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(57) ABSTRACT 

The present invention concerns methods and compositions 
for the treatment of cancer and cancer cells using altered 
poxviruses, including a vaccinia virus that has been altered 
to generate a more effective therapeutic agent. Such poxvi 
ruses are engineered to be attenuated or weakened in their 
ability to affect normal cells. In some embodiments, meth 
ods and compositions involve poxviruses that possess muta 
tions that result in poxviruses With diminished or eliminated 
capability to implement an antiviral response in a host. 
Poxviruses With these mutations in combination With other 
mutations can be employed for more effective treatment of 
cancer. 
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METHODS AND COMPOSITIONS CONCERNING 
POXVIRUSES AND CANCER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to the ?elds 
of oncology and virology. More particularly, it concerns 
poxviruses, speci?cally including vaccinia viruses, that 
comprise one or more mutations rendering them particularly 
suitable for the treatment of cancer. 

[0003] 2. Description of Related Art 

[0004] Normal tissue homeostasis is a highly regulated 
process of cell proliferation and cell death. An imbalance of 
either cell proliferation or cell death can develop into a 
cancerous state (Solyanik et al., 1995; Stokke et al., 1997; 
Mumby and Walter, 1991; Natoli et al., 1998; Magi-GalluZZi 
et al., 1998). For example, cervical, kidney, lung, pancreatic, 
colorectal and brain cancer are just a feW examples of the 
many cancers that can result (Erlandsson, 1998; Kolmel, 
1998; Mangray and King, 1998; Gertig and Hunter, 1997; 
Mougin et al., 1998). In fact, the occurrence of cancer is so 
high that over 500,000 deaths per year are attributed to 
cancer in the United States alone. 

[0005] The maintenance of cell proliferation and cell death 
is at least partially regulated by proto-oncogenes and tumor 
suppressors. A proto-oncogene or tumor suppressor can 
encode proteins that induce cellular proliferation (e.g., sis, 
erbB, src, ras and myc), proteins that inhibit cellular prolif 
eration (e.g., Rb, p16, p19, p21, p53, NFl and WT1) or 
proteins that regulate programmed cell death (e.g., bc1-2) 
(Ochi et al., 1998; Johnson and Hamdy, 1998; Liebermann 
et al., 1998). HoWever, genetic rearrangements or mutations 
of these proto-oncogenes and tumor suppressors result in the 
conversion of a proto-oncogene into a potent cancer-causing 
oncogene or of a tumor suppressor into an inactive polypep 
tide. Often, a single point mutation is enough to achieve the 
transformation. For example, a point mutation in the p53 
tumor suppressor protein results in the complete loss of 
Wild-type p53 function (Vogelstein and KinZler, 1992. 

[0006] Currently, there are feW effective options for the 
treatment of many common cancer types. The course of 
treatment for a given individual depends on the diagnosis, 
the stage to Which the disease has developed and factors 
such as age, sex and general health of the patient. The most 
conventional options of cancer treatment are surgery, radia 
tion therapy and chemotherapy. Surgery plays a central role 
in the diagnosis and treatment of cancer. Typically, a surgical 
approach is required for biopsy and to remove cancerous 
groWth. HoWever, if the cancer has metastasiZed and is 
Widespread, surgery is unlikely to result in a cure and an 
alternate approach must be taken. Radiation therapy, che 
motherapy and immunotherapy are alternatives to surgical 
treatment of cancer (Mayer, 1998; Ohara, 1998; Ho et al., 
1998). Radiation therapy involves a precise aiming of high 
energy radiation to destroy cancer cells and much like 
surgery, is mainly effective in the treatment of non-metas 
tasiZed, localiZed cancer cells. Side effects of radiation 
therapy include skin irritation, difficulty sWalloWing, dry 
mouth, nausea, diarrhea, hair loss and loss of energy (Cur 
ran, 1998; BriZel, 1998). 
[0007] Chemotherapy, the treatment of cancer With anti 
cancer drugs, is another mode of cancer therapy. The effec 
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tiveness of a given anti-cancer drug therapy often is limited 
by the dif?culty of achieving drug delivery throughout solid 
tumors (el-Kareh and Secomb, 1997). Chemotherapeutic 
strategies are based on tumor tissue groWth, Wherein the 
anti-cancer drug is targeted to the rapidly dividing cancer 
cells. Most chemotherapy approaches include the combina 
tion of more than one anti-cancer drug, Which has proven to 
increase the response rate of a Wide variety of cancers (US. 
Pat. No. 5,824,348; US. Pat. No. 5,633,016 and US. Pat. 
No. 5,798,339, incorporated herein by reference). A major 
side effect of chemotherapy drugs is that they also affect 
normal tissue cells, With the cells most likely to be affected 
being those that divide rapidly in some cases (e.g., bone 
marroW, gastrointestinal tract, reproductive system and hair 
follicles). Other toxic side effects of chemotherapy drugs can 
include sores in the mouth, di?iculty sWalloWing, dry mouth, 
nausea, diarrhea, vomiting, fatigue, bleeding, hair loss and 
infection. 

[0008] Immunotherapy, a rapidly evolving area in cancer 
research, is yet another option for the treatment of certain 
types of cancers. Theoretically, the immune system may be 
stimulated to identify tumor cells as being foreign and 
targets them for destruction. Unfortunately, the response 
typically is not suf?cient to prevent most tumor groWth. 
HoWever, recently there has been a focus in the area of 
immunotherapy to develop methods that augment or supple 
ment the natural defense mechanism of the immune system. 
Examples of immunotherapies currently under investigation 
or in use are immune adjuvants (e.g., Mycobaclerium bovis, 
Plasmodiumfalciparum, dinitrochlorobenZene and aromatic 
compounds) (US. Pat. No. 5,801,005; US. Pat. No. 5,739, 
169; Hui and Hashimoto, 1998; Christodoulides et al., 
1998), cytokine therapy (e.g., interferons (IL-1, GM-CSF 
and TNF) (BukoWski et al., 1998; Davidson et al., 1998; 
Hellstrand et al., 1998), and gene therapy (e.g., TNF, IL-1, 
IL-2, p53) (Qin et al., 1998; Austin-Ward and Villaseca, 
1998; US. Pat. No. 5,830,880 and US. Pat. No. 5,846,945) 
and monoclonal antibodies (e.g., anti-ganglioside GM2, 
anti-HER-2, anti-p185) (Pietras et al., 1998; Hanibuchi et 
al., 1998; US. Pat. No. 5,824,311). Such methods, While 
shoWing some promise, have demonstrated limited success. 

[0009] Replication-selective oncolytic viruses hold prom 
ise for the treatment of cancer (Kim et al., 2001). These 
viruses can cause tumor cell death through direct replica 
tion-dependent and/or viral gene expression-dependent 
oncolytic effects (Kim et al., 2001). In addition, viruses are 
able to enhance the induction of cell-mediated antitumoral 
immunity Within the host (Todo et al., 2001; Sinkovics et al., 
2000). These viruses also can be engineered to expressed 
therapeutic transgenes Within the tumor to enhance antitu 
moral e?icacy (Hermiston, 2000). 

[0010] HoWever, major limitations exist to this therapeutic 
approach. Although a degree of natural tumor- selectivity can 
be demonstrated for some virus species, neW approaches are 
still needed to engineer and/ or enhance tumor-selectivity for 
oncolytic viruses in order to maximiZe safety. This selec 
tivity Will become particularly important When intravenous 
administration is used, and When potentially toxic therapeu 
tic genes are added to these viruses to enhance antitumoral 
potency; gene expression Will need to be tightly limited in 
normal tissues. In addition, increased antitumoral potency 
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through additional mechanisms such as induction of antitu 
moral immunity or targeting of the tumor-associated vascu 
lature is highly desirable. 

