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ABSTRACT

The present invention is directed to novel methods of
enhancing the effectiveness of DNA damaging agents by
exposing cells to viruses prior to or during exposure to the
damaging agent. In certain embodiments of the invention,
the DNA damaging agent is ionizing radiation, the virus is
an adenovirus, and the increase in cell killing is synergistic
when compared to radiation alone.
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METHODS AND COMPOSITIONS FOR VIRAL
ENHANCEMENT OF CELL KILLING

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates generally to the fields
of cell and tumor killing utilizing DNA damaging agents.
More particularly, it concerns the use of selected viruses to
enhance the effects of ionizing radiation and other DNA
damaging agents to kill cells and potentiate the therapeutic
effect of these modalities.

[0003] 2. Description of the Related Art

[0004] Recently, there has been a renewed interest in the
potential use of cytolytic viruses in the treatment of cancer
(Lorence et al., 1994; Mineta et al., 1994; Kenney et al.,
1994). The rationale for such an approach stems from case
reports in the clinical literature describing tumor regression
in human cancer patients during virus infection (Cassel et
al., 1992). In one clinical trial, regression of tumors occurred
in cancer patients treated with a wild-type mumps virus
(Cassel et al., 1992). In another report, complete remission
occurred in a chicken farmer with widely metastatic gastric
cancer during a severe outbreak of Newcastle disease
(NDV) within the chicken population (Csatary, L. K., 1992).

[0005] Biomedical investigation has focused on the utili-
zation of viruses as either direct therapeutics or for gene
therapy, including the experimental therapy of brain tumors.
For the experimental treatment of malignant gliomas, two
approaches have predominated (Daumas-Duport et al.,
1988; Kim et al., 1991; Culver et al., 1992; Ram et al.,
1993(a); Ram et al., 1993(b); Ram et al., 1994) (Takamiya
et al., 1992; Martuza et al., 1991; Martuza et al., 1991). The
first involves deliberate in situ inoculation of cells infected
with a retrovirus (producer cells) expressing the herpes
simplex virus 1 (HSV-1) thymidine kinase gene into the
tumor mass followed by treatment with ganciclovir (GCV),
an antiviral drug (Culver et al., 1992). The retrovirus is
secreted from the producer cells and infects the tumor cells.
GCV is selectively phosphorylated by the HSV-1 thymidine
kinase to its mono-phosphate derivative and by cellular
enzymes to a triphosphate derivative, which kills the tumor
cells. Limitations of this approach include the quantity of
nondividing cells that can be inoculated directly into the
brain tumor, the relatively low yield of retroviruses, and the
requirement for administration of GCV, a drug that has
significant hematopoietic toxicity and does not penetrate the
central nervous system to a great extent.

[0006] An alternative approach utilizes genetically engi-
neered HSV. Among the mutants tested for this purpose were
viruses lacking the thymidine kinase or ribonucleotide
reductase gene or a genetically engineered virus lacking the
v34.5 gene (Markert et al., 1993). Although some of the
viruses tested to date prolonged the survival of tumor-
bearing animals, none totally destroyed the tumor mass.
Some of the deletion mutants tested, notably those that are
thymidine kinase-negative, are potentially hazardous, since
such viruses can cause encephalitis in animal models and are
not treatable by drugs that depend on the viral thymidine
kinase for their activity (Erlich et al., 1989). The interest in
testing of y34.5-viruses stems from studies on the function
of'the y34.5 gene and the phenotype of these viruses carrying
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deletions and substitutions in that gene. The y34.5 gene
maps in the sequences flanking the long unique sequence
and is present in two copies in the viral genome (Chou et al.,
1990; Ackermann et al., 1986; Chou et al., 1986). Mutants
lacking both y34.5 genes (e.g., recombinant R3616) are
apathogenic and fail to replicate in the central nervous
system of mice (30). In cell culture, particularly in human
fibroblasts and in the SK-N-SH human neuroblastoma cells,
R3616 fails to prevent a stress response induced by the onset
of viral DNA synthesis (Chou et al., 1992). In consequence,
protein synthesis is totally and prematurely shut off, result-
ing in cell death and significantly reduced viral yields.
Although R3616 possesses many of the properties desired
for cancer therapy, its effectiveness may be limited because
its host range is very restricted.

[0007] While treatment with viruses alone or with DNA
damaging agents alone provide some relief measure of cell
killing, the overall cell death rate is generally below that
obtained utilizing other treatment modalities. One type of
cancer that would benefit from an increased therapeutic
potential is malignant glioma. These cancers are the most
common primary intracranial malignant tumor, accounting
for 30% of primary brain tumors (Levin et al., 1989). The
estimated tumor incidence in the United States is 14.7 per
100 thousand, resulting in 5000 new cases annually (Maha-
ley et al., 1989). In spite of aggressive surgical therapy,
radiotherapy, and chemotherapy of patients with malignant
gliomas, the overall S-year survival is <5.5%, and the
median survival is 52 weeks. This poor survival has
remained virtually unchanged over the past 20 years (Levin
et al., 1989; Mahaley et al.,, 1989; Salazar et al., 1979;
Walker et al., 1980; Daumas-Duport et al., 1988; Kim et al.,
1991). These abysmal survival rates have reinforced the
need for new modalities of therapy. In view of such statis-
tics, it would therefore be of great importance to develop
methods of improving the therapeutic ability of current
techniques of treating neoplastic disease.

SUMMARY OF THE INVENTION

[0008] The present invention, in a general and overall
sense, concerns the use of viruses in combination with
radiotherapy to potentiate the therapeutic effect. In particu-
lar, the inventors have discovered that certain viruses, for
example adenovirus and herpes simplex virus, act in an
additive manner in vitro or, surprisingly and unexpectedly,
in a synergistic manner in vivo to enhance cell killing
following exposure to ionizing radiation. In particular,
tumor cell growth is controlled using the methods and
compositions of the invention. As used herein, tumor cell
formation and growth describes the formation and prolif-
eration of cells that have lost the ability to control cellular
division, thus forming cancerous cells. Using the methods of
the invention, a number of different types of transformed
cells are potential targets for control, such as carcinomas,
sarcomas, melanomas, gliomas, lymphomas, and a wide
variety of solid tumors. While any tissue having malignant
cell growth may be a target, brain, lung and breast tissue are
preferred targets.

[0009] In certain embodiments, the invention is a method
of potentiating the response of a cell to DNA damaging
agents that comprises first administering at least one virus to
the cell, followed by exposing the cell to a DNA damaging
agent, such as, for example, ionizing radiation or DNA
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damaging agents. The viruses that are contemplated to be
within the scope of the invention include, but are not limited
to, adenovirus, Herpes Simplex Virus (HSV-1), retrovirus, or
Newecastle Disease Virus (NDV). In exemplary embodi-
ments, the virus is an adenovirus. As used herein, “poten-
tiate” means to increase the level of cell killing above that
seen for a treatment modality alone. The potentiation may be
additive, or it may be synergistic.

[0010] Ionizing radiation is considered to be included in
exemplary embodiments of the invention. The radiation may
be delivered by external sources, such as from gamma or
beta sources, or it may be supplied from linear accelerators
and the like. In other embodiments, the ionizing radiation
may be delivered to a cell by radioisotopes or by providing
a radiolabeled antibody that immunoreacts with an antigen
of the tumor, followed by delivering an effective amount of
the radiolabeled antibody to the tumor.

