14.5L gene locus; an expression cassette containing a 
DNA molecule encoding beta-galactosidase under the con 
trol of the vaccinia early/ late promoter P7_5k ((P7_5k)LacZ) and 
DNA encoding a rat transferrin receptor positioned in the 
reverse orientation for transcription relative to the vaccinia 
synthetic early/ late promoter P SEL ((PSEL)rTrfR) Was inserted 
into the TK gene locus (the resulting virus does not express 
transferrin receptor protein since the DNA molecule encod 
ing the protein is positioned in the reverse orientation for 
transcription relative to the promoter in the cassette); and an 
expression cassette containing a DNA molecule encoding 
[3-glucuronidase under the control of the vaccinia late pro 
moter P 1 1k ((Pl lk)gusA) Was inserted into the HA gene locus. 

[0160] 1. Viruses With Altered Infectivity 
[0161] Provided herein are modi?cations of vaccinia 
viruses that alter the ability of the viruses to infect and repli 
cate Within tumors. Infectivity can be enhanced by modi?ca 
tion of viral coat proteins that are involved in cellular in 
infection or are targeted by the host immune system. Coat 
proteins, such as that A34R protein, affect sensitivity of the 
virus to complement and/or antibody neutraliZation. Exem 
plary modi?cations in coat proteins include mutations or 
replacement of viral coat proteins, Which can increase pro 
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duction of resistant viral forms in by host cell. Also provided 
herein are modi?cations that increase or decrease the tran 
scriptional and/ or translational load on the virus. Exemplary 
modi?cations include insertion and/or deletion of gene 
expression cassettes or replacement of genes With non-coding 
heterologous nucleic acid, Which increase or decreases the 
number of transcriptional/translational units carried by the 
virus. 

[0162] a. Viruses With Modi?ed Viral Proteins 
[0163] i. Increase in the Vaccinia EEV Form by Replace 
ment of A34R 

[0164] Vaccinia virus replicates in cells and produces both 
intracellular virus (IMV, intracellular mature virus; IEV, 
intracellular enveloped virus) and extracellular virus (EEV, 
extracellular enveloped virus; CEV, cell-associated extracel 
lular virus) (Smith et al. (1998) Adv Exp Med. Biol. 440: 
395-414). IMV represents approximately 99% of virus yield 
folloWing replication by Wild-type vaccinia virus strains. The 
IMV virus form is relatively stable in the outside environ 
ment, and is primarily responsible for spread betWeen indi 
viduals; hoWever, IMV virus does not spread e?iciently 
Within the infected host due to inef?cient release from cells 
and sensitivity to complement and/or antibody neutralization. 
By contrast, the EEV form is released into the extracellular 
milieu and typically represents only approximately 1% of the 
viral yield (Smith et al. (1998) Adv Exp Med. Biol. 440: 
395-414). EEV is responsible for viral spread Within the 
infected host and is relatively easily degraded outside of the 
host. In addition, the EEV form has developed several mecha 
nisms to inhibit its neutralization Within the bloodstream. 
EEV is relatively resistant to complement (Vanderplasschen 
et al. (1998) Proc NazlAcad Sci USA. 95(13): 7544-9) due to 
the incorporation of host cell inhibitors of complement into 
its outer membrane coat and secretion of vaccinia virus 
complement control protein (V CP) into local extracellular 
environment. In addition, EEV is relatively resistant to neu 
traliZing antibody effects compared to IMV (Smith et al. 
(1997) Immunol Rev. 159: 137-54; Vanderplasschen et al. 
(1997) J Gen Vli’Ol. 78 (Pt 8): 2041-8). EEV is released at 
earlier time points folloWing infection (e. g., 4-6 hours) than is 
IMV (Which is only released during/after cell death), and 
therefore, spread of the EEV form is faster (Blasco et al. 
(1993) J Vll’Ol. 67(6):3319-25). 
[0165] The EEV form of vaccinia virus has naturally 
acquired features for rapid and e?icient spread through solid 
tumors locally and to regional or distant tumor sites. Since 
EEV is relatively resistant to complement effects and to anti 
body-mediated neutraliZation, When it is groWn in a cell type 
from the same species, this virus form Will have enhanced 
stability and retain activity longer in the blood folloWing 
intravascular administration (Smith et al. (1998) Adv Exp 
Med Biol. 440: 395-414; Vanderplasschen et al., (1998) Proc 
NallAcad Sci USA. (13):7544-9). This is particularly impor 
tant for repeat administration once neutraliZing antibody lev 
els have increased and anti-cancer therapies require repeat 
administration. Therefore, increasing the EEV form of vac 
cinia, and other poxviruses, results in enhanced systemic 
e?icacy. Polypeptides involved in the modulation of the EEV 
form of a poxvirus include, but are not limited to, A34R and 
B5R. A mutation at codon 151 of A34R from a lysine to an 
aspartic acid K151D mutation renders the A34R protein less 
able to tether the EEV form to the cell membrane. B5R is an 
EEV-membrane bound polypeptide that can bind comple 
ment. The total deletion of A43R can lead to increased EEV 
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release, but markedly reduced infectivity of the viruses, While 
the Kl5lD mutation increases EEV release While maintain 
ing infectivity of the released viruses. 
[0166] The ability of vaccinia viruses provided herein to 
infect and replicate Within tumors can be enhanced by 
increasing the extracellular enveloped form of the virus 
(EEV). The methods provided herein for modulating the 
attenuation of a virus can be combined With any knoWn 
method for increasing the EEV form of the virus. For 
example, vaccinia viruses provided herein can be modi?ed by 
replacement of the A34R gene With another A34R gene from 
a different strain. In one example, the A34R gene from the 
Lister strain of vaccinia can be replaced WithA34R gene from 
the IHD-J strain of vaccinia virus (see e.g., Examples 1, 2; 
strain GLV-li69). A34R gene from the IHD-J strain contains 
a mutation that increases the percentage of EEV form of the 
virus. In another example, the A34R gene of the vaccinia 
viruses provided herein can also be mutated to increase the 
amount of EEV particles released. 