[0011] Therefore, more effective and less toxic therapies 
for the treatment of cancer are needed. The use of oncolytic 
viruses presents an area that can be developed, hoWever, the 
limitation discussed above need to be overcome. Thus, the 
present invention addresses those limitations. 

SUMMARY OF THE INVENTION 

[0012] The present invention is based on the discovery 
that poxviruses can be altered l) to generate an agent that 
differentially affects different cell populations or tissue types 
and/or 2) to generate a form of poxviruses that is more 
infectious and capable of infecting other cells by virtue of 
improved release from an infected cell. The poxviruses of 
the invention, e.g., the Copenhagen strain of vaccinia virus, 
may act synergistically With other therapies (e.g. chemo 
therapy) and provide bene?cial effects by targeting tumor 
vasculature While not opposing or inhibiting TNF and/or 
INF pathWays. It is speci?cally contemplated that vaccinia 
virus of any strain may be used. In certain embodiments, the 
Copenhagen strain of vaccinia virus, or a derivative thereof, 
is also contemplated. 

[0013] In some embodiments, the poxvirus may be more 
toxic or therapeutically ef?cient With respect to the targeted 
cells, While being relatively innocuous to other non-targeted 
cells, by virtue of its being cleared from the non-targeted 
cells through an antiviral response. This agent may be used 
to express a poxvirus or heterologous peptide or polypeptide 
in the targeted cells and/or to lethally infect such cells. It is 
particularly contemplated that the poxvirus is “attenuated” 
in respect to non-target cells or tissues, meaning the virus 
has a reduced, decreased, lessened, inhibited, or eliminated 
virulence, including its capability to modulate a host’s 
endogenous anti-viral response. Thus, the present invention 
concerns compositions and methods involving vaccinia 
virus that has been altered to render it useful for treating 
cells or tissues that have a diminished capability to Wage an 
antiviral response, yet be ineffective With respect to normal 
cells or tissues that can induce an e?icient antiviral response. 
Methods of the invention speci?cally contemplate using 
such vaccinia viruses for treating cancer cells or tumors. 

[0014] The mechanism by Which viruses of the invention 
can be considered oncolytic and have enhanced safety 
and/or accelerated clearance from normal tissues involves 
the extent to Which normal cells as opposed to non-normal 
cells (such as cancer cells or tissues) are capable of exhib 
iting an antiviral response (i.e., mounting, responding and/or 
inducing an immune response). Normal cells or tissues have 
such an ability, While cancer cells or tissues often do not 
express or have reduced levels of cellular proteins that 
induce or are involved in the antiviral response. Such 
cellular proteins include interferons, TNF, chemokines, 
cytokines, and other factors. In normal cells or tissues, 
viruses that Were attenuated and less able to counter an 

anti-viral immune response are readily cleared; hoWever, in 
non-normal cells and/or tissues, the anti-viral response is 
reduced and thus, even the attenuated virus is not as effi 
ciently cleared. The basis for some embodiments of the 
invention is that the viruses discussed herein are an 
improved form of therapy, such as by enhanced safety and 
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reduced toxicity on normal cells, as they Will have less effect 
on normal, in contrast to non-normal, cells. Thus, the 
attenuated virus Will preferentially replicate and express 
genes in cancer cells in Which the induction or response to 
interferon, for example, is reduced or absent. 

[0015] Compositions and methods of the invention con 
cern poxviruses. Viruses discussed beloW may be included 
in compositions and methods of the invention. While many 
embodiments involve vaccinia virus, it is contemplated that 
other poxviruses may be generated or implemented in the 
same Way, and thus, an embodiment concerning vaccinia 
virus can be applied With respect to any other poxvirus or 
other viruses With similar genes. 

[0016] The present invention concerns altered vaccinia 
virus that comprises one or more mutations in its viral 
genome. The mutations may be introduced into the virus 
through recombinant engineering, by random mutagenesis, 
or by passaging the virus repeatedly. A virus Whose viral 
genome has been manipulated using recombinant engineer 
ing (or the viral genome of any predecessor) is referred to as 
a “recombinant” virus. The mutation may be a deletion, 
insertion, or substitution of one or more nucleic acid resi 
dues. The mutation may be in a gene (Which includes coding 
or noncoding sequences, such as transcriptional control 
sequences) or it may be elseWhere. The mutation in a coding 
region may lead to a cognate peptide or polypeptide that has 
a deletion, insertion, or substitution introduced into it. The 
nucleic acid mutation may also result in a frameshift muta 
tion that gives rise to a truncated peptide or polypeptide or 
a peptide or polypeptide that has an altered amino acid 
sequence. 

[0017] In some embodiments of the invention, the vac 
cinia virus is attenuated, Which requires that the viral 
genome be altered to result in the viral attenuation. Muta 
tions may affect different polypeptides that are classi?ed 
according to function. Mutations may be in one or more of 
the folloWing classes of polypeptides: l) interferon-modu 
lating polypeptide; 2) complement control polypeptide; 3) 
TNF or chemokine-modulating polypeptide; 4) serine pro 
tease inhibitor; 5) IL-IB modulating polypeptide; 6) non 
infectious EEV form polypeptides; and, 7) viral polypeptide 
that act to inhibit release of infectious virus from cells 
(anti-infectious virus form polypeptide). In addition, there 
may be mutations in A41L or Cl 1R of vaccinia virus (or the 
corresponding polypeptide in other poxviruses). Each class 
of polypeptides identi?es polypeptides that have that par 
ticular function, either directly or indirectly. The classes are 
not mutually exclusive, as one polypeptide may possess 
more than one of the identi?ed functions. 

[0018] An interferon-modulating polypeptide refers to a 
poxvirus polypeptide that has an activity that affects a cell’s 
interferon-induced or -activated pathWay. Interferon is 
involved in the antiviral mechanism of some cells and 
organisms. Poxviruses express interferon-modulating 
polypeptides that attempt to inhibit this mechanism. It is 
speci?cally contemplated that these polypeptides may sup 
press, diminish, or eliminate this particular anti-viral reac 
tion. These polypeptides modulate, affect, interfere With, 
inhibit, reduce, alter, or eliminate the activity or function of 
an interferon directly or indirectly. Interferon 0t, [3, and y are 
targets of interferon-modulating polypeptides. Interferon 
modulating polypeptides may ?rmer be subdivided into 
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polypeptides that speci?cally bind to an interferon; such 
polypeptides may be referred to as interferon-binding 
polypeptides. B18R is a soluble vaccinia virus polypeptide 
that is an interferon-binding polypeptide, as it speci?cally 
binds lFNot/B. B8R is another vaccinia virus polypeptide 
that speci?cally bind interferon-y. Interferon modulating 
polypeptides include, but are not limited to, B18RiW111C11 
may be termed B19R in other viral strains, such as the 
Copenhagen strain of Vaccinia virusiB8R, B13R, vC12L, 
A53R, and E3L of vaccinia virus, and other viral polypep 
tides With similar activities or properties. IFN modulating 
polypeptides may also be divided into the non-exclusive 
categories of those that preferentially modulate IFNO. and/or 
[3 pathWays (including B18R, B8R, B13R, and vC12L of 
vaccinia virus) and those that modulate IFNY pathWays 
(including B8R, B13R, and vC12L of vaccinia virus). Any 
other polypeptide With an immunosuppressive function is 
also included. 