[0011] In addition to ionizing radiation, other DNA dam-
aging agents are contemplated to be within the scope of the
invention. DNA damaging agents or factors are defined
herein as any chemical compound or treatment method that
induces DNA damage when applied to a cell. Such agents
and factors include ionizing radiation and waves that induce
DNA damage, such as, y-irradiation, X-rays, UV-irradiation,
microwaves, electronic emissions, and the like. A variety of
chemical compounds, also described as “chemotherapeutic
agents”, function to induce DNA damage, all of which are
intended to be of use in the combined treatment methods
disclosed herein. Chemotherapeutic agents contemplated to
be of use, include, e.g., alkylating agents such as mitomycin
C, adozelesin, cis-platinum, and nitrogen mustard. The
invention also encompasses the use of a combination of one
or more DNA damaging agents, whether ionizing radiation-
based or actual compounds, with one or more viruses.

[0012] The invention also contemplates methods of con-
trolling cell growth by administering to a cell a virus that
contains foreign DNA. The DNA may be in the form of a
heterologous promoter sequence or it may be a heterologous
gene encoding a structural protein. Also contemplated is a
heterologous promoter sequence that is operatively linked to
a structural gene coding for a tumoricidal gene, such as
TNF-ca. In certain methods, the tumor is first treated with a
therapeutically effective amount of a virus that contains a
DNA molecule comprising a radiation responsive enhancer-
promoter operatively linked to an encoding region that
encodes a polypeptide having the ability to inhibit growth of
a tumor cell. Following uptake by the tumor cells, the tumor
area is exposed to an effective expression-inducing dose of
ionizing radiation that results in production of the protein.

[0013] To kill a cell in accordance with the present inven-
tion, one would generally contact the cell with a DNA
damaging agent, such as ionizing radiation, and a virus, such
as an adenovirus or HSV-1 in a combined amount effective
to kill the cell. The term “in a combined amount effective to
kill the cell” means that the amount of the DNA damaging
agent and virus that are sufficient so that, when combined
within the cell, cell death is induced. Although not required
in all embodiments, the combined effective amount of the
two agents will preferably be an amount that induces more
cell death than the use of either element alone, and even one
that induces synergistic cell death in comparison to the
effects observed using either agent alone. A number of in
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vitro parameters may be used to determine the effect pro-
duced by the compositions and methods of the present
invention. These parameters include, for example, the obser-
vation of net cell numbers before and after exposure to the
compositions described herein.

[0014] Similarly, a “therapeutically effective amount” is
an amount of a DNA damaging agent and a virus that, when
administered to an animal in combination, is effective to kill
cells within the animal. This is particularly evidenced by the
killing of cancer cells within an animal or human subject that
has a tumor. The methods of the instant invention are thus
applicable to treating a wide variety of animals, including
mice and humans. “Therapeutically effective combinations™
are thus generally combined amounts of DNA damaging
agents and viruses or viral agents that function to kill more
cells than either element alone and that reduce the tumor
burden.

[0015] In certain embodiments, a process of enhancing
cell death is provided, which comprises the steps of first
treating cells or tumor tissue with a DNA damaging agent,
such as ionizing radiation or an alkylating agent, followed
by contacting the cells or tumors with a virus, such as an
adenovirus, a herpesvirus, NDV, or a retrovirus.

[0016] DNA damaging agents or factors are defined herein
as any chemical compound or treatment method that induces
DNA damage when applied to a cell. Such agents and factors
include radiation and waves that induce DNA damage, such
as, y-irradiation, X-rays, UV-irradiation, microwaves, elec-
tronic emissions, and the like. A variety of chemical com-
pounds, which may be described as “chemotherapeutic
agents”, also function to induce DNA damage, all of which
are intended to be of use in the combined treatment methods
disclosed herein. Chemotherapeutic agents contemplated to
be of use, include, e.g., mitomycin C (MMC), adozelesin,
cis-platinum, nitrogen mustard, 5-fluorouracil (SFU), etopo-
side (VP-16), camptothecin, actinomycin-D, cisplatin
(CDDP).

[0017] The invention provides, in certain embodiments,
methods and compositions for killing a cell or cells, such as
a malignant cell or cells, by contacting or exposing a cell or
population of cells to one or more DNA damaging agents
and one or more viruses inhibitors in a combined amount
effective to kill the cell(s). Cells that may be killed using the
invention include, e.g., undesirable but benign cells, such as
benign prostate hyperplasia cells or over-active thyroid
cells; cells relating to autoimmune diseases, such as B cells
that produce antibodies involved in arthritis, lupus, myas-
thenia gravis, squamous metaplasia, dysplasia and the like.
Although generally applicable to killing all undesirable
cells, the invention has a particular utility in killing malig-
nant cells. “Malignant cells” are defined as cells that have
lost the ability to control the cell division cycle, and exhibit
uncontrolled growth and a “transformed” or “cancerous”
phenotype.

[0018] It is envisioned that the cell that one desires to kill
may be first exposed to a virus, and then contacted with the
DNA damaging agent(s), or vice versa. In such embodi-
ments, one would generally ensure that sufficient time
elapses, so that the two agents would still be able to exert an
advantageously combined effect on the cell. In such
instances, it is contemplated that one would contact the cell
with both agents within about 12 hours of each other, and
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more preferably within about 6 hours of each other, with a
delay time of only about 4 hours being most preferred. These
times are readily ascertained by the skilled artisan.

[0019] The terms “contacted” and “exposed”, when
applied to a cell, are used herein to describe the process by
which a virus, such as an adenovirus or a herpesvirus, and
a DNA damaging agent or factor are delivered to a target cell
or are placed in direct juxtaposition with the target cell. To
achieve cell killing, both agents are delivered to a cell in a
combined amount effective to kill the cell, i.e., to induce
programmed cell death or apoptosis. The terms, “killing”,
“programmed cell death” and “apoptosis” are used inter-
changeably in the present text to describe a series of intra-
cellular events that lead to target cell death.

[0020] The present invention also provides advantageous
methods for treating cancer that, generally, comprise admin-
istering to an animal or human patient with cancer a thera-
peutically effective combination of a DNA damaging agent
and a virus. Chemical DNA damaging agents and/or viruses
may be administered to the animal, often in close contact to
the tumor, in the form of a pharmaceutically acceptable
composition. Direct intralesional injection is contemplated,
as are other parenteral routes of administration, such as
intravenous, percutaneous, endoscopic, or subcutaneous
injection. In certain embodiments, the route of administra-
tion may be oral.

[0021] In terms of contact with a DNA damaging agent,
this may be achieved by irradiating the localized tumor site
with ionizing radiation such as X-rays, UV-light, y-rays or
even microwaves. Alternatively, the tumor cells may be
contacted with the DNA damaging agent or a virus by
administering to the animal a therapeutically effective
amount of a pharmaceutical composition comprising a DNA
damaging compound, such as mitomycin C, adozelesin,
cis-platinum, and nitrogen mustard and/or a virus. A chemi-
cal DNA damaging agent may be prepared and used as a
combined therapeutic composition, or kit, by combining it
with a virus, as described above.