[0167] ii. Deletion ofA35R 
[0168] Modi?cation of viral proteins can also be employed 
to attenuate the viruses. Deletion of genes encoding viral 
proteins, such as A35R, can decrease the toxicity of vaccinia 
strains (Roper, R. L. (2006) J. l/zrol. 80(1) 306-313). The 
A35R deletion can attenuate toxicity of the virus When 
injected into mice Without affecting viral properties, such as 
viral plaque siZe, viral replication, host range or viral infec 
tivity/ spread. Provided herein are viruses that have the A35R 
gene deleted (see e.g., Examples 1, 16; strains GLV-l j 87, 
GLV-lj88 and GLV-lj89). 
[0169] b. Viruses With Multiple Genome Insertions and/or 
Deletions 

[0170] As described in the Examples, viruses provided 
herein can exhibit differences in characteristics, such as 
attenuation, as a result of inserting one or more expression 
cassettes into the viral genome, removing one or more expres 
sion cassettes from the viral genome or replacing one or more 
expression cassettes in the viral genome. For example, a 
decrease in attenuation Was observed When one or more 

expression cassettes Was removed from a viral genome, such 
as the viral genome of the recombinant vaccinia LIVP strain 
GLV-lh68. In some examples, vaccinia viruses provided 
herein can have one or more expression cassettes removed 