[0019] A complement control polypeptide refers to a pox 
virus polypeptide that plays a role in the prevention of 
complement-mediated cell killing and/or virus inactivation. 
A mechanism for the clearance of viral pathogens is the 
killing of infected cells or inactivation of virions Within the 
host by complement-dependent mechanisms. It is speci? 
cally contemplated that these polypeptides may suppress, 
diminish, or eliminate this particular anti-viral reaction. 
These complement control polypeptides modulate, affect, 
interfere With, inhibit, reduce, alter, or eliminate the activity 
or function of this mechanism directly or indirectly. Comple 
ment control polypeptides include, but is not limited to, VCP 
of vaccinia virus, also knoWn as C3L or C21L, and other 
polypeptides With this property or function (the terms “func 
tion” and activity” are used interchangeably). 

[0020] A TNF-modulating polypeptide refers to a poxvi 
rus polypeptide that has an activity that affects a cell’s 
immune and in?ammatory response that is activated via 
TNF receptors. This response may involve inducing apop 
totic cell death. Poxviruses express these TNF-modulating 
polypeptides as a Way to counteract the TNF-mediated 
clearance of virus and/or virus-infected cells. These 
polypeptides have function in Which they speci?cally bind 
and sequester extracellular TNF, resulting in the inhibition 
of viral clearance. It is speci?cally contemplated that these 
polypeptides may suppress, diminish, or eliminate this par 
ticular anti-viral reaction. These TNF-modulating polypep 
tides modulate, affect, interfere With, inhibit, reduce, alter, or 
eliminate the activity or function of this mechanism directly 
or indirectly. Thus, alloWing the viral infection to proceed 
and viral virulence to be increased. TNF modulatory 
polypeptides include, but are not limited to, A53R and B28R 
of vaccinia virus, and other polypeptides With similar activi 
ties or properties. 

[0021] A serine protease inhibitor (SP1) refers to a poxvi 
rus polypeptide that is capable of inhibiting a serine pro 
tease. Such polypeptides are referred to as serpins. These 
polypeptides prevent apoptosis by apoptosis-inducing mol 
ecules through their SP1 activity, and thus alloW viral 
replication to proceed despite the presence of antiviral 
apoptosis-inducing cytokines, fas, granZyme or other stimu 
lators of apoptosis. SPls include, but are not limited to, 
B13R and B22R of vaccinia virus, and other polypeptides 
With similar activities or properties. 

May 11, 2006 

[0022] An lL-1[3 modulator refers to a poxvirus polypep 
tide that has an activity that affects the antiviral reactions 
elicited by IL-1 to be altered, directly or indirectly. lL-l acts 
directly on B-cells, promoting their proliferation and the 
synthesis of immunoglobulins. lL-l also functions as one of 
the priming factors that makes B-cells responsive to lL-5. 
lL-l stimulates the proliferation and activation of NK-cells 
and ?broblasts, thymocytes, glioblastoma cells. An lL-18 
modulator refers to a poxvirus polypeptide that has an 
activity that affects the antiviral reactions elicited by IL-18 
to be altered, directly or indirectly. lL-18 acts by inducing 
IFNY and/ or inducing activation of cytotoxic T-cells and NK 
cells. These lL-1[3 or IL-18 modulator polypeptides modu 
late, alfect, interfere With, inhibit, reduce, alter, or eliminate 
the activity or function of this mechanism directly or indi 
rectly. It is speci?cally contemplated that these modulator 
polypeptides may suppress, diminish, or eliminate their 
particular anti-viral reaction. lL-1[3 modulating polypeptides 
include, but are not limited to, B13R and B15R of vaccinia 
virus, and other polypeptides With similar activities or 
properties. It is contemplated that other lL-l modulators 
may be mutated as part of the invention. lL-18 modulating 
polypeptides include, but are not limited to vC12L and other 
polypeptides. 

[0023] A viral polypeptide that acts to inhibit release of 
infectious virus from cells, anti-infectious EEV form 
polypeptide, refers to a viral polypeptide that has a function 
that directly contributes to the absence of vaccinia virus in 
an infectious EEV form. For example, the polypeptide that 
tethers or prevents the release of the EEV form from the cell 
membrane is an anti-infectious EEV form polypeptide. 
Polypeptides involved in the modulation of the EEV form of 
a virus include, but are not limited to, A34R and BSR of 
vaccinia virus, and various other proteins that in?uence the 
production of the EEV form of the poxviruses. A mutation 
at codon 151 of A34R from a lysine to a aspartic acid 
(K151D mutation) renders the A34R protein less able to 
tether the EEV form to the cell membrane. 

[0024] Other mutations that may be included in poxviruses 
of the invention are mutations in the gene encoding C11R, 
a viral EGF-like protein, as Well as A4lL, B7R, N1L, and/or 
vCKBP, Which may have chemokine binding activity (U.S. 
Pat. No. 5,871,740 and Seet et al., 2001, each of Which is 
incorporated herein by reference). For an exemplary 
description of vCKBP see U.S. Pat. No. 5,871,740 and Seet 
et al., 2001, each of Which is incorporated herein by refer 
ence. Furthermore, it is contemplated that viruses of the 
invention may also have deletions in the viral genome to 
accommodate heterologous nucleic acid sequences. Such 
deletions may be non-essential regions, or they may be in 
essential regions that are complemented With either a helper 
virus or host cell. 

[0025] In some embodiments, a poxvirus, particularly a 
vaccinia virus has at least one mutation in a ?rst gene 
encoding an interferon-modulating polypeptide that results 
in the virus lacking at least a ?rst interferon-modulating 
function. In further embodiments, the mutation is in a gene 
encoding an interferon-modulating polypeptide that directly 
binds interferon. It is contemplated that the interferon 
binding polypeptide may be B8R and/or B 18R. 

[0026] Other more general classi?cations may also be 
applicable. Mutations may also be characterized in one or 
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more of the following classes of polypeptides: I) secreted 
viral factors that inhibit immune response components (e.g., 
TNF and other cytokines; chemokines, complement cas 
cade; interferons ot/[3 and y; interleukins such as IL-I and 
ILI8; A4lL; NIL; vCl2L; and CIIR); 2) intracellular viral 
factors that act to block apoptosis (e.g., serine protease 
inhibitors) and/or immune activation (e. g., BI3R, B22R, and 
B7R); and, 3) viral polypeptide(s) that act to inhibit release 
of infectious virus from cells. The classes are not mutually 
exclusive, as one polypeptide may possess more than one of 
the identi?ed functions. 

[0027] Throughout this application, the phrase “virus 
lacks functional X” refers to a virus that lacks at least one 
function of protein X. If protein X normally has tWo 
functions, then a virus lacking functional X refers to a virus 
that lacks at least one of these functions of polypeptide X. 
The lack of function may be achieved by a variety of 
mechanisms, including those in Which the nucleic acid 
encoding polypeptide X, or the nucleic acid regions 
involved in its expression, is mutated compared to a virus 
having functional polypeptide X. Furthermore, a “virus 
lacking at least X function” refers to a virus that is missing 
or lacking the X function or activity of at least one polypep 
tide having X function. Furthermore, this phrase does not 
mean that the virus lacks any AND all X function, but that 
it has a mutation in its viral genome that renders a polypep 
tide having that X function either I) no longer expressed or 
2) no longer functional With respect to only function X 
(polypeptide may have other functions intact). 