[0022] The methods of enhancing the effectiveness of
radiotherapy in a mammals comprises administering to that
mammal an effective amount of a pharmaceutical composi-
tion that contains a virus. As used herein, a “pharmaceutical
composition” means compositions that may be formulated
for in vivo administration by dispersion in a pharmacologi-
cally acceptable solution or buffer. Suitable pharmacologi-
cally acceptable solutions include neutral saline solutions
buffered with phosphate, lactate, Tris, and the like.

[0023] In certain embodiments of the invention, the num-
ber of virus particles that are contacted to a host are about
10 to about 10** virus particles. In other embodiments, the
number of virus particles is about 10° to about 10'? virus
particles, and in exemplary embodiments, the number of
virus particles is between about 10® to about 10! virus
particles.

[0024] The invention further contemplates methods of
assessing the cellular response to the effect of viral therapy
in conjunction with exposure of cells to ionizing radiation
that comprises first, growing cells in culture, which is
followed by exposing the cells with a selected virus and to
an effective dose of ionizing radiation. The response of the
cells to this treatment modality may be assessed by tech-
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niques known in the art, such as cell survival assays or
enzymatic assays of selected biomarker proteins. Suitable
viruses include, for example, adenovirus, HSV-1, retrovirus,
or NDV. The specificity of viral vectors may be selected to
be preferentially directed to a particular target cell, such as
by using viruses that are able to infect particular cell types.
Naturally, different viral host ranges will dictate the virus
chosen for gene transfer, and, if applicable, the likely foreign
DNA that may be incorporated into the viral genome and
expressed to aid in killing a particular malignant cell type.

[0025] In using viruses within the scope of the present
invention, one will desire to purify the virus sufficiently to
render it essentially free of undesirable contaminants, such
as defective interfering viral particles or endotoxins and
other pyrogens, so that it will not cause any undesired
reactions in the cell, animal, or individual receiving the
virus. A preferred means of purifying the vector involves the
use of buoyant density gradients, such as cesium chloride
gradient centrifugation.

[0026] Preferred viruses will be replication defective
viruses in which a viral gene essential for replication and/or
packaging has been deleted from the virus. In embodiments
where an adenovirus is used, any gene, whether essential
(e.g. E1A, E1B, E2 and E4) or non-essential (e.g. E3) for
replication, may be deleted and replaced with foreign DNA,
or not replaced. Techniques for preparing replication defec-
tive adenoviruses are well known in the art, as exemplified
by Ghosh-Choudhury, et al., 1987. It is also well known that
various cell lines may be used to propagate recombinant
adenoviruses, so long as they complement any replication
defect that may be present. A preferred cell line is the human
293 cell line, but any other cell line that is permissive for
replication, e.g. that expresses E1A and E1B, may be
employed. Further, the cells may be propagated either on
plastic dishes or in suspension culture in order to obtain
virus stocks.

[0027] The invention is not limited to E1-lacking virus and
E1 expressing cells. Other complementary combinations of
viruses and host cells may be employed in connection with
the present invention. Where a gene that is not essential for
replication is deleted and replaced, such as, for example, the
E3 gene, this defect will not need to be specifically comple-
mented by the host cell. The adenovirus may be of any of the
42 different known serotypes or subgroups A-F. Adenovirus
type 5 of subgroup C is the preferred starting material in
order to obtain the conditional replication-defective aden-
ovirus vector for use on the method of the present invention.

[0028] The methods and compositions of the present
invention are suitable for killing a cell or cells both in vitro
and in vivo. When the cells are to be killed are located within
an animal, for example in an organ, the virus and the DNA
damaging agent will be administered to the animal in a
pharmacologically acceptable form. Direct intralesional
injection of a therapeutically effective amount of a virus
and/or a DNA damaging agent into a tumor site is one
preferred method. Other parenteral routes of administration,
such as intravenous, percutaneous, endoscopic, or subcuta-
neous injection are also contemplated.

[0029] As set forth above, any number of in vitro param-
eters may be used to determine the effect produced by the
compositions and methods of the present invention. These
parameters include, for example, the observation of net cell
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numbers before and after exposure to the disclosed treatment
methods. Also, one may be able to assess the size of cells
grown in culture, such as those colonies formed in tissue
culture. Alternatively, one may measure parameters that are
indicative of a cell that is undergoing programmed cell
death, such as, for example, the fragmentation of cellular
genomic DNA into nucleoside size fragments, generally
identified by separating the fragments by agarose gel elec-
trophoresis, staining the DNA, and comparing the DNAto a
DNA size ladder.

[0030] One may also use other means to assess cell killing.
As set forth in the instant examples, one may measure the
size of the tumor, either by the use of calipers, or by the use
of radiologic imaging techniques, such as computerized
axial tomography (CAT) or nuclear magnetic resonance
(NMR) imaging.

[0031] In other embodiments of the invention, kits for use
in killing cells, such as malignant cells, are contemplated.
These kits will generally include, in a suitable container
means, a pharmaceutical formulation of a virus for contact-
ing the host cells. In certain kit embodiments, the DNA
damaging agent, such as a DNA alkylating agent or a
radiopharmaceutical may be included in the kit. The kit
components may be provided as a liquid solution, or a dried
powder. A preferred approach is to provide a sterile liquid
solution.

[0032] The combination of viral infection with radiation
treatment produces tumor cures which are greater than those
produced by treatment with radiation alone. Viral infection
alone actually had no effect on cell killing, whether the virus
contained an foreign gene insert or a either modality alone.
Cells that contain genetic constructs constitutively produc-
ing toxins and are targeted with ionizing radiation provides
a new conceptual basis for increasing the therapeutic ratio in
cancer treatment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The following drawings form part of the present
specification 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 specific
embodiments presented herein.

[0034] FIG.1 Shows U-87MG glioblastoma cell growth in
hindlimbs of mice following exposure to HSV-1, radiation,
and radiation plus HSV-1. Also shown is the effect ganci-
clovir on tumor volume, when given in combination with
virus or virus plus radiation.

[0035] FIG. 2 Shows the regression rate of large tumors
compared to small xenografts following treatment with
radiation alone or adenovirus construct Ad.Egr-TNF plus
radiation.

[0036] FIG. 3 Shows the regression rate of large tumors
compared to small xenografts following treatment with
radiation alone or adenovirus construct Ad.LacZ plus radia-
tion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0037] The present invention presents methods that are a
novel combination of viral infection and radiotherapy that
act together to enhance cell killing in vitro and in vivo.
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Viruses
Adenovirus

[0038] Adenoviruses have been widely studied and well-
characterized as a model system for eukaryotic gene expres-
sion. Adenoviruses are easy to grow and manipulate, and
they exhibit broad host range in vitro and in vivo. This group
of viruses may be obtained in a highly infective state and at
high titers, e.g., 10°-10"* plaque-forming unit (PFU)/ml. The
Adenovirus life cycle does not require integration into the
host cell genome, and foreign genes delivered by these
vectors are expressed episomally, and therefore, generally
have low genotoxicity to host cells. Adenoviruses appear to
be linked only to relatively mild diseases, since there is no
known association of human malignancies with Adenovirus
infection. Moreover, no side effects have been reported in
studies of vaccination with wild-type Adenovirus (Couch et
al., 1963; Top et al., 1971), demonstrating their safety and
therapeutic potential as in vivo gene transfer vectors.