from a virus and replaced With a heterologous non-coding 
nucleic acid molecule (see, e.g., strains GLV-lh70, GLV 
lh71, GLV-lh72, GLV-lh73, GLV-lh74, GLV-lh85, and 
GLV-lh86). In other examples, vaccinia viruses provided 
herein can have one or more expression cassettes removed 
from a virus and replaced With a heterologous nucleic acid 
molecule that encodes a polypeptide (see, e.g., strains GLV 
lh81, GLV-lh82, GLV-lh83, GLV-lh84, GLV-lh84, GLV 
lh90, GLV-lh9l, GLV-lh92, GLV-lh96, GLV-lh97, GLV 
lh98, GLV-lhl04, GLV-lhl05, GLV-lhl06, GLV-lhl07, 
GLV-lhl 08 and GLV-lhl09). 
[0171] Vaccinia viruses are provided herein that differ in 
the level of attenuation exhibited by the virus in vivo and in 
vitro. As described in the Examples and elseWhere herein, the 
level of attenuation Was modi?ed by altering the number of 
expression cassettes contained in the virus or by modifying 
one or more expression cassettes contained in the virus by 
removal or replacement. Such modi?cations can increase or 
decrease the transcriptional or translation load on the virus, 
resulting in an altered level of attenuation. 
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[0172] Vaccinia viruses provided herein can have one or 
more expression cassettes removed from GLV-lh68 and 
replaced With a heterologous non-coding DNA molecule. 
Exemplary viruses provided include GLV-lh70, GLV-lh7l, 
GLV-lh72, GLV-lh73, GLV-lh74, GLV-lh85, and GLV 
lh86. GLV-lh70 contains (PSEL)Ruc-GFP inserted into the 
F14.5L gene locus, (P SEL)rTrfR and (P7_5k)LacZ inserted into 
the TK gene locus, and a non-coding DNA molecule inserted 
into the HA gene locus in place of (Pllk)gusA. GLV-lh7l 
contains a non-coding DNA molecule inserted into the F14. 
5L gene locus in place of (PSEL)Ruc-GFP, (PSEL)rTrfR and 
(P7_5k)LacZ inserted into the TK gene locus, and (P 1 1 k)gusA 
inserted into the HA gene locus. GLV-lh72 contains (PSEL) 
RUC-GFP inserted into the F14.5L gene locus, a non-coding 
DNA molecule inserted into the TK gene locus in place of 
(P SEL)rTrfR and (P7_5k)LacZ, and P l lkgusA inserted into the 
HA gene locus. GLV-lh73 contains a non-coding DNA mol 
ecule inserted into the F14.5L gene locus in place of (PSEL) 
Ruc-GFP, (PSEL)rTrfR and (P7_5k)LacZ inserted into the TK 
gene locus, and a non-coding DNA molecule inserted into the 
HA gene locus in place of (P1 lk)gusA. GLV-lh74 contains a 
non-coding DNA molecule inserted into the F14.5L gene 
locus in place of (PSEL)RUC-GFP, a non-coding DNA mol 
ecule inserted into the TK gene locus in place of (P SEL)rTrfR 
and (P7_5k)LacZ, and a non-coding DNA molecule inserted 
into the HA gene locus in place of (Pllk)gusA. GLV-lh85 
contains a non-coding DNA molecule inserted into the F14. 
5L gene locus in place of (PSEL)RUC-GFP, a non-coding 
DNA molecule inserted into the TK gene locus in place of 
(P SEL)rTrfR and (P7_5k)LacZ, and (P1 lk)gusA inserted into the 
HA gene locus. GLV-lh86 contains (PSEL)RUC-GFP inserted 
into the F14.5L gene locus, a non-coding DNA molecule 
inserted into the TK gene locus in place of (PSEL)rTrfR and 
(P7_5k)LacZ, and a non-coding DNA molecule inserted into 
the HA gene locus in place of (Pllk)gusA. 
[0173] 2. Viruses that Express Proteins for Tumor Imaging 
[0174] The viruses provided herein can express one or more 
genes Whose products are detectable or Whose products can 
provide a detectable signal.A variety of detectable gene prod 
ucts, such as detectable proteins are knoWn in the art, and can 
be used With the viruses provided herein. Detectable proteins 
include receptors or other proteins that can speci?cally bind a 
detectable compound, proteins that can emit a detectable 
signal such as a ?uorescence signal, or enZymes that can 
catalyZe a detectable reaction or catalyZe formation of a 
detectable product. 
[0175] A variety of DNA sequences encoding proteins that 
can emit a detectable signal or that can catalyZe a detectable 
reaction, such as luminescent or ?uorescent proteins, are 
knoWn and can be used in the virus and methods provided 
herein. Exemplary detectable gene products are described 
else Where herein and include, but are not limited to ?re?y 
luciferase (de Wet et al. (1987) Mol. Cell. Biol. 7: 725-737), 
Renilla luciferase from Renilla renformis (Lorenz et al. 
(1991) PNAS USA 88: 4438-4442), click beetle luciferase 
(CBG99; Wood et al. (1989) Science 244(4905): 700-2), 
green ?uorescent protein from Aequorea VlCZOI’lLl (Prasher et 
al. (1987) Gene 111: 229-233) and red ?uorescent from the 
corallimorph Discosoma (MatZ et al. (1999) Nature Biotech 
nology 17: 969-973). Additional detectable proteins include 
reporter proteins, such as E. coli [3 galactosidase (LacZ), [3 
glucuronidase (gusA), xanthineguanine phosphoribosyl 
transferase (XGPRT). 








































































































































