[0028] Vaccinia virus (or other poxviruses) of the inven 
tion may have alterations or mutations in one or more of the 
folloWing seven classes I) a gene encoding interferon 
modulating polypeptide (including, but not limited to, B8R, 
BI8R, BI3R, E3L, and/or vCl2L) that results in the virus 
lacking at least an interferon-modulating function; 2) a gene 
encoding a complement control polypeptide (including, but 
not limited to, VCP) that results in the virus lacking at least 
one complement control function; 3) a gene encoding a 
TNF-modulating polypeptide (including, but not limited to, 
A53R and B28R) that results in the virus lacking at least one 
TNF-modulating function; 4) a gene encoding a serine 
protease inhibitor (including, but not limited to, BI3R, 
B22R, and/or K2L) that results in the virus lacking at least 
one serine protease inhibitor function; 5) a gene encoding an 
IL-I[3 modulator polypeptide (including, but not limited to, 
BISR) that results in the virus lacking at least one IL-I[3 
modulator function; 6) a gene encoding a polypeptide 
(including, but not limited to, BSR and/ or A34R) that results 
in an increase in infectious EEV form of vaccinia virus; or 
7) CIIR, vCKBP, B7R, NIL and/or A4IL. 

[0029] Other vaccinia viruses of the invention may have a 
mutation that results in the virus lacking vCI2L IL-I8 
modulating function. Additionally, such viruses may further 
comprises mutations in any of the seven classes discussed 
above. 

[0030] It is contemplated that viruses of the invention may 
have a mutation in more than one gene from a single class 
of polypeptides. Thus, a viral genome may have mutations 
that render I, 2, 3, 4, 5 or more polypeptides in the same 
class Without the function that characterizes the class. It is 
further contemplated that viruses of the invention may have 
mutations in more than one class of polypeptides. Therefore, 
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viral genomes may have mutations in genes encoding I, 2, 
3, 4, 5, 6, 7, or 8 of the 8 classes of polypeptides so as to 
render the virus lacking in the corresponding function of the 
encoded polypeptide. Moreover, viruses of the invention 
may have mutations in multiple genes from the same class 
of polypeptide and from different classes of polypeptides. 
The genes and their cognate polypeptides discussed in this 
application above are speci?cally contemplated as targets 
for mutation to render vaccinia viruses of the invention 
lacking in those particular polypeptides and respective func 
tions. Also, any mutation discussed With respect to vaccinia 
virus may be implemented With respect to other poxviruses 
Without undue experimentation. 

[0031] The speci?c poxvirus polypeptides that may be 
mutated or rendered nonfunctional With respect to at least 
one function include, but are not limited to: A34R, A4lL, 
A53R, BSR, B7R, B8R, BI3R, BISR, BI8R, B22R, B28R, 
B29R, CIIR, E3L, K2L, NIL, vCl2L, and vCKBP. Thus, 
poxviruses of the invention may have mutations in one or 
more of these genes encoding these corresponding vaccinia 
virus polypeptides. 

[0032] In vaccinia viruses of the invention, a vaccinia 
virus may have a mutation that eliminates at least one 
function in A34R, in combination With mutation(s) that 
eliminate at least one function of I, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
II, I2, I3, 14, I5, I6, or I7 of the folloWing polypeptides: 
A4lL, A53R, BSR, B7R, B8R, BI3R, BISR, BI8R, B22R, 
B28R, B29R, CIIR, E3L, K2L, NIL, vCl2L, and/or 
vCKBP. 

[0033] In other vaccinia viruses of the invention, a vac 
cinia virus may have a mutation that eliminates at least one 
function in A4lL in combination With mutation(s) that 
eliminate at least one function of I, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
II, I2, I3, 14, I5, I6, or I7 of the folloWing polypeptides: 
A34R, A53R, BSR, B7R, B8R, BI3R, BISR, BI8R, B22R, 
B28R, B29R, CIIR, E3L, K2L, NIL, vCl2L, and/or 
vCKBP. In other vaccinia viruses of the invention, a vaccinia 
virus may have a mutation that eliminates at least one 
function in A53R in combination With mutation(s) that 
eliminate at least one function of I, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
II, I2, I3, 14, I5, I6, or I7 of the folloWing polypeptides: 
A34R, A4lL, BSR, B7R, B8R, BI3R, BISR, BI8R, B22R, 
B28R, B29R, CIIR, E3L, K2L, NIL, vCl2L, and/or 
vCKBP. 

[0034] In other vaccinia viruses of the invention, a vac 
cinia virus may have a mutation that * eliminates at least one 
function in BSR in combination With mutation(s) that elimi 
nate at least one function of I, 2, 3, 4, 5, 6, 7, 8, 9, 10, II, 
I2, I3, I4, I5, I6, or I7 of the folloWing polypeptides: 
A34R, A4lL, A53R, B7R, B8R, BI3R, BISR, BI8R, B22R, 
B28R, B29R, CIIR, E3L, K2L, NIL, vCl2L, and/or 
vCKBP. 

[0035] In other vaccinia viruses of the invention, a vac 
cinia virus may have a mutation that eliminates at least one 
function in B7R in combination With mutation(s) that elimi 
nate at least one function of I, 2, 3, 4, 5, 6, 7, 8, 9, 10, II, 
I2, I3, I4, I5, I6, or I7 of the folloWing polypeptides: 
A34R, A4lL, A53R, BSR, B8R, BI3R, BISR, BI8R, B22R, 
B28R, B29R, CIIR, E3L, K2L, NIL, vCl2L, and/or 
vCKBP. 

[0036] In other vaccinia viruses of the invention, a vac 
cinia virus may have a mutation that eliminates at least one 



US 2006/0099224 A1 

function in B8R in combination with mutation(s) that elimi 
nate at least one function of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15, 16, or 17 of the following polypeptides: 
A34R, A41L, A53R, BSR, B7, B13R, B15R, B18R, B22R, 
B28R, B29R, C11R, E3L, K2L, N1L, vC12L, and/or 
vCKBP. 

[0037] In other vaccinia viruses of the invention, a vac 
cinia virus may have a mutation that eliminates at least one 
function in B13R in combination with mutation(s) that 
eliminate at least one function of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, or 16 of the following polypeptides: 
A34R, A41L, A53R, BSR, B7R, B8R, B15R, B18R, B22R, 
B28R, B29R, C11R, E3L, K2L, N1L, vC12L, and/or 
vCKBP. 

[0038] In other vaccinia viruses of the invention, a vac 
cinia virus may have a mutation that eliminates at least one 
function in B15R in combination with mutation(s) that 
eliminate at least one function of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, or 17 of the following polypeptides: 
A34R, A41L, A53R, BSR, B7R, B8R, B13R, B18R, B22R, 
B28R, B29R, C11R, E3L, K2L, N1L, vC12L, and/or 
vCKBP. 

[0039] In other vaccinia viruses of the invention, a vac 
cinia virus may have a mutation that eliminates at least one 
function in B18R in combination with mutation(s) that 
eliminate at least one function of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, or 17 of the following polypeptides: 
A34R, A41L, A53R, BSR, B7R, B8R, B13R, B15R, B22R, 
B28R, B29R, C11R, E3L, K2L, N1L, vC12L, and/or 
vCKBP. 

[0040] In other vaccinia viruses of the invention, a vac 
cinia virus may have a mutation that eliminates at least one 
function in B22R in combination with mutation(s) that 
eliminate at least one function of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, or 17 of the following polypeptides: 
A34R, A41L, A53R, BSR, B7R, B8R, B13R, B15R, B18R, 
B28R, B29R, C11R, E3L, K2L, N1L, vC12L, and/or 
vCKBP. 

[0041] In other vaccinia viruses of the invention, a vac 
cinia virus may have a mutation that eliminates at least one 
function in B28R in combination with mutation(s) that 
eliminate at least one function of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, or 17 of the following polypeptides: 
A34R, A41L, A53R, BSR, B7R, B8R, B13R, B15R, B18R, 
B22R, B29R, C11R, E3L, K2L, N1L, vC12L, and/or 
vCKBP. 