[0039] Adenovirus vectors have been successfully used in
eukaryotic gene expression (Levrero et al., 1991; Gomez-
Foix et al., 1992) and vaccine development (Grunhaus and
Horwitz, 1992; Graham and Prevec, 1992). Recently, animal
studies demonstrated that recombinant Adenoviruses could
be used for gene therapy (Stratford-Perricaudet and Perri-
caudet, 1991; Stratford-Perricaudet et al., 1990; Rich et al.,
1993). Successful experiments in administering recombi-
nant Adenovirus to different tissues include trachea instil-
lation (Rosenfeld et al, 1991; Rosenfeld et al., 1992),
muscle injection (Ragot et al., 1993), peripheral intravenous
injection (Herz and Gerard, 1993), and stereotactic inocu-
lation into the brain (Le Gal La Salle et al., 1993).

[0040] Generation and propagation of the current Aden-
ovirus vectors depend on a unique helper cell line, 293,
which was transformed from human embryonic kidney cells
by AD5 DNA fragments and constitutively expresses El
proteins (Graham, et al., 1977). Since the E3 region is
dispensable from the Adenovirus genome (Jones and Shenk,
1978), the current Adenovirus vectors, with the help of 293
cells, carry foreign DNA in either the E1, the E3 or both
regions (Graham and Prevec, 1991). In nature, Adenovirus
can package approximately 105% of the wild-type genome
(Ghosh-Choudhury, et al., 1987), providing capacity for
about 2 extra kb of DNA. Combined with the approximately
5.5 kb of DNA that is replaceable in the E1 and E3 regions,
the maximum capacity of the current Adenovirus vector is
under 7.5 kb, or about 15% of the total length of the vector.
More than 80% of the Adenovirus viral genome remains in
the vector backbone and is the source of vector-borne
cytotoxicity.

[0041] As used herein, the term “recombinant” cell is
intended to refer to a cell into which a recombinant gene,
such as a gene from the adenoviral genome has been
introduced. Therefore, recombinant cells are distinguishable
from naturally occurring cells that do not contain a recom-
binantly introduced gene. Recombinant cells are thus cells
having a gene or genes introduced through the hand of man.
Within the present disclosure, the recombinantly introduced
genes encode radiation sensitizing or radiation protecting
factors and are inserted in the E1 or E3 region of the
adenovirus genome. It is recognized that the present inven-
tion also encompasses genes that are inserted into other
regions of the adenovirus genome, for example the E2
region.
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[0042] Tt is understood that the adenovirus vector con-
struct may therefore, comprise at least 10 kb or at least 20
kb or even about 30 kb of heterologous DNA and still
replicate in a helper cell. By “replicate in a helper cell,” it is
meant that the vector encodes all the necessary cis elements
for replication of the vector DNA, expression of the viral
coat structural proteins, packaging of the replicated DNA
into the viral capsid and cell lysis, and further that the trans
elements are provided by the helper cell DNA. Replication
is determined by contacting a layer of uninfected cells with
virus particles and incubating said cells. The formation of
viral plaques, or cell free areas in the cell layers is indicative
of viral replication. These techniques are well known and
routinely practiced in the art. It is understood that the
adenoviral DNA that stably resides in the helper cell may
comprise a viral vector such as an Herpes Simplex virus
vector, or it may comprise a plasmid or any other form of
episomal DNA that is stable, non-cytotoxic and replicates in
the helper cell.

[0043] In certain embodiments, heterologous DNA is
introduced into the viral genome. By heterologous DNA is
meant DNA derived from a source other than the adenovirus
genome, which provides the backbone for the vector. This
heterologous DNA may be derived from a prokaryotic or a
eukaryotic source such as a bacterium, a virus, a yeast, a
plant or animal. The heterologous DNA may also be derived
from more than one source. For instance, a promoter may be
derived from a virus and may control the expression of a
structural gene from a different source such as a mammal.
Preferred promoters include viral promoters such as the
SV40 late promoter from simian virus 40, the Baculovirus
polyhedron enhancer/promoter element, RSV, Herpes Sim-
plex Virus thymidine kinase (HSV tk), the immediate early
promoter from cytomegalovirus (CMV) and various retro-
viral promoters including LTR elements.

[0044] The promoters and enhancers that may comprise
the heterologous DNA will be those that control the tran-
scription of protein encoding genes in mammalian cells may
be composed of multiple genetic elements. The term pro-
moter, as used herein refers to a group of transcriptional
control modules that are clustered around the initiation site
for RNA polymerase II. Promoters are believed to be com-
posed of discrete functional modules, each comprising
approximately 7-20 bp of DNA, and containing one or more
recognition sites for transcriptional activator proteins. At
least one module in each promoter functions to position the
start site for RN A synthesis. The best known example of this
is the TATA box, but in some promoters lacking a TATA box,
such as the promoter for the mammalian terminal deoxy-
nucleotidyl transferase gene and the promoter for the SV 40
late genes, a discrete element overlying the start site itself
helps to fix the place of initiation.

[0045] Additional promoter elements regulate the fre-
quency of transcriptional initiation. Typically, these are
located in the region 30-110 bp upstream of the start site,
although a number of promoters have recently been shown
to contain functional elements downstream of the start site
as well. The spacing between elements is flexible, so that
promoter function is preserved when elements are inverted
or moved relative to one another. Depending on the pro-
moter, it appears that individual elements can function either
cooperatively or independently to activate transcription.
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[0046] The heterologous DNA of the present invention
may also comprise an enhancer. The basic distinction
between enhancers and promoters is operational. An
enhancer region as a whole must be able to stimulate
transcription at a distance, which is not necessarily true of a
promoter region or its component elements. On the other
hand, a promoter must have one or more elements that direct
initiation of RNA synthesis at a particular site and in a
particular orientation, whereas enhancers lack these speci-
ficities. Aside from this operational distinction, enhancers
and promoters are very similar entities. They have the same
general function of activating transcription in the cell. They
are often overlapping and contiguous, often seeming to have
a very similar modular organization. Taken together, these
considerations suggest that enhancers and promoters are
homologous entities and that the transcriptional activator
proteins bound to these sequences may interact with the
cellular transcriptional machinery in fundamentally the
same way. It is understood that any such promoter or
promoter/enhancer combination may be included in the
heterologous DNA of the adenoviral vector to control
expression of the heterologous gene regions.

[0047] The heterologous DNA may include more than one
structural gene under the control of the same or different
promoters. The heterologous DNA may also include ribo-
some binding sites and polyadenylation sites or any neces-
sary elements for the expression of the DNA in a eukaryotic
or a mammalian cell. These vector constructs are created by
methods well known and routinely practiced in the art such
as restriction enzyme digestion followed by DNA ligase
directed splicing of the various genetic elements. The het-
erologous DNA may further comprise a constitutive pro-
moter. A constitutive promoter is a promoter that exhibits a
basal level of activity that is not under environmental
control. Some examples of constitutive promoters that may
possibly be included as a part of the present invention
include, but are not limited to, intermediate-early CMV
enhancer/promoter, RSV enhancer-promoter, SV40 early
and SV40 late enhancer/promoter, MMSV LTR, SFFV
enhancer/promoter, EBV origin of replication, or the Egr
enhancer/promoter. However, it is understood that any con-
stitutive promoter may be used in the practice of the inven-
tion and all such promoters/enhancers would fall within the
spirit and scope of the claimed invention.