[0042] In other vaccinia viruses of the invention, a vac 
cinia virus may have a mutation that eliminates at least one 
function in B29R (also known as C23L) in combination with 
mutation(s) that eliminate at least one function of 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, or 17 ofthe following 
polypeptides: A34R, A41L, A53R, BSR, B7R, B8R, B13R, 
B15R, B18R, B22R, B28R, C11R, E3L, K2L, N1L, vC12L, 
and/or vCKBP. 

[0043] In other vaccinia viruses of the invention, a vac 
cinia virus may have a mutation that eliminates at least one 
function in C11R in combination with mutation(s) that 
eliminate at least one function of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, or 17 of the following polypeptides: 
A34R, A41L, A53R, BSR, B7R, B8R, B13R, B15R, B18R, 
B22R, B28R, B29R, E3L, K2L, N1L, vC12L, and/or 
vCKBP. 
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[0044] In other vaccinia viruses of the invention, a vac 
cinia virus may have a mutation that eliminates at least one 
function in E3L in combination with mutation(s) that elimi 
nate at least one function of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15, 16, or 17 of the following polypeptides: 
A34R, A41L, A53R, BSR, B7R, B8R, B13R, B15R, B18R, 
B22R, B28R, B29R, C11R, K2L, N1L, vC12L, and/or 
vCKBP. 

[0045] In other vaccinia viruses of the invention, a vac 
cinia virus may have a mutation that eliminates at least one 
function in K2L in combination with mutation(s) that elimi 
nate at least one function of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15, 16, or 17 of the following polypeptides: 
A34R, A41L, A53R, BSR, B7R, B8R, B13R, B15R, B18R, 
B22R, B28R, B29R, C11R, E3L, N1L, vC12L, and/or 
vCKBP. 

[0046] In other vaccinia viruses of the invention, a vac 
cinia virus may have a mutation that eliminates at least one 
function in N1L in combination with mutation(s) that elimi 
nate at least one function of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15, 16, or 17 of the following polypeptides: 
A34R, A41L, A53R, BSR, B7R, B8R, B13R, B15R, B18R, 
B22R, B28R, B29R, C11R, E3L, K2L, vC12L, and/or 
vCKBP. 

[0047] In other vaccinia viruses of the invention, a vac 
cinia virus may have a mutation that eliminates at least one 
function in vC12L in combination with mutation(s) that 
eliminate at least one ?lnction of l, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, or 17 of the following polypeptides: 
A34R, A41L, A53R, BSR, B7R, B8R, B13R, B15R, B18R, 
B22R, B28R, B29R, C11R, E3L, K2L, N1L, and/or vCKBP. 

[0048] In other vaccinia viruses of the invention, a vac 
cinia virus may have a mutation that eliminates at least one 
function in vCKBP in combination with mutation(s) that 
eliminate at least one function of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, or 17 of the following polypeptides: 
A34R, A41L, A53R, BSR, B7R, B8R, B13R, B15R, B18R, 
B22R, B28R, B29R, C11R, E3L, K2L, N1L, and/or vC12L. 

[0049] In some embodiments of the invention, the Copen 
hagen or Western Reserve strain is mutated to generate 
vaccinia viruses of the invention. These strains may be 
further mutated in one or more of the seven classes of 
polypeptides discussed above. 

[0050] Vaccinia viruses of the invention may comprise a 
virus that lacks B8R, B18R, B13R, or vC12L interferon 
modulating function; a virus that lacks B8R interferon 
modulating function, a virus that lacks B13R interferon 
modulating function; a virus that lacks B8R and B13R 
interferon-modulating functions; a virus that lacks B8R, 
B13R, and vC12L interferon-modulating functions, and that 
may further lack B28R or A53R, or both interferon-modu 
lating function(s); a virus that lacks B8R, B13R, and vC12L 
interferon-modulating functions, and that may further lack 
B18R interferon-modulating function; a virus that lacks 
B8R, B113R, B18R, and vC12L interferon-modulating 
functions, and that may further lack B28R and/or A53R 
interferon-modulating function(s); a virus that lacks at least 
one interferon-modulating function and VCP complement 
control function; a virus that lacks at least one interferon 
modulating function and A53R, B28R, and/or vCKBP TNF 
modulating function(s); a virus that lacks at least one 
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interferon-modulating function and B13R, B22R, and/or 
K2L serine protease function(s); a virus that lacks at least 
one interferon-modulating function and B13R and/or B15R 
IL-l[3 modulating function (s); a virus that lacks at least one 
interferon-modulating function and comprising a mutation 
in A34R or BSR that results in an increase in production of 
infectious EEV form of vaccinia virus; a virus that lacks the 
function of Cl 1R, vCKBP, B7R, NlL and/or A4lL; or a 
virus lacking any combination of functions discussed above. 

[0051] Other vaccinia viruses have a mutation resulting in 
a virus that lacks vCl2L interferon-modulating function. 
Such viruses may further include mutations in one or more 
of the seven classes discussed above. In some embodiments, 
the virus lacks B8R, B13R, and/ or B18R functions(s), While 
in others it also lacks BlSR IL-IB modulating function, 
and/or any other function discussed above, such as vCKBP 
and/or B13R function and/or B29R TNF-modulating func 
tion. 

[0052] In some embodiments of the invention, poxviruses 
are used for administration to a subject, in Which case the 
virus is comprised in a pharmaceutical composition. Com 
positions of the invention may also include interferon (0t, [3, 
and/or y) and/or an anti-cancer agent, such as an antibody, a 
chemotherapeutic, or a nucleic acid encoding a therapeutic 
cancer polypeptide. 

[0053] Methods of the invention involve using any of the 
poxviruses discussed herein. Many embodiments concern 
treating a cancer cell or treating a patient With cancer by 
administering to the cancer cell or patient an effective 
amount of a vaccinia virus. In some embodiments, the 
vaccinia virus is unable to express at least one of the 
folloWing: 

[0054] a) a functional ?rst interferon-modulating 
polypeptide; 

[0055] b) a functional complement control polypeptide; 

[0056] c) a functional TNF-modulating polypeptide; 

[0057] d) a functional serine protease inhibitor; 

[0058] e) a functional IL-l[3 modulating polypeptide; 

[0059] f) a functional non-infectious EEV form 
polypeptide; 

[0060] g) a functional A4lL, B7R, NlL or vCKBP 
chemokine binding polypeptide or CllR EGF-like 
polypeptide. 

[0061] It is speci?cally contemplated that the virus lacks 
more than one of a)-g) functional polypeptides. A “func 
tional polypeptide” refers to a polypeptide that contains the 
identi?ed function; for example, a virus that lacks a func 
tional interferon-modulating polypeptide refers to a virus 
Whose genome is mutated, and consequently, the virus is 
lacking an interferon-modulating function (as opposed to 
lacking all interferon-modulating functions of all interferon 
modulating polypeptides). The virus may have a mutation 
that alloWs a mutated polypeptide to be expressed, but the 
resultant polypeptide may be mutated so that it no longer 
possesses the identi?ed function. 

[0062] In some methods of the invention, the cancer cell 
is a tumor cell. Furthermore, the cell may be administered 
compositions of the invention iii vitro, in vivo, or ex vivo. 

May 11, 2006 

Thus, the cancer cell may be in a patient. The patient may 
have a solid tumor. In such cases, embodiments may further 
involve performing surgery on the patient, such as by 
resecting all or part of the tumor. Viral compositions may be 
administered to the patient before, after, or at the same time 
as surgery. In additional embodiments, patients may also be 
administered directly, endoscopically, intratracheally, intra 
tumorally, intravenously, intralesionally, intramuscularly, 
intraperitoneally, regionally, percutaneously, topically, 
intrarter‘ially, intravesically, or subcutaneously. Viral com 
positions maybe administered l, 2, 3, 4, 5, 6, 7, 8, 9, 10, ll, 
12, 13,14, l5, l6, l7, 18, 19,20 ormore times, and they may 
be administered every 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, ll, l2, l3, 
l4, l5, l6, l7, l8, 19, 20, 21, 22, 23, 24 hours, or 1,2, 3, 
4, 5, 6, 7 days, or 1, 2, 3, 4, 5 Weeks, or 1, 2,3,4, 5,6,7,8,9, 
10, ll, 12 months. 

[0063] Methods of treating cancer may further include 
administering to the patient chemotherapy or radiotherapy, 
Which may be administered more than one time. Chemo 
therapy includes, but is not limited to, cisplatin (CDDP), 
carboplatin, procarbaZine, mechlorethamine, cyclophospha 
mide, camptothecin, ifosfamide, melphalan, chlorambucil, 
bisulfan, nitrosurea, dactinomycin, daunorubicin, doxorubi 
cin, bleomycin, plicomycin, mitomycin, etoposide (V P16), 
tamoxifen, taxotere, taxol, transplatinum, 5-?uorouracil, 
vincristin, vinblastin, methotrexate, gemcitabine, oxalipl 
atin, irinotecan, topotecan, or any analog or derivative 
variant thereof. Radiation therapy includes, but is not limited 
to, X-ray irradiation, UV-irradiation, y-irradiation, electron 
beam radiation, or microWaves. In addition, a cell or patient 
may be administered a protease or peptidase to increase the 
production of infectious EEV form of the virus from cells. 
The peptidase or protease may be included in pharmaceu 
tical compositions that also include virus. Moreover, a cell 
or a patient may be administered a microtubule stabiliZing 
agent, including, but not limited to, taxane, as part of 
methods of the invention. It is speci?cally contemplated that 
any of the poxviruses or modi?ed poxviruses discussed 
herein, including the Western Reserve and Copenhagen 
vaccinia virus strains (as Well as derivatives thereof), can be 
used With these combination therapies. For example, the 
Copenhagen vaccinia virus strain can be employed in con 
junction With taxol to achieve a therapeutic e?fect on a 
cancer cell or in a cancer patient. 

[0064] In some embodiments, the cancer cell that is 
administered viral compositions may be a bladder, blood, 
bone, bone marroW, brain, breast, colorectal, esophagus, 
gastrointestine, head, kidney, liver, lung, nasopharynx, neck, 
ovary, pancreas, prostate, skin, stomach, testicular, tongue, 
or uterus cell. 

[0065] In other embodiments of the invention, attenuated 
vaccinia virus further includes a nucleic acid sequence 
encoding a heterologous therapeutic polypeptide. The het 
erologous therapeutic polypeptide is a tumor suppressor, 
immunomodulator, angiogenesis inhibitor, anti-vascular 
polypeptide, cytotoxic polypeptide, apoptosis inducer, pro 
drug activating enZyme, or cytostatic polypeptide in differ 
ent embodiments of the invention. 

[0066] Methods of the invention may involve employing 
an attenuated vaccinia virus that is the IHD-J strain or 
comprises a Kl5lD mutation in A34R. Alternatively, to 
generate vaccinia viruses that are more resistant to destruc 
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tion by complement or the complement pathway, virus may 
be produced from a cell line that overexpresses at least one 
human complement inhibitory protein. The complement 
inhibitory protein can be CD55, CD46, or CD59. 

[0067] In speci?c embodiments, there are methods for 
treating cancer in a patient involving administering to the 
patient an effective amount of a pharmaceutically acceptable 
composition comprising a recombinant vaccinia virus com 
prising a mutation in the gene encoding B8R, B18R, or 
vC12L, resulting in a virus that lacks B8R, B18R, or vC12L 
interferon modulating function. An “effective amount” of 
the pharmaceutical composition, generally, is de?ned as that 
amount sufficient to detectably and repeatedly ameliorate, 
reduce, minimize or limit the extent of the disease or its 
symptoms, such as cancer. It is contemplated that a com 

position comprising 102, 103, 104, 105, 106, 107, 108, 109, 
1010’ 1011’ 1012’ 1013’ 1014’ 1015’ 1016’ 1017’ 1018’ 1019’ 
1020, 1025, or more viral particles or pfus may be adminis 
tered 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more times to a patient. 

[0068] It is further contemplated that the attenuated vac 
cinia virus Will lack B8R, B18R or vC12L interferon 
modulating function and further possess a mutation in a gene 
encoding B13R, Which results in the virus lacking B13R 
interferon-modulating function. In still further embodi 
ments, the attenuated vaccinia virus lacks B8R, vC12L, and 
B13R interferon-modulating functions, While in others it 
lacks at least tWo of B8R, B18R, or vC12L interferon 
modulating functions. It is speci?cally contemplated that the 
attenuated vaccinia virus lacks B8R, B18R, and vC12L 
interferon-modulating functions. In addition, a recombinant 
vaccinia virus that lacks B8R, B18R, or vC12L interferon 
modulating function may further lacks at least one of the 
folloWing: 

[0069] a) a complement control polypeptide function; 

[0070] b) a INF-modulating function 

[0071] c) a serine protease inhibitor function; 

[0072] d) an IL-I1[3 modulator function; 

[0073] e) an anti-infectious EEV form function; or 

[0074] f) A41L, B7R, NIL, and/or vCKBP chemokine 
modulating function or C11R EGF-like function. 

[0075] Other embodiments of the invention include meth 
ods for killing a cancer cell by contacting the cancer cell 
With an attenuated vaccinia virus comprising a mutation that 
reduces the virus’ ability to inhibit an antiviral response 
mediated by an interferon, a chemokine, a cytokine, comple 
ment, or neutraliZing antibody. Some embodiments involve 
an attenuated vaccinia virus that has a mutation in a nucleic 

acid sequence encoding B8R, B13R, B18R, or vC12L. It is 
further contemplated that these viruses may lack one or 
more of a)-f) discussed in the preceding paragraph. 

[0076] In still further embodiments of the invention, there 
are methods of treating cancer in a cancer patient involving 
contacting a tumor site With a therapeutically effective 
amount of a composition comprising an attenuated vaccinia 
virus and an agent that increases antitumoral ef?cacy of the 
attenuated vaccinia virus, so as to effect treatment of the 
cancer. The agent that increases the antitumoral ef?cacy of 
the attenuated vaccinia virus can be an interferon, protein 
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ase, peptidase, microtubule stabiliZing agent, chemotherapy, 
radiotherapy, gene therapy, immunotherapy, or immuno 
modulatory therapy. 

[0077] In addition to therapeutic methods, the present 
invention concerns methods for producing a forti?ed EEV 
form of vaccinia virus comprising: a) infecting a human cell 
line that overexpresses a complement inhibitory protein With 
a vaccinia virus; and, b) isolating the EEV form of the 
vaccinia virus from the infected cell. A “forti?ed EEV form 
of vaccinia virus” refers to an EEV form of vaccinia virus 
that is stronger or more resistant to viral degradation mecha 
nisms of an organism than an EEV form produced from a 
Wild-type vaccinia virus. 