[0048] Another type of promoter that may comprise a
portion of the heterologous DNA is a tissue specific pro-
moter. A tissue specific promoter is a promoter that is active
preferentially in a cell of a particular tissue type, such as in
the liver, the muscle, endothelia and the like. Some examples
of tissue specific promoters that may be used in the practice
of the invention include the RSV promoter to be expressed
in the liver or the surfactin promoter to be expressed in the
lung, with the muscle creatine kinase enhancer combined
with the human cytomegalovirus immediate early promoter
being the most preferred for expression in muscle tissue, for
example.

Herpes Simplex Virus

[0049] The present invention also embodies a method
using HSV-1 for enhancing radiation control of tumors.
While these viruses have been used in gene therapy, gener-
ally by inserting a therapeutic gene into the HSV-1 viral
genome and transfecting into a cell, the present invention
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does not require the use of specific inserts for function. As
used in the present invention, the virus, which has been
rendered non-pathogenic, is combined with a pharmacologi-
cally acceptable carrier in order to form a pharmaceutical
composition. This pharmaceutical composition is then
administered in such a way that the mutated virus can be
incorporated into cells at an appropriate area.

[0050] The use of the HSV-1 virus with a specific mutation
in the y,34.5 gene provides a method of therapeutic treat-
ment of tumorigenic diseases both in the CNS and in all
other parts of the body (Chou 1992). The “y,34.5 minus”
virus can induce apoptosis and thereby cause the death of the
host cell, but this virus cannot replicate and spread (Chou
1992). Therefore, given the ability to target tumors within
the CNS, the y,34.5 minus virus has proven a powerful
therapeutic agent for hitherto virtually untreatable forms of
CNS cancer. Furthermore, use of substances, other than a
virus, which inhibit or block expression of genes with
anti-apoptotic effects in target tumor cells can also serve as
a significant development in tumor therapy and in the
treatment of herpes virus infection, as well as treatment of
infection by other viruses whose neurovirulence is depen-
dent upon an interference with the host cells’ programmed
cell death mechanisms. The procedures to generate the
above recombinant viruses are those published by Post and
Roizman (1981), and U.S. Pat. No. 4,769,331, incorporated
herein by reference. Other viruses that may be used within
the scope of the invention include, but are not limited to,
NDYV, adeno-associated virus (AAV), and human papilloma
virus (HPV). The currently preferred viruses for use in the
present invention are HSV-1 and adenoviruses.

[0051] For example, NDV injected into a primary cervical
carcinoma produced tumor regression at the site of injection
(Cassel et al., 1965). NDV treatment caused partial tumor
regression in 8 of 33 patients studied in a small clinical trial
(Csatary et al., 1993). NDV is directly cytotoxic to a wide
variety of human cancer cells but not to normal fibroblasts
in vitro (Lorence et al., 1994; Reichard et al., 1992). NDV
is a potent inducer of tumor necrosis factor-o. and NDV-
infected cells are dramatically more sensitive to lysis by this
cytokine than are uninfected cells (Chou et al., 1992). A
single local injection of NDV strain 73-T causes long-lasting
complete regression of human neuroblastoma xenografts in
athymic mice (Levin et al., 1989). NDV is also cytotoxic to
human tumors including HT1080 fibrosarcoma xenografts
(Lorence et al., 1994; Reichard et al., 1993). Thus, it is
contemplated that NDV and other cytotoxic viruses will be
useful within the scope of the invention.

[0052] Genetically engineered HSV mutants can be used
for the specific purpose of treatment of brain tumors without
the requirement for alternative therapies (antiviral drugs) or
the risk of progressive disease (Chambers, R., 1995). While
the usefulness of the y34.5-virus has been demonstrated in
another model (Takamiya et al., 1992), the inventors show
that the virus in which the y34.5 gene is interrupted by a stop
codon (R4009) rather than by deletion (R3616) appears to be
more efficient in destroying tumor cells. The inventors
attribute this greater survival benefit to enhanced replication
competence of R4009 as compared to R3616. One expla-
nation of this observation is that a low level of stop codon
suppression takes place and that the low level of expression
of' y34.5 enables the virus to effectively destroy tumor cells
and yet not multiply to a level where it can cause encepha-
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litis. The key to the development of effective oncolytic
viruses may well depend on precise control of the expression
of the y34.5 gene, and this observation may be exploited to
construct still more effective viruses. Recently, other labo-
ratories have assessed the value of alterations at other sites
within the HSV genome for the creation of viruses suitable
for treatment of brain tumors (Mineta et al., 1994).

[0053] In certain embodiments of the invention, foreign
DNA is inserted into the viral genome. This foreign DNA
may be a heterologous promoter region, a structural gene, or
a promoter operatively linked to such a gene. Representative
promoters include, but are not limited to, the CMV pro-
moter, LacZ promoter, or Egr promoter.

Retroviruses

[0054] Alternatively, the vehicle may be a virus or an
antibody that specifically infects or immunoreacts with an
antigen of the tumor. Retroviruses used to deliver the
constructs to the host target tissues generally are viruses in
which the 3' LTR (linear transfer region) has been inacti-
vated. These are enhancerless 3'LTR’s, often referred to as
SIN (self-inactivating viruses) because after productive
infection into the host cell, the 3'LTR is transferred to the 5'
end, and both viral LTR’s are inactive with respect to
transcriptional activity. Use of these viruses well known to
those skilled in the art is to clone genes for which the
regulatory elements of the cloned gene are inserted in the
space between the two L'TR’s. An advantage of a viral
infection system is that it allows for a very high level of
infection into the appropriate recipient cell, e.g., LAK cells.

[0055] For purposes of this invention, a radiation respon-
sive enhancer-promoter that is 5' of the appropriate encoding
region may be cloned into the virus using standard tech-
niques well known in the art. Exemplary methods of cloning
are set forth in Sambrook et al., incorporated herein by
reference.

Ionizing Radiation

[0056] Ionizing radiation causes DNA damage and cell
killing, generally proportional to the dose rate. lonizing
radiation has been postulated to induce multiple biological
effects by direct interaction with DNA or through the for-
mation of free radical species leading to DNA damage (Hall,
1988). These effects include gene mutations, malignant
transformation, and cell killing. Although ionizing radiation
has been demonstrated to induce expression of certain DNA
repair genes in some prokaryotic and lower eukaryotic cells,
little is known about the effects of ionizing radiation on the
regulation of mammalian gene expression (Borek, 1985).
Several studies have described changes in the pattern of
protein synthesis observed after irradiation of mammalian
cells. For example, ionizing radiation treatment of human
malignant melanoma cells is associated with induction of
several unidentified proteins (Boothman, et al., 1989). Syn-
thesis of cyclin and co-regulated polypeptides is suppressed
by ionizing radiation in rat REF52 cells but not in oncogene-
transformed REF52 cell lines (Lambert and Borek, 1988).
Other studies have demonstrated that certain growth factors
or cytokines may be involved in x-ray-induced DNA dam-
age. In this regard, platelet-derived growth factor is released
from endothelial cells after irradiation (Witte, et al., 1989).