[0078] In some methods, the vaccinia virus comprises a 
mutation in the gene encoding A34R protein. In some cases, 
the mutation results in a K151D mutation. Other embodi 
ments involve complement inhibitory protein that is CD55, 
CD46, or CD59. In still further embodiments, the human cell 
line overexpresses more than one complement inhibitory 
protein. 

[0079] In addition to methods, compositions that result 
from methods for producing forti?ed EEV form of vaccinia 
virus are included as part of the invention. A composition 
comprising vaccinia virus in Which the composition is at 
least 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 
80%, 90%, or is 100% forti?ed EEV form of vaccinia virus 
are speci?cally included. 

[0080] Similarly, the present invention concerns human 
cell lines for the production of forti?ed EEV form of 
vaccinia virus. Such cell lines are infectable With vaccinia 
virus, have vaccinia virus, or vaccinia virus expression 
constructs, and they overexpress at least one complement 
inhibitory polypeptide. The complement inhibitory polypep 
tide may be CD55, CD46, or CD59. The host cell may be 
infected With a vaccinia virus that lacks at least one of the 
folloWing: 

[0081] 

[0082] 

[0083] 

[0084] 

[0085] 
[0086] f) a functional anti-infectious 

polypeptide; or 

a) an interferon-modulating function; 

b) a complement control polypeptide function; 

c) a TNF-modulating function 

d) a serine protease inhibitor fumction; 

e) an IL-1[3 modulator function; 

EEV form 

[0087] g) a functional A41L, B7R, NIL or vCKBP 
chemokine binding polypeptide or C11R EGF-like 
polypeptide. 

[0088] Other methods of the invention include methods 
for treating microscopic residual cancer comprising: i) iden 
tifying a patient having a resectable tumor; (ii) resecting the 
tumor; and (iii) contacting the tumor bed With a vaccinia 
virus having at least one mutation in a gene encoding A34R, 
A41L, A53R, B5R, B7R, B8R, B13R, B15R, B18R, B22R, 
B28R, B29R, C11R, E3L, K2L, N1L, vC12L, or vCKBP. 

[0089] Other methods include treating a subject having a 
tumor comprising: (i) surgically revealing the tumor; and (ii) 
contacting said tumor With an attenuated vaccinia virus 
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lacking A34R, A41L, A53R, B5R, B7R, B8R, B13R, B15R, 
B18R, B22R, B28R, B29R, CllR, E3L, K2L, NlL, vCl2L, 
or vCKBP function. 

[0090] In additional embodiments, methods for treating a 
subject having a tumor include perfusing the tumor, over an 
extended period of time, With an attenuated vaccinia virus. 
While in other embodiments, there are methods of inhibiting 
metastatic disease in a subject having cancer comprising 
administering to the subject an attenuated vaccinia virus, 
thereby conferring a therapeutic bene?t on the subject. The 
term “therapeutic bene?t” used throughout this application 
refers to anything that promotes or enhances the Well-being 
of the subject With respect to the medical treatment of his 
condition, Which includes treatment of pre-cancer and can 
cer. A list of nonexhaustive examples of this includes 
extension of the subject’s life by any period of time, 
decrease or delay in the neoplastic development of the 
disease, decrease in hyperproliferation, reduction in tumor 
groWth, delay of metastases, reduction in cancer cell or 
tumor cell proliferation rate, and a decrease in pain to the 
subject that can be attributed to the subject’s condition. 

[0091] In further aspects of the invention, there are meth 
ods of treating a multidrug-resistant tumor in a patient 
comprising i) administering to the patient an attenuated 
vaccinia virus and ii) administering chemotherapy or radio 
therapy to the patient, thereby conferring a therapeutic 
bene?t on the subject. Furthermore, there are methods of 
rendering an unresectable tumor in a patient resectable 
comprising administering to the patient an effective amount 
of an attenuated vaccinia virus and resecting all or part of the 
tumor. Alternatively, the invention covers treating a cancer 
patient Whose cancer is resistant to chemotherapy or radio 
therapy comprising administering to the patient an attenu 
ated vaccinia virus and administering chemotherapy or 
radiotherapy to the patient. 

[0092] It is speci?cally contemplated that any embodi 
ment discussed With respect to a particular method or 
composition may be implemented With respect to other 
methods and compositions of the invention. 

[0093] The use of the Word “a” or “an” When used in 
conjunction With the term “comprising” in the claims and/or 
the speci?cation may mean “one,” but it is also consistent 
With the meaning of “one or more,”“at least one,” and “one 
or more than one.” 

[0094] Other objects, features and advantages of the 
present invention Will become apparent from the folloWing 
detailed description. It should be understood, hoWever, that 
the detailed description and the speci?c examples, While 
indicating speci?c embodiments of the invention, are given 
by Way of illustration only, since various changes and 
modi?cations Within the spirit and scope of the invention 
Will become apparent to those skilled in the art from this 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0095] The folloWing draWings form part of the present 
speci?cation and are included to further demonstrate certain 
aspects of the present invention. The invention may be better 
understood by reference to one or more of these draWings in 
combination With the detailed description of speci?c 
embodiments presented herein. 
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[0096] FIG. 1A and 1B illustrates an example of Vaccinia 
virus strain replication in (FIG. 1A) A2780 human ovarian 
carcinoma cell line and (FIG. 1B) HCTll6 human colon 
carcinoma cell line. (x-axis is the strain and the y-axis is 
plaque forming units per ml :S.E.) 

[0097] FIG. 2 illustrates an example of vaccinia virus 
strain replication in normal human bronchioepithelial cells 
(NHBE). (x-axis is the strain and the y-axis is plaque 
forming units per ml :S.E.) 

[0098] FIG. 3 illustrates an example of the ratio of burst 
in cancer cells (A2780) to normal cells (N HBE) (burst ratio) 
for vaccinia virus strains. (x-axis is the strain and the y-axis 
is the burst ratio). 

[0099] FIG. 4 illustrates an example of the ratio of burst 
in cancer cells (HCTll6) to normal cells (NHBE) (burst 
ratio) for vaccinia virus strains. (x-axis is the strain and the 
y-axis is the burst ratio). Burst ratio is the ratio betWeen PFU 
for a tumor cell compared to the PFU for a normal or 
non-tumor cell. 

[0100] FIG. 5A and 5B illustrate exemplary isobologram 
analysis derived from the data presented in FIGS. 6, 7, 8, 
and 9 exemplifying synergy betWeen vaccinia virus (Copen 
hagen strain) and paclitaxel in HCTll6 (FIG. 5B) and 
LNCaP (FIG. 5A) cell lines. 

[0101] FIG. 6 illustrates exemplary HCTll6 cell prolif 
eration data derived from an exemplary MTS assay using 
combinations of paclitaxel and vaccinia virus. 

[0102] FIG. 7 illustrates exemplary HCTll6 cell prolif 
eration data derived from an exemplary MTS assay using 
combinations of paclitaxel and vaccinia virus. 

[0103] FIG. 8 illustrates exemplary LNCaP cell prolifera 
tion data derived from an exemplary MTS assay using 
combinations of paclitaxel and vaccinia virus. 

[0104] FIG. 9 illustrates exemplary LNCaP cell prolifera 
tion data derived from an exemplary MTS assay using 
combinations of paclitaxel and vaccinia virus. 

[0105] FIG. 10 illustrates an exemplary study Where IFN 
resistant and IFN-senstitive cells Were infeccted With WR or 

WR-Bl8R(-) :IFN treatment (treated 5 hours post infection 
With IFN-alpha). 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0106] The present invention concerns oncolytic poxvi 
ruses for the treatment of cancer. Poxviruses can be engi 
neered to be more effective or more ef?cient at killing cancer 
cells and/or be less toxic or damaging to non-cancer cells. 
More speci?cally, poxviruses may be mutated to modify 
gene products such that the modi?cations render the viruses 
better able to infect the host, better able to infect cancer 
cells. 

I. Poxviruses 

[0107] Viruses are frequently inactivated, inhibited or 
cleared by immunomodulatory molecules such as interfer 
ons (-(X, -[3, -y) and tumor necrosis factor-0t (TNF) (Moss, 
1996). Host tissues and in?ammatory/immune cells fre 
quently secrete these molecules in response to viral infec 
tion. These molecules can have direct antiviral effects and/or 
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indirect e?fects through recruitment and/or activation of 
in?ammatory cells and lymphocytes. Given the importance 
of these immunologic clearance mechanisms, viruses have 
evolved to express gene products that inhibit the induction 
and/ or function of these cytokines/chemokines and interfer 
ons. For example, vaccinia virus (W; and some other 
poxviruses) encodes the secreted protein vCKBP (B29R) 
that binds and inhibits the CC chemokines (e.g., RANTES, 
eotaxin, MIP-l-alpha) (Alcami et al., 1998). Some VV 
strains also express a secreted viral protein that binds and 
inactivates TNF (e.g., Lister A53R) (Alcami et al., 1999). 
Most poxvirus strains have genes encoding secreted proteins 
that bind and inhibit the function of interferons-ot/B (e.g., 
B18R) or interferon (B8R). vC12L is an IL-18-binding 
protein that prevents IL-18 from inducing IFN-y and NK 
cell/cytotoxic T-cell activation. 

[0108] Most poxvirus virulence research has been per 
formed in mice. Many, but not all, of these proteins are 
active in mice (B18R, for example, is not). In situations in 
Which these proteins are active against the mouse versions of 
the target cytokine, deletion of these genes leads to reduced 
virulence and increased safety with W mutants With dele 
tions of or functional mutations in these genes. In addition, 
the in?ammatory/ immune response to and viral clearance of 
these mutants is often increased compared to the parental 
virus strain that expresses the inhibitory protein. For 
example, deletion of the T1/35kDa family of poxvirus 
secreted proteins (chemokine-binding/-inhibitory proteins) 
can lead to a marked increase in leukocyte in?ltration into 
virus-infected tissues (Graham et al., 1997). Deletion of the 
vC12L gene in W leads to reduced viral titers/toxicity 
folloWing intranasal administration in mice; in addition, NK 
cell and cytotoxic T-lymphocyte activity is increased 
together With IFN-y induction (Smith et al., 2000). Deletion 
of the Myxoma virus T7 gene (able to bind IFN-y and a 
broad range of chemokines) results in reduced virulence and 
signi?cantly increased tissue in?ammation/in?ltration in a 
toxicity model (Upton et al., 1992; Mossman et al., 1996). 
Deletion of the M-T2 gene from myxoma virus also resulted 
in reduced virulence in a rabbit model (Upton et al. 1991). 
Deletion of the B18R anti-interferon-01/ -[3 gene product also 
leads to enhanced viral sensitivity to IFN-mediated clear 
ance, reduced titers in normal tissues and reduced virulence 
(Symons et al., 1995; Colamonici et al., 1995; Alcami et al., 
2000). In summary, these viral gene products function to 
decrease the antiviral immune response and in?ammatory 
cell in?ltration into virus-infected tissues. Loss of protein 
function through deletion/mutation leads to decreased viru 
lence and/or increased proin?ammatory properties of the 
virus Within host tissues. 

[0109] Cytokines and chemokines can have potent antitu 
moral e?fects (Vicari et al., 2002; Homey et al., 2002). These 
e?fects can be on tumor cells themselves directly (e. g., TNF) 
or they can be indirect through e?fects on non-cancerous 
cells. An example of the latter is TNF, Which can have 
antitumoral e?fects by causing toxicity to tumor-associated 
blood vessels; this leads to a loss of blood ?oW to the tumor 
folloWed by tumor necrosis. In addition, chemokines can act 
to recruit (and in some cases activate) immune e?fector cells 
such as neutrophils, eosinophils, macrophages and/or lym 
phocytes. These immune e?fector cells can cause tumor 
destruction by a number of mechanisms. These mechanisms 
include the expression of antitumoral cytokines (e.g., TNF), 
expression of fas-ligand, expression of perforin and 
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granZyme, recruitment of natural killer cells, etc. The 
in?ammatory response can eventually lead to the induction 
of systemic tumor-speci?c immunity. Finally, many of these 
cytokines (e.g., TNF) or chemokines can act synergistically 
With chemotherapy or radiation therapy to destroy tumors. 

[0110] Clinically effective systemic administration of 
recombinant versions of these immunostimulatory proteins 
is not feasible due to 1) induction of severe toxicity With 
systemic administration and 2) local expression Within 
tumor tissue is needed to stimulate local in?ltration and 
antitumoral e?ects. Approaches are needed to achieve high 
local concentrations of these molecules Within tumor masses 
While minimiZing levels in the systemic circulation. Viruses 
can be engineered to express cytokine or chemokine genes 
in an attempt to enhance their e?icacy. Expression of these 
genes from replication-selective vectors has potential advan 
tages over expression from non-replicating vectors. Expres 
sion from replicating viruses can result in higher local 
concentrations Within tumor masses; in addition, replicating 
viruses can help to induce antitumoral immunity through 
tumor cell destruction/oncolysis and release of tumor anti 
gens in a proin?ammatory environment. HoWever, there are 
several limitations to this approach. Serious safety concerns 
arise from the potential for release into the environment of 
a replication-competent virus (albeit tumor-selective) With a 
gene that can be toxic if expressed in high local concentra 
tions. Viruses that express potent pro-in?ammatory genes 
from their genome may therefore pose safety risks to the 
treated patient and to the general public. Even With tumor 
targeting, replication-selective viruses expressing these 
genes, gene expression can occur in normal tissues resulting 
in toxicity. In addition, siZe limitations prevent expression of 
multiple and/or large genes from viruses such as adenovirus; 
these molecules Will de?nitely act more e?icaciously in 
combination. Finally, many of the oncolytic viruses in use 
express anti-in?ammatory proteins and therefore these 
viruses Will counteract the induction of a proin?ammatory 
milieu Within the infected tumor mass. The result Will be to 
inhibit induction of antitumoral immunity, antivascular 
e?fects and chemotherapy-/radiotherapy-sensitiZation. 

[0111] A. Vaccinia Virus 

[0112] 
[0113] Interferon-0t/-[3 blocks viral replication through 
several mechanisms. Interferon-y has Weaker direct viral 
inhibitory e?fects but is a potent inducer of cell-mediated 
immunity through several mechanisms. Viruses have 
evolved to express secreted gene products that are able to 
counteract the antiviral e?fects of interferons. For example, 
vaccinia virus (and other poxviruses) encodes the secreted 
proteins B8R and B18R Which bind interferon-y and -01/-[3, 
respectively (Smith et al., 1997; Symons et al., 1995; Alcami 
et al., 2000). An additional example of a vaccinia gene 
product that reduces interferon induction is the caspase-1 
inhibitor B13R Which inhibits activation of the interferon 
y-inducing factor IL-18. Interferon modulating polypeptides 
include, but are not limited to, B18R, Which may be termed 
B19R in other viral strains, such as the Copenhagen strain of 
Vaccinia virus; B8R; B13R; vC12L; A53R; E3L and other 
viral polypeptides With similar activities or properties. IFN 
modulating polypeptides may be divided into the non 
exclusive categories of those that preferentially modulate 

1. Interferon-Modulating Polypeptides 








































