[0057] In the present invention, the term “ionizing radia-
tion” means radiation comprising particles or photons that
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have sufficient energy or can produce sufficient energy via
nuclear interactions to produce ionization (gain or loss of
electrons). An exemplary and preferred ionizing radiation is
an x-radiation. Means for delivering x-radiation to a target
tissue or cell are well known in the art. Also, the phrase
“effective expression-inducing dose of ionizing radiation”
means that dose of ionizing radiation needed to stimulate or
turn on a radiation responsive enhancer-promoter that is one
embodiment of the present invention. The amount of ioniz-
ing radiation needed in a given cell generally depends upon
the nature of that cell. Typically, an effective expression-
inducing dose is less than a dose of ionizing radiation that
causes cell damage or death directly. Means for determining
an effective amount of radiation are well known in the art.
The amount of ionizing radiation needed in a given cell
naturally depends upon the nature of that cell. As also used
herein, the term “an effective dose” of ionizing radiation
means a dose of ionizing radiation that produces an increase
in cell damage or death when given in conjunction with a
virus.

[0058] In a certain embodiments, an effective expression
inducing amount is from about 2 to about 30 Gray (Gy)
administered at a rate of from about 0.5 to about 2
Gy/minute. Even more preferably, an effective expression
inducing amount of ionizing radiation is from about 5 to
about 15 Gy. In other embodiments, doses of 2-9 Gy are
used in single doses. An effective dose of ionizing radiation
may be from 10 to 100 Gy, with 15 to 75 Gy being preferred,
and 20 to 50 Gy being more preferred.

[0059] Any suitable means for delivering radiation to a
tissue may be employed in the present invention in addition
to external means. For example, radiation may be delivered
by first providing a radiolabeled antibody that immunoreacts
with an antigen of the tumor, followed by delivering an
effective amount of the radiolabeled antibody to the tumor.
In addition, radioisotopes may be used to deliver ionizing
radiation to a tissue or cell.

Materials and Methods

[0060] Cells and Viruses. HSV-1(F) is the prototype wild-
type HSV-1 strain used in the inventors’ laboratories (Ejer-
cito et al., 1968). R3616 lacks 1000 bp from the coding
domain of each copy of the y34.5 gene. All viruses were
grown and titered in Vero cells as described (Chou et al.,
1992; Chou et al., 1990). The infected cells were disrupted
by sonication, and the virus contained in the supernatant
fluid after centrifugation at 1200xg for 20 min was stored at
-70° C.

[0061] The U87 glioma cell line was established from a
human glioma tissue culture medium. Tumor cells were
loaded into a 250 pul Hamilton syringe fitted with a 30-gauge
0.5-inch needle, attached to a repeating dispenser, and
mounted in a stereotaxic holder. Animal studies were done
in accordance with guidelines for care by The University of
Chicago Committee on Animal Care. All animal studies
were performed in accordance with acceptable federal stan-
dards.

[0062] Statistical Analyses. Kaplan-Meier survival data
were analyzed with a computer software program. To esti-
mate significance of differences in the median survivals by
the log rank and Peto-Wilcoxon nonparametric hypothesis
tests. The x2 distribution was used to compute the probabil-
ity, p, as determined at a significance level of <0.01.
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[0063] The following examples are included to demon-
strate preferred embodiments of the invention. It should be
appreciated by those of skill in the art that the techniques
disclosed in the examples that follow represent techniques
discovered by the inventor to function well in the practice of
the invention, and thus can be considered to constitute
preferred modes for its practice. However, those of skill in
the art should, in light of the present disclosure, appreciate
that many changes can be made in the specific embodiments
that are disclosed and still obtain a like or similar result
without departing from the spirit and scope of the invention.

EXAMPLE I

Viral Enhancement of Tumor Control With Radiation
Therapy

Background

[0064] The present inventors have utilized viral vectors to
deliver gene therapy to human tumor xenografts (Hallahan
et al., 1995; Sibley et al., 1995). Vector without the TNF
gene was used as a control in the treatment of these tumors.
These studies indicated that the viral vectors enhanced
tumor control by x-irradiation.

Herpes Simplex Virus (HSV)

[0065] The objective of the studies described here was to
establish a model of malignant glioma in mice and to
compare the effectiveness of R3616 and R4009 in treatment
of this tumor in the murine model.

Methods:
Viruses

[0066] R3616 was created by a deletion of the gene
conferring neurovirulence, y34.5. An Egr-TNF-a construct
was also created by ligating the Egr-1 enhancer/promoter
region upstream to the human TNF-a gene, which construct
was then inserted into the y34.5 locus by recombination.
This modified virus was designated R899-6.

Growth of Human Xenografts In Vivo:

[0067] U-87MG glioblastoma cells were obtained from
the American Type Culture Collection (ATCC) and cultured
in vitro using standard procedures. An injection of 5x106
cells in 10 pl was given subcutaneously in the hind limb of
a nude mouse. When the tumor volume was greater than 100
mm?®, and preferably reached approximately 300 mm?>, the
tumor was removed and minced into pieces measuring 2 mm
in greatest dimension. These pieces were implanted subcu-
taneously right into the hind limb of anesthetized nude mice
through a small incision. Tumors were randomized to a
treatment group when the tumors reached 100 mm?> (but not
greater than 300 mm?>). Tumor volumes were calculated by
the formula “axbxc/2” that is an approximation of the
formula for an ellipsoid (md?/6). Tumors were measured
twice weekly using vernier calipers.

Viral Injection:

[0068] Viral stock solutions with a titer of 2x109 PFU/ml
were used. The virus was tittered in vitro using Vero cells as
previously described. Mice assigned to the virus alone or
virus plus RT groups received an inoculation of 10 ml, or
2x107 PFU, on the first day of treatment (Group 1) or the
first three days of treatment (Group 2) using a Hamilton
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syringe. Each inoculation was given via three injections to
improve viral distribution in the tumor.

Radiotherapy:

[0069] Mice assigned to the radiotherapy alone or virus
plus RT group were irradiated the first two days of treatment.
A dose of 20 Gy was delivered on day 1 and 25 Gy on day
2. Mice were immobilized in lucite chambers and the right
hind limb was extended and taped. A lead shield was then
placed over the body with a cutout portion to provide a
margin around the tumor. Irradiation was given with 250 KV
photons with a 0.5 mm Cu filter at a dose rate of 1.88 Gy/min
using a Maxitron generator.

Quantitation of TNF-a

[0070] TNF-a levels were quantitated and localized by
ELISA, using the method described by Weichselbaum et al.
(1994).

Results:
Study 1

[0071] In vitro infection with 1x10° PFU of R899-6
resulted in significantly greater TNF-c production than in
uninfected control U-87 cells, seen at 4-6 hours with a peak
at 12 hours following viral infection. TNF-a production was
also demonstrated in vivo in the hindlimbs of mice. The in
vitro survival studies showed R899-6 and R3616 to be
equally cytotoxic. In addition, the addition of single radia-
tion doses of 2-9 Gy was additive, or in some cases,
synergistic for these viruses. The mean tumor volumes for 6
groups, 8 mice each, is shown in Table 1, 21 days post
treatment.

TABLE I
Mean Tumor TNF-a
Treatment Group Vol. (mm?®) (pg/plate)
Control 2772 = 585 65
R899-6 376 = 192 3164
R3616 1264 = 449 70
RT Alone 262 = 49 —
R3616 + RT 111 = 31 —
R899-6 + RT 74 £ 22 —
Study 2

[0072] A total of 98 nude mice were treated on the 6
treatment arms, of which 8 died of treatment-unrelated
causes and were censored from analysis (1 R899-6, 2
R3616, 4 RT alone, 1 R3616+4RT). The results are presented
in Table 2. All of the control mice were sacrificed at a
median time of 21 days (range 10-35 days) due to excessive
tumor growth (>2000 mm?). In the virus alone groups, 25%,
and 20% of the tumors were reduced or controlled in the
R899-6 and R3616 groups, respectively, while the remainder
grew to >2000 mm>. In the RT alone group a minority
(12.5%) were reduced or controlled, whereas the remainder
had persistent tumor out to 90 days. Conversely, the majority
of tumors in the combined treatment arms were reduced or
controlled. Specifically, 62.5% of the R3616+RT and 64.7%
of the R899-6+RT were killed (Tables 2 and 3).
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TABLE 2
Results
Treatment Sacrificed! Controlled? Neither Total
Control 10 0 0 10
R899-6 12 4 0 16
P3616 12 3 0 15
RT Alone 0 2 14 16
R3616 + RT 0 10 6 16
R899-6 + RT 2 11 4 17
Total 36 30 24 90

Mice sacrificed when tumors exceeded 2000 mm?>.
2“Controlled” is defined as x 10% of day 0 tumor volume.

[0073]
TABLE 3
Study #1 (Single Injection)
Controlled Uncontrolled

n (%) (%)
Control 10 0 100
R899-6 17 235 76.5
R3616 15 20 80
RT Alone 16 25 12.5
R3616 + RT 16 62.5 0
R&99-6 + RT 16 68.8 12.5

[0074]
TABLE 4
Group 3
Three injections of virus plus radiation
Controlled Uncontrolled

n (%) (%)
Control 12 0 100
R899-6 12 0 38
R3616 12 0 33
RT Alone 12 0 0
R3616 + RT 12 33 0
R&99-6 + RT 12 0 0

[0075] FIG. 1 depicts U-87MG glioblastoma cell growth
in hindlimbs of mice following exposure to HSV-1 (3x),
radiation (RT), and radiation plus HSV-1. Control animals
(vertical tick) were sacrificed after 24 days when tumor
volume reached >2000 mm>. Radiotherapy alone reduced or
controlled only a small number of tumors out to 90 days; the
volumes remaining were relatively unchanged from day 1
post treatment. The majority of tumors in the study arms that
combined treatment of radiotherapy with virus (899.6+RT
(closed circles) and 3616+4RT (closed squares) were reduced
or controlled.

[0076] When virus was given in combination with ganci-
clovir (3616+GCV (open triangles)), the results were similar
as those for radiation alone. However, 3636+GCV and
radiation showed even greater effectiveness (closed tri-
angles).

[0077] he first involves deliberate in situ inoculation of
cells infected with a retrovirus (producer cells) expressing
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the herpes simplex virus 1 (HSV-1) thymidine kinase gene
into the tumor mass followed by treatment with ganciclovir
(GCV), an antiviral drug

EXAMPLE II

Adenovirus Type 5 Enhances Tumor Control by X-Irradia-
tion

[0078] The replication deficient adenovirus type 5 (AdS5)
genome (McGrory et al., 1988; Jones et al., 1979) has been
shown to infect human epithelial carcinoma cells (Hallahan,
1995; O’Malley, 1995).

[0079] In the present study, human colon carcinoma cells
(10° WiDr cells) were injected into the hindlimbs of nude
mice and tumors were grown to a mean tumor volume of 260
mm®. Xenografts were injected with 2x10% PFU of AdS.mull,
two injections per week for a total of four weeks. As used
herein, AD5.null is the replication deficient adenovirus type
5 that does not contain foreign genes to be expressed, such
as therapeutic genes. Control tumors were either not injected
or injected with an equivalent volume of buffered saline. An
Ela, partial E1b, partial E3"AdS based adenovirus vector
was modified to contain an expression cassette that replaced
the E, region with the Egr enhancer/promoter coupled to the
gene encoding TNF-c.

[0080] Irradiated mice were immobilized in lucite cham-
bers and the entire body was shielded with lead except for
the tumor bearing hindlimb. Tumors were irradiated with 5
Gy per day, 4 days per week, to a total dose of 50 Gy using
a Maxitron generator (1.88 Gy/min). Tumor volumes were
calculated by the formula (axbxc/2) that was derived from
the formula for an ellipsoid (d*/6). Data were calculated as
the percent of original (day 0) tumor volume and are
presented as the fractional tumor volume +SEM versus days
post treatment.

[0081] The regression rate of large (>260 mm?®) original
tumor volume was compared to small (<260 mm>)
xenografts following treatment with radiation alone or
Ad.Egr-TNF plus radiation. This tumor volume was selected
because it is the median in this study. Control tumors were
either not injected or injected with an equivalent volume of
buffered saline. As seen in FIG. 2, control tumors (closed
squares) grew until the tumor volume reached >2000 mm?>,
(at approximately 28 days) at which point the mice were
sacrificed due to excessive tumor growth. The same was true
for mice receiving the Ad.Null (closed diamonds) or Ad.Egr-
TNF (closed circles). Treatment with 45 Gy ionizing radia-
tion caused an initial drop in the fractional tumor volume,
which gradually increased to remain relatively constant at
the pretreatment volume (closed triangles). Radiation plus
Ad.Null (open circles) or Ad.Egr-TNF (open squares), how-
ever, enhanced cell killing synergistically over that seen for
radiation alone.

[0082] Ad LacZ Null: In studies similar to those set forth
above, the LacZ reporter gene (AD5-LacZ) was integrated in
the by substituting the E, region with the LacZ nucleic acid
region.

[0083] 1x10° WiDr cells were injected into the hindlimbs
of nude mice and tumors were grown to a mean tumor
volume of 260 mm>. Xenografts were injected with 2x10®
PFU of Ad5.LacZ or Ad5.Null, two injections per week for
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atotal of four weeks. Control tumors were either not injected
or injected with an equivalent volume of buffered saline.

[0084] Irradiated mice were immobilized in lucite cham-
bers and the entire body was shielded with lead except for
the tumor bearing hindlimb. Tumors were irradiated with 5
Gy per day, 4 days per week, to a total dose of 50 Gy using
a Maxitron generator (1.88 Gy/min). Tumor volumes were
calculated as before. Data were calculated as the percent of
original (day 0) tumor volume and are presented as the
fractional tumor volume +SEM versus days post treatment.

[0085] The regression rate of large (>260 mm®) original
tumor volume was compared to small (<260 mm?®)
xenografts following treatment with radiation alone or
Ad.LacZ plus radiation. As shown in FIG. 3, tumors treated
with Ad.LacZ alone (closed squares) or Ad.null (closed
circles) yielded substantially similar tumor growth patterns,
requiring the animals to be sacrificed at day 16 when the
tumor volume reached greater than 2000 mm?>. In contrast,
however, tumors treated with Ad.Null, Ad.Egr-TNF or
AD.LacZ plus 45 Gy ionizing radiation resulted in tumor
volumes remaining relatively constant over a period of 48
days following treatment. Of interest is that by days 22-24,
the tumors treated with Ad.nul or Ad.LacZ and radiation
showed a significant loss of tumor volume, which eventually
regrew to the original volume by days 30-32. The results
indicate that it may be possible to re-treat the tumor at
between days 22-28 with virus and radiation to further
potentiate the synergistic effect of the combination modality.

[0086] AdCMV Null: An Ela, partial E1b, partial E3"Ad5
based adenovirus vector that contained an expression cas-
sette replacing the E, region consisting of the enhancer/
promoter of the immediate-early gene of CMV followed by
the SV40 polyadenylation signal and no therapeutic gene.
This was used as a control vector in studies of the efficacy
of the Ad5.Egr-TNF vector. WiDr cells were injected into
the hindlimb of nude mice and grown to a mean tumor
volume of 250 mm>. Tumors were then injected with Ad.C-
MV.Null at 5x108 PFU on days 1, 4, 8, 11 and irradiated
with 5 Gy on days 1-4 and 8-11. Tumor volume was
measured by calipers twice weekly.

[0087] In the studies with the WiDr cell line, the Ad.CM-
V.Null virus alone had no effect on tumor growth. However,
when the Ad.CMV.Null was combined with 45 Gy radiation,
tumor regression was started around day 7, and no tumor
was seen in 5 out of 12 animals by day 45. In the remaining
7 out of 12 animals, tumor regression reached 6% of original
tumor volume by day 28. The tumors had not regrown to
their original volume by day 42, indicating that the AdS viral
vector synergistically enhances in vivo radiation tumor
control.

EXAMPLE III

Treatment Protocols

[0088] This prophetic example describes some ways in
which the methods of the invention may be used to treat
neoplastic disease.

[0089] 1) Patients exhibiting neoplastic disease are
treated a virus for example an adenovirus, at a titer of
at between about 10® to about 10! virus particles, for
6 hours prior to exposure to a DNA damaging agent.
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[0090] 2) Patients are exposed to a DNA damaging
agent, e.g. ionizing radiation (2 gy/day for up to 35
days), or an approximate a total dosage of 700 Gy.

[0091] 3) As an alternative to ionizing radiation expo-
sure, patients are treated with a single intravenous dose
of mitomycin C at a dose of 20 mg/m?.

[0092] Tt is contemplated that ionizing radiation treatment
in combination with a virus, such as an adenovirus, will be
effective against cancers of the brain, lung and breast, as
well as other neoplasms.

[0093] All of the compositions and methods disclosed and
claimed herein can be made and executed without undue
experimentation in light of the present disclosure. While the
compositions and methods of this invention have been
described in terms of preferred embodiments, it will be
apparent to those of skill in the art that variations may be
applied to the composition, methods and in the steps or in the
sequence of steps of the method described herein without
departing from the concept, spirit and scope of the invention.
More specifically, it will be apparent that certain agents that
are both chemically and physiologically related may be
substituted for the agents described herein while the same or
similar results would be achieved. All such similar substi-
tutes and modifications apparent to those skilled in the art
are deemed to be within the spirit, scope and concept of the
invention as defined by the appended claims.
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What is claimed is:
1. A method of potentiating the response of a cell to DNA
damaging agents comprising the steps of:

(a) administering a virus to the cell; and

(b) exposing the cell to a DNA damaging agent.

2. The method according to claim 1, wherein the virus is
adenovirus, HSV-1, retrovirus, or NDV.

3. The method according to claim 2, wherein the virus is
adenovirus.
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4. The method according to claim 2, wherein the virus is
HSV-1.

5. The method according to claim 1, wherein the DNA
damaging agent is ionizing radiation.

6. The method according to claim 1, wherein the DNA
damaging agent is an alkylating agent.

7. The method according to claim 6, wherein the DNA
damaging agent is mitomycin C.

8. The method according to claim 1, wherein the cell is a
human cell.

9. The method according to claim 1, wherein the cell is a
malignant cell.

10. The method according to claim 9, wherein the cell is
a brain cancer cell.

11. The method according to claim 9, wherein the cell is
a breast cancer cell.

12. The method according to claim 1, wherein the cell is
located within an animal, and the virus is administered to the
animal in a pharmaceutically acceptable form.

13. A method of controlling growth of a tumor comprising
the steps of:

(a) delivering to the tumor a therapeutically effective
amount of a virus that contains a DNA molecule
comprising a radiation responsive enhancer-promoter
operatively linked to an encoding region that encodes a
polypeptide having the ability to inhibit growth of a
tumor cell; and

(b) exposing the cell to an effective expression-inducing

dose of ionizing radiation.

14. The method according to claim 13, wherein the virus
is an adenovirus, herpesvirus, or retrovirus.

15. The method according to claim 14, wherein the virus
is an adenovirus.

16. The method according to claim 13, wherein the
encoding region that encodes a polypeptide having the
ability to inhibit growth of a tumor cell encodes TNF-a.

17. A process of sensitizing cells to the effects of ionizing
radiation comprising transfecting the cells with an adenovi-
rus vector and exposing the cells to an effective dose of
ionizing radiation.

18. A method of enhancing the effectiveness of radio-
therapy in a mammal comprising administering to the mam-
mal an effective amount of a pharmaceutical composition
that contains a virus according to claim 2.

19. The method of claim 18 wherein the administering is
by means of an intravenous injection of from about 10% to
about 10"! virus particles.
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20. The method according to claim 18, wherein the
administering is by an oral route.

21. The method of claim 18 wherein the mammal is a
mouse.

22. The method of claim 18 wherein the mammal is a
human.

23. A process of inhibiting growth of a tumor comprising
the steps of:

(a) delivering to said tumor a therapeutically effective
amount of a selected virus; and

(b) exposing said cell to an effective dose of a DNA

damaging agent.

24. The process according to claim 23, wherein the virus
is an adenovirus, HSV-1, or a retrovirus.

25. The process according to claim 23, comprising inject-
ing into a tumor site a therapeutically effective amount of a
pharmaceutical composition comprising a virus.

26. The process according to claim 25, wherein the tumor
is contacted with a DNA damaging agent by irradiating the
tumor site with X-irradiation, y-irradiation, or p-irradiation.

27. The process according to claim 25, wherein the tumor
is contacted with a DNA damaging agent by administering
to the animal a therapeutically effective amount of a phar-
maceutical composition comprising a DNA damaging com-
pound.

28. The process according to claim 24, wherein the virus
is an adenovirus.

29. A method of assessing the response of cells to the
effect of viral therapy in conjunction with exposure of cells
to ionizing radiation, comprising:

(a) growing cells in culture,
(b) exposing the cells with a selected virus.

(c) exposing the cells to an effective dose of ionizing
radiation; and

(d) assessing the response of the cells to exposure to a
virus and radiation.

30. The method according to claim 29, wherein the virus
is adenovirus, HSV-1, retrovirus, or NDV.

31. The method according to claim 30, wherein the virus
is adenovirus.

32. The method according to claim 30, wherein the virus
is HSV-1.



